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Preface

Rau’s Respiratory Care Pharmacology, 11h eiin, rvies he 
s exhusive n u--e infrin erining  he 
e f resirry re hrgy. e irne f his ex 
ses fr he ever-hnging nure f he e. e irve-
en f exising rugs n he rein f new rugs h use 
he ire ess h he ungs rvie  he hun y hve 
exne he yes f rugs resirry heriss re using y 
n wi use in he fuure. is k rvies he resirry 
hery suen wih  srng funin f he rugs reseny 
use in resirry re. I s serves s  vue resure fr he 
resirry re riiner.

Organization

e ex is rgnize in hree sei, fuy referene, -
rehensive seins  w he reer esy ess   riur 
sein f ineres. Uni One vers he sis f resirry re 
hrgy, inuing he rinies f rug in, he si 
ehs f rug inisrin, he snr rug uins, 
n he ees f rugs n y syses. Uni Tw vers he 
rugs s frequeny eivere  iens y resirry her-
iss. Uni ree vers he rugs use  re rii re n 
rivsur iens, feuring n enirey new her n he 
re f he resirry heris in he eerging re f see n 
see hrgy.

Distinctive Features

• Fr re hn 30 yers, Rau’s Respiratory Care Pharmacology
hs een he reeinen resirry re hrgy ex. In 
heir ssin fr exeen ien re in he e f resirry 
re, Dr. Grenhire n his e f ne nriurs re 
ie  engging he reer.

• e u--e eri rees hnges in he e n re-
res suens fr reers s resirry heriss in ys 
heh re envirnen.

• Crehensive verge rvies he s hrugh exn-
ins f ny resirry re hrgy ex n he rke.

• Phrkinei rinies re isusse s hey ree  resi-
rry gens, rug inisrin, n  rnge f sei rugs 
use in resirry re n heir ees n y syses.

• Cnsisen rgnizin hrughu n hefu erning s 
give suens he i runiy fr knwege n grwh.

• A hrughy revise Suen Wrkk rvies exr r-
uniies fr review n sef-ssessen.

New to this Edition

• Cninue irveen in reiiy rvies greer -
rehensin f his ex eri.

• e iin f re ini nneins  ssis he reer in 
he iin f he gen in he ini seing.

• Exnsin f Evve Lerning Resures fr resirry her-
y suens inues eerni shrs  ssis suy ers 
n n NBRC Crrein Guie.

• Tw enies inue  nversin hr fr unis n sys-
es f esureen fr usry US ieri esures 
 he eri syse s we s  is f he s ny 
resrie resirry eiins n ee ixures.

• New rug rs hve een ree  rvie eie infr-
in n gens in  sie essie fr.

Pedagogic Features

• A nsisen rh wihin eh her egins wih Ch-
er Ouines, esure Ojeives, n Key Ters wih e-
niins ienifying key infrin. Key hrgi gens 
re vere, ning he sge n inisrin, e f 
in, hrkineis, n hzrs n sie ees. Eh 
her ens wih  series f Sef-Assessen Quesins n  
Cini Senri  he reers ssess heir rehensin f 
he eri. Answers re rvie in Aenix A  he k 
f he k.

• Lerning Ojeives h re he eves ese y he 
Nin Br fr Resirry Cre (NBRC) exinins 
he ienify irn infrin h ges eyn e-
rizin n re.

• Key Ters wih eniins rvie esy ess  he hr-
gi vury he resirry hery suen shu 
ere.

• Fu-r iusrins hrughu highigh sei feures 
n rw u reevn eis.

• Key Pins xes, e hrughu eh her, highigh 
nes wih whih he reer shu ee fiir whie 
wrking hrugh he eri.

Ancillaries

For the Instructor

Fr he 11h eiin, he Evve Resures fr Rau’s Respiratory 
Care Pharmacology rvie n inerive erning envirnen 
esigne  wrk in rinin wih he exk. I feures  
es nk, PPTs, se suies, n ige ein, n n NBRC 
Crrein Guie.

e Tes Bnk inues re hn 600 quesins. ere re 
re hn 500 PwerPin sies h inue eee ni-
ins n Aue Resnse Syse quesins. Evve y 
e use  uish he ss syus, uines, n eure nes; 
se u “viru e hurs n e-i uniin; shre 
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irn es n infrin hrugh he nine ss en-
r; n enurge suen riiin hrugh h rs n 
isussin rs. Evve ws insrurs  s exinins 
n nge heir gre ks nine. Fr re infrin, visi 
h://evve.esevier./Grenhire/Ru/resirry/ r n-
 n Esevier ses reresenive.

For the Student

e Workbook for Rau’s Respiratory Care Pharmacology hs een 
eey rewrien  rvie  vriey f exerises fr eh f 
he 23 hers in he k. e enh eiin ws reviewe n 
exensivey revise  rresn wih he erning jeives. 
A nswers re referene k  he ex fr ese in furher 
review. Exes inue NBRC-ye quesins, rii hink-
ing exerises, se suies, eniins, n rrie nen 

review  he rek wn he iu nes in he ex-
k. e wrkk rees  re ee erning kge 
fr suens n ws he suen exsure  re quesins 
in iin  wh is vie in he ex. e nswers fr he 
exerises re e n he Evve Resures. Ask yur insru-
r fr eis.

e Evve Suen Resures inue eerni shrs  
ssis suy ers n n NBRC Crrein Guie.

e ninuing eveens in resirry rugs n in 
ree rii re rug grus, wih he inresing ex-
iy n se f eri, henge riiners, suens, n 
uhrs ike. Every er hs een e  ensure he ury f 
infrin n rugs in his ex. Hwever, riiners re urge 
 review he nufurers eie ierure when iniser-
ing  rug n  kee heseves infre f new eveens 
in rug hery.
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e 11h eiin f Rau’s Respiratory Care Pharmacology is eie 
  RTs, inuing suens h srie uring he nei  
serve ur few n when he nee ws s gre! As wih revius 
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C H A P T E R  O U T L I N E

Pharmacology and the Study of Drugs

Naming Drugs

Sources of Drug Information

Sources of Drugs

Process for Drug Approval in the United States

Chemical Isolation and Identication

Animal Studies

Investigational New Drug Approval

Phase 1

Phase 2

Phase 3

New Drug Application

FDA New Drug Classication System

Orphan Drugs

The Prescription

Over-the-Counter Drugs

Generic Substitution in Prescriptions

Respiratory Care Pharmacology: An Overview

Aerosolized Agents Given by Inhalation

Related Drug Groups in Respiratory Care

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene pharmacology

2. Dene drugs

3. Describe how drugs are named

4. List the various sources of drug information

5. List the various sources used to manufacture drugs

6. Describe the process for drug approval in the United States

7. Dene orphan drugs

8. Dierentiate between prescription drugs and over-the-

counter (OTC) drugs

9. Apply the various abbreviations and symbols used in 

prescribing drugs

10. Describe the therapeutic purpose of each of the major 

aerosolized drug groups

11. Identify related drug groups in respiratory care

K E Y  T E R M S  A N D  D E F I N I T I O N S

Acute respiratory distress syndrome (ARDS) Respiratory disorder 

characterized by respiratory insuciency that may occur as a 

result of trauma, pneumonia, oxygen toxicity, gram-negative 

sepsis, and systemic inammatory response.

Aerosolized agents Group of aerosol drugs for pulmonary 

applications that includes adrenergic, anticholinergic, 

mucoactive, corticosteroid, antiasthmatic, and antiinfective 

agents and surfactants instilled directly into the trachea.

Airway resistance (Raw) Measure of the impedance to ventilation 

caused by the movement of gas through the airway.

Brand name See Trade name.

Chemical name Name indicating the chemical structure of a 

drug.

Chronic obstructive pulmonary disease (COPD) Disease process 

characterized by airow limitation that is not fully reversible,is 

usually progressive, and is associated with an abnormal 

inammatory response of the lung to noxious particles or 

gases. Diseases that cause airow limitation include chronic 

bronchitis, emphysema, asthma, and bronchiectasis.

Code name Name assigned by a manufacturer to an experimental 

chemical that shows potential as a drug. An example is aerosol 

SCH 1000, which was the code name for ipratropium bromide, 

a parasympatholytic bronchodilator (see Chapter 7).

Cystic brosis (CF) Inherited disease of the exocrine glands, 

aecting the pancreas, respiratory system, and apocrine 

glands. Symptoms usually begin in infancy and are 

1
Introduction to Respiratory 
CarePharmacology
DOUGLAS S. GARDENHIRE
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3  CHAPTER 1 Introduction to Respiratory CarePharmacology

characterized by increased electrolytes in sweat, chronic 

respiratory infection, and pancreatic insuciency.

Drug administration Method by which a drug is made available 

to the body.

Generic name Name assigned to a chemical by the United States 

Adopted Name (USAN) Council when the chemical appears to 

have therapeutic use and the manufacturer wishes to market 

the drug.

Nonproprietary name Name of a drug other than its trademarked 

name.

Ocial name In the event that an experimental drug becomes 

fully approved for general use and is admitted to the United 

States Pharmacopeia–National Formulary (USP-NF), the generic 

name becomes the ocial name.

Orphan drug Drug or biologic product for the diagnosis or 

treatment of a rare disease (aecting fewer than 200,000 

persons in the United States).

Pharmacodynamics Mechanisms of drug action by which a drug 

molecule causes its eect in the body.

Pharmacogenetics Study of the interrelationship of genetic 

dierences and drug eects.

Pharmacognosy Identication of sources of drugs, from plants 

and animals.

Pharmacokinetics Time course and disposition of a drug in the 

body, based on its absorption, distribution, metabolism, and 

elimination.

Pharmacology Study of drugs (chemicals), including their origins, 

properties, and interactions with living organisms.

Pharmacy Preparation and dispensing of drugs.

Pneumocystis jiroveci (formerly carinii) Organism 

causing Pneumocystis pneumonia in humans, seen in 

immunosuppressed individuals, such as those infected with 

human immunodeciency virus (HIV).

Prescription Written order for a drug, along with any specic 

instructions for compounding, dispensing, and taking the drug. 

This order may be written by a physician, osteopath, dentist, 

veterinarian, and others but not by chiropractors or opticians.

Pseudomonas aeruginosa A gram-negative organism, 

primarily a nosocomial pathogen. It causes urinary tract 

infections, respiratory system infections, dermatitis, soft 

tissue infections, bacteremia, bone and joint infections, 

gastrointestinal infections, and various systemic infections, 

particularly in patients with severe burns and in patients who 

are immunosuppressed (e.g., patients with cancer or acquired 

immunodeciency syndrome [AIDS]).

Respiratory care pharmacology Application of pharmacology to 

the treatment of pulmonary disorders and, more broadly, critical 

care. This chapter introduces and denes basic concepts and 

selected background information useful in the pharmacologic 

treatment of respiratory disease and critical care patients.

Respiratory syncytial virus (RSV) Virus that causes the formation 

of syncytial masses in cells. This leads to inammation of the 

bronchioles, which may cause respiratory distress in young infants.

Therapeutics Art of treating disease with drugs.

Toxicology Study of toxic substances and their pharmacologic 

actions, including antidotes and poison control.

Trade name Brand name, or proprietary name, given to a drug by 

a particular manufacturer.

Pharmacology and the Study of Drugs

K E Y  P O I N T

Key terms in the study of pharmacology are introduced, including drug and 

pharmacology. The study of respiratory care pharmacology is broadly 

dened as the application of pharmacology to cardiopulmonary disease and 

critical care.

e ny ex funins f he hun rgnis re regu-
e y hei gens. Cheis iner wih n rgnis  
er is funin, rviing ehs f ignsis, reen, r 
revenin f isese. Suh heis re ere drugs. A rug 
is ny hei h ers he rgniss funins r resses. 
Exes inue xygen, h, ysergi i iehyie 
(LSD), herin, einehrine, n viins. e suy f rugs 
(heis), inuing heir rigins, reries, n inerins 
wih iving rgniss, is he suje f pharmacology

Phrgy n e suivie in he fwing re se-
iize is:

Pharmacy: e rerin n isensing f rugs
Pharmacognosy: e ieniin f sures f rugs, fr 

ns n nis
Pharmacogenetics: e suy f he inerreinshi f genei 

ierenes n rug ees
erapeutics: e r f reing isese wih rugs
Toxicolog y: e suy f xi susnes n heir hr-

gi ins, inuing nies n isn nr

e rinies f rug in fr se inisrin  ee 
n erne fr he y re he suje f resses knwn s 
drug administration, pharmacokinetics, n pharmacodynamics. 
ese resses re ene n resene in ei in Cher 2. 
Te 1.1 surizes key eveens in he reguin f rugs 
in he Unie Ses.

Naming Drugs

K E Y  P O I N T

Each drug has ve different names: chemical, code, ofcial, generic, and 

trade (or brand). Sources of drug information include references, such as 

the Physicians’ Desk Reference (PDR) and the United States Pharmacopeia–

National Formulary (USP-NF); textbooks, such as Goodman & Gilman’s The 

Pharmacological Basis of Therapeutics; and subscription services, such as 

Drug Facts and Comparisons and Clinical Pharmacology by Gold Standard.

A nufurer f  rug r hrgi gen us ee 
nuerus ses se frh y he US F n Drug Ainisr-
in (FDA). Ang he wy, eh gen iks u vrius es 
rher hn hving  singe ne. An gen h ees iy 
rve fr gener ini use in he Unie Ses wi hve 
uue  es ve ieren nes, s fws:

Chemical name: e ne iniing he rugs hei sruure.
Code name: A ne ssigne y  nufurer  n exeri-

en hei h shws eni s  rug. An exe is 
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ers SCH 1000, whih ws he e ne fr irriu 
rie,  rsyhyi rnhir (see Cher 7).

Generic name: e ne ssigne   hei y he Unie 
Ses Ae Ne (USAN) Cuni when he hei 
ers  hve hereui use n he nufurer wishes  
rke he rug. Inse f  nueri r hnueri e, s 
in he e ne, his ne fen is sey se n he rugs 
hei sruure. Fr exe, isreren hs n isry 
gru he  he erin nirgen n he in sie hin, 
wheres ereren is he se hei sruure s is-
reren exe h  ihyrxy hen n he eh 
nueus is nw in he s-e e siin (rn-3,5 inse 
f rn-3,4). e generi ne is s knwn s he nonpro-
prietary name, in nrs  he rn ne.

Ocial name: If n exerien rug ees fuy rve 
fr gener use n is ie  he USP-NF, he generi 

ne ees he i ne. Beuse n iy rve 
rug y e rkee y ny nufurers uner ieren 
nes, i is reene h iniins use he i ne, 
whih is nnrriery, n n rn nes.

Trade name: is is he brand name, r rriery ne, given 
y  nufurer. Fr exe, he generi rug ne -
uer is urreny rkee y Shering-Pugh s Prveni-
HFA, y GxSihKine s Venin-HFA, n y Tev s 
Prir HFA.

Fwing is n exe f he vrius nes fr he rug zf-
iruks, n gen inene  nr sh:

Chemical name: 4-(5-yenyxy-rnyin-1-ehy-
in-3-yehy)-3-ehxy-N--ysufnyenz-ie

Code name: ICI 204,219

TABLE 

1.1
Legislation Aecting Drugs

1906 First Food and Drugs Act is passed by Congress; the USP and the NF were given ofcial status.

1914 Harrison Narcotic Act is passed to control the importation, sale, and distribution of opium and its derivatives as well as other narcotic analgesics.

1938 Food, Drug, and Cosmetic Act becomes law. This is the current federal Food, Drug, and Cosmetic Act to protect the public health and to 

protect physicians from irresponsible drug manufacturers. This act is enforced by the FDA.

1952 Durham-Humphrey Amendment denes the drugs that may be sold by the pharmacist only on prescription.

1962 Kefauver-Harris Amendment is passed as an amendment to the Food, Drug, and Cosmetic Act of 1938. This law requires proof of the safety 

and efcacy of all drugs introduced since 1938. Drugs in use before that time have not been reviewed but are under study.

1970 Controlled Substances Act becomes effective; this act lists requirements for the control, sale, and dispensation of narcotics and dangerous 

drugs. Five schedules of controlled substances have been dened. Schedule I to Schedule V generally dene drugs of decreasing 

potential for abuse, increasing medical use, and decreasing physical dependence. Examples of each schedule are as follows:

Schedule I All nonresearch use is illegal; examples—heroin, marijuana, LSD, peyote, and mescaline.

Schedule II No telephone prescriptions, no rells; examples—opium, morphine, certain barbiturates, amphetamines.

Schedule III Prescription must be rewritten after 6 months or ve rells; examples—certain opioid doses, anabolic steroids, and some barbiturates.

Schedule IV Prescription must be rewritten after 6 months or ve rells; penalties for illegal possession differ from those for Schedule III drugs; 

examples—phenobarbital, barbital, chloral hydrate, meprobamate (Equanil, Miltown), and zolpidem (Ambien).

Schedule V As for any nonopioid prescription drug; examples—narcotics containing non-narcotics in mixture form, such as cough preparations or 

Lomotil (diphenoxylate [narcotic; 2.5mg] and atropine sulfate [nonnarcotic]).

1972 Drug Listing Act requires drug establishments that are engaged in the manufacturing, preparation, propagation, processing, or 

compounding of a drug to register their establishments and list all of their commercially marketed drug products with the FDA. 

This requirement includes establishments that repackage or change the container, labeling, or wrapper of any drug package in the 

distribution of the drug from the original place of manufacture to the person who makes nal delivery or sale to the customer.

1983 Orphan Drug amendments provided incentives for the development of drugs that treat diseases that affect fewer than 200,000 patients in 

the United States.

1984 Drug Price Competition and Patent Restoration Act provided abbreviated new drug application for generic medication. Allowed the patent to 

be extended for up to 5 years as a result of loss of marketing because of FDA reviews.

1992 Prescription Drug User Fee Act was reauthorized in 2007. User fees are paid for certain new drug applications by manufacturers.

1994 Dietary Supplement Health and Education Act established standards of dietary supplements. Specic ingredient and nutrition labels must be 

included on each package.

2002 Bioterrorism Act provided more stringent control on biologic agents and toxins.

2007 FDA Amendments Act gave the FDA greater authority over drug labeling, marketing, and advertising. Made clinical trial information more 

visible to the public.

2012 FDA Safety and Innovation Act (FDASIA) provided the FDA with power to collect fees (reauthorization from 2007), expedite agents of clinical 

signicance, learn from patients rst hand, and protect the global drug supply chain. All are efforts to make medications safer for US citizens.

For more information, access the FDA website at www.fda.gov.

FDA, Food and Drug Administration; LSD, lysergic acid diethylamide; NF, National Formulary; USP, United States Pharmacopeia.

ALGrawany
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Generic name: zruks
Ocial name: zruks
Trade (or brand) name: Ae (AsrZene)

Sources of Drug Information

e USP-NF is  k f snrs nining infrin u 
eiins, iery sueens, n ei evies. e FDA 
nsiers his k he i snr fr rugs rkee in he 
Unie Ses.

Anher sure f rug infrin is he Physicians’ Desk 
Reference (PDR). Ahugh rere y nufurers f rugs 
n eniy king he jeiviy f he USP-NF, his nnu 
vue rvies usefu infrin, inuing esriive r 
hrs fr rug ieniin, nes f nufurers, n gen-
er rug ins.

e Drug Lising A f 1972 requires regisere rug es-
ishens  rvie he FDA wih  urren is f  rugs 
nufure, rge, rere, resse, r une 
fr eri isriuin. Drug rus re ienie n 
rere y using  unique, hree-segen nuer, e he 
Nin Drug Ce (NDC), whih serves s  ru ienier 
fr rugs. If serhing fr sei ru infrin n rugs 
use in he Unie Ses yu y serh he NDC se  
h://www.ess.f.gv/sris/er/n/

A rehensive n in-eh isussin f gener hr-
gi rinies n rug sses n e fun in sever exs. 
Tw exes re he fwing (see Referenes fr  ee 
ising):
• Gn & Gins e Pharmacological Basis of erapeu-

tics, e. 141

• Basic and Clinical Pharmacology, e. 152

An exeen wy  in infrin n rug rus n 
new reeses is he nhy susriin servie rvie s Drug 
Facts and Comparisons, uishe y Fs & Crisns.3

Sources of Drugs

Ahugh he sure f rugs is n  rui re f exerise fr 
he resirry re iniin, i n e exreey ineresing. Re-
gniin f nury urring rugs es  Egyin yrus 
rers,  he nien Chinese, n  he ery Cenr Aerin 
iviizins n is si regnize in ree regins f ern 
Aeri, suh s Ahi.

Fr exe, he rye f ryn siu ws khe-
in, fun in he esern Meierrnen n Ammi visnaga; his 
n ws use in nien ies s  use rexn. Ty, is 
synhei erivive is use s n nishi gen. Anher 
exe is urre, erive fr Chondrodendron tomentosum ( 
rge vine) n use y Suh Aerin Inins   heir 
rrw is fr eh ee. Is erivive is nw use s  neur-
usur king gen. Digiis is ine fr he fxgve 
n (Digitalis purpurea) n ws reuey use y he Myns 
fr reief f ngin. is ri gysie is nw use  re 
her niins. e nrius y see (Papaver somniferum)
is he sure f he iu kis, irize in he k 
Confessions of an English Opium-Eater.4

Ty, he s n sure f rug rerin is hei-
 synhesis. Pns, iners, n nis hve fen nriue 
 he synhesis f rug rerin. Exes f hese sures 
inue he fwing:

Major Steps in the Process of Marketing a 

Drug in the United States

Isolation and Identication of the Chemical

Animal studies

General effects

Special effects on organ systems

Toxicology studies

Investigational New Drug Approval

Phase 1 studies: Small number, healthy subjects

Phase 2 studies: Small number, subjects with disease

Phase 3 studies: Large, multicenter studies

New Drug Application

Reporting system for rst 6 months

• BOX 1.1

• Animal: hyri hrne, insuin, nrei rnse
• Plant: Khein (Ammi visnaga); rine (enn ki); 

igiis (fxgve); reserine (Rauwola serpentina); vie 
is f euyus, ine, nise

• Mineral: er sufe, gnesiu sufe (Es ss), in-
er i (iqui hyrrns)

Process for Drug Approval in the 

UnitedStates

K E Y  P O I N T

The process of drug approval in the United States is lengthy and expensive 

and involves multiple phases.

e ress y whih  hei ves fr he sus f  r-
ising eni rug  ne fuy rve y he FDA fr gener 
ini use is, n verge, ng, sy, n ex. Cs esi-
es vry, u in he 190s, i k n verge f 13  15 yers 
fr hei synhesis  rkeing rv y he FDA, wih 
 s f $350 iin in he Unie Ses.5 In  suy ne in 
2003 y DiMsi e .,6 i ws ue h nies sen 
ver $00 iin n reserh n eveen n n reini 
n sini ris f  new rug. As n Brnner7 re-
ie DiMsis uins n esie h nies sen 
ver $1 iin in 2010  ring  new rug  rke. DiMsi 
e. hve fun h, y, hreui nies sen, n 
verge, $2.6 iin er rug  reese  rug in he US rke.

e jr ses in he rug rv ress hve een 
reviewe y Fieger9 n y Hss n Fre.10 Bx 1.1 uines 
he jr ses f he ress.

Chemical Isolation and Identication

Beuse  rug is  hei, he rs se in rug eveen 
is  ienify  hei wih he eni fr usefu hysigi 
ees. is se is exeie y he n ru ixe, 
whih is erive fr he neees n rk f he wesern yew ree 
(Taxus brevifolia). Pixe shwe niur iviy, king i 
rive fr invesigin s n niner rug. As he rs se 
in he ress f rug rv, he ex sruure n hysi 
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n hei hrerisis f ixe were esishe. Pi-
xe ws susequeny evee n rkee s Tx y Bris-
Myers Squi.

Animal Studies

One n ive hei is ise n ienie,  series f ni-
 suies is erfre  exine is gener ee n he ni-
 n ees n sei rgns, suh s he iver r kineys. 
Txigy suies  exine ugeniiy, ergeniiy, ee 
n reruive feriiy, n ringeniiy re s erfre.

Investigational New Drug Approval

A his in, n Invesigin New Drug (IND) iin is 
e wih he FDA fr he hei eing exine. e IND 
iin inues  he infrin reviusy ghere, s 
we s ns fr hun suies. ese suies ree in hree 
hses n usuy require u 3 yers  ee.

Phase 1

e rug is invesige in  s gru f hehy vuneers  
esish is iviy. is invesigin is he sis fr he hr-
kinei esriin f he rug (res f srin, isriu-
in, eis, n eiinin).

Phase 2

e rug is hen invesige s  reen in  s nuer f 
inivius wih he isese he rug is inene  re.

Phase 3

e rug is invesige in rge, uiener suies  esish 
sfey n ey.

New Drug Application

Afer  suessfu IND ress,  New Drug Aiin (NDA) 
is e wih he FDA, n n rv, he rug is reese fr 
gener ini use. A eie rering syse is in e fr he 
rs 6 nhs  rk ny res h rise wih he rugs use. 
e rug is n nger nsiere exerien (invesigin) 
n n e resrie fr reen f he gener uin y 
hysiins.

e invve, enghy, n exensive ress f ining 
rv fr he FDA  rke  new rug in he Unie Ses 
hs fen een riiize. I y ke u    10 yers fr  rug 
 e ese n rve y he FDA.

FDA New Drug Classication System

Beuse se rugs re siy reese in new frs r re ike 
reviusy rve gens, he FDA hs  ssiin syse  
he ienify he signine f new rus.11 An hnueri 
e is given  rvie his infrin (Bx 1.2).

Orphan Drugs

K E Y  P O I N T

Certain drugs used for rare diseases, which may not return the cost of their 

development, are termed orphan drugs.

Alphanumeric Coding System of the FDA

Chemical/Pharmaceutical Standing

1 = New chemical entity

2 = New salt form

3 = New dosage form

4 = New combination

5 = Generic drug

6 = New indication

Therapeutic Potential

A = Important (signicant) therapeutic gain over other drugs

AA = Important therapeutic gain, indicated for a patient with AIDS; fast-track

B = Modest therapeutic gain

C = Important options; little or no therapeutic gain

AIDS, Acquired immunodeciency syndrome; FDA, US Food and Drug Administration.

• BOX 1.2

An orphan drug is  rug r igi ru use fr he ig-
nsis r reen f  rre isese. Rare is ene s  isese h 
es fewer hn 200,000 ersns in he Unie Ses. Aern-
ivey,  rug y e esigne s n rhn if i is use fr  
isese h es re hn 200,000 ersns u here is n re-
sne exein f revering he s f rug eveen. 
Te 1.2 iss sever rhn rugs f ineres  resirry re 
iniins.

The Prescription

K E Y  P O I N T

The selling of many drugs requires a health care prescriber’s order, known as 

the prescription, and may involve Latin terms and abbreviations.

e prescription is he wrien rer fr  rug, ng wih ny 
sei insruins fr uning, isensing, n king 
he rug. is rer y e wrien y  hysiin, seh, 
enis, veerinrin, n her heh re riiners, suh 
s  hysiin ssisn n nurse riiner, u n y hi-
rrrs r iins. Ty, hugh ny resriins re 
wrien n isriue y eerni ens, i is irn  
ne h wrien resriins re si use. e eie rs 
f  resriin re shwn in Fig. 1.1. I shu e ne h 
Lin n Engish, s we s eri n hery esures, 
re use fr rug rers.

e ireins (see 4 in Fig. 1.1)  he hris fr ix-
ing r uning rugs hve ee ess neessry wih he 
ven f he rge hreui rs n heir rere rug 
rus. e irne f hese ireins is in n wy iin-
ishe, hwever, euse isinerrein is eniy eh 
when eing wih rugs.

Sine ssge f he Cnre Susnes A f 1971, heh 
re riiners us inue heir regisrin nuer r-
vie y he Drug Enfreen Ainisrin (DEA) (usuy 
ere  DEA registration number) when resriing nris r 
nre susnes. Any iense heh re riiner h 
hs resriin righs y y fr  DEA regisrin nuer.

Te 1.3 iss he s n reviins seen in 
resriins.

ALGrawany
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• Fig. 1.1 Parts of a prescription. 1. Patient’s name and address and the 

date the prescription was written. 2. ℞ (meaning “recipe” or “take thou”) 

directs the pharmacist to take the drug listed and prepare the medication. 

This is referred to as the superscription. 3. The inscription lists the name 

and quantity of the drug being prescribed. 4. When applicable, the health 

care prescriber includes a subscription, which provides directions to the 

pharmacist on how to prepare the medication. For example, a direction to 

make an ointment, which might be appropriate for certain medications, 

would be “ft ung.” In many cases, with precompounded drugs, count-

ing out the correct number is the only requirement. 5. Sig (signa) means 

“write.” The transcription or signature is the information the pharmacist 

writes on the label of the medication as instructions to the patient. 6. Name 

of the prescriber: Although the health care prescriber signs the prescrip-

tion, the word “signature,” as described in Part 5, denotes the directions 

to the patient, not the prescriber’s name.

TABLE 

1.2

Examples of Orphan Drugs of Interest to 

Respiratory Care Clinicians

Drug Proposed Use

Acetylcysteine Intravenous administration for moderate 

to severe acetaminophen overdose

α
1
-Proteinase inhibitor 

(Prolastin)

Replacement therapy for congenital α
1

proteinase (α
1
-antitrypsin) deciency

Beractant (Survanta) Prevention or treatment of RDS in 

newborns

CF transmembrane 

conductance regulator

Treatment of CF

Dornase alfa (Pulmozyme) Treatment of CF: reduction of mucus 

viscosity and increase in airway 

secretion clearance

Nitric oxide gas (INOmax, 

GENOSYL)

Treatment of persistent pulmonary 

hypertension of newborns or of ARDS 

in adults

Tobramycin solution for 

inhalation (TOBI, Bethkis)

Treatment of Pseudomonas aeruginosa

in CF or bronchiectasis

Pentamidine isethionate Prevent Pneumocystis jiroveci (formerly 

carinii) pneumonia in high-risk patients

ARDS, Acute respiratory distress syndrome; CF, cystic brosis; RDS, respiratory distress 

syndrome.

OvertheCounter Drugs

K E Y  P O I N T

An over-the-counter (OTC) drug does not require a prescription for purchase.

Mny rugs re vie  he gener uin wihu  re-
sriin; hese re referre  s over-the-counter (OTC) rus. 
Ahugh he srengh n un er se y e ess hn h 
f  resriin fruin, OTC rugs n e hzrus, even 
in nr uns, if heir ees re n uners. In i-
in, when ken in rge quniies, OTC rus y inrese 
risks  he nsuer.

C L I N I C A L  C O N N E C T I O N

For patients with mild asthma, racemic epinephrine is available over the 

counter (OTC) as an inhalation solution named Asthmanefrin. Racemic 

epinephrine can provoke cardiac arrhythmia or hypertension and can 

exacerbate these conditions if they preexist in a patient. Dependence on 

OTC preparations may encourage “self-treatment” that could mask or 

complicate a serious medical condition.

Generic Substitution in Prescriptions

A heh re resrier n inie  he hris h generi 
susiuin is erie in he ing f  resriin. In suh  
se, he hris y rvie ny nufurers versin f he 
resrie rug n n  sei rn. is rie is inene 
 sve ney euse he nufurer f he generi susiue 
hs n invese nsiere ie n ney in eveing he 

rigin rug ru, n resuy he generi susiue is 
ess exensive  he nsuer re wih he rigin r-
riery rn.

Respiratory Care Pharmacology: 

AnOverview

K E Y  P O I N T

Aerosolized agents are central to respiratory care in pulmonary diseases. 

This group of drugs includes adrenergic, anticholinergic, mucoactive, corti-

costeroid, antiasthmatic, and antiinfective agents and surfactants instilled 

directly into the trachea. Other drug groups important in respiratory care 

include cardiovascular, antiinfective, neuromuscular-blocking, and diuretic 

agents.

Heing ee wih unry iseses, suh s cystic brosis 
(CF), r unry erngeen suh s acute respiratory dis-
tress syndrome (ARDS), enes  seru f hrgi 
re fr inenne sur f  ersn wih se isese 
hrugh inervenin fr  riiy i ien. e resirry 
syse nn e issie fr he ri n vsur sys-
es, given he inerinke funin f hese syses. As  resu, 
resirry re hrgy invves  reivey r re f 
rug sses.
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TABLE 

1.3
Abbreviations and Symbols Used in Prescriptions*

Abbreviation Meaning

ā before

āā of each

ac before a meal

ad lib as much as desired

alt hor every other hour

aq dest distilled water

bid twice daily

C, cong gallon

c̄ with

cap capsule

cc cubic centimeter (another term for milliliter [mL])

dil dilute

dtd give such doses

elix elixir

emuls emulsion

et and

ex aq in water

ext extract

d uid

ft make

gel a gel, jelly

g gram

gr grain

gtt a drop

hs at bedtime

IM intramuscular

IV intravenous

L liter

lin liniment

liq liquid, solution

lot lotion

M mix

mist, mixt mixture

mL milliliter

nebul a spray

non rep not to be repeated

npo nothing by mouth

O, ō pint

OD right eye

Abbreviation Meaning

ol oil

OS left eye

OU both eyes

P after

part aeq equal parts

pc after meals

pil pill

placebo I please (inert substitute)

po per os (by mouth)

prn as needed

pr rectally

pulv powder

q every

qh every hour

qid four times daily

qod every other day

qd every day

q2h every 2 hours

q3h every 3 hours

q4h every 4 hours

qs as much as required (quantity sufcient)

qt quart

Rx, ℞ take

s without

sig write

sol solution

solv dissolve

sos if needed (for one time)

spt spirit

sp frumenti whiskey

ss— half

stat immediately

syr syrup

tab tablet or tablets

tid three times daily

tr, tinct tincture

ung ointment

ut dict as directed

vin wine

*Not all of these abbreviations are considered safe practice; however, they may still be seen occasionally.

ALGrawany
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Aerosolized Agents Given by Inhalation

Drugs eivere y r inhin r ns inhin re inene 
 rvie   i reen f he resirry r. e 
fwing re vnges f his eh n rue f eivery:
• Aers ses re ser hn ses use fr he se urse 

n given syseiy.
• Sie ees re usuy fewer n ess severe wih ers eiv-

ery hn wih r r rener eivery.

TABLE 

1.4
Common Agents Used in Respiratory Therapy

Drug Group Therapeutic Purpose Agents

Adrenergic agents β-Adrenergic: Relaxation of bronchial smooth muscle and bronchodilation, to reduce airway 

resistance (R
aw

) and to improve ventilatory ow rates in airway obstruction resulting from 

chronic obstructive pulmonary disease (COPD), asthma, CF, acute bronchitis

Albuterol

Arformoterol

Formoterol

Indacaterol

Levalbuterol

Metaproterenol

Olodaterol

Salmeterol

Vilanterol

α-Adrenergic: Topical vasoconstriction and decongestion

Used to treat upper airway swelling

Racemic epinephrine

Anticholinergic agents Relaxation of cholinergically induced bronchoconstriction to improve ventilatory ow rates in 

COPD and asthma

Aclidinium bromide

Glycopyrrolate bromide

Ipratropium bromide

Tiotropium bromide

Umeclidinium bromide

Mucoactive agents Modication of properties of respiratory tract mucus; current agents reduce viscosity and 

promote clearance of secretions

Acetylcysteine

Dornase alfa

Hyperosmolar saline

Mannitol

Corticosteroids Reduction and control of airway inammatory response usually associated with asthma (lower 

respiratory tract) or with seasonal or chronic rhinitis (upper respiratory tract)

Beclomethasone dipropionate

Budesonide

Ciclesonide

Flunisolide

Fluticasone furoate

Fluticasone propionate

Mometasone furoate

Antiasthmatic agents Prevention of onset and development of the asthmatic response through inhibition of chemical 

mediators of inammation

Cromolyn sodium

Benralizumab

Mepolizumab

Montelukast

Omalizumab

Relizumab

Zarlukast

Zileuton

Antiinfective agents Inhibition or eradication of specic infective agents, such as Pneumocystis jiroveci (formerly 

carinii) (pentamidine), respiratory syncytial virus (RSV) (ribavirin), Pseudomonas 

aeruginosa in CF or inuenza A and B

Aztreonam

Pentamidine

Ribavirin

Tobramycin

Zanamivir

Exogenous surfactants Approved clinical use is by direct intratracheal instillation for the purpose of restoring more 

normal lung compliance in RDS of newborns

Beractant

Calfactant

Lucinactant

Poractant alfa

Prostacyclin analogs Clinically indicated to treat pulmonary hypertension for the purpose of decreasing shortness of 

breath and increasing walking distance

Iloprost

Treprostinil

CF, Cystic brosis; RDS, respiratory distress syndrome.

• e nse f in is ri.
• Drug eivery is rgee  he resirry syse, wih wer 

sysei iviiiy.
• e inhin f ers rugs is iness, reivey sfe, n 

y e nvenien, eening n he sei eivery evie 
use.
e sses f ersize gens (inuing surfns, whih 

re irey insie in he rhe), heir uses, n iniviu 
gens re surize in Te 1.4.
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Related Drug Groups in Respiratory Care

Aiin grus f rugs irn in rii re re he 
fwing:
• Antiinfective agents, suh s niiis r niueruus rugs
• Neuromuscular blocking agents, suh s urrifr gens n 

hers
• Central nervous system agents, suh s ngesis n seives/

hynis
• Antiarrhythmic agents, suh s ri gysies n iine
• Antihypertensive and antianginal agents, suh s β-king 

gens r nirgyerin
• Anticoagulant and thrombolytic agents, suh s herin r 

srekinse
• Diuretics, suh s he hizies r furseie

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. What is the denition of the term drug?

2. What is the difference between the generic name and trade name of 

adrug?

3. What part of a prescription contains the name and amount of the drug 

being prescribed?

4. A physician’s order reads as follows: “gtt iv of racemic epinephrine, 

c 3cc of normal saline, q4h, while awake.” What has been ordered?

5. The drug salmeterol was released for general clinical use in the United 

States in 1994. Where would you look to nd information about this 

drug, such as the available dosage forms, doses, properties, side effects, 

and action?
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CLINICAL SCENARIO

Answers can be found in Appendix A

A 24-year-old man played golf on a newly mown course. He had 

exhibited allergies in the past few years and was diagnosed as having 

asthma. He did not have a regular physician or medical treatment site, and 

he was not taking any medications to control his asthma and allergies. He 

began to experience difculty breathing later in the day, with wheezing and 

some shortness of breath on mild exertion. He visited his local drugstore 

and purchased Primatene Mist. On use, he obtained immediate relief 

for his breathing, but his heart rate increased from 66 beats/min to 84 

beats/min, and he felt shaky. By midnight, his wheezing had returned. He 

continued using the Primatene Mist through the next morning. The relief 

he experienced with use of the drug diminished during the afternoon, and 

a friend found him later that evening with audible wheezing, gasping for 

air, and in severe respiratory distress. The patient was rushed to a local 

emergency department, where he went into respiratory arrest approximately 

5 minutes after arrival.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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Lung Availability/Total Systemic Availability Ratio

Pharmacodynamic Phase

Structure–Activity Relationships

Nature and Type of Drug Receptors

Drug Receptors

Lipid-Soluble Drugs and Intracellular Receptor Activation
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O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms that pertain to principles of drug action

2. Dene drug administration phase

3. Describe the various routes of administration available

4. Dene pharmacokinetic phase

5. Discuss the key factors in the pharmacokinetic phase (e.g., 

absorption, distribution, metabolism, and elimination)

6. Describe the rst-pass eect

7. Dierentiate between systemic and inhaled drugs in relation to 

the pharmacokinetic phase

8. Explain the lung availability/total systemic availability 

(L/T)ratio

9. Dene pharmacodynamic phase

10. Discuss the importance of structure–activity relationships

11. Discuss the role of drug receptors

12. Discuss the importance of dose–response relationships

13. Describe the importance of pharmacogenetics

ALGrawany
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K E Y  T E R M S  A N D  D E F I N I T I O N S

Agonist Chemical or drug that binds to a receptor and creates an 

eect on the body.

Antagonist Chemical or drug that binds to a receptor but does 

not create an eect on the body; it blocks the receptor site from 

accepting an agonist.

Bioavailability Amount of drug that reaches the systemic 

circulation.

Drug administration Method by which a drug is made available 

to the body.

Enteral Use of the intestine.

First-pass eect Initial metabolism in the liver of a drug taken 

orally before the drug reaches the systemic circulation.

Hypersensitivity Allergic or immune-mediated reaction to a 

drug, which can be serious, requiring airway maintenance or 

ventilatory assistance.

Idiosyncratic eect Abnormal or unexpected reaction to a drug, 

other than an allergic reaction, compared with the predicted 

eect.

Inhalation Taking a substance, typically in the form of gases, 

fumes, vapors, mists, aerosols, or dusts, into the body by 

breathing in.

Local eect Limited to the area of treatment (e.g., inhaled drug to 

treat constricted airways).

Lung availability/total systemic availability ratio (L/T 

ratio) Amount of drug that is made available to the lung out of 

the total available to the body.

Parenteral Administration of a substance in any way other than 

the intestine, most commonly an injection (e.g., intravenous, 

intramuscular, subcutaneous, intrathecal, or intraosseous).

Pharmacodynamics Mechanisms of drug action by which a drug 

molecule causes its eect in the body.

Pharmacogenetics Study of genetic factors and their inuence on 

drug response.

Pharmacokinetics Time course and disposition of a drug in the 

body, based on its absorption, distribution, metabolism, and 

elimination.

Receptor Cell component that combines with a drug to change or 

enhance the function of the cell.Structure–activity relationship 

(SAR) Relationship between a drug’s chemical structure and the 

outcome it has on the body.

Synergism Drug interaction that occurs from two or more drug 

eects that are greater than if the drugs were given alone.

Systemic eect Pertains to the whole body, whereas the target for 

the drug is not local, possibly causing side eects (e.g., capsule 

of acetaminophen for a headache).

Tachyphylaxis Rapid decrease in response to a drug.

Therapeutic index (TI) Dierence between the minimal 

therapeutic and toxic concentrations of a drug; the smaller the 

dierence, the greater the risk the drug will be toxic.

Tolerance Decreasing intensity of response to a drug over time.

Topical Use of the skin or mucous membrane (e.g., lotion).

Transdermal Use of the skin (e.g., patch).

e enire urse f in f  rug, fr se  ee, n 
e uners in hree hses: he rug inisrin, hr-
kinei, n hryni hses. is usefu neu 
frewrk, se n he rinies ere y Hfr,1 rgnizes 
he ses f  rugs in fr drug administration (eh y 
whih  rug se is e vie  he y) hrugh ee 
n uie eiinin fr he y. is frewrk is ius-
re in Fig. 2.1, whih rvies n verview f he inerrein-
shi f he hree hses f rug in, eh f whih is isusse 
in his her.

K E Y  P O I N T

Principles of drug action encompass three major topic areas: drug adminis-

tration, pharmacokinetics, and pharmacodynamics.

Drug Administration Phase

K E Y  P O I N T

The drug administration phase identies drug dosage forms and routes of 

administration. The pharmacokinetic phase describes the factors determin-

ing drug absorption, distribution in the body, metabolism, breakdown of the 

active drug to its metabolites, and elimination of the active drug and inactive 

metabolites from the body.

Drug Dosage Forms

e rug inisrin hse enis he inerree nes 
f rug fruin (e.g., uning  e fr riur 

• Fig. 2.1 Conceptual scheme illustrating the major phases of drug action 

in sequence, from dose administration to effect in the body. (From Kat-

zung, B.G., Masters, S.B., & Trevor, A.J. [Eds.] [2012]. Basic and Clinical 

Pharmacology [12th ed.]. New York: McGraw Hill Medical.)
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issuin reries) n rug eivery (e.g., esigning n inher 
 eiver  uni se). Tw key is f his hse re he rug 
sge fr n he rue f inisrin. e drug dosage form
is he hysi se f he rug in ssiin wih nnrug -
nens. Tes, sues, n injee suins re n rug 
sge frs. e route of administration is he r f enry fr 
he rug in he y, suh s r (ener), injein, r inh-
in. e fr in whih  rug is vie us e ie wih 
he rue f inisrin referre. e injee rue (e.g., 
inrvenus rue) requires  iqui suin f  rug, wheres he 
r rue n e sues, es, r iqui suins. 
Se n rug fruins fr eh f he n rues 
f rug inisrin re ise in Te 2.1

Drug Formulations and Additives

A rug is he ive ingreien in  sge fruin, u i 
is usuy n he ny ingreien in he  fruin. Fr 
exe, in  sue f n niii, he sue isef is  gei-
nus eri h ws fr swwing f he rug. e sue 
eri isinegres in he sh, n he ive rug ingrei-
en is reese fr srin. e re  whih he ive rug 
is iere fr  sue r e n e nre uring he 
fruin ress y ering rug rie size r y using  
seiize ing r fruin rix. Aersize gens 
fr inhin n reen f he resirry r s nin 
ingreiens her hn he ive rug, suh s reservives, r-
ens fr eere se inher (MDI) fruins, isersns 
(surfns), n rrier gens fr ry wer inhers (DPIs). 
Te 2.2 resens he vrius fruins wih ieren ingre-
iens fr he e (β)-renergi rnhir uer. In he 
neuizer suin, enzkniu hrie is  reservive, n 

TABLE 

2.1

Common Drug Formulations for Various Routes 

of Administration

Enteral Parenteral Inhalation Transdermal Topical

Tablet Solution Gas Patch Powder

Capsule Suspension Aerosol Paste Lotion

Suppository Depot — — Ointment

Elixir — — — Solution

Suspension — — — —

TABLE 

2.2

Three Dierent Dosage Forms for the 

Bronchodilator Drug Albuterol, Indicating 

Ingredients Other Than Active Drug

Dosage Form Active Drug Ingredients

Nebulizer 

solution

Albuterol sulfate Benzalkonium chloride, sulfuric 

acid

Respimat Albuterol-

ipratropium

Benzalkonium chloride, edetate 

disodium hydrochloric acid

Tablets Albuterol sulfate Lactose, butylparaben, sugar

MDI-HFA Albuterol 1,1,1,2-Tetrauoroethane, 

ethanol, oleic acid

HFA, Hydrouoroalkane; MDI, metered dose inhaler.

sufuri i juss he H f he suin. In he hyrur-
kne (HFA)-MDI,  hyrurkne is use s  ren.

Routes of Administration

Avnes in rug fruin n eivery syses hve yiee  
wie rnge f rues y whih  rug n e inisere. In he 
fwing isussin, rues f inisrin hve een ivie 
in ve r egries: ener, rener, rnser, inh-
in, n i.

Enteral

e er enteral refers iery  he s inesine, u he 
ener rue f inisrin is re ry ie  
inisrin f rugs inene fr srin nywhere ng 
he gsrinesin r. e s n ener rue is y 
uh (r) euse i is nvenien, is iness, n ers ex-
iiiy in ssie sge frs f he rug, s shwn in Te 2.1. 
e r rue requires he ien  e e  sww; here-
fre irwy-reive reexes shu e in. If he rug is n 
esrye r inive in he sh n n e sre in 
he sre, isriuin hrughu he y n  sys-
temic eect n e hieve. Oher ener rues f inisr-
in inue susiries insere in he reu, es e 
uner he ngue (suingu), n rug suins inrue 
hugh n inweing gsri ue.

Parenteral (Injectable)

Tehniy, he er parenteral ens “esies he inesine, 
whih iies ny rue f inisrin her hn ener. 
Hwever, he rener rue ny refers  injein f  
rug. Vrius ins re vie fr injein f  rug, he 
s n f whih re he fwing:
• Intravenous (IV): Injee irey in he vein, wing 

nery insnneus ess  sysei iruin. Drugs n 
e given s  us, in whih se he enire se is given r-
iy, eing   shr inrese in he rugs s nenr-
in, r  sey infusin n e use  vi his reiius 
inrese.

• Intramuscular (IM): Injee ee in  skee use. 
Beuse he rug us e sre fr he use in he 
sysei iruin, he rug ees ur re gruy 
hn wih inrvenus injein, hugh yiy re r-
iy hn y he r rue.

• Subcutaneous (SC): Injee in he suuneus issue 
eneh he eieris n he eris.

• Intrathecal (IT): Injee in he rhni erne f he 
sin r  iuse hrughu he sin ui.

• Intraosseous (IO): Injee in he rrw f he ne.

Transdermal

An inresing nuer f rugs re eing frue fr i-
in  he skin (i.e., transdermal inisrin)  rue  
sysei ee. e vnge f his rue is h i n suy 
ng-er ninuus eivery  he sysei iruin. e 
rug is sre eruneusy, viing he nee fr  hy-
eri neee n eresing he uuins in s rug ev-
es h n ur wih reee r inisrin.

Inhalation

Drugs n e given y inhalation fr eiher  sysei ee 
r   ee in he ung. Tw f he s n rug 
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fruins given y his rue re gses, whih usuy re given 
y inhin fr neshesi ( sysei ee), n ersize 
gens inene  rge he ung r resirry r in he re-
en f resirry isese (local eect). e ehngy n si-
ene f ers rug eivery  he resirry r ninue  
eve n re esrie in ei in Cher 3. Bx 2.1 rvies 
 sury f evies ny use fr inhe ers rug 
eivery. e gener rine fr ersize rug eivery  he 
irwys fr reing resirry isese is he  eivery f he 
rug  he rge rgn, wih reue r ini y exsure 
 he rug n, i is he, reue revene r severiy f s-
sie sie ees.

Topical

Drugs n e ie irey  he skin r uus ernes 
 rue   ee. Suh rugs re fen frue  
iniize sysei srin. Exes f topical inisr-
in inue he iin f riseri re  n re f 
n eriis (e.g., isn ivy rsh), inisrin f n eye 
r nining  β-renergi ngnis  nr gu, 
n insiin f ns rs nining n α-renergi gnis 
 reieve ngesin.

Pharmacokinetic Phase

e er hrkinei hse refers  he ie urse n is-
siin f  rug in he y, se n is srin, isriu-
in, eis, n eiinin. One resene  he y, 
s esrie in he rug inisrin hse,  rug rsses  
ni rriers  vrying exens, eening n is hei 
reries n he hysigi envirnen f he y -
ren i uies. Fr  sysei ee, i is esire fr he 
rug  ge in he sre fr isriuin hrughu 
he y; fr   ee, his is n esire n n e  
unwne sie ees hrughu he y. Asrin, isriu-
in, eis, n eiinin re he frs inuening n 
eerining he urse f  rug fer i is inrue  he y. 
In essene, pharmacokinetics esries wh he y es   
rug, n pharmacodynamics esries wh he rug es  
he y.

Absorption

When given ry fr  sysei ee,  i us rs issve 
 iere he ive ingreien. e free rug us hen reh 
he eihei ining f he sh r inesine n rverse he 
ii erne rriers f he gsri n vsur es efre 
rehing he sre fr isriuin hrughu he y. 
e ining f he wer resirry r s resens rriers  

Devices for Inhaled Administration 

ofDrugs

• Vaporizer (anesthetic gases)

• Atomizer

• Nebulizer, small or large

• Metered dose inhaler (MDI), with or without spacer

• Respimat soft mist inhaler

• Dry powder inhaler (DPI)

• Ultrasonic nebulizer (USN)

• BOX 2.1

• Fig. 2.2 Pathways by which drugs can traverse lipid membranes and 

enter the circulation. A membrane separating an acidic compartment 

(stomach) and a neutral compartment (plasma) is shown to illustrate that 

only the nonionized forms of weak acids or weak bases cross these lipo-

philic barriers more readily than ionized forms.

rug srin. is us rrier nsiss f ve ienie 
eeens:
1. Airwy surfe iqui
2. Eihei es
3. Bseen erne
4. Inersiiu
5. Ciry vsur newrk

Afer rversing hese yers,  rug n reh he sh 
use r gns f he irwy. e ehniss y whih rugs 
ve rss erne rriers inue queus iusin, ii 
iusin, ive r fiie iusin, n inysis. Gener-
y,  rug us e suieny wer sue  reh  ii (e) 
erne n suieny ii sue  iuse rss he e 
rrier. Fig. 2.2 iusres hese si ehniss.

Aqueous Diusion

Aqueus iusin urs in he queus rens f he 
y, suh s he inersii ses r he se wihin  e. 
Trnsr rss eihei inings is resrie euse f s 
re size; iries hve rger res, wing ssge f s 
rug eues. Diusin urs y  nenrin grien.

Lipid Diusion

Lii iusin is n irn ehnis fr rug srin 
euse f he ny eihei ernes h us e rsse 
if  rug is  isriue in he y n reh is rge rgn. 
Eihei es hve ii ernes, n  rug us e ii 
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sue (nninize, nnr)  iuse rss suh  erne. 
Lii-insue rugs en  e inize, h is, hve siive n 
negive hrges sere n he eue (r), n re wer 
sue.

Mny rugs re wek is r wek ses, n he egree f 
inizin f hese eues is eenen n he K


 (he H  

whih he rug is 50% inize n 50% nninize), he ien 
H, n wheher he rug is  wek i r se. e irein 
f inresing inizin is sie fr wek is n wek ses 
whie he ien H hnges.

Weak acid: Beuse n i nriues rns (H+ ins), he r-
ne fr is neur, r nninize.

Drugneur Drug nin H Prn (rne 
 )

Drug in Drugneur H Prn (rne 

  )

Weak base: Beuse  se es rns (hyrgen [H+] ins), 
he unrne fr is neur, r nninize.
• e rne wek i is neurize y he iin 

f H+ ins in n ii envirnen, is nninize, n is 
ii sue.

• e rne wek se gins  hrge y ing H+ ins 
in n ii envirnen, is inize, n is n ii sue.

Fig. 2.2 neuy iusres he rinie f ii iusin 
n srin fr wek is n ses.

Se rugs, suh s ehn, re neur eues n re 
wys nninize. ey re we sre in he sre 
n rss he –rin rrier. Oher rugs, suh s irr-
iu rie n d-(+)-uurrine, re quernry ines, 
hve n unshre eerns fr reversie ining f H+ ins, 
n re erneny siivey hrge. Irriu is n ii 
sue n es n sr n isriue we fr he uh 
r he ung wih r inhin. A senry r eriry ine, 
suh s rine, n give u is H+ in n ee nninize, 
inresing is srin, isriuin, n nsequen sie ees 
in he y.

Carrier-Mediated Transport

Sei rrier eues eee in he ii erne n 
rnsr se susnes, suh s in is, sugrs, r nu-
ry urring eies, n he rugs h resee hese su-
snes. In se insnes,  rug n ee wih he eng-
enus susne nry rnsre y he rrier.

Pinocytosis

Pinocytosis refers  he inrrin f  susne in  e y 
 ress f erne engufen n rnsr f he susne 
wihin vesies, wing rnsin rss  erne rrier.

Factors Aecting Absorption

e rue f inisrin eerines whih rriers  sr-
in us e rsse y  rug. ese rriers n e he rugs 
ie  nse n ie  ek ee. Inrvenus inisrin 
ysses he nee fr srin fr he gsrinesin r 
seen wih r inisrin, genery gives  very ri nse 
n ek ee, n rvies 100% viiiy f he rug in he 
sre. e er bioavailability inies he rrin f 
 rug h rehes he sysei iruin. Fr exe, he i-
viiiy f r rhine is 0.24 euse ny u  qurer f 
he rhine ingese uy rrives in he sysei iruin. 

TABLE 

2.3

Volumes (Approximate) of Major Body 

Compartments

Compartment Volume (L)

Vascular (blood) 5

Interstitial uid 10

Intracellular uid 20

Fat (adipose tissue) 14–25

Biviiiy is inuene n ny y srin u s y 
inivin use y sh is n y ei egrin, 
whih n ur efre he rug rehes he in sysei -
ren. Anher irn vrie gverning srin n 
iviiiy is  w  he sie f srin.

Distribution

T e eeive  is esire sie f in,  rug us hve  
erin nenrin. An niii is invesige fr is mini-
mal inhibitory concentration (MIC)—he wes nenrin f 
 rug  whih  iri uin is inhiie. Drug distri-
bution is he ress y whih  rug is rnsre  is sies 
f in, is eiine, r is sre. When given inrvenusy, 
s rugs isriue iniiy  rgns h reeive he s 
 w. Afer his rief inii isriuin hse, susequen 
hses f isriuin ur n he sis f he rinies f if-
fusin n rnsr uine erier n he rugs hysi n 
hei nure n iiy  in  s reins. e inii 
isriuin hse is iniy irn fr ihii nesheis 
(e.g., rf n hien) euse hey rue ri nse 
f neshesi s  funin f he high  w  he rin, 
n heir ees re quiky erine uring reisriuin  
her issues. e ining f rugs  s reins n s e 
iniy reevn in rre insnes, suh s when  rge rin 
f  rug is inive euse i is un  s reins u 
susequeny ees ise (n, hus, ive) y  sen 
rug h ins  he se reins.

e s nenrin f  rug is riy eerine y 
he re n exen f srin versus he re f eiinin fr 
 given se un. e vue f he ren in whih 
he rug is isriue s eerines he nenrin hieve 
in s. Crens n heir rxie vues in  
70-kg u re given in Te 2.3

Volume of Distribution

Suse  erin rug h isriues exusivey in he s 
ren is inisere inrvenusy. If  10-g us f 
he rug is given, n he vue f he iens s r-
en is 5L, he nenrin in he s (rring egrin r 
eiinin) wu e 2g/L. In his sie exe, he volume of 
distribution (V

D
) is he se s he vue f he s r-

en. In rie, rug isriuin is usuy re ex, n 
he u issue rens uie y he rug re unknwn. 
Nneheess, V

D
 esries  usefu hei equin reing 

he  un f rug in he y  he s nenrin:

Vue f isriuin (V )
Drug un

Ps nenri
D =

nn
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 Example

If 350mg of theophylline results in a concentration in the plasma of 

10mg/L (equivalent to 10mcg/mL), the volume of distribution (V
D
) is 

calculated as:

V
mg

mg L
D

=

350

10 /

V L
D

= 35

e rug n e sre n isriue in sies her hn 
he vsur ren, whih is ny rxiey 5L, n 
he ue vue f isriuin n e uh rger hn he 
 vue, s in he se f hehyine, whih hs  V

D
 f 

35L in  70-kg u. Fr his resn, V
D
 is referre  s he 

apparent volume of distribution  ehsize h V
D
 es n refer 

 n u hysigi se. Se rugs, suh s uxeine (n 
nieressn) n inhe nesheis, re sequesere in erih-
er issues n n hve ren vues f isriuin ny 
ies greer hn he enire vue f he y.

In  ini seing, V
D
 is rrey esure u is, nneheess, 

irn fr esiing he se neee  hieve  given her-
eui eve f  rug. By rerrnging he equin fr V

D
, he rug 

un shu equ he V
D
 uiie y he nenrin.

 Example

To achieve a theophylline concentration of 15mg/L with a V
D
 of 35L, we 

calculate a dose of:

Drug amount (drug dose) Plasmaconcentration V
D

 

Dose mg L L 15 35/

Dose mg= 525

e fwing ins shu e ne:
• e reeing uin ssues h he se is eey 

vie  he y. is y e rue if  se is given inr-
venusy, u here y e ess hn 100% iviiiy if  
se is given ry.

• is is  loading dose, n susequen ses  inin  
eve f nenrin een n he re f srin versus 
he res f eis n exrein (isusse in he nex 
seins).

• V
D
 y hnge s  funin f ge r isese se.

• e ne f V
D
 is n irey hefu in i rug 

inisrin n eivery f ersize rugs inene  
 irey n he irwy surfe. V

D
 fr i esiin in 

he irwy is n esure, n he rug is esie y 
in he resirry r, n se rugs re sre fr he 
irwy in .

Metabolism

K E Y  P O I N T

The liver is a primary site of drug metabolism and biotransformation, and 

the kidneys are the primary site of drug excretion, although both drugs and 

metabolites can also be excreted in feces.

Common Pathways for Drug Metabolism

Phase 1

• Oxidative hydroxylation

• Oxidative dealkylation

• Oxidative deamination

• N-oxidation

• Reductive reactions

• Hydrolytic reactions (e.g., esterase enzymes)

Phase 2

• Conjugation reactions (e.g., glucuronide or sulfate)

• BOX 2.2

e resses y whih rug eues re eize, r i-
rnsfre, nsiue  ex re f iheisry h is 
eyn he se f his ex. Cn hwys fr he i-
rnsfrin f rugs re ise in Bx 2.2. Genery, hse 
1 ihei reins nver he ive rug   re r 
(wer-sue) fr, whih n e exree y he kiney. Drugs 
h re rnsfre in  hse 1 rein y e rnsfre 
furher in  hse 2 rein, whih ines (njuges)  su-
sne (e.g., guurni i) wih he eie  fr  highy 
r njuge. In he se f se rugs, irnsfrin is 
ishe y jus hse 1 r hse 2 eis wihu rir 
rnsfrin y he her hse. Meies re fen ess i-
giy ive hn he ren rug. Neverheess, se rugs re 
inive uni eize (e.g., enri) r rue eies 
h re re xi hn heir rgenirs (e.g., rekwn r-
us f einhen).

Site of Drug Biotransformation

e iver is he rini rgn fr rug eis, hugh 
her issues, inuing he ung, inesin w, n enhei 
vsur w, n rnsfr r eize rugs. Fr exe, 
einehrine,  wek se, is sre in he inesin w, 
where sufse enzyes inive i s he rug iuses in he 
iruin. e iver nins inreur enzyes h usuy 
nver ihii (ii-sue) rug eues in wer-su-
e eies h re re esiy exree. e jr enzye 
syse in he iver is he yhre P450 xise syse (CYP). 
ere re ny frs f yhre P450, whih re he-
reins wih nsiere susre versiiy n he iiy 
 eize new rugs r inusri uns. e vrius 
frs f yhre P450 hve een ivie in u  zen 
suegries, ere isoenzyme families. e fur s ir-
n isenzye fiies fr rug eis hve een esigne 
CYP1, CYP2, CYP3, n CYP4. A given rug y e e-
ize reinny y ny ne eer f n isenzye fiy, 
wheres nher rug y e eize y uie enzyes 
in he se fiy r y sever isin enzyes rss fiies. 
Knwing whih riur CYP enzye eizes  rug y 
e irn fr reiing rug inerins, s furher esrie 
susequeny.

Enzyme Induction and Inhibition

Chrni inisrin r use f rugs h re eize y 
he enzye syses in he iver n inue (inrese) r inhii he 
eves f he enzyes (enzye inuin n inhiiin). Ex-
es f rugs r gens h n inue r inhii CYP enzyes 
re ise in Te 2.4.

ALGrawany
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Enzye inuin n e he hereui ses f rugs 
require. Rifin n inue CYP enzyes n inrese he 
eis f sever rugs, inuing wrfrin n r nr-
eives. Likewise, igree sking n inrese he rekwn 
f hehyine in iens wih hrni ung isese, shrening 
he hf-ife f he rug fr rxiey 7.0  4.3 hurs. Ds-
ges wu nee  e juse ringy  inin  suie 
s eve f hehyine. Cnversey,  susni rin f 
rug inerins invves inhiiin f CYP enzyes. A given 
rug is n ikey  inhii  he CYP isenzyes equy. Fr 
exe, he niii irxin is  en inhiir f n 
enzye in he CYP fiy h s eizes hehyine. 
Cinisrin f irxin wih hehyine n inrese 
hehyine eves—he sie ee f igree sking.

TABLE 

2.4

Drugs Causing Induction or Inhibition 

ofCytochrome P Enzymes

Cytochrome P450 

Isoenzyme Inducers Inhibitors

CYP1A2 Phenytoin Ciprooxacin

Rifampin Diltiazem

CYP2D6 Ranitidine

Fluoxetine

CYP3A4 Carbamazepine Diltiazem

Corticosteroids Fluoxetine

Rifampin Erythromycin

CYP, Cytochrome P450 oxidase system.

First-Pass Eect

Anher iniy irn ee f he iver n rug e-
is is referre  s he rst-pass eect f eiinin. When  
rug is ken ry n sre in he  fr he sh 
r inesine, he r vein rins his  irey in he iver 
(Fig. 2.3). B is rine fr he iver y he righ n ef 
hei veins irey in he inferir ven v n n in he 
gener iruin.

If  rug is highy eize y he iver enzyes n is 
inisere ry, s f he rugs iviy is erine in is 
ssge hrugh he iver efre i ever rehes he gener iru-
in n he res f he y. is is he rs-ss ee. Exes 
f rugs wih  high rs-ss ee re rrn; nirgy-
erin (suingu inisrin is referre  r inisr-
in); n uisne rine, n ersize riseri. 
e rs-ss ee uses iuies wih r inisrin 
h us e vere y inresing he r se (re 
wih he rener se) r y using  eivery syse h ir-
uvens rs-ss eis. e fwing rues vi rs-
ss iruin hrugh he iver: injein, u r suingu 
(e.g., es), rnser (e.g., h), re (e.g., susiries), 
n inhin. ese rues f inisrin yss he r 
venus iruin, wing rugs  e genery isriue in 
he y efre eing irue hrugh he iver n uiey 
eize. ey s yss ei egrin urring in 
he gu s  resu f sei ei enzyes (e.g., CYP3) r 
eri r.

Elimination

e riry sie f rug exrein in he y is he kiney, jus s 
he iver is he sie f he jriy f rug eis. e kiney 
is irn fr reving he rug eies rue y he 

• Fig. 2.3 Anatomy of venous drainage from the stomach that forms the basis for the rst-pass effect of orally 

administered drugs.
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iver. Se rugs re n eize n re eiine fr 
he iruin enirey y he kiney. e rue f eiinin 
ees irn when hsing eween ernive heries 
euse iver r kiney isese n er he erne f  rug y 
hese rgns. Genery, clearance is  esure f he iiy f he 
y  ri isef f  rug. Ms fen, erne is exresse s 
total systemic r plasma clearance  ehsize h  f he vri-
us ehniss y whih  given rug is ere (e.g., e-
is, exrein) re ken in un.

Plasma Clearance

e er V
D
 is n srin es n usuy rresn  ny 

re hysigi vue, n siiry, he er plasma clearance 
(Cl

p
) refers   hyhei vue f s h is eey 

ere f  rug ver  given eri. Cnsequeny, C

 is usuy 

exresse s iers er hur (L/hr) r, if y weigh is ken in 
un, iers er hur er kigr (L/hr/kg). Beuse C


 gives 

n iniin f he quniy f rug reve fr he y ver 
 given eri, i n e use  esie he re  whih  rug 
us e ree  inin  sey s eve.

Maintenance Dose

T hieve  sey eve f rug in he y, sing us equ 
he re f eiinin:

Dsingre (g hr)

CI L hr Psnenrin (g L)P

/

/ /( )( )





 Example

The clearance of theophylline is given as 2.88L/hr/70kg. For an average 

70-kg adult, to maintain a plasma drug level of 15mg/L (equivalent to 

15mcg/mL), calculate the dosing rate as follows:

Dosing rate L hr mg L mg hr  2 88 15 43 2. / / . /

e reeing siie uin ssues  ivi-
iiy f he rug, whih y n e rue fr se rues f 
inisrin, n is inene fr neu iusrin ny. 
Au ien reen us ke her frs in un. e 
rug u e given y nsn infusin r ivie in sing 
inervs (e.g., where hf he iy se is given every 12 hurs). 
When eiing n  sing inerv, i is esire  knw he 
plasma half-life.

Plasma Half-Life

e plasma half-life (T ½) (he ie require fr he s n-
enrin f  rug  erese y ne hf ) is  esure f hw 
quiky  rug is eiine fr he y. Mre erinen  
sing sheues, hwever, T ½ inies hw quiky  rug n 
uue n reh sey-se s eves. Drugs wih  shr 
T ½ (e.g., xiiin) reh sey-se eves quiky n us e 
given re frequeny  inin s eves, wheres he -
sie is rue f rugs wih  ng T ½, suh s igxin. Te 2.5 iss 
seee rugs in n use wih heir s hf-ives.

Time–Plasma Curves

e nenrin f  rug in he s ver ie n e grhe 
s  ie–s urve (Fig. 2.4). e she f his urve esries 
he inery f he kinei frs f srin, isriuin, 
eis, n eiinin. ese urves n inie wheher 
he se given is suien  reh n inin he rii 

TABLE 

2.5
Plasma Half-Lives of Common Drugs

Drug Half-Life (hr)

Acetaminophen 2.0

Amoxicillin 1.7

Azithromycin 40.0

Digoxin 39.0

Gabapentin 6.5

Morphine 1.9

Paroxetine 17.0

Terbutaline 14.0

• Fig. 2.4 Plasma concentration of a drug over time. The critical threshold 

is the minimal level of drug concentration needed for a therapeutic effect.

hresh f nenrin neee  hieve he esire hereu-
i ee. Suh  urve n s e e fr nenrins f n 
ers rug in resirry r sereins. Hwever, he urin 
f he clinical eect, rher hn he nenrin f he rug, is 
fen reresene in suies f ers rugs, riury rnh-
irs. e ini ee is re hefu hn   eve in 
esriing he hrkineis f inhe erss, whih rey n 
i eivery wih   ee in he irwy.

Fig. 2.5 iusres hyhei urves fr he ek ee n 
urin f ee f hree rnhir rugs n exirry w 
res. e shr-ing urve u reresen  rug, suh s re-
i einehrine, n urshr-ing ehine rnhi-
r. On he sis f is ie urve, his gen is  shr ing 
fr inenne hery n is n β reer sei. e iner-
eie urve u reresen suh n gen s uer, whih 
hs  ek ee f 30  60 inues y inhin n  urin 
f in f rxiey 4  6 hurs. ese kineis re use-
fu fr s-require rnhiin r fr inenne hery if 
 ien nees he rug fur ies iy. e kineis inie 
h rnhiin wih uer, n inereie-ing rug, 
wu n e inine uring n enire nigh. Finy,  ng-
ing gen, suh s he rnhir seer, u rvie 
 12-hur urin f ee, hugh ie  ek ee is swer 
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(<2 hurs). ese kineis re usefu fr nvenien wie-iy 
sge n run-he-k rnhiin. is exe ius-
res hw hrkineis f n inhe ers n he eer-
ine he hie f  riur rug fr  given ini iin 
n he sge sheue neee  hieve he hereui ee. 
Oher frs in he hie f  rug, wheher inhe ers, 
r, r injee, inue he sie ee re, he inivius 
rein  he rug, ergies, n ine frs (ien 
herene  sge insruins), suh s eivery fruins 
n se iing.

Pharmacokinetics of Inhaled Aerosol Drugs

e inhin rue use fr hereui erss, geher wih 
he hysihei nure f he rug, eerines he srin, 
isriuin, eis, n eiinin f he ers rug.

Local Versus Systemic Eect

Inhe erss re esie n he surfe f he uer r wer 
irwy n re  fr f iy inisere rug. As i-
y esie gens, inhe erss n e inene eiher fr 
  ee in he uer r wer irwy r fr  sysei ee 
euse he rug is sre n isriue in . A local eect
is exeie y  nsy inhe vsnsriing gen (en-
gesn), suh s xyezine (Afrin), r y n inhe rn-
hir ers, suh s uer (Prveni-HFA, Venin-
HFA, Prir HFA). A sysei ee igh e exeie y he 
inisrin f inhe znivir (Reenz)  re inuenz, 
inhe rhine fr in nr, r inhe insuin ers fr 
sysei nr f iees.2

Inhaled Aerosols in Pulmonary Disease

Inhe erss use in he reen f resirry iseses, suh 
s sh, hrni sruive unry isese (COPD), r 
ysi rsis (CF), re inene fr  , rgee ee in he 
ung n irwy. e rine fr he inhin rue in her-
y f he ung is  xiize ung esiin whie iniizing 
y (sysei) exsure n unwne sie ees. If he ri 
f rug in he ung is high reive  he un f rug in he 
ver y (sysei rug eve), he inhin rue ers n 

• Fig. 2.5 Hypothetical time–effect curves for three different bronchodilating agents, illustrating onset, peak effect, 

and duration.

vnge ver ire sysei inisrin (r, inrvenus) 
in reing he ung.

Distribution of Inhaled Aerosols

K E Y  P O I N T

The inhaled route of administration can involve both gastrointestinal and lung 

distributions. The systemic level of an inhaled drug and possible extrapulmo-

nary side effects depend on both gastrointestinal and lung absorption of the 

active drug.

Beuse  rin f n inhe ers is swwe, he inh-
in rue es  gsrinesin srin s we s ung 
srin f he rug (Fig. 2.6). Afer inhin f n ers 
y  snneusy rehing ien wihu he use f rii 
irwy,  rrin f he ers exers n i in he r-
hrynx n is swwe, n  rrin is inhe in he 
irwy. e riin erenges given fr sh n irwy 
rrins, se n Newns ssi esures3 in 191 wih 
n MDI, re rxiey 90% (sh) n 10% (irwy). 
Siir erenges hve een fun wih her ers eivery 
evies; hwever, newer evies re e  eiver re  he 
irwy, ssuing use f g ehnique.

Arxiey 50%  60% f he rug is in he uh 
r rhrynx n nriues  he 90% rehing he sh. 
ese uns re use in isussing he hwys f eis 
fr n inhe rug. Ahugh he reining 10% is riiny 
ee s he rrin f inhe rug h rehes he wer 
resirry r when eivere vi urreny vie evies, he 
ex erenge n vry fr 10%  30% wih ieren eiv-
ery evies r ehniques f ien use. Lung esiin wih n 
inhe riseri, uesnie (Puir), hs een rere 
s 15% wih  ressurize MDI (MDI) n 32% wih  DPI4

(Puir Turuher; AsrZene, Wiingn, Dewre). 
Use f reservir evies wih MDIs r eivery hrugh enr-
he ues n signiny hnge rhrynge iin r 
irwy eivery (see Cher 3).

Oral Portion Stomach. e swwe ers rug is suje 
 gsrinesin srin, isriuin, n eis, jus 
ike n ry inisere rug. e ers rug n e sre 
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fr he sh n eize in he iver (see Fig. 2.6), r-
uing  rs-ss ee. e rug y s e inive in he 
inesin w s i is sre in he r iruin. e sie 
f srin in he gsrinesin r is eerine y he 
rinies gverning iusin f rugs hrugh ii ernes. 
Genery, if he rs-ss eis is high, sysei eves re 
ny use y ung srin; if he rs-ss eis is w 
n he rug is swwe, here is  higher sysei eve fr 
gsrinesin r srin, whih y inrese sie ees 
in he y. e rs-ss eis f hree n inhe 
ers rugs is s fws:
• Auer: 50%
• Buesnie: 90%
• Teruine: 90%
• Fuisne: 99%
• Ciesnie: 99%

Inhaled Portion. I is hugh h ers rugs iner wih 
he sie f in in he irwy: sereins in he uen, nerve 

• Fig. 2.6 Orally inhaled aerosol drugs distribute to the respiratory tract and to the stomach through swallowing of 

oropharyngeally deposited drug. Top left: Inhalation devices include metered dose inhaler (top), nebulizer (middle), 

and dry powder inhaler (bottom). GI, Gastrointestinal.

enings, es (e.g., s es), r rnhi sh use in 
he irwy w. e rug y e susequeny sre in he 
rnhi iruin, whih rins in he righ n ef ri f 
he her n hen in he sysei iruin. e ex eh-
nis y whih n ers rug, suh s  rnhir, rehes 
he rrie reers  exer n ee is n we knwn. If 
he inhe rug is n reve y uiiry in r y 
inive, he rug y e sre, n his inreses he sys-
ei viiiy f he rug.

Lung Availability/Total Systemic Availability Ratio

K E Y  P O I N T

The sources of the total systemic level of a drug are quantied in the lung 

availability/total systemic availability ratio (L/T ratio)—the higher the ratio, 

the greater is the systemic drug level available from the lung, as a result of 

efcient lung delivery, high rst-pass metabolism, or both.
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e lung availability/total systemic availability ratio (L/T ratio)
qunies he eieny f ers rug eivery  he ung n is 
se n he isriuin  he irwy n gsrinesin r 
jus esrie. Fr n ers rug (e.g.,  rnhir r r-
iseri) h rges he resirry r, he L/T ri n e 
ene s he rrin f rug vie fr he ung, u f 
he  syseiy vie rug.

e clinical r therapeutic eect f  rnhive ers 
es fr he inhe rug esie in he irwys. e sys-
temic r extrapulmonary side eects e fr he  un 
f rug sre in he syse. e  sysei rug eve 
is use y irwy srin us he un sre fr 
he gsrinesin r. e L/T ri n qunify n -
re he eieny f rug eivery syses rgeing he resir-
ry r. Any in h reues he swwe rin f he 
inhe rug, suh s  reservir evie (ser, hing her), 
r high rs-ss eis, n inrese he L/T ri. Frs 
h n inrese he L/T ri re surize in Bx 2.3. A er-
fey eien inhin evie wu eiver  f he rug  
he ung n nne  he rhrynx r gsrinesin r, giv-
ing  ri f 1 (ung viiiy =  sysei viiiy;  
sysei rug es ny fr he ung srin).

C L I N I C A L  C O N N E C T I O N

A respiratory therapist (RT) can increase the L/T ratio by properly instructing 

the patient in the use of the aerosol device. Additionally, the use of a breath 

hold may increase L/T ratio by assisting in deposition of aerosol particles.

is ne ws rse in 1991 y Brgsrö5 n e-
re n y rssn.6 An exe, se n he  f rs-
sn fr uer inhin using w ieren eivery evies, is 
given in Fig. 2.7. Wih use f n MDI, rxiey 30% f he 

inhe rug rehes he ung, wih 70% ging  he sh. 
Wih ee srin fr he sh, hf f his 70% is 
rken wn in he iver s h 35% rehes he sysei iru-
in. e  un f he rigin 100% se rehing he 
iruin is 65% (ung, 30%; sh n iver, 35%). Beuse 
30% f he 65% es fr he ung, his gives n L/T ri f 
30/65 = 0.46.

e  fr he DPI, using  Rher (GxSihKine, 
Reserh Tringe Prk, Nrh Crin), whih is n nger vi-
e, give n L/T ri f 0.23 (ung, 13%; sh n iver, 
44%). On he sis f hese ris, inhin f uer vi n 
MDI gives re eien ung eivery wih ess sysei vi-
iiy re wih inhin vi  DPI, suh s he Rher. 
Wih he MDI, 46% f he sysei exsure is fr he ung, 
wheres wih he DPI, 23% is fr he ung. A high L/T ri is 
esire; Te 2.6 gives exes f vrius L/T ris, ng wih 
ung esiin fr sever rugs n eivery evies.

e L/T ri is eerine y he re f rs-ss eis 
n he eieny f he inhin evie in ing he rug in 
he irwy. A high L/T ri n e hieve even wih r ung 
eivery n eien sh srin if here is  high rs-ss 
ee n he swwe rug. Crisns f L/T ris us e 

• Fig. 2.7 The lung availability/total systemic availability (L/T) ratio can quantify the efciency of aerosol drug deliv-

ery to the respiratory tract by partitioning relative amounts from the gastrointestinal tract and from the respiratory 

tract (see text for explanation). DPI, Dry powder inhaler; GI, gastrointestinal; MDI, metered dose inhaler. (Data from 

Thorsson. L. [1995]. Inuence of inhaler systems on systemic availability, with focus on inhaled corticosteroids. 

Journal of Aerosol Medicine, 8[Suppl 3], S29.)

Factors Increasing Lung Availability/

Total Systemic Availability Ratio With 

InhaledDrugs

• Efcient delivery devices (high airway and low gastrointestinal delivery)

• Inhaled drugs with high rst-pass metabolism

• Mouthwashing, including rinsing and spitting

• Use of a reservoir device (spacer, holding chamber) to decrease 

oropharyngeal deposition and swallowed drug amount

• BOX 2.3
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eween he same rugs wih ieren eivery evies. Tw rugs 
wih ieren rs-ss eis res n hve ieren L/T 
ris even if he irwy esiin r eivery evie is he se. 
A g exe is rvie in Te 2.6, in he risn f -
uer n uesnie, h inisere vi  Turuher DPI. 
Auer n uesnie hve rs-ss eis res f 50% 
n 90%, reseivey. Wih rxiey he se ung eivery 
f 22%  23% fr h rug–evie syses, he L/T ri is 0.45 
fr uer u 0.7 fr uesnie. e irve L/T ri f 
uesnie re wih uer is n use y  ierene in 
evie eieny u y he higher re f eis f uesnie 
h reues sysei  eves fr gsrinesin srin. 
e L/T ri s suggess h ers eivery evies shu e 
evue geher wih he rug  e use. “Eh inin 
f ive rug n evie is  unique hreui fruin, 
s h he rug isef n he evie n inuene he ver 
reries f he fruin.5 e L/T ri es n eerine 
wheher sysei xiiy r sie ees wi ur. Firs, sysei 
ees een n he un f ive rug sre in he sys-
e, wheher fr he ung r fr he gsrinesin r. An 
inhe riseri, suh s unisie, is riy eize in 
 rs-ss ee. As  resu, he swwe rin gives ini 
sysei eves. G srin f he ers rug fr he ungs 
in suieny high ses u, hwever, use sysei ees. 
Sen, eivery  he rhrynx n gsrinesin r y  
ess eien ers eivery evie r eh y e irreevn if 
he rug is rgey inive when ken ry n uses n  
rhrynge ees. Cehine rnhirs wu e 
exes f suh  rug. e L/T ri inies ery hw se 
n ers rug eivery syse es  he ie f hving  f 
he sysei rug exsure e fr ny he ung se.

TABLE 

2.6

Lung Availability/Total Systemic Availability 

Ratios for Several Inhaled Drugs With Various 

Aerosol Delivery Devices*

Drug Device

Lung 

Deposition 

(%)

L/T 

Ratio Subjects

Albuterol pMDI 18.6 0.36 Patients—good 

coordinators

7.2 0.17 Patients—poor 

coordinators

BAI (pMDI) 20.8 0.41 Patients—poor 

coordinators

Turbuhaler 23.2 0.45 Healthy 

volunteers

Budesonide pMDI (CFC) 15 0.66 Healthy subjects

Turbuhaler 32 0.87 Healthy subjects

MDI (HFA)† 59 0.92 Patients

*All drug amounts are expressed as percentages of metered or nominal dose.
†Data from Harrison, L.I. (2002). Local versus total systemic bioavailability of beclomethasone 

dipropionate CFC and HFA metered dose inhaler formulations. Journal of Aerosol Medicine, 

15, 401 [erratum (2003) in Journal of Aerosol Medicine, 16, 97].

BAI, Breath-actuated inhaler; CFC, chlorouorocarbon; HFA, hydrouoroalkane; L/T ratio,

lung availability/total systemic availability; pMDI, pressurized metered dose inhaler.

Data from Borgström, L. (1998). Local versus total systemic bioavailability as a means to com-

pare different inhaled formulations of the same substance. Journal of Aerosol Medicine, 11, 55.

Pharmacodynamic Phase

K E Y  P O I N T

Pharmacodynamics describes the mechanism of activity by which drugs 

cause their effects in the body. The principal concept is the drug target 

protein (e.g., drug receptor).

e ehnis f rug in y whih  rug eue uses 
is ee in he y is he hryni hse. Ms rugs 
exer heir ees y ining  rein rges n susequeny 
uing he nr funin f hese reins, usuy inu-
ing hysigi hnges h e uie issues n rgn sys-
es. e reevn rein rges inue reers, enzyes, in 
hnnes, n rrier eues. A reer is ny e nen 
h ines wih  rug  hnge r enhne he funin f 
he e. In iin, se rugs exer heir in hereui ee 
y inering wih DNA rher hn y ining irey  r-
eins. e hehereui gen isin inhiis e ivisin 
y ining  n isruing ner e DNA, n he nivir 
rug gnivir inhiis heres virus reiin y insinuing 
isef in he vir DNA n sing furher rnsriin.

Structure–Activity Relationships

e hing f  rug eue wih  reer r enzye in 
he y is se n  sruur siiriy eween he rug n 
is ining sie. e reinshi eween he hei sruure 
f  rug n is ini ee r iviy is ere he struc-
ture–activity relationship (SAR). Isreren n uer re 
exes f w ers rnhirs whse iering sruures 
use ieren hrkinei iviy n issue resnses.

e sruures f isreren n uer re iusre in 
Fig. 2., wih  sury f w rii ierenes in heir hr-
kinei re n ne rii ierene in heir sie ees 
(her re inrese). Ahugh he w sruures re very siir, 
n h re in he se fiy f β-renergi rnhirs 
(see Cher 6 fr  isussin f his ss f rugs), hey re 
ieren. Isreren is  ehine, whih is eize 
riy euse i is sre in he irwy y he enzye -
eh O-ehyrnsferse (COMT), giving i  shr urin 
f in. Auer,  sigenin, is n  susre fr he enzye 
COMT u is, inse, eize hrugh sufe njugin, 
 swer ress. is ierene is use y he susiuin f 
HOCH

2
 fr he OH gru  he rn-3 siin. In iin, 

he sruures f he w sie hins re suieny ieren  
hnge heir reer seeiviy. Isreren hes  ree-
rs fun in he irwy (β

2
 reers) n he her (β

1
 ree-

rs), wheres uer is re seeive fr reers in he ir-
wy ny. In reene ses, uer hs ie r n ee 
n her re; hwever, isreren usuy uses n inrese in 
her re.

Nature and Type of Drug Receptors

K E Y  P O I N T

Two mechanisms of drug–receptor action form the basis for the effects of 

two drug classes in respiratory care: intracellular receptor binding and modi-

ed gene transcription by lipid-soluble drugs (glucocorticoids) and receptors 

linked to their effector systems by G proteins (β-adrenergic bronchodilators).
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A resen, rugs hving he grees reevne  resirry her-
y  hrugh reer reins, hugh enzyes re irn 
rges fr se niiis, nivir rugs, n nihyerensive 
rugs. Reers fr ny rugs hve een iheiy urie 
n irey hrerize, wheres in he s, suh reers were 
ny inirey inferre fr rug in n ierenes f in 
eween siir rugs.

Drug Receptors

Ms rug reers re reins, r yeies, whse she 
n eeri hrge rvie  h   rugs rresning 
hei she r hrge. Drug–reer reins inue ree-
rs n e surfes n wihin he e.

e ress y whih hen f  rug  is reer 
resus in  ini resnse invves ex eur eh-
niss. is ress sens  sign fr he rug hei in 
n inreur sequene h nrs e funin. Usuy, he 
rug hes   reer rein h sns he e erne, 
s he ress is ne f “rnserne signing.

Fur ehniss fr rnserne signing re we uner-
s. Eh ehnis n rnsue signs fr  gru f ier-
en rug reers n fr ieren rugs. e fur ehniss 
re s fws:
1. Lii-sue rugs rss he e erne n  n inr-

eur reers  iniie he rug resnse. Examples: ri-
seris, viin D, hyri hrne.

2. e rug hes  he exreur rin f  rein 
reer, whih rjes in he e ys ( “rnse-
rne rein) n ives n enzye syse, suh s yr-
sine kinse, in he inreur rin  iniie n ee. 
Examples: insuin, ee-erive grwh fr (PDGF).

3. e rug hes   surfe reer h regues he en-
ing f n in hnne. Examples: eyhine reers n 
skee use, γ-inuyri i (GABA).

4. e rug hes   rnserne reer h is ue 
 n inreur enzye y  G rein (gunine nueie–
reguing rein). Examples: β-renergi gens, eyh-
ine  rsyhei nerve enings.
e rs, hir, n furh ehniss re reviewe in re 

ei in he fwing seins euse hese re he sis fr he 
iviy f rugs ny use in resirry re.

• Fig. 2.8 Structure–activity relationships for two drugs representing the same class of bronchodilator. Racemic 

epinephrine and albuterol are both β-adrenergic agents, with minor structural differences leading to signicantly 

different clinical effects.

Lipid-Soluble Drugs and Intracellular Receptor Activation

Inreur reer ivin y ii-sue rugs is he sis 
n whih riseris, n irn ss f rugs in resir-
ry re, use  e resnse. Exes f riseri rugs 
re inhe eehsne n unisie n r renisne. 
In his rug–reer ehnis, he rug is suieny ii 
sue  rss he ii iyer f he e erne, iuse in 
he ys, n h  n inreur yeie ree-
r. e rug–reer ex rnses  he e nueus 
n ins  sei DNA sequenes ere hormone response 
elements, whih n eiher siue r reress he rnsriin 
f genes in he nueus. An exe f suh rug-reer sign-
ing is given in Fig. 2.9, fr gurii rugs, suh s inhe 
unisie r r renisne. e gurii iuses rss 
he e erne n hes   reer in he ys. 
Ahen f he rug  he reer uses iseen f 
erin reins, ere heat shock proteins, n  hnge in he 
reer ngurin  n ive se. e newy ue rug–
reer ex ves r translocates  he nueus f he e, 
where i irs wih her rug–reer exes, whih hen 
in   gurii resnse eeen (GRE) f he es 
DNA. is ining iniies r reresses e resnse n rn-
sriin f rge genes (see Cher 11 fr  isussin f he 
ehnis n ees f guriis).

Drugs h  y iusing in he e n reguing gene 
resnses hve nger eris fr serve resnses, rnging 
fr 30 inues  sever hurs. Tyiy, here is s  er-
sisene f ee fr hurs r ys, even fer he rug hs een 
eiine fr he y.

Drug-Regulated Ion Channels

Anher ress f rug sign rnsuin regues he w f 
ins, suh s siu r ssiu, hrugh e erne hn-
nes. is hs een eie in Fig. 2.10. e rug ins   
reer n he e erne surfe. e reer hs  rin 
ve r n he surfe f he e erne n exens hrugh 
he erne in he ys f he e. When ive y 
he rug (r y n engenus ign), he reer ens n in 
hnne  w inrese rnserne nune f n 
in. An exe f suh  reer is h fr eyhine,  
neurrnsier, n skee use. is eyhine reer 
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is ere  nicotinic receptor euse i resns  he susne 
niine s we s eyhine. Ahen f eyhine r 
niine ens n in hnne n ws he high siu (N+) 
nenrin in exreur ui  w in he wer nen-
rin f he e. is rues  revers f vge, r depolariza-
tion, n  rresning use wih. Aeyhine is he neu-
rrnsier fr vunry use nrin n veen, 
n siuin y niine n inrese skee use rer.

Receptors Linked to G Proteins

G rein–inke reers eie rnhiin n rn-
hnsriin in he irwys in resnse  engenus siu-
in y he neurrnsiers einehrine n eyhine. 
ese se irwy resnses n e eiie y renergi rn-
hir rugs (isusse in Cher 6) r ke y eyh-
ine-king (nihinergi) gens, suh s irriu r-
ie (isusse in Cher 7). G reins n G rein–inke 
reers s eie he ees f her heis, inuing 
he ees f hisine n gugn, n he hrnsuin 
f igh in rein rs n nes. Drug-reer signing wih 
G rein–inke reers invves hree in nens: he 
drug receptor, G protein, n eector system. When  rug hes 
  G rein–inke reer, hese hree nens iner 
 use  eur resnse  he rug. e eer syse rig-
gers he e resnse y iving r inhiiing  second messenger
wihin he e. Fig. 2.11 shws he in eeens f  G r-
ein–inke reer. Eh f he jr eeens in his signing 
ehnis ex is esrie riey, ng wih he ynis 
f heir inerin.

Reers h ue wih G reins hve een we hr-
erize n shw  siir sruure in whih  yeie 
hin rsses he e erne seven ies, giving  serenine 
erne  he reer. e yeie hin hs n in 

• Fig. 2.9 Diagram of the mechanism of action for lipid-soluble drugs, 

such as glucocorticoids, which bind to intracellular receptors and then 

modify cell nuclear transcription. GC, Glucocorticoid; GRE, glucocorticoid 

response element; hsp 90, heat shock protein 90.

• Fig. 2.10 Illustration of the drug signal mechanism that regulates ion 

channel ow to cause a drug response, such as that of acetylcholine (Ach) 

or nicotine in stimulating skeletal muscle bers to contract.

• Fig. 2.11 Simplied diagram of the components by which a G protein–

linked receptor causes a cell response: drug, receptor, G protein, effector 

system, and second messenger. Each of these components is identied 

in this example of a β-adrenergic bronchodilator drug and the β receptor, 

which is a G protein–linked receptor. Gs, Stimulatory G protein.
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(NH
2
, r N) erin sie usie he e erne n  r-

xy (COOH, r C) erin insie he e. Ahugh he seven 
rnserne segens f he reer re eie in Fig. 2.12
s eing siine sie y sie, he reer ers  fr  
yinri sruure if viewe ereniur  he surfe f he 
e erne, wih he rnserne s fring he sies 
f he yiner. e rug usuy ues  he reer   sie 
surrune y he rnserne regins f he reer rein, 
h is, wihin he inerir f he yiner. e reer ives 
 G rein n he ysi (inner) surfe f he e e-
rne. e sie f he inerin f he G rein wih he ree-
r yeie is hugh  e  he hir ysi  f 
he reer hin.

G proteins re s ere euse hey re  fiy f gunine 
nueie–ining reins wih  hree-r, r heterotrimeric,
sruure. e hree suunis f he G rein re esigne y 
he Greek eers h (α), e (β), n g (γ). e α su-
uni ierenies eers f he G rein fiy. On he sis 
f he α suuni, he G rein is ssie in sugrus, suh s 
Gs, whih stimulates n eer syse, n Gi, whih inhibits he 

• Fig. 2.12 Sequential diagram of G protein–linked receptor activation and 

G protein function in linking a drug signal to a cell response.

eer syse. Oher yes f G reins hve een ienie s 
we; hwever, hey re n reviewe in his her.

e ive G rein hnges he iviy f n eector system,
whih y e eiher n enzye, whih yzes he frin f 
 second messenger, r n in hnne, whih ws he uw f 
ssiu (K+) ins fr he e. One f he sen essengers is 
he we-knwn yi ensine 3′, 5′-nhshe (AMP). 
e eer enzye fr inresing AMP is enyy yse (re-
viusy ere eny yse), whih nvers ensine rihs-
he (ATP)  AMP. e G rein h siues enyy 
yse is he Gs (fr stimulatory) rein. β reers, whih ue 
wih β-renergi rnhirs, ive Gs reins. Anher 
G rein, Gi (fr inhibitory), inhiis he ivin f enyy 
yse; Gi reins re ive y hinergi (usrini) g-
niss, suh s eyhine r he rug ehhine.

e ynis f e signing y G rein–inke reers 
re iusre sheiy in Fig. 2.12. When here is n rug 
he  he reer sie, he α suuni f he G rein is 
un  gunsine ihshe (GDP), n he G rein is in 
n inive se. When  rug hes  he reer, here is 
 hnge in he reer nfrin h uses he reese f 
GDP n he ining f gunsine rihshe (GTP)  he α
suuni. is is he ive se fr he G rein. e GTP-un 
α suuni issies, r unlinks, fr he β-γ rin n ues 
wih he eer syse  siue r inhii  sen essenger 
wihin he e. e GTP un  he α suuni is hyryze 
y  gunsine rihshse (GTPse) enzye, issies fr 
he eer, n ressies wih he β-γ ier. e G rein–
inke reer is hen rey fr reivin.

Deis n sei G reins, heir eer syses, n 
heir sen essengers re resene fr neurrnsiers, 
suh s einehrine n eyhine in he nervus syse (see 
Cher 5), n fr he sses f rugs h ink  suh reers, 
suh s renergi rnhirs (see Cher 6) n nih-
inergi rnhirs (see Cher 7).

Dose–Response Relationships

K E Y  P O I N T

Various terms describe the dose–response relationship of drugs, while they 

combine with their corresponding receptors, and drug interactions: potency; 

maximal effect; therapeutic index (TI); agonists and antagonists; synergism; 

additivity; potentiation; and reaction types, such as idiosyncracy, hypersensi-

tivity, tolerance, and tachyphylaxis.

e resnse   rug is rrin  he rugs nenr-
in. As rug nenrin inreses, he nuer f reers 
uie inreses, n he rug ee s inreses u   xi-
 in; his is grhe s  se–resnse, r nenrin–
ee, urve (Fig. 2.13). Inresing uns f  rug inrese he 
resnse in  firy ire fshin; hwever, he re f resnse 
usuy iinishes s he se inreses uni  eu f xi 
ee is rehe. Suh  nvex, r hyperbolic, urve is nry 
rnsfre heiy y using he grih f he se 
s h  sigi urve is ine. e iner irin f  
sigi urve ws fr esier risn f he se–resnse 
urve fr ieren rugs. In riur, he se  whih 50% f 
he resnse  he rug urs is inie in Fig. 2.13 n is 
referre  s he ED

50
, he se f rug h rues 50% f he 

xi ee. is vue y s e ene s he EC
50

, fr 
eeive nenrin giving 50% f xi resnse.
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Potency Versus Maximal Eect

Dse–resnse urves re he sis fr ening n iusring 
sever nes use  hrerize n re rugs. Tw 
nes h w risn f rugs re eny n xi 
ee, h iusre in Fig. 2.14
1. Potency: Refers  he nenrin (EC

50
) r se (ED

50
) f  

rug ruing 50% f he maximal response f he rug. e 
eny f w rugs, A n B, n e re n he sis 
f he ED

50
 vues f he w rugs: reive eny, A n 

B = ED
50

 (B)/ED
50

 (A).
2. Maximal eect: e grees resnse h n e rue y 

 rug,  se ve whih n furher resnse n e eiie.
e wer he ED

50
 fr  given rug, he re en is he 

rug, s shwn in Fig. 2.14. Curves fr rugs A n B shw if-
feren enies. If he ED

50
 fr rug B is 5g n fr rug A is 

1g, hen rug A is ve ies re en hn rug B:

ED ED g g50 50 5 1 5(B)/ (A) /= =

• Fig. 2.13 Illustration of the dose–response curve (left), showing an increasing effect that ultimately plateaus, 

and its logarithmic transformation to produce a sigmoid curve (right). ED
50

, Drug dose that produces 50% of the 

maximal effect.

• Fig. 2.14 The potency of a drug is dened as the dose producing 50% of the drug’s maximal effect. Drug A is 

more potent than drug B; however, drugs B and C are equally potent, although drug C has less maximal effect 

than drug B.

Drug B requires ve ies he un f rug A  rue 
50% f is xi ee. Peny is n he se s xi 
ee, s iusre in Fig. 2.14. Potency is reivey ene y 
using he ED

50
 vues f w rugs, wheres maximal eect is s-

uey ene s  hysigi r ini resnse. e urves ini-
e h rugs B n C hve he se eny; h is, he se 
se rues 50% f he xi resnse. Hwever, rug B hs 
 greer xi ee re wih rug C. Beuse he ED

50

is he se using  resnse h is hf he xi resnse f 
he same rug, w rugs n hve ieren xi resnses 
u he se ED

50
 (n he se eny), s shwn in Fig. 2.14.

Therapeutic Index

e therapeutic index (TI) n e ene s he ri f he eh 
se fr 50% f he es uin (LD

50
)  he ED

50
 fr  given 

rug, wih ED
50

 n LD
50

 iniing hf f he es sujes, rher 
hn  50% ini resnse. e TI is s se n he se–
resnse urve f  rug. Hwever, inse f  gre ini r 
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hysigi resnse, suh s n inrese in her re, we susiue 
n -r-nhing resnse f irveen fr eh suje, r x-
iiy r eh fr eh suje. In his se he ED

50
 reresens he 

se f he rug  whih hf f he es sujes irve. Siiry, 
he LD

50
 is he eh se fr 50% f he es uin. Dses re 

esishe fr  es uin f nis (s iusre in Fig. 2.15).
e ri f he se h is xi  50% f es sujes  he 

se h rvies reief  50% f he sujes is he ini TI. 
is inex reresens he sfey rgin f he rug. e ser he 
TI, he greer is he ssiiiy f rssing fr  hereui ee 
  xi ee. ehyine is  rug use in resirry re h 
hs  nrrw hereui rgin. As  resu, xi sie ees n e 
seen  se  hereui se eves in se inivius.

Agonists and Antagonists

An agonist is  rug r hei h ins   rresning 
reer (hs niy) n initiates  eur ee r resnse (hs 

• Fig. 2.15 Therapeutic index (TI), dened as the ratio of the dose that is 

lethal for 50% of test animals (LD
50

) to the dose causing improvement in 

50% of test animals (ED
50

).

ey). An antagonist is  rug r hei h is e  in   
reer (hs niy) u uses n resnse (zer ey). Beuse 
he ngnis rug is uying he reer sie, i n reven 
her rugs r n engenus hei fr rehing n iving 
he reer sie. By ing s, n ngnis inhibits r blocks he g-
nis  he reer. Agniss re ivie furher in full n partial 
agonists. A fu gnis is  rug h gives  higher xi resnse 
hn  ri gnis. e se–resnse urves fr  ri gnis 
n  fu gnis re reresene in Fig. 2.16. Bh hve reer 
niy, u  ri gnis hs ess ey hn  fu gnis.

Drug Interactions

e ne f rug ngnis jus isusse is n exe f  
rug inerin in whih ne rug n k he ee f nher. 
Mehniss f rug ngnis re s fws:
• Chemical antagonism: Dire hei inerin eween  

rug n he igi eir h inives he rug. An 
exe is hein f xi es y  heing gen.

• Functional antagonism: Cn ur when w rugs eh rue 
n ee n he w ees ne eh her. Fr exe, 
ehhine n siue rsyhei (usrini) ree-
rs in he irwys, using rnhnsriin; einehrine n 
siue β

2
 reers in he irwys, using rnhiin.

• Competitive antagonism: Ours when  rug hs niy fr  
reer u n ey n  he se ie ks he ive 
gnis fr ining  n siuing he reer. Fr 
exe, fexfenine is  eiive ngnis  hisine 
n sei reers (H

1
) n rnhi sh use n he 

nshrynx n is use  re ergies  ens.
• e fwing ers re use  esrie siive inerins 

eween w rugs:
• Synergism: Ours when w rugs  n  rge rgn y 

ieren ehniss f in, n he ee f he rug ir 
is greer hn he su f he sere ees f he rugs.

• Additivity: Ours when w rugs  n he se reers, 
n he ine ee is he sie iner su f he ees 
f he w rugs, u   xi ee.

• Potentiation: A sei se f synergis in whih ne rug hs 
n ee u n inrese he iviy f he her rug.

• Fig. 2.16 Dose–response curves for full and partial agonists, illustrating the greater maximal effect of the full 

agonist.
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Terms for Drug Responsiveness

Inivius exhii vriin in heir resnses  rugs; he se–
resnse urves reviusy iusre reresen n verge f n 
enire gru. e fwing ers re enunere in hr-
gy  esrie iniviu reins  rugs:
• Idiosyncratic eect: Ee h is he sie f, r unusu, 

r n sene f ee, re wih he reie usu 
ee in n iniviu.

• Hypersensitivity: Aergi r iune-eie rein   
rug, whih n e serius, requiring irwy inenne r 
veniry ssisne.

• Tolerance: Deresing inensiy f resnse   rug ver 
ie.

• Tachyphylaxis: Ri erese in resnsiveness   rug.

Pharmacogenetics

K E Y  P O I N T

Pharmacogenetics refers to hereditary differences in the way the body 

handles specic drugs.

e we-esrie vriins ng iens in resnses  rugs 
re eing inresingy re  hereiry ierenes. e suy 
f hese hereiry r genei ierenes is referre  s pharma-
cogenetics. ese genei vriins y n e nifese s n 
“nriy uni he ien is henge wih  rug,  whih 
ie he irreguriy in he hrkinei r hryni 
resnse is revee. Genei ierenes eing rug e-
is hve een s exensivey suie, hugh vriin in 
rge reins y e equy irn.

Sever exes n e given fr rugs ny seen in 
resirry n rii re:
• Isoniazid: Aniuerusis rug whse res f eis n 

inivin vry ng inivius, wih eviene f ri n 
sw inivrs. e rrin f ri versus sw iniv-
rs is u 50/50 ng Whie n Bk inivius, u 
Inui n se Asin ee en  e ri inivrs.

• Succinylcholine: Neurusur ryzing gen use uring 
surgery. Suinyhine is nry eize y  uyry-
hineserse enzye (seuhineserse). Arxiey 
1 in 3000 inivius hs  geneiy eerine vrin f 
his enzye. As  resu,  ien y ke sever hurs  
rever fr he rug, rher hn he sever inues usuy 
seen, n y s egin  rehe snneusy. Mehni-
 veniry sur wu e require uni snneus 
rehing is eque.

• Isourane: Inhin neshei h (siir  sever her 
ree nesheis) n use ignn hyerheri in genei-
y suseie inivius. Piens wih n yi vrin f 
 iu reese hnne n ie s  resu f his serius -
iin f gener neshesi, whih invves  ri inrese in 
y eerure n inrese xygen nsuin.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. If a drug is in liquid solution, what routes of administration are 

available for its delivery, considering only its dosage form?

2. Although generic drug equivalents all have the same amount of active 

drug, do formulations of the same drug from different manufacturers all 

have the same ingredients?

3. If 200mg of a drug results in a plasma concentration of 10mg/L, what 

is the calculated volume of distribution (V
D
)?

4. If the V
D
 of a drug, such as phenobarbital, is 38L/70kg, and an effective 

concentration is 10mg/L, what loading dose would be needed for an 

average adult (assuming total bioavailability)?

5. If an inhaled aerosol has zero gastrointestinal absorption of an active 

drug and only lung absorption, what is the L/T ratio?

6. True or False: A patient uses a reservoir device with an inhaled aerosol, 

and there is no swallowed portion of the drug; therefore there are no 

systemic side effects.

7. Which receptor system signal mechanism is responsible for the effects 

caused by β-receptor activation, such as those seen with adrenergic 

bronchodilators (e.g., albuterol)?

CLINICAL SCENARIO

Answers can be found in Appendix A

A resident orders racemic epinephrine, a bronchodilator, to be given qid 

to a 67-year-old man. The patient has had chronic obstructive pulmonary 

disease (COPD) for the past 10 years and was admitted to the hospital the 

previous evening with a respiratory infection. At 8:00 am, you administer the 

prescribed usual recommended dose of aerosol treatment via a nebulizer. 

After the treatment, the patient’s respiratory rate is reduced from 26 

breaths/min to 18 breaths/min, and there is less use of accessory muscles. 

Wheezing on auscultation is also decreased, although you hear adequate 

breath sounds bilaterally. He seems less short of breath. At 10:00 am, he 

is exhibiting moderate respiratory distress, using accessory muscles, 

complaining of dyspnea, and having increased wheezing on auscultation. 

His next aerosol treatment is due at noon. He admits to no chest pain; 

wheezes and breath sounds can be auscultated over the entire thorax. You 

review the pharmacokinetics of racemic epinephrine and nd the following:

1. Onset: 3 to 5 minutes

2. Peak effect: Approximately 15 minutes

3. Duration: Approximately 2 hours or less

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to administration of aerosol agents

2. Dene aerosol therapy

3. Select an appropriate aerosol medication nebulizer on the basis 

of particle size distributions

4. Discuss aerosol particle size and deposition in the lungs

5. Dierentiate between the types of aerosol devices

6. Describe the clinical applications of aerosol devices

7. Recommend the use of various aerosol devices

K E Y  T E R M S  A N D  D E F I N I T I O N S

Aerodynamic diameter of a particle Diameter of a unit-density 

(1 g/cc) spherical particle having the same terminal settling 

velocity as the measured particle.

Aerosol Suspension of liquid or solid particles 0.001 to 

100 micrometers (µm) in diameter in a carrier gas.

Aerosol therapy Delivery of aerosol particles to the lungs.

Cascade impactor Device that uses multiple steps in determining 

size of aerosol particles.

Chlorouorocarbon (CFC) Liqueed gas (e.g., Freon) propellant 

used to administer medication from a metered dose inhaler (MDI).
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Dead volume Amount of solution that remains in the reservoir 

of a small-volume nebulizer once sputtering begins, causing a 

decrease in aerosolization.

Deposition Process of particles depositing out of suspension to 

remain in the lung.

Heterodisperse In reference to the size of particles in an aerosol, 

meaning the particles are of dierent sizes.

Hydrouoroalkane (HFA) Nontoxic liqueed gas propellant used 

to administer medication from an MDI.

In vitro Mechanically simulating the clinical setting; testing in a 

laboratory.

In vivo Testing done on animals or humans; clinical testing.

Monodisperse In reference to the size of particles in an aerosol, 

meaning all particles being the same size.

Nebulizer Device used for making a ne spray or mist, also known 

as an aerosol generator

Penetration Refers to the depth within the lung reached by 

particles.

Polydisperse In reference to the size of particles in an aerosol, 

meaning many dierent particle sizes.

Reservoir device Global term describing or referring to extension, 

auxiliary, or add-on devices attached to MDIs for administration. 

This term can include “spacer” and “valved holding chamber” 

(dened subsequently).

Spacer Simple tube or extension device with no one-way valves 

to contain the aerosol cloud; its purpose is simply to extend the 

MDI spray away from the mouth.

Stability Describing the tendency of aerosol particles to remain in 

suspension.

Valved holding chamber Spacer device with the addition of 

a one-way valve to contain and hold the aerosol cloud until 

inspiration occurs.

Aerosol therapy refers  he eivery f ers ries  he 
resirry r. A he resen ie, here re hree in uses f 
ers hery in resirry re:
1. Huiiin f ry insire gses y using n erss
2. Irve iizin n erne f resirry sereins, 

inuing suu inuin, y using n erss f wer 
n hyerni r hyni sine

3. Deivery f ersize rugs  he resirry r
is her resens infrin n eivery f ersize 

rugs  he resirry r. As uine in Cher 2, he rs 
rerequisie fr  rug  exer  hereui ee  he r-
ge rgn is n eeive sge fr n rue f inisr-
in fr he rge rgn. Aers generin n eivery  he 
ung is  ex i. Deveen f he ehngy n 
he sieni sis f inhe ers inisrin is nging. 
is her reviews hysi rinies f ers eivery  he 
irwys n ers-genering evies fr inhin f rugs. 
Reserh nings n ers eivery evies n ehs f 
inisrin re surize. e gener vnges su-
ring he use f ersize rug hery in resirry re 
n he isvnges wih his eh f rug eivery re 
surize in Bx 3.1

Physical Principles of Inhaled Aerosol Drugs

K E Y  P O I N T

An aerosol is a suspension of solid or liquid particles whose deposition in 

the respiratory tract is determined by inertial impaction, gravitational settling 

(sedimentation), and, perhaps less importantly, diffusion (brownian motion).

e er aerosol hs een use sine he eginning f he weni-
eh enury; hwever, inhe gens use fr eiin urses 
e k 4000 yers g.1 e fwing eniins y  
inhe hereui erss:

Aerosol: Susensin f iqui r si ries eween 0.001 n 
100 ireers (µ) in ieer in  rrier gs.2 Fr u-
nry ignsi n hereui iins, he rie 
size rnge f ineres is 1  10 µ. Pries in his size rnge 
re s enugh  exis s  susensin n  ener he ung 

Advantages and Disadvantages Seen 

With Aerosol Delivery of Drugs

Advantages

• Aerosol doses are smaller than doses for systemic treatment.

• Onset of drug action is rapid.

• Drug delivery is targeted to the respiratory system for local pulmonary 

effect.

• Systemic side effects are fewer and less severe than with oral or parenteral 

therapy.

• Inhaled drug therapy is painless and relatively convenient.

• The lung provides a portal to the body for inhaled aerosol agents intended 

for systemic effect (e.g., pain control, insulin).

Disadvantages

• Numerous variables affect dose of aerosol drug delivered to airways.

• Dose estimation and dose reproducibility are inconsistent.

• Many patients have difculty in coordinating hand action and breathing with 

metered dose inhalers (MDIs).

• Many physicians, nurses, and therapists lack knowledge of device use and 

administration protocols.

• Standardized technical information on aerosol-producing devices is lacking 

for practitioners and patients.

• Numerous device types and variability of use are confusing to patients and 

practitioners.

• BOX 3.1

n rge enugh  esi n nin he require un 
f n gen.3,4

Stability: Desriing he eneny f ers ries  rein 
in susensin.

Penetration: Referring  he eh wihin he ung rehe y 
ries.

Deposition: Desriing he ress y whih ries esi u 
f susensin  rein in he ung.
Aers-genering evies fr ry inhe rugs hve yi-

y h n eieny f 10%  15%; h is, ny 10%  15% 
f  given se fr  evie usuy rehes he wer resir-
ry r, regress f he evie ye. Newer ers-genering 
evies re rving  e exeins  his k f eieny, wih 
30%  50% r re f he se rehing he ungs.
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Aerosol Particle Size Distributions

K E Y  P O I N T

A major factor in lung penetration by aerosols is particle size, which is best 

characterized by the mass median aerodynamic diameter (MMAD) for inhaled 

drugs because particle mass is a function of the third power of the particle 

radius. The particle size of interest for pulmonary applications is in the range 

of 1 to 10 µm, and the ne particle fraction (FPF) is considered to include 

particles less than 5 µm in size.

Aers ries rue fr inhin in he ungs vi inh-
n evies, suh s eere se inhers (MDIs), s vue 
neuizers (SVNs), n ry wer inhers (DPIs), inue  
rnge f sizes (polydisperse r heterodisperse) rher hn  sin-
ge size (monodisperse).

Count mode: Ms frequeny urring rie size in he 
isriuin.

Count median diameter (CMD): Prie size ve n ew 
whih 50% f he ries re fun (i.e., he size h eveny 
ivies he nuer f ries in he isriuin).

Mass median diameter (MMD) or MMAD: Prie size ve 
n ew whih 50% f he ss f he ries re fun 
(i.e., he size h eveny ivies he ss f he ries in he 
isriuin).

Geometric standard deviation (GSD): Mesure f he isersin f 
 isriuin (i.e., he sering f vues fr he verge), 
ue s he ri f rie size ew whih 4% f he 
ries ur  he rie size ew whih 50% ur, in  
g-nr isriuin. is ri eerines hw sre u 
he ries re in reinshi  heir size.

e MMD, r MMAD, inies where he ss f rug is 
enere in  isriuin f rie sizes. Aers ries re 
hree-iensin n hve vue. Aers ries re ssue 
 e rughy sheri, n he reinshi f vue (r ss, 
if  ries hve equ ensiies)  ieer in  shere is given 
y he fwing fru:

V r  4
3

3

V vue r rius= =;

e vue inreses r ereses s he hir wer f he 
rius f he rie, s seen in he reeing fru. As  
resu, he uk f rug ss is enere in he rger rie sizes. 
Beuse i is he ss f he rug enering he ung n whih he 
hereui ee is se, i is neessry  knw where he ss 
is enere in  rnge f rie sizes  knw wheher h is-
riuin wi e eien fr enerin in he resirry r 
n eivery f n eque se.

 Example

Two hypothetical SVNs, A and B, have the following specications from the 

manufacturer:

A B

CMD = 1.9 µm CMD = 1.7 µm

MMAD = 3.4 µm MMAD = 7.9 µm

GSD = 1.2 GSD = 1.6

Although nebulizer B has a smaller CMD compared with nebulizer A,

which appears to indicate that it gives smaller particles, it is evident from 

the respective MMADs that nebulizer B has more particles in a larger size 

range (≥5 µm) compared with nebulizer A. Nebulizer A produces particles 

whose mass centers within a lower size range (1–5 µm) and would be the 

better nebulizer for treatment of the lower respiratory tract.

Inspect aerosol products for their MMAD because this is the best way 

to determine whether the nebulizer would be better suited for the upper or 

lower airway.

Aers generrs shu e hrerize y using he MMD 
fr he ener f isriuin n eiher he snr eviin r 
GSD  inie he rnge f vriiiy f rie size.

Measurement of Particle Size Distributions

Sever hysi ehs re use  esure ers rie size 
isriuins, inuing cascade impaction n, ess ny, 
laser scattering. e cascade impactor esures wh is ere 
he aerodynamic diameter of aerosols euse he esureen is 
se n he eryni ehvir (seienin veiy n 
iin hrerisis) f he ries in he se i-
r. Mesuring rie size wih he laser-scattering method, he 
insruen eerines he reinshi eween he inensiy n 
he nge f igh sere fr  rie, hen ues he r-
ie size se n he Mie-sering hery. e aerodynamic 
diameter of a particle is he ieer f  uni-ensiy (1 g/) 
sheri rie hving he se erin seing veiy s he 
esure rie.4,5

e rinie y whih  se ir esures he r-
ie size isriuin f n ers u is iusre in  sii-
e igr in Fig. 3.1. e cascade impactor nsiss f  series 
f sges, eh f whih hs rgressivey ser ries hrugh 
whih he ers ries us ss. A nsn w rws he 
ries hrugh he sges. e rges ries re ee n 
he rs sge, n ries n iing u  his sge ve 
n  he susequen sges wih ser ries in he irsre. 
By ens f suessivey ser rin sges, he ries re 
sere, r fractionated, n he sis f size. Any ries eving 
he s sge re ee n  n er.

e un f ers n eh sge is esure y weigh 
r, refery, y serhery r high-erfrne iqui 
hrgrhy (HPLC). HPLC is nsiere he s sensiive 
ehnique fr qunifying he un f ers n eh sge. 
Beuse eh sge is ire fr  uni-ensiy shere f se-
i ieer, he isriuin f eryni ieers n e 
ue s he erenge f  rug n eh sge. e MMAD 
n e eerine s he rie size iviing he rug in hf. 
Sures f errr in eryni esures inue rie une, 
inersge iin, ssie frgenin f ries, n r-
ie evrin r nensin.5 In iin, in vitro ehs 
(ehniy siuing he ini seing wihin  rry) 
f ers esureen y n ree niins in he hun 
ung, suh s eerure, huiiy, insirry w res, n 
exhin hse. Dvih6 reviewe in vir esures use wih 
MDI n uxiiry evies. Feh e .7 fun h MDI fru-
ins i eer in vir re wih DPI fruins wih 
rese  inhe ses. e se eh f ers hrer-
izin is n usefu r ure fr ieren ehs f ers 
ruin euse f ierenes in he hysi nure f heir 
generin. T eerine ers rie ehvir in nis r 
huns, in vivo ehs wu e suie.
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Particle Size and Lung Deposition

A jr fr inuening ers esiin in he ung is r-
ie size. e ee f rie size n esiin in he resirry 
r is iusre in Fig. 3.2

e uer irwy (nse n uh) is eien in ering r-
iue er, s genery, here is 100% esiin in he nse 
n uh f ries rger hn 10  15 µ. Pries size 
fr 5  10 µ en  esi u in he uer irwys n he 
ery irwy generins, wheres ries fr 1  5 µ in size 
hve  greer riiy f rehing he wer resirry r 
(fr he rhe  he ung erihery). Lrger r rser ers 
ries (≥5 µ in ieer) y e usefu fr reing he uer 
irwy (nshrynx n rhrynx). I is issie  seify 

• Fig. 3.1 The principle of aerodynamic particle size measurement, using multistage cascade impaction. A 

series of successively smaller orices and collection plates separate large and smaller particle sizes. Drug 

amounts (% Drug) shown are actual measures of particle sizes for a sample of albuterol (Ventolin) through 

a Volumatic reservoir. (Data from J. P. Mitchell, Trudell Medical International Aerosol Laboratory, London, 

Ontario, Canada.)

• Fig. 3.2 Effect of aerosol particle size on area of preferential deposition 

within the airway.

exy where  given size f rie wi esi in he ung. Pr-
ie esiin is  funin f sever ehniss, inuing he 
rehing ern. Fr exe, es re fen ree ising he 
erenge f res f  given size h wi esi in he ung 
 eh rnhi eve. Hn9 serve h i esi-
in in he nr hun ung is hieve fr ries f 3 µ 
inhe wih w insirry ws f ess hn 1 L/se (≤60 L/
in) n i vues f 1 L;  ung esiin is ivie 
s equy hrughu he 23 ung generins.

Fine Particle Fraction

e es respirable fraction n respirable dose were use revi-
usy  refer  he erenge r frin f ers rug ss in 
 rie size rnge wih  high riiy f enering in he 
wer resirry r. ese genery hve een nsiere  e 
in he rie size rnge f ess hn 5  6 µ. ere is rrey n 
sue rresnene f wer resirry r esiin  
his rie size rnge euse f ge, isese, n rehing -
erns,  f whih n e ung esiin. e re esri-
ive ers ne particle fraction (FPF) n ne particle dose (FPD)
were rse fr use in e f resire frin n resire 
se.10 ere ws n nsensus regring wh size frin rere-
sens he FPF. ese ers y e resrie  ries 1  3 µ, 
rher hn ries ess hn 5  6 µ.

Particle Size and Therapeutic Eect

Beuse he resirry r reny funins s  rgressive 
er f suessivey ser ries fr he uer irwy  he 
erihery, sei res f he resirry r y e rgee y 
vrius ers rie sizes. On he sis f he reeing n-
sierins, he resirry r igh e segene ring  
rie size rnges, s isusse ew.
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Particles greater than 10 µm. Pries h re greer hn 
10 µ re usefu  re he nshrynge n rhrynge 
regins. An exe is  ns sry fr erenni rhiniis, suh s 
 riseri.

Particles 5 to 10 µm. Pries 5  10 µ y shif esi-
in  he re enr irwys, hugh signin rh-
rynge esiin is exee. An exe is  ns sry, u 
here is n ne snr evie h rees his sei rie 
size. Ms ers evies use  ser rie size (isusse 
ew).

Particles 2 to 5 µm. As rie size ereses  ess hn 5 µ, 
esiin shifs fr he rhrynx n rge irwys  he 
ver wer resirry r (rge irwys  erihery).11

is size rnge is nsiere usefu fr he rnhive er-
ss urreny in use. Fr exe, β-renergi reers hve 
een ienie hrughu he irwy, u wih greer ensiy 
in rnhies. Cy e .12 shwe greer irveen in i-
xi exirry w res ng iens using  β-renergi 
rnhir wih n MMAD f 1. µ hn wih n MMAD 
f 4.6 r 10.3 µ. is ning ws nre susequeny y 
Jhnsn e .,13 wh fun  greer resnse  he β-renergi 
rnhir uer (see Cher 6) wih n MMD f 3.3 µ 
re wih 7.7 µ. Leh14 fun siir resus wih  chlo-
rouorocarbon (CFC) MDI f uer, where ries ver-
ge 3.5  4.0 µ; hwever, when esing  hydrouoroalkane 
(HFA)-MDI, rie size erese  n verge f 1.1 µ. In 
nrs, hinergi reers re nuerus in rxi rn-
hi sh use u rre in is rnhies.15

Particles 0.8 to 3.0 µm. Inrese eivery f n ers  
he ung renhy, inuing he erin irwys n ve-
r regin, n e hieve wih ries ess hn 3 µ.11 An 
MMAD f 1  2 µ is suggese fr eriher esiin f 
he niinfeive rug eniine  iniize esiin in n 
irriin f rger irwys n  xiize inrver e-
siin.16 Hwever, wih he inruin f HFA-MDIs,  ner 
rie size is seen.14

Mechanisms of Deposition

ree hysi ehniss usuy re nsiere fr ers r-
ie esiin in he hun ung:
1. Ineri iin
2. Grviin seing (seienin)
3. Diusin (rwnin in).

Inertial Impaction. As shwn in Fig. 3.3, inertial impaction is 
 funin f rie size (ss) n veiy n inreses wih 
rger size n higher veiies. In he uer irwy n ery 
rnhi generins, rie veiy is highes, irw ens  
e uruen, n  rss-sein re f he irwy is s-
es. ese frs fvr ineri iin fr rger, fs-ving 
ries n he irwy w, eseiy  irwy ifurins. 
Desiin y ineri iin is exee  ur in he rs 
10 irwy generins.4

Gravitational Settling. Gravitational settling, r sedimenta-
tion, is  funin f rie size n ie. Seing is greer fr 
rger ries wih sw veiies, whih re uner he inuene 
f grviy. As ries s enugh  ese ineri iin 
in erier irwy generins reh he erihery, veiy r-
y sws, n irw is ess uruen. ere is s  shrer 
isne  he irwy w in ser, eriher irwys, fvr-
ing iin resuing fr seing (Fig. 3.4). e riiy 
f esiin y seienin is highes in he s ve r six 
irwy generins.4 Beuse he ress f seienin is ie 

• Fig. 3.3 Inertial impaction of large particles, the masses of which tend 

to maintain their motion in straight lines. As airway direction changes, 

the particles are deposited on nearby walls. Smaller particles are carried 

around corners by the airstream and fall out less readily. (From Kacmarek, 

R. M., Stoller, J. K., & Heuer, A. J. [2017]. Egan’s Fundamentals of Respi-

ratory Care [11th ed.]. St. Louis, Missouri: Mosby.)

eenen, he en-insirry reh h shu xiize 
esiin in he erihery. e re f seing is rrin  
he squre f he rie size. Fr  5-µ–ieer rie, he 
seing re is rere  e 0.7 /se.17 e use f  reh 
h n inrese seing f ries; hwever, eening n r-
ie size,  rie y n f u f susensin.

Diusion Brownian Motion. Diusion (brownian motion)
es ries ess hn 1 µ in ieer n is  funin f 
ie n rn eur in. Pries 0.1  1.0 µ in size 
y rein susene r even exhe euse he ie require 
 iuse  he irwy surfe ens  e greer hn he insi-
rry ie f  nr reh.1 e irne f iusin fr 
ung esiin f hereui erss is ee euse he 
size rnge invve nins very ie rug ss u gives gre 
siiy. Fig. 3.5 shws he reinshi eween rie size n 
ers esiin in he resirry r.

C L I N I C A L  C O N N E C T I O N

Aerosol particles released in the atmosphere will increase in size as they 

make their way into the airway as a result of increase in temperature and 

humidity.

Eect of Temperature and Humidity

Preiin f rie esiin wih hereui erss is 
ie furher y he f h he ers is genere 
uner reivey ry ien niins n hen ken in he 
irwy, where eerure n huiiy riy inrese  su-
rin  37°C. Inhe ers rugs re n ny heeriserse 
in size u re s hygroscopic (i.e., reiy sring isure). 
Beween ien n BTPS (y eerure, ien res-
sure, sure) niins, he MMAD f ryn siu 
wer ries fr n MDI inreses fr 2.31  3.02 
µ.19,20 Wiis e . esure rxiey 20%  90% 
reue rug eivery fr hee huiiy in n enrhe 
ue in vir e wih  se suin heer nnee  
 venir.21
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Aerosol Generators for Drug Delivery

K E Y  P O I N T

Common devices for the delivery of inhaled aerosol drugs include small 

volume nebulizers (SVNs), pressurized metered dose inhalers (pMDIs), and 

dry powder inhalers (DPIs). Reservoir devices, such as spacers and holding 

chambers, can reduce oropharyngeal deposition of a drug and simplify hand–

breathing coordination with pMDIs. Proper use of these aerosol-generating 

devices is necessary to ensure adequate lung delivery, and correct use 

should be understood by practitioners. Traditional aerosol-generating devices 

all deliver about 10% to 15% of the dose produced to the lung, although dif-

ferent types of devices vary in their loss patterns.

Lung esiin eens n vrius frs, suh s he er-
s generr, he ien, he rug, n he isese. Deening 
n he ye f SVN use, s f he rug ss wih n SVN 

• Fig. 3.4 Range of particle size for common aerosols in the environment and the inuence of inertial 

impactions, sedimentation, and diffusion. (From Kacmarek, R. M., Stoller, J. K., & Heuer, A. J. [2017]. 

Egan’s Fundamentals of Respiratory Care [11th ed.]. St. Louis, Missouri: Mosby.)

• Fig. 3.5 Effect of mass on particle size. Large particles (A) are more sus-

ceptible to the force of gravity than smaller particles (B), which are more 

affected by the bombardment of molecules deposited by diffusion. (From 

Kacmarek, R. M., Stoller, J. K., & Heuer, A. J. [2017]. Egan’s Fundamen-

tals of Respiratory Care [11th ed.]. St. Louis, Missouri: Mosby.)

urs in he evie, wheres he in rug ss wih  ressurize 
eere se inher (MDI) n DPI is in he rhrynge 
irwys. Aing  reservir evie   MDI r using  nnee-
rsi vve hing her shifs ss fr he hr  he 
reservir n inreses ers esiin in he ungs. Lung e-
siin y rnge fr 1%  40% wih ers generrs.22–27

Fig. 3.6 rvies he erenges f rug esiin fr ieren 
ers generrs, shwing h rhrynge ss, evie ss, 
n exhin n ien ss ier ng ers evie yes, 
s  ung ses.

e ver eieny in ung esiin f 10%  15% f he 
 rug se is n signiny eer hn wih s MDIs 
r DPIs use iniy in he s, s isusse susequeny in he 
sein n ini iin n equivene f vrius evies. 
Neuizers s we s MDIs n DPIs re unerging n evu-
inry rnsiin wr greer eieny.

Nebulizers

e er nebulizer ensses vrius evies h ere n 
ieren hysi rinies  genere n ers fr  rug 
suin. e SVN is  ye f ers generr h nvers iq-
ui rug suins r susensins in ers. SVNs re were 
y resse gs (ir r xygen),  ressr, r n eeriy 
were evie.27 Beuse je neuizers re fen use wih infns 
r wih iens in ue resirry isress, sw rehing n 
n insirry use y n e fesie r ine. One f he 
in vnges f SVNs is h se eivery urs ver 60  
90 rehs, rher hn in ne r w inhins. A singe inee-
ive reh es n esry he ey f he reen. Bx 3.2
surizes he vnges n isvnges f SVNs.

Types of Small Volume Nebulizers

SVNs n e ssie in hree egries27:
1. Je (neui) neuizers
2. Mesh neuizers
3. Ursni neuizers (USNs)



35  CHAPTER 3 Administration of Aerosolized Agents

Jet Pneumatic Nebulizers. Je (neui) neuizers re 
s-reservir, gs-were (neui) ers generrs, s 
referre  s handheld nebulizers, updraft nebulizers, or unit-dose 
nebulizers. e riin je neuizer is ny use n 
exhiis  rge un f rug wsge, eseiy wihin he 
evie isef; see Fig. 3.7 fr  generi iusrin. Je neuizers 
use  je-shering rinie fr rein f n ers fr he rug 
suin. An exern sure f resse gs is iree hrugh 
 nrrw rie insie he reservir u. e exning gs rees 
 ize negive ressure, rwing he rug suin u feeer 
ues. As he iqui eners he gs sre, res re fre 
fr gs uruene n iin n es. Ser rie 
sizes re eie fer he ing ress. Lrger iqui ries 
re reirue k  he reservir. ere is signin ev-
rin f he queus suin wih gs-were neuizin. 

• Fig. 3.6 Drug deposition with common aerosol inhaler devices. Shown 

by color are the varying percentages of drug lung deposition and drug loss 

in the oropharynx, device, and exhaled breath. DPI, Dry powder inhaler; 

pMDI, pressurized metered dose inhaler; SVN, small volume nebulizer; 

VHC, valved holding chamber. (From Gardenhire, D. S., Burnett, D., Strick-

land, S., & Myers, T. R. [2018]. A Guide to Aerosol Delivery Devices for 

Respiratory Therapists [4th ed.]. Irving, Texas: American Association for 

Respiratory Care.)

Advantages and Disadvantages of Small 

Volume Nebulizers

Advantages

• Ability to aerosolize many drug solutions.

• Ability to aerosolize drug mixtures (i.e., more than one drug) with suitable 

testing of drug activity.

• Minimal cooperation or coordination required for inhalation.

• Useful in very young or very old patients, debilitated patients, and patients in 

acute distress.

• Effective with low inspiratory ows or volumes.

• Normal breathing pattern can be used, and inspiratory pause (breath hold) 

not required for efcacy.

• Drug concentrations and dose can be modied, if desired.

Disadvantages

• Equipment required for use is expensive and cumbersome.

• Treatment times are somewhat lengthy, ranging from 5 to 25 minutes, 

depending on the type of small volume nebulizer used for aerosol drug 

delivery.

• There is variability in performance characteristics among different types, 

brands, and models.

• Contamination is possible with inadequate cleaning.

• Assembly and cleaning are required.

• Wet, cold spray occurs with mask delivery.

• Aerosol drug administration with a face mask may inadvertently deposit in 

the eyes, resulting in eye irritation.

• Power source (compressed gas, battery, or electricity) is needed for aerosol 

drug administration.

• BOX 3.2

• Fig. 3.7 Schematic of a small volume jet nebulizer. (Modied from Cairo, 

J. M. [2014]. Mosby’s Respiratory Care Equipment [9th ed.]. St. Louis, 

Missouri: Elsevier.)

Neuizer eerures n f fr ien  rxiey 
10°C wihin inues euse f he en he f vrizin. 
Wih evrin n nsn reiruin, rug sue ees 
inresingy nenre, u  150%  300% f he rigin 
nenrin.2

Pneui je neuizers hve een neuize in fur 
egries27–29:
1. Je neuizer wih reservir ue
2. Je neuizer wih ein g/eseri 
3. Breh-enhne je neuizer
4. Breh-ue je neuizer

Fig. 3. iusres he yes f neui je neuizers n 
heir ers uus.

Jet Nebulizer With Reservoir Tube. A je neuizer wih reser-
vir ue is he riin, es exensive, n s wiey use 
neuizer in whih ers is rue nsny uring insir-
in, exirin, n reh h.2,30 Ahugh he iin f 6 
inhes f reservir uing reues he reese f ers  ien 
ir uring exhin n reh h, i es n eiine i-
en ninin. ese neuizers rvie  w erenge f 
he se  he ien n hve een nsiere  e ineien 
euse ny 10%  20% f he eie se is inhe. e 
Misy-ne (Crin Heh, Duin, Ohi) n he Ne U is 
(Husn RCI, Durh, Nrh Crin) re exes f his 
ye f je neuizer.

Jet Nebulizer With Collection Bag or Elastomeric Ball. A je 
neuizer wih ein g rues ers y ninuusy 
ing  ein g, n n ers is s uring exirin 
euse f he ne-wy insirry vve eween he neuizer n 
he uhiee. rugh n insirry vve, he ien inhes 
ers fr he ein g n exhes  he shere 
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hrugh he exhin r e eween he ne-wy insir-
ry vve n he uhiee.27 30 e Ciruire II (SunMe, 
Grn Ris, Mihign) is ne e f  je neuizer wih 
ein g. e Ciruire Hyri (SunMe) nins  sf 
eseri  s he reservir. e  is sie  reve n 
esiy wshe n rie, whih fiies he use.

Breath-Enhanced Jet Nebulizer. Breh-enhne je neuiz-
ers w re ers reese uring insirin wih erese 
uu uring exhin r reh h hrugh w ne-wy 
vves use  reven he ss f ers  he envirnen. 
Ahugh ers is rue uring insirin n exirin, 
he insirry vve ens n gs vens hrugh he neuizer 

• Fig. 3.8 Different types of pneumatic jet nebulizer designs and their aerosol output, indicated by shaded 

area. A, Pneumatic jet nebulizer with reservoir tube. B, Jet nebulizer with collection bag. C, Breath-

enhanced jet nebulizer. D, Breath-actuated jet nebulizer. (Modied from Gardenhire, D. S., Burnett, D., 

Strickland, S., & Myers, T. R. [2018]. A Guide to Aerosol Delivery Devices for Respiratory Therapists

[4th ed.]. Irving, Texas: American Association for Respiratory Care.); A inset, Courtesy DeVilbiss Health-

care, Somerset, Pennsylvania; B inset, Courtesy Westmed, Inc., Tucson, Arizona; C inset, Courtesy PARI 

Respiratory Equipment, Inc., Midlothian, Virginia; D inset, AeroEclipse II Breath Actuated Nebulizer, Cour-

tesy Trudell Medical International, London, Ontario, Canada.)
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ny when he ien inhes. Exire gs is rue hrugh  
ne-wy vve in he uhiee; ers is nine in he reser-
vir n here is reue ien ss. Pri LC Pus (PARI Resi-
rry Equien, In., Mihin, Virgini), NeuTeh (Ser 
Ls, Arvin, Cifrni), n Vensre Pr (Phiis Heh-
re, Anver, Msshuses) re exes f reh-enhne 
neuizers.

• Fig. 3.9 Schematic illustration of the function of a manual breath-actu-

ated jet nebulizer. Use of a nger control regulates production during inspi-

ration and expiration. (From Cairo, J. M. [2014]. Mosby’s Respiratory Care 

Equipment [9th ed.]. St. Louis, Missouri: Elsevier.)

• Fig. 3.10 Schematic illustration of the function of a mechanical breath-actuated nebulizer. A, Before 

inhalation. B, Patient inhales, and actuator starts to move down. C, Negative pressure pulls the diaphragm 

down (with actuator moved down, sealing around the nozzle cover), producing aerosol. D, Patient exhales 

through valve in mouthpiece. As pressure increases, the diaphragm and actuator move up, stopping aero-

sol production. (Courtesy Trudell Medical International, London, Ontario, Canada.)

Breath-Actuated Jet Nebulizer. Breh-ue je neuizers 
reese ers ny uring insirin euse hey re esigne 
 inrese ers rug eivery  iens y reuing ss f 
eiin uring exirin. Ahugh reh-ue neuiz-
ers inrese he inhe se y re hn hreef, heir e-
ieny is hieve y n inrese in sing ie.30 e w yes 
f reh-ue neuizers re27:
1. Mnu reh-ue je neuizers
2. Mehni reh-ue je neuizers

Manual Breath-Actuated Jet Nebulizer. Mnu reh-u-
e je neuizers reresen he rs generin f reh-ue 
neuizers, whih regue ers ruin uring insirin 
n exirin hrugh use f  ien-nre hu r. In 
nu reh-ue neuizers, se eivery urs ny ur-
ing insirin; he hu nr is ke s h here is n 
neuizin uring exirin. Reesing he hu  he r 
uses he neuizin. Even hugh his ye f neuizer reues 
rug ss uring exirin, hey require g hn–reh r-
inin n signiny inrese he reen ie.25–27 Fig. 3.9
iusres he reinshi f neuizer generin wih  nu 
reh-ue je neuizer.

Mechanical Breath-Actuated Jet Nebulizer. Mehni 
reh-ue je neuizers hve  reh-ue vve h 
is riggere y iens reing n insirry fre (Fig. 3.10). 
When he reh-ue vve is riggere, ers is rue 
ny uring insirin. is ye f neuizer eiines he nee 
fr  ein g r reservir.27,30 e AerEise II (True 
Mei Inernin, Lnn, Onri, Cn) is n exe 
f  ehni reh-ue neuizer. e AerEise II is 
s vie in  reuse neuizer (R BAN; True Mei 
Inernin).

Mesh Nebulizers. Mesh neuizers ve he iqui fru-
ins hrugh  ne e r esh wih uie erures (s 
hes)  genere ers. ese neuizers hve n inern f-
ing ehnis n ree ers y using he erure e r 
he ursni hrn. e ieer f he erures eerines he 
size f he rie genere. Mesh neuizers  n require  
gs sure euse hey re were y ery r eeriiy, n 
hey eve very ie e vue (0.1–0.5 L) in he neuizer, 
s hey re very eien. ere re w yes f esh neuizers 
n he rke25–27:
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1. Aive viring esh neuizers
2. Pssive esh neuizers

Active Vibrating Mesh Nebulizer. Aive viring esh ne-
uizers (VMNs) hve n erure e wih greer hn 1000 
funne-she hes n n eerfre shee h is vire y 
 iez-eri eeen h surruns he erure e.25–27 31

e Aerne S, Ur n Pr (Aergen, Gwy, Iren) n 
eFw (PARI Resirry Equien, In., Mihin, Virgini) 
re exes f ive VMNs (Fig. 3.11).

Passive Mesh Nebulizer. Pssive esh neuizers use n ur-
sni hrn  ush ui hrugh he esh. An exe f s-
sive esh neuizer is he ive ers eivery (AAD) syse, 
suh s he I-ne (Phiis Hehre, Anver, Msshuses). 
I-ne is  s, ery-ere, ighweigh, n sien ers 
generr esigne  eiver  reise n reruie se f 
rug. Afer ers is injee in he reh  he eginning 
f inhin, he sge f he rug is nre hrugh n 
AAD isk n sei eering her h eivers  rese 
vue rnging fr 0.25  1.4 L wih  resiu vue f 
u 0.1 L25–27 (Fig. 3.12). In iin, he I-ne inrres 
n AAD grih h uses eiin eivery in 50%  
0% f eh insirin se n  ring verge f he s 
hree rehs. On suessfu eivery f he eiin, he I-ne 
rvies ninuus uie n ie feek  he ien 
hrugh  iqui rys isy.27

Ultrasonic Nebulizers. USNs re eeriy were evies 
ering n he iezeeri rinie n e f high 

uu. Prie sizes vry y rn. Fig. 3.13 is  generi iusr-
in f  USN. Ahugh hese evies hve n een use s ru-
iney s her yes (esrie ew) fr ersizin f rugs, 
hey hve een reinrue s s, re unis h n er-
e n ire urren (DC) vge. Suh unis hve sever vn-
ges n se isvnges, s ise in Bx 3.3

A he frequenies use in ei evies, here re sever 
ees wih he eni fr ering rug iviy f he neuizer 
suin. Ms f he energy rue uring ursni neuiz-
in is issie s he. Prein n her he-sensiive (r ther-

molabile) fruins n e enure y he, eseiy if he 
eing eerure f he rein is rehe. Fr exe, insu-
in is sensiive  he, n reen suies shw h insuin shu 
e ersize hrugh  je neuizer (suh s AerxTMevie [Ar-
ig Crrin, Hywr, Cifrni]) s se   USN.32

Ms urreny vie inhe rugs re se wih use f  
USN.33 Hwever, he rekwn f  rug n e  uuive 
ee f surfe enurin, he, viin, n ire ressure 
ees in  USN.33 Drug suins us e ese y using ur-
sni eivery  eerine h iviy is reserve, riury 
when reins r ises re neuize. e iniin shu 
refer  he nufurers ireins  he eerine whih 
evie shu e use fr eh rug.

Factors Aecting Jet Nebulizer Performance. When using  
je neuizer, i is irn  nr frs eing je neu-
izer erfrne uring ers rug inisrin. Vrius 
yes f je neuizers re vie n he rke, n sever 

• Fig. 3.11 Basic congurations of mesh nebulizer. A, Active vibrating mesh. B, Ultrasonic horn. C, Pas-

sive mesh. (A, Courtesy PARI Respiratory Equipment, Inc., Midlothian, Virginia. B and C, Courtesy Omron 

Healthcare Inc., Bannockburn, Illinois.)
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suies hve inie h erfrne vries ng rus 
fr ieren nufurers n even ng neuizers fr he 
se nufurers.34–36 ese frs inue resiu vue 
r “e vue, ing vue, reen ie, w re n 
ressure, uu re, ninuus versus insirry neuizin, 
ye f wer gs, hysi nure f he suin  e neuize, 
huiiy, eerure, n evie inerfe. Se f hese frs 
re reviewe in greer ei ew.

• Fig. 3.12 A, Aerosol is injected into the breath at the beginning of inspiration. Adaptive aerosol drug deliv-

ery through a passive mesh nebulizer, such as I-neb (B). (From Cairo, J. M. [2014]. Mosby’s Respiratory 

Care Equipment [9th ed.]. St. Louis, Missouri: Elsevier; photo inset, courtesy Phillips Healthcare, Andover, 

Massachusetts.)

• Fig. 3.13 Illustration of the principle of ultrasonic nebulization, with an example of a portable device used 

to aerosolize medications.

Advantages and Disadvantages of 

Portable Ultrasonic Drug Nebulizers

Advantages

• Small size

• Rapid nebulization with shorter treatment times

• Smaller drug amounts with no diluent for lling volume

• Can be used during car travel or camping

Disadvantages

• High expense

• Fragility, lack of durability

• Requires electrical source (either AC or DC)

• Possible degrading effect on drug must be determined

AC, Alternating current; DC, direct current.

• BOX 3.3
Dead Volume (Residual Volume). Je neuizers  n ers-

ize ew  ini vue, ere he dead volume, whih is he 
un f rug suin reining in he reservir when he evie 
egins  suer n ersizin eses. is vue n vry wih 
he rn f neuizer u is in he rer f 0.5  1.0 L. is is he 
riry resn why iuen, whih is eeivey iin vue, 
is e  0.5 L f  rnhir suin, suh s uer. 
Aing iuen es n er he un f rug (se) in he ne-
uizer; i siy “exns he suin vue. e nenrin 
f he suin is ess, n he un f rug (see Cher 4 fr 
furher isussin). Drug ss wih neuizin n s ur in 
he ien ir. As  resu f hese frs, he un f se 
vie  e inhe fr  neuizer is nsiery ess hn 
he se e in he reservir. Krjn n Lkshinryn37

fun h uner ini niins f neuizin uni suer, 
rxiey 35%  60% f  rug suin ws eivere fr 
he neuizer. Even wih vigrus giin, his un inrese 
 ny 53%  72%. A suy y Shi n Wiis3 fun 
h ny 40%  52% f he  se ws eivere fr gs-
were neuizers. In  siive-ressure irui, his eieny 
y erese furher,  rxiey 30% f he  se.39

Evrin f n queus suin n ny uses ing f he 
neuizer n iqui u s n inrese he nenrin f 
sue in he resiu (e) vue.

Filling Volume and Treatment Time. Bse n he wrk f 
Hess n ssies,35 Fig. 3.14 shws he reinshi f vue 
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n w re  he ie f neuizin, resene s he e 
verge erfrne f 17 neuizer rns. Inresing he v-
ue inreses he ie f eeive neuizin  ny given w 
re. A ess hn 2 L, s neui neuizers  n er-
fr we euse he vue is se  he e vue—h 
is, he resiu un h es n neuize. A 6 L, n exes-
sivey ng ie is require fr reen (>10 inues) wih s 
rns. Ahugh 5 inues sees  e  shr ie, even his 
n e innvenieny ng s  wy f king eiin hree r 
fur ies  y; se iens hve iuy in king  i fur 
ies  y, n rxiey 2-  3-sen iviy. Pien -
ine is irey rrin  nveniene. Given he vue 
requireens f neuizers fr eien erin n he nee fr 
reivey rief reens,  vue eween 3 n 5 L f su-
in is reene, uness he neuizer is seiy esigne 
fr  ser  vue. Inresing he vue s ereses 
he nenrin f  rug reining in he e vue when 
neuizin eses.35 e se f  rug vie  he ien 
is inrese, hugh reen ies s inrese  ny given 
w re.

Inresing  vue inreses inhe eieny n he se 
 he ien. I shu e ne h he rve e se 
f he rug inues he  vue h ws use in he ini 
ris h e  rv y he US F n Drug Ainis-
rin (FDA). Inresing  vue wu inrese he se  
he ien n shu n e ne wihu nsuing wih he 
resriing hysiin.

Eect of Flow Rate and Pressure. A sen ri quesin 
nerns he w re  whih  wer je neuizers. e w 
re es w vries: he engh f reen ie n he 
size f he ries rue. Fig. 3.14 iusres he inerin 
eween vue n he w re in eerining he ie f ne-
uizin. A  w re f 6 L/in,  vue f 3 L requires ess 
hn 10 inues;  10 L/in,  vue f 5 L n e neuize 
in rxiey 10 inues. Fig. 3.15 shws he ee f w 
res n rie size f he ers rue, verge fr he 17 
neuizers suie y Hess e .35 Wih neuiy were 
neuizers, inresing he w re ereses he rie size n 
shifs he MMAD wer. On he sis f he resus f Hess e . 

• Fig. 3.14 Relationship of volume and ow rate to time of 

nebulization averaged for 17 gas-powered nebulizers. (From 

Hess, D., Fisher, D., Williams, P., etal. [1996]. Medication neb-

ulizer performance: effects of diluent volume, nebulizer ow, 

and nebulizer band. Chest, 110, 498.)

• Fig. 3.15 Effect of power gas ow rate on the mass median aerodynamic 

diameter (MMAD) of aerosol particles produced on average by 17 gas-

powered nebulizers. (From Hess, D., Fisher, D., Williams, P., etal. [1996]. 

Medication nebulizer performance: effects of diluent volume, nebulizer 

ow, and nebulizer band. Chest, 110, 498.)

shwn in Figs. 3.14 n 3.15, verge i res re  ing 
vue f 5 L n  w re f 6   L/in fr ny neuiz-
ers. As, eh e f je neuizer is esigne  wrk es   
sei w, rnging fr 2   L/in. I is irn  ere 
 je neuizer wih  ressr r  gs w h hes he 
inene esign;   wer w r ressure, rie size wu 
inrese. If  je neuizer esigne  ere  6   L/in  
50 uns er squre inh (si) is riven y  ressr ru-
ing 13 si, i wi rue  rger rie size, whih wi inu-
ene eieny.27
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Type of Power Gas. Use f gses her hn xygen r ir n 
hnge he erfrne hrerisis f  neuizer. Hess e .35

shwe h he use f heix ( ixure f heiu n xygen) 
 neuize uer use rie size n inhe rug ss  
erese, ng wih  greer hn wf inrese in neuiz-
in ie. Inresing he w f heix reurne uu  h 
seen wih ir.40 e w re shu e inrese y 1.5  2 ies 
uring heix-riven ers rug inisrin  ring rie 
size n uu k  eves hieve wih ir r xygen.27 41 42

Seein f he rrie gs  wer  neuizer nees  e 
ne y he riiner n he sis f ien  r iy n 
reure se y he insiuin. Oxygen hs wys een use 
euse f is viiiy; hwever, using ir  nr he xygen 
 ien reeives y e f irne  riiners.

Device Interface. Devie inerfes use fr ers rug 
inisrin inue uhiees n fe sks. Iey,  
uhiee shu e use euse suies sugges h he uh-
iee rvies greer ung se hn  snr eiri ers 
sk.43 44 As, use f  fe sk inreses he un f ers 
esie n he fe, in he eyes, n in he nse, whih n 
e riury signin fr erin rugs, suh s inhe ri-
seris. A uhiee nn e use y infns n hiren, 
n i is s unfre fr nger ers hery. Regress 
f he ye f evie inerfe use uring ers hery, iens 
shu e insrue  inhe hrugh he uh euse he nse 
ens  er re ers re wih he uh.27

Type of Solution. Dre size f neuize suins is ree 
 surfe ensin n vissiy f he suin n is riy 
eerine s we y he es in he evie.45 Reene 
ing vues n w res re suie fr he queus rn-
hir suins usuy inisere wih hese evies. 
Hwever, he vues n w res suggese y require i-
in fr se rug suins, suh s eniine r nii-
is, whih hve ieren hysi hrerisis n vissiies. 
Fr exe, higher-vissiy niii suins f geniin 
r reniiin require wer gs w res f 10  12 L/in  
rue suiy s ers ries fr inhin wih se 
je neuizers.46 Se isse neuizers y exhii greer 
vriiiy in erfrne r n hieve eque uu hr-
erisis wih new r nnrnhir rug suins. e 
erfrne f  je neuizer shu e ese wih vrius rug 
suins, n newy inrue neuizer rugs shu e ese 
wih n inene neuizer syse  ensure eque erfr-
ne. I is es  neuize ny rugs h hve een nuf-
ure fr neuizin; hwever, i is n  neuize gens 
inene fr  ieren rue f inisrin. Neuizers n 
ese fr erfrne wih  new r unknwn rug suin n-
n e ssue  rue eque uu n rie sizes. 
As inie in Cher 2 in he review f ung viiiy/ 
sysei viiiy (L/T) ris n he hrkineis f 
inhe ers rugs, eieny f ung eivery is  funin f 
both rug n evie. e rug–evie inin shu e 
ese efre ini use.

Te 3.1 iss se ese n eque rug–evie in-
ins fr neuizer eivery. Aiives  he rug suin n s 
e ers hrerisis n rug eivery.27 See Bx 3.447 fr 
hefu infrin n he use n ening f je neuizers.

Pressurized Metered Dose Inhalers

e MDI hs een in use sine is eveen y Misn in 
1955.4 ese evies re s ny ers generrs 

TABLE 

3.1

Representative Drug–Device Combinations 

Tested for Nebulizer Drug Delivery

Drug Approved Nebulizer

Bronchodilator Nebulizer type not specied

Acetylcysteine Nebulizer type not specied

Budesonide (Pulmicort 

Respules)

Should not be used with ultrasonic 

nebulizer

Tobramycin (Bethkis, TOBI) Pari LC

Aztreonam (Cayston) Altera Nebulizer System

Dornase alfa (Pulmozyme) Hudson T Up-draft II, Marquest Acorn II, 

Pari LC, Durable Sidestream, Pari 

Baby

Pentamidine (NebuPent) Marquest Respirgard II

Ribavirin (Virazole) Small particle aerosol generator (SPAG)

Iloprost (Ventavis) ProDose or I-neb

Treprostinil (Tyvaso) Tyvaso Nebulizer System

glycopyrrolate (LONHALA) MAGNAIR

From Gardenhire, D. S., Burnett, D., Strickland, S., Myers, T. R. (2018). A Guide to Aerosol 

Delivery Devices for Respiratory Therapists (4th ed.). Irving, Texas: American Association for 

Respiratory Care.

resrie fr iens wih sh n hrni sruive u-
nry isese (COPD); hey re s, ressurize nisers fr 
r r ns inhin f ers rugs n nin uie 
ses f urey eere rug. Avnges n isvnges 
f rug eivery y MDI re ise in Bx 3.5.

Technical Description

A MDI hs ve jr nens:
1. Cniser
2. Pren/exiien ixure
3. Drug frury
4. Meering vve
5. Aur n se uner

Fig. 3.16 iusres he jr nens f  MDI s we 
s he funin f he eering vve. e hrerisis f eh 
MDI nen re esrie in Te 3.2.

e rug in  MDI is eiher  susensin f irnize w-
er in  iquee ren r  suin f he ive ingrei-
en in  sven (usuy ehn) ixe wih he ren. 
Disersing gens, r surfactants, re e  reven ggregin 
f rug ries n  urie he vve ehnis, herey 
inining suie rie sizes in he ers ue, ers 
ries ishrge fr  MDI, rue in CFC (e.g., Fren) 
evies. ese surfns re n sue in HFA evies.49 In his 
rer, Newn50 resene  eie ehni esriin f he 
exiies invve in ruing  MDI.

Chlorouorocarbon Versus Hydrouoroalkane 
Propellants

Hisriy, CFCs n HFAs were he w yes f rens 
use wih MDIs. In he s, ens f iquee gs (CFCs) 
were use wih MDIs  ree n ers, u euse ne CFC 
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Use of Small Volume Nebulizers

Generic Recommendations That Apply to All Nebulizers27

1. Read and follow instructions before using nebulizer.

2. Ensure that nebulizer is properly assembled, according to the 

manufacturer’s instructions.

3. Ensure that nebulizer is cleaned and dried between treatments.

4. Ensure that nebulizer is operated in its proper orientation.

Critical Steps in Jet Nebulizer Use27

5. Assemble all parts of nebulizer before treatment including tubing, nebulizer 

cup, and mouthpiece or mask.

6. Put drug into nebulizer cup.

7. Sit in the upright position.

8. Connect nebulizer to power source, such as compressed air, oxygen, or a 

compressor.

9. Breathe normally during treatment, taking occasional deep breaths until 

sputter occurs or until end of nebulization.

10. Keep nebulizer in vertical position during treatment.

11. Rinse nebulizer with sterile or distilled water.

12. Allow to air dry.

Critical Steps in Vibrating Mesh and Ultrasonic Nebulizer Use27

13. Correctly assemble nebulizer according to the manufacturer’s instructions.

14. Follow the manufacturer’s instructions in performing functionality test 

before rst use of the new nebulizer and after each disinfection to verify 

proper operation.

15. Place medicine into medication reservoir. Do not exceed volume 

recommended by manufacturer.

16. Sit in upright position.

17. Turn on power.

18. Hold nebulizer in position recommended by the manufacturer.

19. Breathe normally during treatment, taking occasional deep breaths.

20. Turn off unit to avoid waste if treatment must be interrupted.

21. Disassemble and clean he nebulizer after treatment, as recommended by 

the manufacturer.

22. When using VMN, do not touch vibrating mesh during cleaning because it 

will damage unit.

23. Disinfect nebulizer, according to the manufacturer’s instructions, once or 

twice a week.

Common Errors in Use27

• Failure to assemble nebulizer properly

• Wasting dose by tilting (some nebulizers)

• Failure to keep mouthpiece in mouth during treatment

• Failure to mouth breathe during nebulization

Cleaning Instructions for Small Volume Nebulizers27

VMNs and USNs should be cleaned and disinfected according to the 

manufacturer’s instructions. During the cleaning of VMNs, the mesh should not 

be touched to prevent damage to the unit. For jet nebulizers, the Cystic Fibrosis 

Foundation guidelines47 recommend washing the parts of jet nebulizers with 

soap and hot water after each treatment, taking care to avoid damaging any 

parts of the aerosol generator. Also, nebulizers should be cleaned after every 

treatment at home. The longer a dirty nebulizer sits and is allowed to dry, 

the harder it will be to clean thoroughly. Rinsing and washing the nebulizer 

immediately after each treatment reduces the risk of infection. Cleaning 

instructions for the jet nebulizer are as follows:

Cleaning Instructions for the Jet Nebulizer27

Cleaning After Each Use Cleaning Once or Twice a Week
• Wash hands before handling 

equipment.

• Disassemble parts after every 

treatment.

• Remove tubing from compressor 

and set aside; tubing should not 

be washed or rinsed.

• Rinse nebulizer cup and 

mouthpiece with either sterile 

water or distilled water.

• Shake off excess water.

• Air dry on absorbent towel.

• Store nebulizer cup in resealable 

plastic bag.

• Wash hands before handling 

equipment.

• Disassemble parts after every 

treatment.

• Remove tubing from compressor 

and set aside; tubing should not 

be washed or rinsed.

• Wash nebulizer parts in warm 

water with liquid dish soap.

• Disinfect nebulizer, according 

to manufacturer’s instructions; 

nebulizer parts may be soaked in 

one of the following solutions:

1. 1 part household bleach in 50 

parts water for 3 minutes

2. 70% isopropyl alcohol for 5 

minutes

3. 3% hydrogen peroxide for 30 

minutes

4. 1 part distilled white vinegar 

in 3 parts hot water for 1 hour 

(not recommended for patients 

with cystic brosis)

• Rinse parts with sterile or distilled 

water.

• Shake off excess water and place 

all parts on clean paper towel.

• Allow parts to air dry completely 

on absorbent towel.

• Reassemble nebulizer and store in 

clean dry bag or container.

• BOX 3.4

USN, Ultrasonic nebulizer; VMN, vibrating mesh nebulizer.

From Gardenhire, D. S., Burnett, D., Strickland, S., Myers, T. R. (2018). A Guide to Aerosol Delivery Devices for Respiratory Therapists  (4th ed.). Irving, Texas: American Association for Respiratory Care.

eue n esry 100,000 eues f srsheri zne, 
he FDA nne he use f CFC-MDIs. e few reining 
CFC ers evies were reve fr rke n Deeer 31, 
2013. Hyrurrns (HFCs), r HFAs, were hen ieni-
e s rens h were nnxi  he shere n  
he ien n h s h reries suie fr MDI ers 
generin. In riur, HFA 134 hs  vr ressure siir 
 h f CFC 12. e sruure f HFA 134 is iusre in 
Fig. 3.17 n re wih h f CFC 12. Reeen f 

CFC rens hs e  ver reengineering f MDI -
nens (vve, ses, exi rie, n rug fruin), whih 
hs irve MDI erfrne. Se f he ierenes, suh 
s he wer ue fre (Fig. 3.1) n wrer ue eer-
ure, use iens wh hve use CFC-ree MDI fru-
ins  hink here is reue r n rug eivery urring 
wih he HFA fruin f uer.51

Equivalence and Safety. e ey n sfey f  refr-
ue HFA rugs hve een suie. I shu e ne h 
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he un f rug y hve hnge fr he CFC fr, u 
ny nies hve refrue rus  inin siir 
srengh n se.

Improved Drug Delivery With Hydrouoroalkane Formula
tion. Ahugh equiven rug uns n ees were fun 
wih he rugs, he reengineering f he MDI fr HFA re-
n hs resue in signin irveens in erfrne, in 
riur, in ung esiin f he ers rug. e riin 
un f 10% fr ung esiin hs een inrese re hn 
vef wih se HFA fruins.52 Fig. 3.19 iusres  
risn f ung eivery eween HFA-se n CFC-se 
MDI syses n he inrese in ung eivery when he HFA 
fruin is use.

Advantages and Disadvantages of 

Pressurized Metered Dose Inhalers

Advantages

• Pressurized metered dose inhalers (pMDIs) are portable, light, and compact.

• Drug delivery is efcient.

• Treatment time is short.

• They are easy to use.

• More than 100 doses are available.

• Fine particle sizes are available in hydrouoroalkane (HFA) formulations.

• pMDIs are difcult to contaminate.

• No drug preparation is needed.

• It is possible to reproduce emitted doses.

Disadvantages

• Complex hand–breathing coordination, proper inhalation pattern, and breath 

hold are required.

• Drug concentrations and doses are xed.

• Canister depletion is difcult to determine accurately.

• Reactions to the propellants may occur in small percentage of patients.

• High oropharyngeal impaction and loss occur if an extension device is not 

used.

• Foreign body aspiration of coins and debris from mouthpiece can occur.*

• Difcult to determine dose remaining in canister without dose counter.

*Data from Hannan, S. E., Pratt, D. S., Hannan, J. M., & Brienza, L. T. (1984). Foreign body aspiration 

associated with the use of an aerosol inhaler. American Journal of Respiratory Disease, 129, 1205; 

Schultz, C. H., Hargarten, S. W., & Babbitt, J. (1991). Inhalation of a coin and a capsule from a 

metered-dose inhaler [letter]. New England Journal of Medicine, 325, 432.

• BOX 3.5

• Fig. 3.16 Major components of a metered dose inhaler, with an illustra-

tion of the function of the metering valve. Oral and nasal adapters are 

shown.

TABLE 

3.2

Basic Components of Pressurized Metered 

Dose Inhaler

Component Particulars

Canister Inert, able to withstand high internal pressures 

and use a coating to prevent drug adherence

Propellants Liqueed compressed gases in which drug is 

dissolved or suspended

Drug formulary Particulate suspensions or solutions in presence 

of surfactant or alcohol that allocates drug dose 

and specic particle size

Metering valve Most critical component; crimped onto container and 

is responsible for metering a reproducible volume 

or dose; elastomeric valves are responsible for 

sealing and prevention of drug loss or leakage

Actuator Frequently referred to as “boot”; partially 

responsible for particle size based on length 

and diameter of nozzle of various pMDIs; each 

boot is unique to a specic pMDI/drug

Dose counter Provides visual tracking of number of doses 

remaining in pMDI

pMDI, Pressurized metered dose inhaler.

From Gardenhire, D. S., Burnett, D., Strickland, S., Myers, T. R. (2018). A Guide to Aerosol 

Delivery Devices for Respiratory Therapists (4th ed.). Irving, Texas: American Association for 

Respiratory Care.

• Fig. 3.17 Structure and properties of a chlorouorocarbon (CFC) propel-

lant, CFC 12, and a non-CFC propellant, hydrouoroalkane 134a, used in 

pressurized metered dose inhaler drug formulations.
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reese uner ressure. e iqui ren riy exns n 
vrizes, r “shes, s i ejes fr he ressurize vve in 
ien ressure. is exnsin n vrizin sher he iq-
ui sre in n ers. e inii vrizin f ren 
uses ing f he iqui–gs ers susensin, whih n e 
fe if ishrge n he skin; hwever, HFA versins hve  
uh “wrer sry eerure. e  is fr  CFC 
sry y use users  s inhing s he  ers his he 
rhrynx. On reese, he eering vve res wih he ixure 
f rug n ren fr he uk f he niser n is rey 
fr he nex ishrge. e eering vve vries fr 25  100 µL 
in vue50 n rvies 50 g  5 g f rug er uin, 
eening n he rug frury.27

BreathActuated Pressurized Metered Dose Inhaler. A 
ye f evie  siify MDI use is  reh-ue er. 
In he Unie Ses, he renergi rnhir iruer 
(Mxir, Ven Phreuis, Mnre, Quee, Cn) (see 
Cher 6) ws rkee s  reh-ue inher. Mxir ws 
reve fr he rke fr nining CFC ren. I is n 
knwn if he evie wi e reurne  he rke wih n HFA 
ren. Breh-ue inhers er n ernive fr ini-
vius wh n i iu  rine MDI uin wih 
inhin. As esrie y Newn,50 Newn e .,53 n Bu 
n Bryn,54 he MDI niser is riggere y  sring hrugh 
 riggering ehnis ive when he ien inhes. Evi-
ene inies h reh-ue MDIs irve he eivery 
f inhe eiin in iens wih r rinin.55 Hw-
ever, if he ien hs g rinin wih he nvenin 
MDI, he use f  reh-ue MDI y n irve rug 
eivery.53 55

Respimat Soft Mist Inhaler. e Resi (Behringer Inge-
hei Phreuis, Rigee, Cnneiu) is  ren-
free sf is inher uiizing ehni energy in he fr f  
ensin sring. Turning he rnsren se ne-hf urn  he 
righ rws  reeerine vue f suin fr he ei-
in rrige hrugh  iry ue in he iru. 

• Fig. 3.18 Measures of plume force exiting a metered dose inhaler for 

chlorouorocarbon (CFC)-propelled and hydrouoroalkane-propelled alb-

uterol (Proventil and Proventil HFA)  (Data from Ross, D. L. & Gabrio, B. J. 

[1999]. Advances in metered dose inhaler technology with the develop-

ment of a chlorouorocarbon-free drug delivery system, Journal of Aerosol 

Medicine, 12, 151.)

• Fig. 3.19 Comparison of lung deposition between chlorouorocarbon (right) and hydrouoroalkane (left)

formulations of beclomethasone dipropionate by metered dose inhaler (MDI). (Scintigraph and data cour-

tesy C. Leach, Lovelace Respiratory Research Institute, Albuquerque, New Mexico.)

C L I N I C A L  C O N N E C T I O N

Metered dose inhalers are an excellent choice for drug delivery for the right 

patient. Many limitations exist, but most can be overcome by using a spacer 

or valved-holding chamber.

Types of Pressurized Metered Dose Inhalers

MDIs n e ivie in hree egries: (1) nvenin 
MDIs, (2) reh-ue MDIs, n (3)  sf is inher.

Conventional Pressurized Metered Dose Inhaler. e n-
venin MDI hs  ress-n-rehe esign. Fig. 3.16 ius-
res he nens f he nvenin MDI, inuing 
he niser, eiin, ren/exiien, eering vve, 
uhiee, n ur. When he niser is eresse in 
he ur, he rug–ren ixure in he eering vve is 
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Deressing he se reese un reeses energy fr he sring, 
fring suin  he uhiee n ruing  sf is f 
ers sing 1.5 sens.27

e Resi nees  e rie efre use n if i hs n 
een use fr 21 ys r re. I is reene  ue he 
inher ne if i hs n een use fr 3 ys. Any uins r 
reriing fer he inii riing wi resu in ss f eiin 
uins. e Resi (Fig. 3.20) es n nee  e shken, 
s i is ren free. e evie is equie wih  se ini-
r n wi k isef fer he s se is use.

BreathActuated Pressurized Metered Dose Inhaler Acces
sory Devices. Nuerus reh-ue MDI evies re 
vie n he rke. e MD Tur (Resiris, Reigh, 
Nrh Crin) n he SrMis (Arig) re use wih 
s MDIs euse hey re e  nver  nvenin 
MDI   reh-ue MDI hrugh reh-riggering 
ehniss.27

Factors Aecting Metered Dose Inhaler Performance

e ury n nsiseny f se fr MDIs y e re 
sensiive  hning ries hn reviusy hugh. Reserh 
n he rug nen f uer srys y MDI hs shwn h 
vrius frs e se nsiseny.

Loss of Dose. Loss of dose refers  he ss f rug nen in 
he vve even hugh ren y see  ishrge  nr-
 se. A se wih ess hn he nin un f rug hs 
een ne  ur when rs uing n uer MDI h 
hs een sre in he vve-wn siin, even fer ny  few 
hurs n wih shking efre ishrge. e ss f se rnge 
fr 25%  greer hn 50% in he suies referene.56 57 is 
ss f se ws n serve wih srge in  vve-u siin. 
Oher rug fruins y inrese r erese rug nenr-
in in he rs ishrge fer sning unuse; his wu nee 
 e eerine fr eh ru. ese nings sugges h 
he niser e sre vve u eween uses n h  wse se 
e ishrge if greer hn 4 hurs hve ese wih he vve 
wn when using uer vi MDI. e new HFA fruin 
is n ssie wih ss f se.14

Shaking the Canister. Mny f he rugs in MDI fru-
ins re susensins h n sere fr he rens n 
sning (creaming).57 is serin shu n e he se 

• Fig. 3.20 Picture of Respimat Soft Mist inhaler. (Courtesy Boehringer 

Ingelheim Pharmaceuticals, Ridgeeld, Connecticut.)

in he vve, e fer he revius uin. Hwever, if he 
susene rug is eiher igher r hevier hn he ren n 
serin urs,  sen uin u eiver re r ess 
nenre rug if he niser is n shken  ix he re-
n n rug susensin hrughy. e MDI shu e shken 
before he rs uin fer sning s h he eering vve 
res wih equey ixe susensin fr he niser. Eve-
rr e .57 fun h n shking n uer niser efre use 
n fer he niser hs een sning urigh vernigh e   
26% reuin in  se n  36% reuin in ries ess 
hn 6. µ; his urre esie wsing w ishrges efre 
he esureen. Ruin n Durye5 fun siir resus 
wih CFC inhers, u HFA eehsne i n see  e 
inuene y shking f he niser.

Timing of Actuation Intervals. A use f 1  5 inues hs 
een ve eween eh u f  rnhir fr n 
MDI in n e  irve isriuin f he inhe rug 
in he ung.59 e suy y Everr e .57 fun h w u-
ins f uer MDI 1 sen r use n hnge in  
rug uu, hugh here ws  15.% erese in he un 
f ries ess hn 6. µ. Hwever, fur uins 1 sen 
r e  signin reuins in se uu. Cnern ver 
ing f he MDI vve wih ri uins es n see  
e sure y he resus resene y Everr e .57 Lss f 
se ry urs s  resu f uruene n esene f 
ries wih re hn w ri uins. Ciniy,  use 
eween us fr n MDI hs n een fun  e enei in 
ruine inenne hery. Peersen60 shwe n ierene in 
fre exirry vue in 1 sen (FEV

1
) wih  3-inue n 

10-inue ivie se uner nnue si inenne n-
iins. is ws fun  e he se fr  β gnis (eruine) 
n  riseri (uesnie) when use y reesens.61

Hwever, uring sh exerins wih ue wheezing,  
use eween us resue in signiny irve rnhi-
in, wih greer ee wih use f  10-inue use.59

ere is n nsensus n ny f he reeing infrin 
vere. I is es  eue he heh re riiner n 
he ien u ying  sysei rh when using n 
MDI. e eer he ruine n nsiseny in using his evie, 
he re ikey i is h iens wi ene.

Loss of Prime. Loss of prime refers  he ss f ren 
fr he eering vve f he MDI.62 When his urs, ie r 
n rug is ishrge n uin; his n e fe n her y 
 user. Lss f rie usuy kes ys r weeks  ur; regur 
use f he MDI shu reven his. Shking f he niser n 
ishrge f  wse se re suggese fer ng eris f n use 
 rie he vve wih ren n rug.

Storage Temperature. D inie h se eivery fr 
CFC-ree MDIs f uer ereses  wer eer-
ures. A signin erese f 65%  70% f he usu se hs 
een serve  10°C. An even greer erese ws serve in  
ne rie ss (<4.7 µ), wih rxiey 75% f he usu 
se  10°C n ny 25%  −10°C. N eiin ws eiv-
ere  −20°C.63 In nrs, HFA-ree uer reine 
nsn in  se ver he rnge f −20°C  20°C. e ne 
rie ss f he CFC-free fruin erese signiny 
ny  −20°C, eivering rxiey 60% f he inii FPD. 
Suh eerure ees re ikey  e reevn ny fr ur 
use f MDI nisers in exree weher.

Nozzle Size and Cleanliness. Aers rug eivery wih  
MDI is eenen n nzze size, eniness, n k f is-
ure.27 e size f nzze is sei  he MDI n inuenes 
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n ny he inhe se u s he rie size. e inverse 
reinshi eween he inner ieer n he nzze exensin 
n he un f rug eivere  he ien hs een u-
ene.64 Aring  Niven e .,64  nzze exensin wih n 
inner ieer ess hn 1  inreses ers rug eivery. 
Beuse whie n rusy resiue resuing fr rysizin 
f eiin y inuene rug eivery, he nzze shu e 
heke n ene eriiy ring  he nufurers 
reenins.27

Breathing Technique. e w riry ehniques fr using 
 MDI wihu  ser re he open mouth ehnique n he 
closed mouth ehnique. Auing he MDI sever enieers 
in frn f he en uh hereiy ws fr swing f he 
rie veiy n evrin f ers res, resuing in 
ess rhrynge iin n ss. is neuver furher 
ies he use f he MDI. e nufurers f MDIs 
universy reen he se uh ehnique fr ee-
ive use f  MDI. Ahugh se suies wih h hiren 
n us hve shwn n ierene in ung funin eween 
n en uh n  se uh ehnique in use f  rn-
hir,65 66 hers reen he en uh ehnique in 
n e  reue rhrynge esiin n inrese ung 
se.67 6 Cnsequeny, he sier ehnique shu e re-
ferre. If rhrynge iin is unesire, s in he se f 
inhe riseris, r if ure iing eween uins is 
 re, s is seies he se fr er iens, n exensin 
evie (ser r hing her) shu e use. Mre rug—
equiven  he uu f  snr SVN—is inhe fr he 
MDI wih he use f n exensin evie.69

Patient Characteristics. Chrerisis f he ien 
using he MDI e   vriiiy f ers esiin. Fr 
insne, ers esiin is wer in infns n hiren 
euse f ierenes in heir ny n hysi n gni-
ive iiies.27 70

Correct Use of a Pressurized Metered Dose Inhaler

e eeiveness f reen wih n ersize rug eivere 
y  MDI eens n rre use f he evie. e jr r-
e wih MDI evies is iuy in ien use.71 e s 
n errr ne is he fiure  rine inhin n 
uin f he inher (hn–rehing inrinin). Oher 
res inue  -ri insirry w re, ineque r 
issing reh h fer inhin, fiure  shke n ix n-
iser nens, essin f insirin s he ers srikes he 
hr, uin f he MDI   ung iy, inhing 
hrugh he nse, n exhing uring uin. Eviene ini-
es h 50%  70% f iens  n use MDIs rrey.69

In iin, hysiin, nurse, n resirry heris (RT) 
knwege f rre MDI use is fen ineque fr ien 
euin69 (Bx 3.6).

Accessory Devices for Pressurized Metered Dose Inhalers

Exensin, r reservir, evies were inrue ririy  si-
ify he ex rinin f iing, uing, n reh-
ing wih  MDI. Fig. 3.21 iusres  generi reservir evie. 
Using essry evies wih MDIs irves he eeiveness 
f ers rug inisrin euse MDI essry evies 
n ify he ers ishrge fr  MDI in he fwing 
hree wys:
1. Suh evies w se n ie fr re vrizin f 

he rens n evrin f iniiy rge ries  
ser sizes.

2. Reservirs w he high inii veiy f ries reese 
fr  MDI  sw efre rehing he rhrynx. Pries 
ishrge fr he ur nzze hve veiies exeeing 
30 /se. By hing he ur 4  in frn f he uh 
r y using n exensin evie, his veiy is we  
sw.67

3. As hing hers fr he ers u reese, reservir 
evies sere he in f uin f he niser fr 
inhin n siify he rinin require fr eeive 
use.
e ine ee f he rs w vnges reues rh-

rynge esiin. is reues he un f rug swwe 
n sre fr he gsrinesin r n reues ny  
rhrynge sie ees, suh s hse seen wih inhe ri-
seris. Bx 3.7 surizes he vnges n isvnges 
f essry evies.

Types of Pressurized Metered Dose Inhaler Accessory 
Devices. Mny yes f MDI essry evies re vie n 
he rke. e size rnges fr 70  0 L  750 L fr 
se Euren rns; se re vie wih  sk. Nuer-
us ers re use  refer  suh evies, inuing spacer, reser-
voir, auxiliary device, extension device, holding chamber, n add-on 
device. Se isinin f ers y e usefu  ene signi-
n esign ierenes ng hese evies. e fwing eri-
ngy is ere, riy se n Dvih72:

Reservoir device: G er esriing r referring  exen-
sin, uxiiry, n -n evies he  MDIs fr 
inisrin. is er u inue h “ser n 
“hing her.

Spacer: Denes  sie ue r exensin evie, wih n ne-
wy vves  nin he ers u; is urse is siy  
exen he MDI sry wy fr he uh.

Valved holding chamber: Denes  ser evie wih he i-
in f  ne-wy vve  nin n h he ers u 
uni insirin urs.

Design Variables. Sers re sie evies h exen he 
isne n se eween he MDI n he ien. MDIs 
wih sers rvie re rug  he ien re wih 
MDIs wihu sers. Hwever, vve hing hers n 
inrese rug eivery, erese rhrynge esiin, n he 
wih rinin. Vves in he hing her  s  e 
reuing rie size, whih reues rhrynge iin, n 
w he ien  exhe wihu isruing he ers insie 
he her. Vve hing hers re suerir  sers.

• Fig. 3.21 The effect of an extension device on aerosol particle size and 

velocity from a metered dose inhaler.

ALGrawany



47  CHAPTER 3 Administration of Aerosolized Agents

Use of Metered Dose Inhalers

The following instructions for the use of bronchodilator or corticosteroid 

aerosols with pMDIs are written in terms that may be helpful for patient 

education. Package inserts on particular agents should always be checked, and 

these protocols should be modied as needed, especially for other drug classes.

Generic Recommendations That Apply to All pMDIs27

1. Remove mouthpiece cover of pMDI from boot.

2. Prime pMDI as directed in package insert.

3. Clean and dry boot of pMDI, according to the manufacturer’s guidelines.

4. Track remaining doses after each use.

Critical Steps in Use of the Open Mouth Technique With pMDIs5

1. Remove cap, inspect for foreign matter, and push canister into nozzle 

receptacle of mouthpiece actuator.

2. Hold MDI in vertical position, shake inhaler, and, if not used recently, 

discharge priming dose.

3. Exhale to functional residual capacity (easier for subject) or to residual 

volume.

4. Hold MDI about 1 inch in front of open mouth or, alternatively, place in 

mouth with teeth apart and with tongue at.

5. Begin to breathe in slowly through mouth while actuating inhaler by 

pressing down on canister. Inspiration should take about 3 to 4 seconds.

6. Continue inhaling to total lung capacity and hold breath for up to 10 seconds 

(only one puff for inhalation).

7. Exhale normally, shake canister, wait 20 to 30 seconds to allow valve to 

rell, and repeat dose, if prescribed.

8. Keep a diary of number of uses or use a counting device to keep track of 

number of actuations used.

Note: If you have trouble aiming the MDI at your open mouth, you can 

place the mouthpiece directly in your mouth and rest it on the lower front teeth 

without sealing your lips around it. If you nd it hard to coordinate breathing and 

activating the MDI, you may wish to ask your physician to prescribe a reservoir 

device.

Critical Steps in Use of the Closed Mouth Technique With pMDIs27

1. Remove mouthpiece cover and check for foreign objects.

2. Shake inhaler thoroughly.

3. Prime pMDI into air if it is new or has not been used for several days.

4. Sit up straight or stand up.

5. Exhale all the way out.

6. Place pMDI between teeth.

7. Ensure that tongue does not block pMDI by keeping it at under mouthpiece.

8. Seal lips.

9. Actuate pMDI as you begin to inhale slowly.

10. Hold breath for 10 seconds or as long as possible.

11. Wait 1 minute before administering another puff of medicine.

12. Repeat steps 2 through 10 until dosage prescribed by physician is reached.

13. After using a corticosteroid, rinse mouth after last puff of medicine.

14. Spit water out and do not swallow any.

15. Replace mouthpiece cover on pMDI after each use.

Critical Steps in Soft Mist Inhaler (Respimat) Use

1. Close mouthpiece cap; press safety catch while pulling off clear base.

2. On label of inhaler, write discard date, which is 3 months from date 

cartridge is inserted into device.

3. Remove medication cartridge from box.

4. Push narrow end of cartridge into inhaler.

5. Return clear base to mouthpiece assembly.

6. Hold inhaler upright, with cap closed, to avoid accidental release of dose.

7. Turn clear base one-half turn.

8. Point inhaler toward ground and press dose release button.

9. Continue steps 6 through 8 until mist of medication is seen.

10. Once mist is visible, repeat steps 6 through 8 three times.

11. Once primed, turn clear base one-half turn and open mouthpiece cap.

12. Breathe out, slowly emptying lungs; close lips around mouthpiece without 

covering air vents.

13. Point inhaler to back of throat, keeping inhaler parallel to ground.

14. While inhaling slowly and deeply, press dose release button; continue to 

breathe in slowly for as long as possible.

15. Hold breath for 10 seconds or as long as possible.

16. Repeat steps 12 through 15 until prescribed dose has been completed.

17. When complete, replace mouthpiece cover on inhaler.

To Inhale a Corticosteroid

Use the same procedure as described in the use of the open or closed mouth 

technique with these exceptions:

1. If using a bronchodilator and a corticosteroid, inhale bronchodilator rst, and 

wait 1 to 2 minutes before inhaling corticosteroid.

2. Always use extension or spacer device when inhaling corticosteroid. If you 

do not have such a device, try to hyperextend (straighten) your head and 

neck as much as possible when inhaling (in other words, look at the ceiling).

3. Rinse your mouth and throat with water after nishing.

Common Errors in Use

The number of patients using pMDIs incorrectly ranges from 12% to 89%, 

according to available studies.6

• Failure to coordinate actuation with inhalation (27%)

• Too short a period of breath hold after inhalation (26%)

• Too rapid an inspiratory ow rate (19%)

• Inadequate shaking and mixing of contents before use (13%)

• Abrupt cessation of inspiration as aerosol strikes throat (6%)

• Actuation at total lung capacity (4%)

• Firing actuation into mouth but inhaling through nose (2%)

• Exhaling during actuation

• Placing wrong end of inhaler in mouth, or holding in wrong (nonvertical) 

position

• Failure to take cap off before use

• Firing of MDI multiple times during a single inhalation

• Covering air vents on specic inhalers (i.e., Respimat)

Cleaning Instructions for pMDIs27 and Respimat

Cleaning pMDI Cleaning Respimat
Frequency of cleaning: Clean once a 

week and as needed.

Look at hole where drug sprays out 

from inhaler.

Clean inhaler if you see powder in or 

around hole.

Remove pMDI canister from plastic 

container so that it does not get wet.

Rinse plastic container with warm 

water and shake out to remove 

excess water.

Dry overnight.

Replace canister inside mouthpiece 

and recap mouthpiece.

Frequency of cleaning: Clean once 

a week and as needed.

Remove mouthpiece cover.

Wipe outside of mouthpiece with 

damp cloth.

Wipe metal piece inside 

mouthpiece with damp cloth.

Clean outside of inhaler with damp 

cloth when needed.

Recap mouthpiece.

Store in cool, dry place.

Check Canister Fullness

The best approach is to keep a patient log of use, showing date of initial use 

and subsequent numbers of actuations each day. If a pMDI is used regularly 

(e.g., two actuations four times daily), the projected date of depletion can be 

calculated. For occasional use, tallies at the end of the day on a self-stick note 

kept in a convenient place, such as the bathroom, can be useful. Counting 

devices can be purchased that count the number of actuations during use. 

Some manufacturers have a built-in counter on the actuator (e.g., ProAir, 

Ventolin, and Flovent). Canister otation in water is no longer recommended; it 

is imprecise, varies with different drugs, and can clog the pMDI nozzles.

• BOX 3.6

MDI, Metered dose inhaler; pMDI, pressurized metered dose inhaler.
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MDI essry evies hve sever esign vries, inu-
ing vue, she, irein f MDI sry, resene f ne-wy 
vves, insirry w re inirs, n resene r sene f 
n inegr (ui-in) MDI ur. Te 3.3 surizes hese 
esign vries fr se reservir evies vie in he Unie 
Ses. Fig. 3.22 iusres ierenes in he size n esign f 
sever unis.

Electrostatic Charge. An eersi hrge is inheren n 
s si hing hers. I hs een isvere h y 
reuing he eersi hrge, n inrese in rug eivery 
urs. Siy wshing he her wih wer n snr 
huseh eergen reues he eersi hrge, n he 
ees n s 30 ys. Mnufurers hve egun king h-
ers h re “nisi. Lu e .73 fun h he AerCh-
er MAX (Mnghn Mei Cr., Psurg, New Yrk),  
vve hing her e fr nisi si, erfre 
eer hn her hers h were wshe n rinse  reue 
he eersi hrge. Reuing eersi hrge n inrese 
eivery f he ersize rug y 70%.74

Advantages and Disadvantages of 

Pressurized Metered Dose Inhaler 

Accessory Devices

Advantages

• Reduced oropharyngeal drug loss

• Separation of pMDI actuation and inhalation steps

• Allows use of MDI during acute airow obstruction with dyspnea

• Available with mask for children

• No drug preparation required

• Increased inhaled dose by twofold or fourfold compared with pMDI alone

Disadvantages

• Large and cumbersome (some brands)

• Additional expense compared with pMDI alone

• Some assembly required

• Possible source of bacterial contamination with inadequate cleaning

• Patient errors in use of pMDI accessory devices such as ring multiple 

puffs into chamber before inhaling or a delay between actuation and 

inhalation

MDI, Metered dose inhaler; pMDI, pressurized metered dose inhaler. Modied from Gardenhire, 

D. S., Ari, A., Hess, D. R., & Myers, T. R. (2013). A Guide to Aerosol Delivery Devices for Respiratory 

Therapists (3rd ed.). Dallas, Texas: American Association for Respiratory Care.

• BOX 3.7

• Fig. 3.22 Pressurized metered dose inhaler (pMDI) and accessory devices 

consisting of spacer and holding chambers. All of the accessory devices 

reduce oropharyngeal deposition. Small volume spacers (OptiHaler and 

Myst Assist) offer no additional advantage, but large volume spacers (toilet 

paper roll and Ellipse) improve inhaled aerosol with delay between actua-

tion and inspiration. Only the bag (InspirEase) and valved holding chambers 

(AeroChamber, OptiChamber, ACE, and MediSpacer) protect the patient 

from blowing the dose away when the pMDI is actuated during expiration. 

(From Kacmarek, R. M., Stoller, J. K., Heuer, A. J. [2017]. Egan’s Funda-

mentals of Respiratory Care [11th ed.]. St. Louis, Missouri: Mosby.)

C L I N I C A L  C O N N E C T I O N

Reducing electrostatic charge in a reservoir device can signicantly 

increase drug delivery.

Size. e size f  ser r hing her n e he 
un f rug e vie  he ien: he rger he 
ser, he greer is he un f rug vie. Ms sers 
in he Unie Ses re ess hn 200 L. Lrger hers (u 
 750 L) re vie usie f he Unie Ses. ere is  

TABLE 

3.3

Characteristics of Selected Reservoir Devices Used in the United States, Exemplifying Design Variable 

Dierences

Brand Volume (Approximate) (mL) Inspiratory Valve Spray Direction* Flow Indicator Integral Actuator

AeroChamber Plus 198 One way Forward Yes No†

OptiChamber Advantage 218 One way Forward No No†

ACE 175 One way Reverse Yes Yes

InspirEase 600 No Reverse Yes Yes

OptiHaler 70 No Reverse No Yes

MediSpacer 160 No Reverse Yes Yes

*Relative to mouth.
†Accepts mouthpiece actuator of drug brand.



49  CHAPTER 3 Administration of Aerosolized Agents

re wih innveniene euse he rger n ukier evies 
re ess ikey  e use r ken n rves.

Dose Counters. MDIs k, se, n fee s if hey re 
wrking fer heir e shws h he nuer f us n-
ine were eivere  he ien; his is referre  s he “i-
ing- ee wih MDIs, whih y s ng fer he MDI 
is ey f is rug.25,62 I is very irn  use se uners 
wih MDIs h w iens n iniins  eerine he 
nuer f uins use n he ie when  MDI shu 
e isre.75–77 e FDA s requires new MDIs  hve 
inegre se uners n reens h  MDIs hve 
se-uning evies iniing when he MDI is rh-
ing is s se. e Venin HFA (GxSihKine, Phie-
hi, Pennsyvni) n Fven HFA (GxSihKine) hve 
ui-in se uners; ehni r eerni se uners 
re vie fr hir ries n n e he   rnge 
f MDIs. Ahugh ee erfrne y n ien 
sisfin wih MDIs wih se uners hve een n-
re,7–0 se se uners y e MDI sei n y 
n  he ser, whih es  n r ri rug eing ei-
e n  isun f reining ses.1,2 Using  se uner 
inreses he s f ers hery n y ii ene 
y iens. In h se, he nuer f ses reining in he 
MDI shu e eerine nuy. Piens wh wish  
use  nu eh shu re he e  eerine he 
 nuer f ses vie in he MDI n sur every 
uin given fr he nuer f uins n he e uni 
 hve een use. Ahugh nu se uning is s ee-
ive, i y e iri n uneene, eseiy in use f 
reiever eiins n he g.27 Ne h ing he niser 
in wer  eerine he un f eiin reining in 
he niser is iseing n n reue he iiy f he MDI 
 wrk rery77,3,4 n shu n e use. Fr insruins 
n gener use, see Bx 3..

C L I N I C A L  C O N N E C T I O N

Dry powder inhalers are an excellent choice for drug delivery for the right 

patient. The biggest limitation is inspiratory ow rate. The needed inspira-

tory ow rate is different for each device.

Dry Powder Inhalers

A DPI is siir   MDI exe h he rug is in were 
fr. e in vnge is h he DPI is reh ue—h 
is, hn–rehing rinin is n neee. e in is-
vnge is h he DPI requires  high insirry w re fr 
he ien  isense he rug. e w re neee is usuy 
30  90 L/in. Chiren n iens wih resirry isese 
y e une  genere he w neee  use suh  evie. 
Bx 3.9 iss vnges n isvnges f DPIs.

Types of Dry Powder Inhalers

DPIs n e ivie in hree egries se n he esign 
f heir se niners27,5: uni-se DPIs, uie uni–se 
DPIs, n uie-se DPIs. A yes f DPIs hve sii-
r nens inrre wih he inher, inuing  rug 
her, ir ine, ggerin ren, n uhiee. 
Tyes f DPIs re iusre in Fig. 3.23.

UnitDose Dry Powder Inhalers. Uni-se, r singe-se, 
DPIs hve iniviuy wre sues h nin  singe 

se f eiin n eiver wer eiin fr  un-
ure sue. Using  singe-se DPI invves sever ses. 
Firs, he user es eh sue in he rug her. Sen, 
he user ries he evie y iering he singe-se sue 
n wing enrne f ir in he evie fr isersin wih 
inhin. e Neher n TOBI Pher (Nvris Phr-
euis, Es Hnver, New Jersey), n HniHer (Beh-
ringer Ingehei Phreuis In.) re exes f singe-
se DPIs.27

Multiple Unit–Dose Dry Powder Inhalers. Muie uni–
se DPIs iserse iniviu ses h re reeere in is-
ers; he iser is ehniy unure when he ver is ife. 
e Diskher (GxSihKine) is n exe f he uie 
uni–se DPI h requires n insirry w re greer hn 
60 L/in  hieve n eque rug esiin in he ungs.27

Reenz (znivir) is he ny Diskher urreny rkee in 
he Unie Ses.

MultipleDose Dry Powder Inhalers. Muie-se DPIs 
esure he se eiher fr  wer reservir r fr iser 
sris rere y he nufurers. Twisher (Merk & C 
In., Whiehuse Sin, New Jersey), he Fexher (AsrZene, 
Wiingn, Dewre), n Pressir (Fres Phreuis, 
S. Luis, Missuri) hve  wer reservir r srge re, 
wheres he Avir Diskus (GxSihKine) nins 60 ses 
f ry wer eiin iniviuy wre in isers. Anr 
Ei, Bre Ei, n Inruse Ei (GxSihKine) n-
in w ue-fi sris wih 30 isers f eh eiin. 
e eiins iser wring res he rug fr hui-
iy n her envirnen frs.27

Factors Aecting Dry Powder Inhaler Performance and 
Drug Delivery

Intrinsic Resistance. Inrinsi resisne f he DPI eer-
ines hw uh insirry w us e ree in he evie 
 reese he rre un f he rug. Eh ye f DPI hs 
 ieren inrinsi resisne  irw. Fr insne, Hni-
her hs  higher resisne hn Diskus n requires  greer 
insirry er. e iens insirry er is irn 
n ny in ifing he wer fr he rug reservir, is-
er, r sue u s in eggreging he wer in ner 
ries.27

Inspiratory Flow Rate. Disers f rug wer eens 
n he energy f he insirry w. A ere  high insi-
rry w is neee wih DPIs  in n i se. is 
requireen es he use f hese evies y yung hiren, 
eseiy hse ge ess hn 5 yers, n y ny ien wih 
n ue wheezing eise ssie wih irw reuin. 
Piens shu e evue fr he iiy  genere  in-
i insirry w efre resriin f  DPI. Fig. 3.24
iusres he ee f vrius insirry ws wih hree DPI 
evies.

Humidity. Oher frs h n e se eivery fr  
DPI re huiiy n isure, whih n use wer u-
ing n reue eggregin n he ne rie ss in he 
se. Beuse  reservir her nining uie ses fr 
isensing hs ess rein fr ien huiiy hn -
sues n rug isers, DPIs wih  reservir her, suh s 
Twisher, Fexher, n Pressir, us e ke s ry s s-
sie. In nrs, Diskus n Ei, in whih eh rug se 
is ree insie  iser n  fi sri, shwe n hnge 
in  weeks uner suh niins. Wih ny DPI, i is essen-
i h iens n exhe in he evie efre inhing; in 
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Use of Pressurized Metered Dose Inhaler Accessory Devices

The design and use of reservoir devices vary. The following steps are generic 

and are intended to describe most reservoir devices for handheld use. Specic 

brand instructions should be reviewed before use or instruction of patients.

Generic Recommendations That Apply to All pMDI 

Accessory Devices

1. Use nonelectrostatic material or prewash nonconductive material reservoir 

device.

2. To maximize dose, inhale simultaneously or right after actuating MDI.

3. Use a single inhalation with each MDI actuation. Multiple MDI actuations 

followed by a single inhalation reduces the dose available.

4. Have small children or infants inhale through device for ve or six breaths to 

maximize emptying of chamber.

5. Ensure proper t of pMDI to spacer or VHC.

6. Remove cap from pMDI boot.

7. Clean and reassemble pMDI spacers and VHCs based on the manufacturer’s 

instructions.

Critical Steps in Use of Spacer or Valved Holding Chamber 

With pMDIs27

1. Warm pMDI canister to hand or body temperature.

2. Take off mouthpiece cover and shake inhaler thoroughly.

3. Prime pMDI into air if it is new or has not been used for more than 24 hours.

4. Assemble apparatus and check for foreign objects.

5. Keep canister in vertical position.

6. Sit up straight or stand up.

7. Exhale all the way out.

8. Follow subsequent instructions based on type of device interface that you 

use.

With Mouthpiece
a. Place mouthpiece of spacer between teeth and seal lips.

b. Ensure that tongue does not block pMDI by keeping it at under 

mouthpiece.

c. Actuate pMDI as soon as you begin to inhale.

d. Make sure to breathe in slowly; if device produces a whistle, it means that 

inspiration is too rapid.

e. Move mouthpiece away from mouth and hold breath for 10 seconds or as 

long as possible.

With Mask
a. Hold mask completely over nose and mouth and ensure it ts rmly against 

child’s face.

b. Actuate pMDI as child begins to breathe in.

c. Inhale slowly; if device produces a whistle, it means that inspiration is too 

rapid.

d. Hold mask in place while child takes six normal breaths, including inhalation 

and exhalation.

e. Remove mask from child’s face.

With Collapsing Bag
a. Open bag to its full size; press pMDI canister immediately before inhalation.

b. Inhale until bag is completely collapsed.

c. Breathe in and out of the bag several times to inhale all medication in bag.

d. Wait 15 to 30 seconds if another puff of medicine is needed.

e. Repeat steps a through d until dosage prescribed by physician is reached.

f. Rinse mouth after treatment if corticosteroid is used.

g. Spit water out and do not swallow any.

h. Replace mouthpiece cover on pMDI.

Common Errors in Use

• Incorrect assembly

• Incorrect (nonvertical) position of pMDI canister on reservoir

• Waiting too long to inhale after actuating pMDI

• Inhaling too rapidly (may reduce dose)

• Firing of multiple puffs into reservoir before inhaling

• Firing of puffs from two different pMDIs before inhaling

• Failure to take mouthpiece cap off before use

Cleaning Instructions for pMDI Chamber and Collapsible 

Bag Device27

Cleaning Chamber Device Cleaning Collapsible Bag Device

• Frequency of cleaning: clean 

every 2 weeks and as needed.

• Disassemble device for cleaning.

• Soak spacer parts in warm water 

with liquid detergent and gently 

shake both pieces back and forth.

• Shake out to remove excess 

water.

• Air dry spacer parts in vertical 

position overnight.

• Do not towel dry spacer because 

this would reduce dose delivery 

as a result of static charge.

• Replace back piece on spacer 

when it is completely dry.

• Frequency of cleaning: clean every 

2 weeks and as needed.

• Disassemble device for cleaning.

• Remove plastic bag assembly from 

mouthpiece.

• Wash mouthpiece with warm water.

• Drip dry the device overnight.

• Reassemble device after it is dry.

• Plastic bag should not be cleaned 

but should be replaced every 4 

weeks or as needed.

• BOX 3.8

MDI, Metered dose inhaler; pMDI, pressurized metered dose inhaler; VHC, valved holding chamber.

 evies, inuing Diskus, he rug wer is exse when 
he evie is ive.74 6 In iin,  DPIs re ee y 
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Clinical Ecacy. DPIs hve een shwn  e equiven in 
ey  ressurize MDIs.7  e nee  ree CFC-r-
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Selecting an Aerosol Device
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Advantages and Disadvantages of Dry 

Powder Inhaler Devices

Advantages

• Small and portable

• Short preparation and administration times

• Breath actuation; no need for hand–breathing coordination

• No inspiratory hold or head tilt needed

• No CFC propellants (environmentally friendly)

• No cold Freon effect to cause bronchoconstriction or inhibit full inspiration

• Simple determination of remaining drug doses

• Built-in dose counter

Disadvantages

• Only a limited range of drugs is available to date.

• Patients are not as aware of the dose inhaled as with an MDI and may 

distrust delivery.

• Moderate to high inspiratory ow rates are needed for powder dispersion.

• Relatively high oropharyngeal impaction and deposition can occur.

• Some devices, such as the Aerolizer, are single-dose devices and must be 

loaded before each use.

• Vulnerable to ambient humidity or exhaled humidity into mouthpiece.

• Different DPI needed with different drugs.

• Easy for patient to confuse directions for use with other devices.

CFC, Chlorouorocarbon; DPI, dry powder inhalers; MDI, metered dose inhaler.

Modied from Gardenhire, D. S., Burnett, D., Strickland, S., Myers, T. R. (2018). A Guide to Aerosol 

Delivery Devices for Respiratory Therapists (4th ed.). Irving, Texas: American Association for 

Respiratory Care.

• BOX 3.9
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Clinical Application of Aerosol 

Delivery Devices
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Recommendations Based on Clinical Evidence

Aerosol Delivery of Short-Acting β
2
 Agonists in the 

Emergency Department

An MDI wih  hing her n  neuizer were equy 
eeive in he reen f u n eiri iens in he 
eergeny eren. Bh es f eivery irve 

• Fig. 3.23 Dry powder inhalers (DPIs) available in the United States. 

A, Unit-dose DPI: Aerolizer (Novartis, East Hanover, New Jersey). 

B, Handihaler (Boehringer Ingelheim Pharmaceuticals Inc., Ridgeeld, 

Connecticut). C, Multiple unit-dose DPI: Diskhaler (GlaxoSmithKline, used 

with permission). D, Flexhaler (AstraZeneca LP, Wilmington, Delaware). 

E, Multiple-dose DPI: Diskus inhaler (GlaxoSmithKline, used with permis-

sion). F, Twisthaler (Merck & Co Inc.). G, Neohaler. H, Ellipta. I, Pressair. 

J, TOBI Podhaler. (A, The FORADIL AEROLIZER photo image is repro-

duced with permission of Schering Corporation, subsidiary of Merck & 

Co., Inc. All rights reserved. FORADIL is a registered trademark of Astellas 

Pharma, Inc. and the trademark of AEROLIZER is a registered trademark 

of Novartis AG. F, The ASMANEX TWISTHALER photo image is repro-

duced with permission of Schering Corporation, subsidiary of Merck & 

Co., Inc. All rights reserved. ASMANEX and TWISTHALER are registered 

trademarks of Schering Corporation.)
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sys n ung funin. ere is ie infrin  shw 
h  DPI is s eeive s n MDI wih  hing her r  
neuizer fr eivery f shr-ing β

2
 gniss.

Aerosol Delivery of Short-Acting β
2
 Agonists 

in the Hospital

ere ws n signin ierene in ung funin ng in-
iens ree wih eiher n MDI wih  hing her r  
neuizer. Reie suies exining ues ng iniens 
ree wih DPIs re king. A resen, i is eer  use n 
MDI wih  hing her r  neuizer  eiver shr--
ing β

2
 gniss.

Intermittent Versus Continuous Nebulizer Delivery 
of β

2
 Agonists

ere is n ierene in ee eween inerien n ninu-
us neuizer eivery f shr-ing rnhirs. Seiy, 
here is n hnge in ung funin, sh sres, r iniene 

• Fig. 3.24 Effect of inspiratory ow rate on the percentage of nominal dose 

delivered by three dry powder inhaler devices. Data were derived in vitro for 

albuterol. (Modied from Prime, D., Grant, A. C., Slater, A. L., etal. [1999]. 

A critical comparison of the dose delivery characteristics of four alternative 

inhalation devices delivering salbutamol: pressurized MDI, Diskus inhaler, 

Diskhaler, and Turbuhaler. Journal of Aerosol Medicine, 12, 75.)

Use of Dry Powder Inhalers

Specic instructions for use of the various DPIs currently available should be 

reviewed on the package insert before use or patient education.

Generic Recommendations That Apply to All DPIs

1. Read and follow instructions of each DPI for proper assembly.

2. Keep DPI in proper orientation during treatment.

3. Ensure mouthpiece is clear of all foreign matter.

4. Exhale normally away from the DPI because humidity reduces inhaled dose.

5. Inhale from mouthpiece forcefully to total lung capacity.

6. Hold breath up to 10 seconds or as long as possible.

7. Remove from mouth and exhale away from device.

8. Track doses remaining in the DPI after each use.

Manufacturers’ recommendations for use are summarized for the unit-dose 

DPI (Aerolizer, Neohaler, Podhaler, and Handihaler), multiple unit–dose DPI 

(Diskhaler), and multiple-dose DPI (Diskus, Twisthaler, Flexhaler, Pressair, and 

Ellipta). As new devices become available in the United States, package inserts 

will provide instructions for use.

Critical Steps in Use of Unit-Dose DPI

Use of Aerolizer or Neohaler
1. Remove mouthpiece cover.

2. Hold base of inhaler and twist mouthpiece counterclockwise.

3. Remove capsule of medication from package, and place in base of inhaler 

(remove capsule immediately before use; do not store in inhaler).

4. Hold base of inhaler and twist clockwise to close.

5. Two buttons are on sides of inhaler; press simultaneously to pierce capsule.

6. Exhale away from inhaler to functional residual capacity or residual 

volume.

7. Keep head in upright position, and hold device horizontally with lips sealed 

around mouthpiece.

8. Breathe in as deeply as possible, holding breath for about 10 seconds if 

possible. Breathe out slowly, away from device.

9. Open the inhaler to expose the chamber. Examine the capsule, and if 

powder remains, repeat inhalation. If powder has been completely used, 

dispose of capsule.

10. Close mouthpiece, and replace cover.

Use of HandiHaler
1. Before using device, open foil package and remove capsule (remove 

capsule immediately before use; do not store in inhaler).

2. Pull dust cap upward to open.

3. Open mouthpiece, and place capsule in chamber.

4. Close mouthpiece rmly until you hear it click; leave dust cap open.

5. Hold device with mouthpiece up, and press piercing button once to release 

medication.

6. Exhale away from inhaler to functional residual capacity or residual 

volume.

7. Place mouthpiece into mouth, and close lips tightly around mouthpiece.

8. Breathe in slowly at a rate sufcient to hear capsule vibrate until lungs 

are at total lung capacity; hold breath for about 10 seconds, if possible. 

Breathe out slowly, away from device.

9. To ensure entire dose has been inhaled, repeat steps 6 through 8.

10. Open mouthpiece, tip out capsule, and throw it away.

11. Close mouthpiece and replace dust cap for storage.

Use of Podhaler
1. Hold base of Podhaler, and unscrew lid in a counterclockwise direction; set 

lid aside.

2. Stand Podhaler upright in base of case.

3. Hold body of Podhaler, and unscrew mouthpiece in a counterclockwise 

direction, setting aside mouthpiece on a clean, dry surface.

4. Take blister card, and tear precut lines along length and width.

5. Peel foil that covers Podhaler capsule on blister card.

6. Remove capsule, and place in capsule chamber at top of Podhaler.

7. Place mouthpiece back on Podhaler, and screw mouthpiece in a clockwise 

direction until tight.

8. Hold Podhaler pointing mouthpiece down.

9. Place thumb on blue button, and press the blue button all the way down 

once.

10. Exhale away from inhaler to functional residual capacity or residual volume.

11. Place mouthpiece into mouth, and close lips tightly around mouthpiece.

12. Breathe in slowly until lungs are at total lung capacity; hold breath for 

about 5 seconds if possible; breathe out slowly, away from device.

13. To ensure entire dose has been inhaled, repeat steps 10 through 12.

14. Unscrew mouthpiece, remove capsule from chamber, and throw away 

capsule.

15. Repeat steps 4 through 14 three more times until all four doses (four 

capsules) have been used.

Critical Steps in Use of Multiple Unit-Dose DPI27

Use of Diskhaler
1. Remove cover of Diskhaler and ensure that device and mouthpiece are clean.

2. Extend tray, and push ridges to remove tray.

3. Load medication disk on rotating wheel.

4. Pull cartridge all the way out, and then push it all the way in until you see 

medication disk in dose indicator.

• BOX 3.10



53  CHAPTER 3 Administration of Aerosolized Agents

5. Keep device at and lift back of lid until it is lifted all the way up to pierce 

the medication blister.

6. Click back into place.

7. Move Diskhaler away from mouth, and breathe out as much as possible.

8. Place the mouthpiece into mouth.

9. Ensure that air hole on mouthpiece is not blocked.

10. Inhale as quickly and deeply as possible.

11. Move Diskhaler away from mouth and hold breath for 10 seconds or as 

long as possible.

12. Exhale slowly.

13. If another dose is needed, pull cartridge out all the way, and then push it 

back in all the way so that next blister can be moved into place; repeat 

steps 5 through 12.

14. Place mouthpiece cover back on after treatment. Keep remaining blisters 

sealed until inspiration to protect from humidity and loss.

Critical Steps in Use of Multiple-Dose DPI

Use of Diskus Inhaler
1. Push thumbgrip away from you to expose mouthpiece.

2. Hold Diskus in a level (horizontal) position, slide lever next to mouthpiece 

away from you until it clicks.

3. Hold Diskus level and exhale away from mouthpiece.

4. Put mouthpiece to lips, and inhale steadily and deeply through Diskus.

5. Remove Diskus from mouth, hold breath for about 10 seconds if possible, 

and breathe out slowly away from device.

6. Close mouthpiece cover by sliding thumbgrip back toward you.

7. Rinse mouth with water when using a corticosteroid.

8. Do not wash any part of device; keep it dry.

Use of Flexhaler27

1. Twist and lift off cover.

2. Hold mouthpiece of Flexhaler up while loading a dose.

3. Do not hold mouthpiece while inhaler is loaded.

4. Twist brown grip in one direction as far as it goes, regardless of the way 

you turn it rst.

5. Twist grip back in the other direction completely.

6. Listen carefully for a click during each of the twisting movements.

7. Do not exhale into device.

8. Place mouthpiece in mouth, seal mouthpiece with lips, and inhale deeply 

and forcefully through inhaler.

9. Remove inhaler from mouth, and hold breath for 10 seconds or as long as 

possible.

10. Exhale, but do not blow, into mouthpiece.

11. If more than one dose is required, repeat steps 2 through 10.

12. Put cover back on inhaler, and twist shut.

13. Rinse mouth with water after each dose to reduce risk of developing 

thrush; do not swallow rinsing water.

Use of Pressair
1. Remove protective cap by squeezing arrows marked on each side of cap 

and pulling out.

2. Hold Pressair outside of mouth, mouthpiece facing you, green button 

facing straight up.

3. Press green button all the way down before inserting into mouth.

4. Check control window to make sure color has turned from red to green, 

which means that dose is ready; if not repeat step 3 until control window 

turns green.

5. Exhale completely, not exhaling into inhaler.

6. Place mouth around mouthpiece and inhale until a click is heard, 

continuing to inhale all the way even after click is heard.

7. Remove inhaler from mouth, and hold breath for as long as possible.

8. Exhale, but do not blow, into mouthpiece.

9. Check to make sure control window has turned red, which means that 

dosing was successful; if not, repeat steps 5 through 9.

10. When done, return cap to mouthpiece.

Use of Ellipta
1. Slide cover down until a click is heard and mouthpiece is exposed.

2. Holding inhaler away from mouth, exhale completely, but not into inhaler.

3. Place mouth around mouthpiece, and inhale, being careful to not block air 

vent.

4. Remove inhaler from mouth, and hold breath for 3 to 4 seconds or as long 

as possible.

5. Exhale, but not blow, into mouthpiece.

6. When done, slide cover over mouthpiece as far as it will go.

Common Errors in Use27

• Not inhaling correctly

• Failure to pierce or open drug package

• Using the inhaler in wrong orientation

• Failure to prime

• Exhaling into inhaler at any point in process

• Not exhaling to residual volume before inhalation

• Not inhaling forcefully enough

• Covering inhalation vents

• Inadequate or no breath hold

• Exhaling through mouthpiece after inhalation

Cleaning Instructions: Dry Powder Inhaler

The DPI should not be washed and submerged in water because moisture 

decreases drug delivery. If necessary, the mouthpiece may be wiped with a 

dry cloth. Each manufacturing company recommends periodic cleaning and 

suggests wiping the mouthpiece of the DPI with a clean, dry cloth.27

• BOX 3.10 Use of Dry Powder Inhalers—cont’d

DPI, Dry powder inhaler.

f verse ees when ring he w eivery ehs. I 
hs een ne h he ie require fr s  inin n 
iniser  ninuus ers is ess hn h require wih n 
inerien neuizer.

Aerosol Delivery of β
2
 Agonists to Patients Receiving 

Mechanical Ventilation

e quiy f eviene nerning he inisrin f rn-
hirs  iens reeiving ehni veniin is fir. 
ere sees  e n ierene in ee, regress f  neuizer 
r n MDI wih  hing her eing use  eiver rn-
hirs  us r hiren wh re ehniy venie. 

Cnerning iens reeiving nninvsive veniin, here is 
ie eviene  sugges whih fruin is suerir. In ny 
se, wih invsive veniin n nninvsive veniin, he 
ehni frs fr eivering n ersize gen hve hnge 
riy.

Aerosol Delivery of Short-Acting β
2
 Agonists for Asthma 

in the Outpatient Setting

Ang uiens using eiher n MDI (wih r wihu  h-
ing her) r  DPI, here sees  e n ierene in ee 
n ung funin n sh sys. Hwever, he nee fr 
 hing her is evien; he ierure fvrs he use f his 
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evie. Lie reserh hs een ne n he use f neuizers in 
he uien seing. Seein f he s rrie ers 
evie fr uiens us e e n  se-y-se sis.

Delivery of Inhaled Corticosteroids for Asthma

Wheher n MDI wih  hing her r  DPI is use, 
sy sres n ung funin rein he se ng u 
iens wih sh ree wih inhe riseris.

Delivery of β
2
 Agonists and Anticholinergic Agents for 

Chronic Obstructive Pulmonary Disease

Eviene ghere in he reen f iens wih COPD shws 
n ierene in ee wheher  neuizer, n MDI wih r wih-
u  hing her, r  DPI is use. Seein f he rer 
ers evie eens n nuerus frs.

Factors to Consider

ere re ny frs  nsier when seeing he rer er-
s evie:
• Pien r ini referene
• Cnveniene f evie
• Priiy f evie
• Duriiy f evie
• Cs n reiurseen
• Drug viiiy
• Aiiy f  resrie rugs  e eivere y se evie

Afer hese frs hve een resse n seein hs ken 
e, i is irn  eue he ien rery. Euin 
f he ien nn ke e uni rer euin f he RT 
hs een ee.

Lung Deposition and Loss Patterns With 

Traditional Aerosol Devices

K E Y  P O I N T

A traditional aerosol device delivers approximately 10% to 15% of the total 

dose to the airway. Because total dose amounts differ among the various 

types of devices for the same drug, these devices do not necessarily deliver 

equivalent amounts of drug. Newer aerosol devices, as well as some still in 

development, are more efcient, with resultant lung depositions of 30% to 

50% or greater. This improved efciency in lung delivery will necessitate dose 

modications.

Aers evies h hve riiny een use in resirry 
re eiver rxiey 10%  15% f he  rug se  
he ung. e ern f ss  he uh, sh, n igesive 
rus n hrugh exhin iers ng he evie yes. 
Fig. 3.6 shws he erenge f se esie in he ung n 
he ern f ss wih rug eivery syses h hve riin-
y een use in resirry re: n MDI, n MDI wih  ser, 
n SVN, n  DPI.

Se f he ung esiin  resene in Fig. 3.6 re su-
rize in he fwing is, ng wih infrin fr i-
in suies, inuing ne ring CFC n HFA fru-
ins. e erenge f ung esiin is uh greer wih he 
HFA fruin.
• MDI (CFC, ehneiu 99 [99T]-ee Ten): .%90

• MDI (HFA, 99T e): 53%91

• MDI n ser (CFC, 99T-ee Ten n InsirEse; 
Shering Cr., Kennewrh, New Jersey): 14.%92

• SVN (99T e; Insirn Mini-Ne, Br Inernin f 
Sunern, Engn): 12.4%93

• DPI (Turuher): 14.%  27.7%94

MDIs n SVNs shw he grees nrs in he ss -
ern f ers rug. Ms f he ss wih n MDI urs in he 
uh n sh (rxiey 0%). e ss wih n SVN 
is ririy in he eivery rus (66%), wih s f h 
reining in he neuizer, wheres n MDI ses rxiey 
10% in he ur.

Aing  ser r hing her  n MDI reues he 
un f rug s in he rhrynx n in he sh.95 e 
DPI is siir  he MDI in is ern f ers ss.

Equivalent Doses Among Device Types

If riin MDI, SVN, n DPI evies  eiver rxi-
ey he se erenge f  evie se  he ungs, wih 
he exein f HFA fruins, n he nin se in he 
evies iers, hen ieren uns f rug re e wihin 
he ung. Fr exe, he se f uer,  β-renergi rn-
hir, y MDI versus neuizer is s fws:
• MDI: 2 us, r 0.2 g (200 g)
• SVN: 0.5 , r 2.5 g (2500 g)

e ri f MDI  SVN se is rxiey 1:12. If 
rxiey 10% f he se rehes he ungs, very ieren 
ses re eing eivere fr hese ers evies. Fr exe, 
if we ssue h 10% f n uer se rehes he ungs when 
inisere vi n MDI n n SVN, hen  ung se f 20 
g wu e given vi he MDI versus  ung se f 250 g 
fr he SVN (10% f 200 g versus 10% f 2.5 g). Sever 
suies hve exine his quesin f equien ses eween 
eivery evies. An equien se is he se y eh eivery 
eh h rues n equiven egree f ee (fr rnh-
irs, his wu e rnhiin).

e snr ierene in se eween he MDI n SVN 
eivery ehs fr uer is in he ri f 1:12. Hwever, 
 es w suies sugges MDI/SVN se ris f 1:3 n 1:4 
 hieve equ rnhiin r equiven uns f rug 
eivery  he ung.96,97 An equien se ri f 1:3 r 1:4 is 
hieve y inresing he nuer f us fr he MDI  7 r 
10 in he w suies.

One f he eres seens n he quesin f eivery e-
ieny ng riin ers evies resue fr he suy 
y Zinuin e .9 is suy exine rug eivery y MDI 
(CFC rens), DPI (Rher), n gs-were SVN 
(Arn). e resus re riury hefu euse he invesi-
grs use he se se f 400 g f uer (su) 
in eh f he evie yes; his we fr  ire irgr-
fr-irgr risn f he se fr he evies. e er-
enge f ung esiin is shwn in Fig. 3.25, wih n MDI 
eivery f 11.2%,  DPI eivery f 9.1%, n n SVN eivery 
f 9.9%.

e ini resnse, esure s he irveen in FEV
1
, 

is s siir, hugh he hnge wih he MDI (35.6%) is s-
isiy signiny greer hn h seen wih he DPI (25.2%) 
r he SVN (25.%),  resu n we exine in he suy. 
ese resus sur he view h he un f ers rug 
eivere  he ung is siir wih ny f he hree evie yes, 
n he ini resnse is siir. e un f rnhi-
in ine is  reein f he se f rug given n n he 
eh f eivery.

99,100 As isusse in he fwing sein, he 



55  CHAPTER 3 Administration of Aerosolized Agents

eveen f ers evies h re highy eien fr ung 
eivery f  rug is ikey  e  hnges in reene 
ses. Fr exe, he inrese eieny f MDI HFA–r-
ee eehsne, ie in he sein n HFA rens, 
hs resue in he use f hf he se nry fun wih MDI 
CFC–ree eehsne, wih equiven ees. ese 
hnges wi e wh nsiues equiven ses eween if-
feren yes f evies.

Lung Deposition With Newer Aerosol Devices

e eveen f inresingy eien evies re wih 
er MDIs, SVNs, n DPIs wi use he riin gures f 
10%  15% fr ung esiin  e revise uwr. Uness newer 
evies eey ree he er, riin ers generrs 
use iniy, here wi e  wie vriey f ung esiins seen, 
rher hn  singe rnge f 10%  15%. e un f ung 
eivery wi een n whih evie is use. Fig. 3.26 grhiy 
res ung esiin wih riin evies (MDIs, SVNs, 
n DPIs) wih ung esiin wih newer evies. ese  hve 
een ie fr sever suies n fr vrius rugs.101–103

One iiin f hnging n inresing ung esiin 
uns is h he  se fr  evie us e reue. 
Wih  greer erenge rehing he ung,  wer  se is 
neee fr he evie. Wihu rrin reuin in  
evie se, xi ees wu e ssie. Uiey, he ir-
n fr is n he evie er se, u rher he un f rug 
rehing he ungs when reing unry isese.

Clinical Equivalence of Metered Dose Inhalers 

and Nebulizers

I is si reivey n in ini rie  use n SVN inse 
f n MDI in eergen ue siuins requiring ers rnh-
ir eivery. Hwever,  rge n grwing y f eviene 
inies h n MDI wih  ser r hing her is s ee-
ive s n SVN in ue irwy sruin. An MDI wih  reser-
vir hs een shwn  e s eeive s n SVN in he reen 

• Fig. 3.25 Lung deposition and clinical response: comparison of three 

bronchodilator delivery methods. Shown are lung deposition (as percent-

age of total dose) and clinical response (percent improvement in forced 

expiratory volume in 1 second [FEV
1
]) after aerosol delivery of the same 

dose of albuterol (400 mg) from three types of aerosol devices. (Data from 

Zainudin, B. M., Biddiscombe, M., Tolfree, S. E., etal. [1990]. Comparison 

of bronchodilator responses and deposition patterns of salbutamol inhaled 

from a pressurized metered dose inhaler, as a dry powder and as a nebu-

lized solution, Thorax, 45, 469).

• Fig. 3.26 Comparison of lung deposition with older traditional aerosol 

devices (traditional metered dose inhaler [MDI], chlorouorocarbon-MDI; 

traditional small volume nebulizer [SVN], Inspiron MiniNeb; traditional 

dry powder inhaler [DPI], Rotahaler) and with newer devices (new MDI, 

hydrouoroalkane-beclomethasone103; new SVN, Respimat102; new DPI 

Spiros101).

f  ge grus, fr nnvenie reer infns (wih i-
in f  fe sk)  u iens in eergeny erens 
Te 3.4.104–107 surizes seee suies suring he ini 
equivene f eiher n MDI r n SVN in eergeny reen 
fr vrius ge grus. Airv n Newhuse10 uishe  -
rehensive review f suies n his issue. A e-nysis f suies 
ring rnhir inisrin y MDI r “we neu-
izer (i.e., SVN) nue h eiher eh ws equiven in 
he reen f ue irw sruin in us.109

Age Guidelines for Use of Aerosol Devices

I nn e ssue h every ien n rrey use eh ye 
f eivery evie. e ierenes, in riur, he reive vn-
ges n isvnges f he vie evies, n e use s he 
sis fr hsing whih ye f evie es hes  iens 
nees. Age is n irn fr  nsier when seeing n 
ers eivery syse. Age guieines hve een rvie in 
he Nin Ash Euin n Prevenin Prgr Exer 
Pne Rer 3 (NAEPP EPR 3)110 n re ise in Te 3.5. 
A nsierin h ies  he n eisin is isusse y 
Dvih e .69

Patient–Device Interface

K E Y  P O I N T

The patient–device interface is another variable in aerosol delivery to the 

lung and includes administration of intermittent positive-pressure breathing 

(IPPB); administration of the face mask; and delivery to intubated, ventilated 

patients, which is complicated by numerous variables.

Ms ers rug inisrin is hrugh r inhin; h 
is, he suje inhes he ers hrugh he en uh. Hw-
ever, her yes f inerfe ur in ini rie n rise 
quesins nerning ey n rug eivery. ese inue 
siive-ressure ers inisrin wih  fe sk n 
inisrin f ersize rugs hrugh ETTs.
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Administration by Intermittent Positive-Pressure 
Breathing

Ahugh inisrin hrugh IPPB hs een  ur fr 
f ers hery, he nsensus f reserh n his eh f 
eivery is h IPPB eivery f ersize eiin is n re 
iniy eeive hn sie snneus, unssise inhin 
fr SVNs.111–113 Cnsequeny, if he ien is e  rehe 
snneusy wihu ehni sur, he use f IPPB fr 
eivery f ersize rugs is n sure fr gener ini 
r -he use.

C L I N I C A L  C O N N E C T I O N

The respiratory therapist should prioritize using a mouthpiece over a mask. 

The use of a mask can decrease aerosol delivery by 50% or more.

TABLE 

3.4

Studies Showing Equivalence of Metered Dose Inhaler With Reservoir or Face Mask to Small Volume 

Nebulizer for Bronchodilator Administration in Acute Airow Obstruction for Various Age Groups

Age Group Drug Dosage Outcome Variables Reference

Preterm infants, 47 ± 4.8 days Albuterol* MDI/spacer/mask: 2 puffs (200 mcg) q4h Lung compliance, resistance Fok etal.104

SVN/mask: 0.2 mg × (200 mcg) q4h

Infants, 16 ± 15 months Albuterol MDI/HC/mask: 4 puffs (400 mcg) q20min × 3 Respiratory rate, clinical 

scores, admissions

Mandelberg etal.105

SVN: 2.5 mg q20min × 3

Children, 5-16 years Terbutaline MDI/HC/mask: 3 puffs (0.75 mg) × 1 Lung function, clinical scores Lin and Hsieh106

SVN/mouthpiece: 0.5 mL (2.5 mg) × 1

Adults, 64.6 ± 13.3 years Albuterol MDI/HC: 2 puffs (200 mcg) q15min × 3 Spirometry, asthma scores Mandelberg etal.108

SVN: 0.5 mL (2.5 mg) q15min × 3

*Albuterol is also known as salbutamol outside the United States.

HC, Holding chamber (valved reservoir); MDI, metered dose inhaler; spacer, nonvalved reservoir; SVN, small volume nebulizer.

TABLE 

3.5

Age Guidelines for Use of Aerosol Delivery 

Devices

Aerosol System Age

SVN ≤2 years

MDI >5 years

MDI with reservoir >4 years

MDI with reservoir/mask ≤4 years

MDI with ETT Neonate and older

Breath-actuated MDI >5 years

DPI ≥5 years

DPI, Dry powder inhaler; ETT, endotracheal tube; MDI, metered dose inhaler; SVN, small 

volume nebulizer.

Data from National Asthma Education and Prevention Program, National Heart, Lung, and 

Blood Institute, National Institutes of Health: National Asthma Education and Prevention Pro-

gram, Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma,  NIH 

Publication 08-4051. (2007). Bethesda, Maryland: National Institutes of Health.

Face Mask and Blow-by Administration

A fe sk wih n ers generr usuy is ie in infns 
n yung hiren r in eiie, unresnsive iens. e 
ini ey f  fe sk in  eiri iin hs een 
shwn y Resre e .44 n y Lin e .114 Lwenh n K-
n115 re fe sk n uhiee eivery f neuize 
uer in hiren n esens ges 6  19 yers fr eer-
geny eren reen f ue sh. eir suy fun 
h fe sk inisrin i n signiny irve ung 
funin esures, even in iens wih ns ngesin. ey 
seue h ngese ns ssges use uh rehing 
whie using he sk. Greer rer ws serve wih he fe 
sk gru, iying  higher sysei eve f rug re 
wih iens using  uhiee.

Lung esiin f rug hs s een esure fr uh-
iee n fe sk inisrin f ers rugs. Ms f he 
vie  re fr infns n hiren euse his ge gru 
is s ikey  e ree vi  fe sk r w-y fr er-
s eivery. Beuse he use f  sk ensres quesine 
resus, he use f w-y rvies negigie resus. Bw-y is 
n reene fr ny use.116

Mechanical Ventilation Administration

Aersize rug eivery ny urs wih inue nen-
 n u iens uring ehni veniin. D quni-
fying he eieny f ers inisrin uring ehni 
veniin hve een surize in  review y Grenhire.117

Evuin f ers eivery is ie y he nuer f 
vries inrue if he ien is reeiving ehni veni-
in n y he iuy in qunifying rug eivery urey. 
Bx 3.11 iss he ny vries f inisrin f n ers 
rug hrugh n ETT  venie iens. e ee f se f 
hese vries, wih SVN, VMN, n MDI ers inisr-
in, hs een invesige. e fwing is surizes he se 
f knwege resene y Grenhire117 n Dure.11

• Snneus rehing es rvie re ers re 
wih her nre venir es.

ALGrawany
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• e iin f  reh h y rvie iin rug 
eivery.
e use f HFA-MDIs y inrese he un f rug  

he inue ien. Mihe e .119 fun h he eie 
se f n HFA-MDI ws s six ies greer hn h f  
CFC-MDI.

Adjunct Systems for Aerosol Therapy

Ajun syses s w fr inisrin f ers hery 
hrugh high-w ns nnu (HFNC). A senry er 
(T-nner) n w fr inisrin f esh neuizers  
iens n n HFNC.120 Perry e . fun h re hn 60% f 
he neuizer se (Auer) in n HFNC esh neuizer e 
in vir ws uy esie in he er rher hn rehing 
he ien.121 A rns-ns ers eivery evie is s use s n 
jun er fr ers eivery vi ns rue.122 is rns-
ns unry ers eivery (PAD) evie is evee  
eiver  nsn ers uu f 2 L/hur fr  ns nnu 
ririy fr inisrin vernigh  iens.122 Reserh hs 
shwn h he PAD hieves  39% unry esiin, siir 
 n r je neuizer.122 is er is hefu fr iens wih  
nee fr ssive ers hery, inuing ysi rsis iens.120

Technological Adjuncts for Aerosol Therapy

Sever ie iins n inher sensrs rvie n ru-
niy fr iens  rk heir eiin sge, iing, n r-
vie feek n inher ehnique.123 Preer Heh evee  
fr fr rking inher inisrin vi  igi heh i-
in n inher sensrs.123 is syse, ie wih ny 
MDIs, inuing he Nvris Breezher n GxSihKines 
Diskus n Ei.123 is sei ehngi inerfe resue 
in  7% reuin in resue inher use n n irveen in 
sy-free ys ng shi iens in ne suy.124

Anher ie iin, he HiieTM, s rvies rein-
ers fr eiin usge.123 Chn n egues fun h his 
igi iin resue in irve eiin herene (y 
10%) n reue resue inher usge (y 45%).125

Recommendations for the COVID19 Pandemic

K E Y  P O I N T

Exposure to contaminated aerosols from COVID-19 patients is a serious 

concern for health care professionals and other individuals. Providers should 

utilize MDIs for mild COVID-19 for individuals capable of effective MDI 

administration.

e risk f COVID-19 exsure fr fugiive erss is  jr 
nern is he urren COVID-19 nei fr heh 
re wrkers. Reenins fr iizing ien re-
en n iniizing exsure  COVID-19 ng heh 
re rviers inue rviing MDIs  iens wih i 
COVID-19 wh re e f eeive MDI inisrin.126

Mesh neuizers re s referre ver je neuizers fr ven-
ie iens wih severe COVID-19, sine esh neuizers 
eiine he nee fr reking he venir irui n risk-
ing exsure f COVID-19. Aiiny, esh neuizers r-
vie  eer ernive  MDIs, whih s require reking 
he venir irui. Mesh neuizers n rvie he i 
un f rug esiin  he ien, eseiy when ire 
wih rviing n equey ie insirry h n rer 
een f he je neuizer.126

Summary of Variables Present in Aerosol 

Delivery to Intubated, Mechanically 

Ventilated Critical Care Patients

Ventilator

• Nebulizer power system

• Duty cycle (ow, volume, rate)

• Inspiratory ow pattern

• Mode of ventilation

• Breath modications (PEEP, ination hold)

• Spontaneous, assisted, or controlled breaths

• Humidication and temperature

• Position of generator in circuit

• Size of ETT

Aerosol Generator

Small Volume and Vibrating Mesh Nebulizer
• Volume of ll

• Type of solution

• Brand of SVN

• Intraproduct reliability

• Continuous versus intermittent

• Flow rate

Metered Dose Inhaler
• Timing of actuation

• Use and design of reservoir device

• Type of drug used

ETT, Endotracheal tube; PEEP, positive end-expiratory pressure; SVN, small volume nebulizer.

• BOX 3.11

• In n u,  iniu f 500 L i vue is neee  
rvie eius ers eivery.

• e wer he w, he re eeive is he ers eivery.
• Sinusi n esening wve frs hve eer ers 

eivery re wih squre frs.
• A he n isure exhnger (HME) shu e ysse 

when eivering ersize gens.
• He n huiiy erese ers rie eivery  he 

ungs.
• e ierure kes ne h  reuin in huiiy y 

inrese he nuer f inhe ries, u euse se 
neuizers require  nger ie  neuize, isnneing  
irui  yss he huiier u e  inrese risk f 
venir-ssie neuni.

• e ieer f he ue ys  re in he iin f er-
s ries. e nrrwer he ue (e.g., in eiris), he 
wer is he erenge f rug h is eivere  he ien.

• e use f  ess ense gs, suh s  heiu–xygen ixure 
(heix), n inrese rie esiin.

• Bh n MDI n  neuizer n e use eeivey in 
inisering inhe gens   ien reeiving ehni 
veniin.

• T irve ers eivery, n SVN shu e e fer 
he huiier, u s se  he venir n wy fr he 
irui Y, inse f eween he irui Y n he ETT.

• VMNs n e e efre he huiier.
• VMNs n MDIs re eeive 6 inhes fr he irui Y.
• When using n MDI, iing he uin f he ers 

evie wih reise insirin y he venir y inrese 
rug eivery y 30%.



58 UNIT A Basic Concepts and Principles in Pharmacology

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. What are the three most common aerosol-generating devices used to 

deliver inhaled drugs?

2. Describe the inspiratory pattern you would instruct a patient to use with 

an MDI.

3. What are three advantages offered by a reservoir device used with an 

MDI?

4. Would a DPI be appropriate for a 3-year-old child with asthma?

5. What is meant by the term dead volume in an SVN?

6. What are the optimal lling volume and the power gas ow rate to use 

with an SVN?

7. How does the electrostatic charge affect an MDI when used with a 

holding chamber?

8. Which device would be better to deliver a β agonist to an adult patient in 

the emergency department—SVN, MDI, or DPI?

CLINICAL SCENARIO

Answers can be found in Appendix A

A 17-year-old boy with a history of allergic asthma is given a 

prescription for MDI albuterol, a bronchodilator used as a rescue agent. The 

HFA formulation of albuterol (Proventil HFA) is prescribed. After using the 

MDI a few times, the patient complains to you that even though he can feel 

that there is drug in the canister when he shakes it before using, it feels as if 

“very little spray” is coming out when he inhales a puff. He believes the MDI 

is not functioning properly and that he is not getting the regular inhaled dose.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms pertaining to calculating drug dose

2. Use the metric system

3. Calculate drug doses using proportions

4. Calculate drug doses using percent-strength solutions

K E Y  T E R M S  A N D  D E F I N I T I O N S

Percent Part of the active ingredient that is in a solution 

containing 100 parts.

Schedule Amount of drug that is needed on the basis of a 

patient’s weight.

Solute Substance or active ingredient that is dissolved in a 

solution.

Solution Physically homogeneous mixture of two or more 

substances.

Solvent Substance, usually a liquid, used to make a solution.

Strength Amount of solute in a solution; usually expressed as a 

percentage.

4

Resirry heriss re highy skie heh re rviers wh 
wrk in ny ieren res wih her heh re rviers. 
Densring  gener knwege f rug sing hs siive 
ees n  iens. Cher 4 resens uins f rug 
ses. Syses f esure re reviewe riey. Dse uins 
fr rere-srengh fruins suh s iquis, es, n 
sues re resene wih exes. Cuins f ses fr 
suins whse nenrins re exresse s eren srengh, 
ng wih inrvenus se uins, re resene wih 
exes. Prie res n nswers re inue.

Systems of Measure

Metric System

K E Y  P O I N T

Drug calculations use the metric system of measure.

Te 4.1 rvies eri unis f esures fr engh, vue, 
n weigh. Priry unis in he eri syse re:

Length: Meer
Volume: Lier
Mass: Gr
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Frin rs, r uies f hese riry (se) unis, re 
exresse y ing Lin rexes fr sizes ser hn he riry 
uni n Greek rexes fr sizes rger hn he riry uni. Ex-
es f Lin n Greek rexes fun in Te 4.1 re s fws:

Decreasing prexes (Latin):
Mir = 1/1,000,000
Mii = 1/1000
Ceni = 1/100
Dei = 1/10

Increasing prexes (Greek):
De = 10
He = 100
Ki = 1000

TABLE 

4.1

Metric System of Length, Volume, and Mass 

(Weight)

Length

1 kilometer (km) = 103 meters = 1000 meters

1 hectometer (hm) = 102 meters = 100 meters

1 decameter (dam) = 101 meters = 10 meters

1 Meter (m) Base Unit 1 meter

1 decimeter (dm) = 10−1 meter = 0.1 meter

1 centimeter (cm) = 10−2 meter = 0.01 meter

1 millimeter (mm) = 10−3 meter = 0.001 meter

1 micrometer (µm) = 10−6 meter = 0.000001 meter

Volume (Capacity)

1 kiloliter (kL) = 103 liters = 1000 liters

1 hectoliter (hL) = 102 liters = 100 liters

1 decaliter (daL) = 101 liters = 10 liters

1 Liter (L) Base Unit 1 liter

1 deciliter (dL) = 10−1 liter = 0.1 liter

1 centiliter (cL) = 10−2 liter = 0.01 liter

1 milliliter (mL) = 10−3 liter = 0.001 liter

1 microliter (µL) = 10−6 liter = 0.000001 liter

Mass

1 kilogram (kg) = 103 grams = 1000 grams

1 hectogram (hg) = 102 grams = 100 grams

1 decagram (dag) = 101 grams = 10 grams

1 Gram (g) Base Unit 1 gram

1 decigram (dg) = 10−1 gram = 0.1 gram

1 centigram (cg) = 10−2 gram = 0.01 gram

1 milligram (mg) = 10−3 gram = 0.001 gram

1 microgram (mcg or µg) = 10−6 gram = 0.000001 gram

1 nanogram (ng) = 10−9 gram = 0.000000001 gram

1 picogram (pg) = 10−12 gram = 0.000000000001 gram

In uing rug ses, he eri unis fr vue n ss 
(weigh) re neee. A ny enunere uni f vue in 
resirry re hrgy is he iiier (L), r 0.001 ier 
(L). Cn unis f weigh re kigr (kg), gr (g), i-
igr (g), n, wih ersize rugs, irgr (µg, r g, 
s use in his ex). B eves f rug uns wihin he y 
y e in nngrs er iiier (ng/L). Cnversins wihin 
he eri syse shu e fiir, suh s nvering 1 g  
0.001 g, 500 L  0.5 L, r 0.4 g  400 g. Fiiriy wih 
ei frins n wih he her si rues f rihei is 
neessry fr rug se uins.

A gr is ene s he weigh f 1 L f isie wer  
4°C in vu. Uner hese niins, 1 g f wer n 1 L f 
wer re equ. is, hwever, shu n e use  nver fr 
weigh  vue euse, eening n he eerure, res-
sure, n nure f he susne, 1 g f iqui is n wys equ 
 1 L f iqui.

Ahugh hree ieren syses f esure hve een use in 
rug uins, eri unis f esure re urreny eye 
wih fruins in he Unie Ses. erefre,  f he ex-
es in his her re se n he eri syse.

International System of Units

K E Y  P O I N T

Volume and weight measures are commonly encountered in pharmacology.

e Inernin Syse f Unis, r Système International 
d’Unités (SI), ws e in 1960 n is he ern eri sys-
e. e SI syse is we resene y Churn1 wih nver-
sin frs eween er eri unis fr vue n he Eng-
ish syse f esureen unis. e SI syse is se n he 
eer–kigr–sen (MKS) syse, wih vue s  erive 
uni f engh. e riry unis f ineres in hrgy -
uins re s fws:

Mass: Kigr (kg)
Volume: Cui eer (3)

Ahugh he se uni f esure in he SI syse fr vue 
is he ui eer, he ier n is frins r uies re ur-
reny ee in esures f iqui vue:

Equivene  L:10 13 3



C L I N I C A L  C O N N E C T I O N

In respiratory therapy, most drug doses are expressed in milligrams (mg) 

or micrograms (mcg). Milligrams are common in liquid aerosol agents that 

use a nebulizer. Micrograms are often found in metered dose inhalers (MDIs) 

and dry powder inhalers (DPIs).

Household Units of Measure

K E Y  P O I N T

Household measures (e.g., teaspoon, tablespoon) are also used in the admin-

istration of medications.
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In gener, he eri syse f esure is use fr rug uns. 
Hwever, huseh esures, suh s esns r esns, 
re use in he inisrin f eiins in he he envi-
rnen. Fr exe,  ugh syru y hve  e giving  
usu u se s “1 esn every 6 hurs. Huseh e-
sures re innsisen— esn esure y vry fr 3  5 
L. Ahugh he eri syse, whih is re ex n nsis-
en wih iigrs, irgrs, n iiiers, is reene 
in e f huseh esures, he fwing equivenes y e 
hefu. Use f huseh esures, suh s esns, n e very 
hefu in isussing uns f susne wih  ien.

1 esn = 5 L = 60 rs
1 esn = 15 L = 3 esns
1 u = 240 L =  ui unes

Calculating Doses From PreparedStrength 

Solutions

K E Y  P O I N T

The two types of drug calculations include prepared-strength doses and 

doses from solutions with a concentration expressed as a percentage.

One he iniin is e  nver freey wihin he eri sys-
e, i is ssie  egin uing rug ses. Cuins 
genery re f he fwing w yes:
1. se invving uis, es, r sues f  given srengh 

(e.g., 5 g/L)
2. se invving suins f  eren srengh (e.g., 0.5 L f 

 0.5% suin)
Eh ye f se uin is esrie serey.

Calculating With Proportions

When using  rere-srengh iqui, e, r sue, yu nee 
 eerine hw uh iqui r hw ny es r sues 
re require  give he un, r se, f he rug rere. Fr 
exe, if ne e f  rug nins 5 g n yu wn  give 
2.5 g, hf  e us e given. e sies n ry he 
s ure, errr-free eh f uin when using  vi f 
 rere-srengh rug (r  e r sue) invves w ses:
1. Cnver  nsisen unis f esure.
2. Se u  srighfrwr rrin:

Origin se

Per un

Desire se

Per un
=

In se 1, his nversin y e fr grs  iigrs 
wihin he eri syse r fr hery  eri, if n 
hery sge srengh hs een rere. In se 2, se u he 
srighfrwr rrin. Uiey, yu wi e sving fr n 
unknwn, r x.

 Example 1

You have tablets of a drug, each 250 mg in strength. If the patient needs 

0.5 g of the drug, how many tablets should be administered?

Solution: If you need 0.5 g of the drug, either convert 250 mg to 

0.25 g or convert 0.5 g to 500 mg (preferred). Once the units are consistent, 

set up the proportion to nd the unknown—that is, the number of tablets 

needed to deliver the desired dose to the patient. Using the preceding 

formula,

Original drug dose = 250 mg

Per amount = per tablet

Desired drug dose = 0.5 g = 500 mg

Per amount = unknown

250

1

500

250

250

500 1

250

500

250

2

mg

tab

mg

tab

tab

tablets












x

x

x

x

 Answer

e un require is w es.
Ahugh his uin is riviy er n n e erfre 

eny, hers y require uin fr he ske f ury.

 Example 2

You have 120 mg of a drug in 30 mL of elixir. How many milliliters of elixir 

will you use to give a 15-mg dose?

Solution:

120

30

15mg

mL

mg
=

x

Cross-multiplying:

120 450mg ( )x =

Divide both sides by 120 to isolate x:

120

120

450

120

3 75

x

x

=

=mL mL.

 Answer

e un require is 3.75 L.

Siiin is ssie, suh s reuing 120 g/30 L 
 4 g/L. en, euse yu knw h here re 4 g in 
every iiier, siy ivie 4 g/L in 15 g  eerine 
hw ny iiiers re neee. Reuing  iqui  is sge 
srengh er 1 L fen ws fr quik en uin f 
he se. Cuin n re shu, hwever, e exerise in he 
inii reuin. An errr  h in wi use  susequen 
sge errr. Do not hesitate to write out a calculation: Even in  
usy ini seing,  iens we-eing shu ke reeene 
ver  riiners rie in his r her hei rwess.

Drug Amounts in Units

K E Y  P O I N T

Prepared-strength doses involve calculating how many tablets, capsules, 

or milliliters of a liquid are needed to administer a given amount of a drug 
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and are most easily calculated by using a proportion after units are made 

consistent as follows:

Original dose

Per amount

Desired dose

Per amount
=

Se rugs re nufure in unis (U) rher hn in grs r 
iigrs. Exes re eniiin, insuin, n herin. Sving 
se res fr hese rugs is exy he se s fr he her 
sge unis reviusy enine.

 Example 3

A brand of sodium heparin is available as 1000 U/mL. How many milliliters 

do you need for 500 U of the drug?

Solution: Utilizing (Original dose)/(Per amount) = (desired dose)/(per 

amount)

1000 1 500U mL U mL= x

Set up the proportion in the prepared-strength formula.

By cross-multiplying, we obtain:

1000 500( )x =

Divide both sides by 1000 to isolate x:

1000

1000

500

1000

0 5

( )

mL mL

x

x

=

=

 Answer

e un require fr 500 U, given he rere-srengh iq-
ui, is 0.5 L.

ere is n univers equivene eween unis s  esure 
f un n he eri weigh syse. Unis re use wih i-
gi snrizin n re ene fr eh rug y  snr 
rerin f h rug when he rug is esure in unis. Fr 
exe, here is  snr rerin f igiis nsising f 
rie, were igiis eves; 100 g f his rerin equs 
1 Unie Ses Phrei (USP) uni f iviy. In his wy 
when rugs re exre fr nis, ns, r iners, here 
is  snr referene rerin. Ne h 100 g is n 1 U fr 
every rug wih unis; fr exe, insuin hs  snr rer-
in f 0.04 g = 1 U. When  rug is ise s  ure hei 
fr, eiher exre s he ive susne in  nur sure 
r synhesize in he rry, igi snrizin se 
n  snr rerin fr he nur sure is n nger 
neessry. e sei hei un is given in eri weigh 
r vue esure.

Calculations With a Dosage Schedule

Seies he se f  rug us e ine fr  schedule, 
whih y e se n he size f  ersn. Fr exe,  sug-
gese sheue fr uer syru in hiren ges 2  6 yers 
is 0.1 g/kg f y weigh. is ens h he dose us 
e ue fer he y weigh is ine, n hen he 
un f he rug rerin neee fr reen n e 
ue.

 Example 4

Using a schedule of 0.1 mg/kg for albuterol syrup and a prepared-strength 

mixture of 2 mg/5 mL, how much of the syrup is needed for a 20-kg child?

Solution:

Calculate the dose needed:

Dose = 0.1 mg/kg × 20 kg = 2.0 mg

or

0 1

1 20

. mg

kg kg
=

x

Next, calculate the amount of the preparation by cross-multiplying and 

solving for x:

2

5

2mg

mL

mg

mL
=

x

Simplifying,

2 10

5

( )

mL mL

x

x

=

=

 Answer

is 20-kg hi nees 5 L f uer syru.

Additional Examples: PreparedStrength Drugs

 Example 5

An injectable solution of glycopyrrolate with a prepared strength of 0.2 mg/

mL is used for nebulization. How many milliliters are needed for a 1.5-mg 

dose?

Solution:

Original dose per amount: 0.2 mg/mL

Desired dose: 1.5 mg

Amount needed: x mL

Substituting:

0 2

1

1 5. .mg

mL

mg

mL
=

x

Using cross-multiplication to simplify:

0 2 1 5 1

1 5

0 2

7 5

. . ( )mg ( ) mg mL

mL mL

x

x

x

=

=

=

 Answer

An un f 7.5 L wi nin he esire se f 1.5 g, 
using he rere srengh given.

 Example 6

You have 1 mg/mL of terbutaline in an ampule for injection. How much do 

you need to give a 0.25-mg dose subcutaneously?

Solution:

Original dose per amount: 1 mg/mL

Desired dose: 0.25 mg

Amount needed: x mL
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Substituting:

1

1

0 25mg

mL

mg

mL
=

x

Solving for x:

1 0 25 1

0 25

mg mL mg mL

mL

( ) ( ).x

x

=

=

 Answer

Give 0.25 L fr he esire se f 0.25 g.

 Example 7

A dosage schedule for a surfactant (see Chapter 10) calls for 5 mL/kg of 

body weight. If a premature infant weighs 1200 g, how many milliliters are 

needed?

Solution:

Convert body weight to kilograms:

1 1000 1200 1 2kg g g kg 

Multiply the weight in kilograms by the schedule of 5 mL/kg:

x mL kg mL kg mL  1 2 5 6.

 Answer

On he sis f he sge sheue n weigh, 6 L shu e 
given.

 Example 8

The prepared strength of a drug is 100 mg/4 mL. The dosage schedule is 

100 mg/kg of birth weight. A premature newborn weighs 1100 g. Based on 

the weight of the newborn, what dosage is needed? How many milliliters of 

the drug should be given to achieve this dose?

Solution: To determine the dose that is needed, perform two steps:

Convert the birth weight to kilograms:

1 1000 1100 1 1kg g g kg 

Multiply the birth weight by the dosage schedule to nd the dose required:

x mg mg kg kg mg  100 1 1 110.

The dose needed is 110 mg of drug.

Solution: To nd the number of milliliters required to achieve this dose:

Original dose per amount: 100 mg/4 mL

Desired dose: 110 mg

Amount needed: x mL

Substituting:

100

4

110

100 110 4

110 4 100

4

mg

mL

mg

mL

mg ( ) mg mL

mg mL

=

=

=

=

x

x

x

x

( )

( )[ ] /

.44 mL

 Answer

On he sis f he sge sheue, he weigh f he newrn, 
n he rere srengh, 4.4 L wi give he neee se f 
110 g.

Calculating Doses From PercentStrength 

Solutions

K E Y  P O I N T

Calculating doses based on a percent-strength concentration of a solution 

can be done by using the following equation:

Percent strength in decimals

Solute in grams or cubic centimete

( )

(
=

rrs

Total amount solute and solvent

)

( )

Beuse n re f exerise fr resirry heriss is su-
ins fr ersizin, suins n eren srenghs fen re 
neee  ue  rug se. A solution nins  solute, 
whih is issve in  solvent, giving  hgeneus ixure. 
e strength f  suin is exresse s he erenge f sue 
reive   sven n sue. Percent ens rs f he 
ive ingreien (sue) in  rerin nine in 100 rs 
f he  rerin (sue and sven).

Types of Percent Preparations

Weight to Weight

Peren weigh  weigh (W/W) exresses he nuer f grs 
f  rug r ive ingreien in 100 g f  ixure:

W W Grs er g f ixure: 100

Weight to Volume

Peren weigh  vue (W/V) y e exresse s he nuer 
f grs f  rug r ive ingreien in 100 L f  ixure:

W V Grs er L f ixure: 100

Volume to Volume

Peren vue  vue (V/V) exresses he nuer f iii-
ers f rug r ive ingreien in 100 L f  ixure:

V V Miiiers er L f ixure: 100

Solutions by Ratio

When iuing  eiin fr use in n ers r inerien 
siive-ressure rehing (IPPB) reen,  sue--sven 
ri is frequeny given (e.g., einehrine 1 : 100).

Ratio by Grams to Milliliters

In he reeing exe, he fwing is inie:

1 200
1

200
0 005 100 0 5g er L f suin

g

L
   . . %
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(Muiying y 100 is he se s ving he ei two es 
 he right.)

is is he ri inie in riin exes, suh s ei-
nehrine 1 : 100, whih is  1% srengh suin:

1

100
0 01 100 1

g

L
  . %

Ratio by Simple Parts

In he fwing r--r exe, u rs f eiin 
 rs f sven re inie:

1: 1 r   rs, whih is he se s   21
4=

Pr--r ris  n inie u uns r sei 
unis, hugh usuy  ri f iiiers  iiiers is en. 
I is ssue yu knw h ¼ r ½  f n gen is given s he 
usu se n n 1 . An rer suh s 1 :  is n reise—
wihu furher seiins—u he un f  rug (e.g., 
wheher 0.25 L r 0.5 L)  e given.

Solving PercentStrength Solution Problems

Fr suins in whih he ive ingreien isef is ure (uni-
ue, 100% srengh), he fwing equin n e use:

 Equation 1

Percent strength in decimals

Solute in gram or cubic centimeter

( )

(
=

ss

Total amount solute and solvent

)

( )

Aernivey,  ri fr n e use:

 Equation 2

Amount of solute

Total amount

Amount of solute

parts grams or cu
=

100 ( bbic centimeters)

When he ive ingreien, r sue, is rey iue n 
ess hn ure, he fwing equin n e use:

 Equation 3

Percent strength in decimals

Dilute solute Percent strengt

 


( ) ( hh of solute

Total amount solution

)

( )

In Eq. 3, he sue (ive ingreien) uiie y he er-
en srengh gives he un f ure ive ingreien in he 
iue suin. is equin s ny ne iin  he 
fru given in Eq. 1—uiying he iue sue y is u 
eren srengh, wih he resu iniing he un f ive 
ingreien   100% (ure) srengh. Fr exe, 10 L f 10% 
sue ens yu hve 1 L f ure (100%) sue. Pu nher 
wy, yu wu nee 10 L f iue sue  hve 1 L f 

ure sue (ive ingreien). When use in Eq. 3, he unknwn 
is usuy hw uh f he iue sue, r ive ingreien, is 
neee in he  suin  give he esire srengh. e re-
eing equins re iusre in he w exes ew.

K E Y  P O I N T

Move the decimal point to convert easily between grams, percent strength, 

and milligrams per milliliter. If beginning with percent strength (e.g., 1%), 

move the decimal one place to the right to convert to milligrams per milliliter 

(e.g., 1% = 1.0% = 10 mg/mL). If beginning with percent strength (e.g., 

10%), move the decimal two places to the left to convert to grams (e.g., 

10% = 10.0% = 0.10 g).

 Example 9

Undiluted active ingredient: How many milligrams of active ingredient are 

there in 2 cc of 1 :200 isoproterenol?

Solution:

Percent strength: 1 :200 = 0.5% = 0.005

Total amount of solution: 2 cc

Active ingredient: x

Substituting in Eq. 1:

0 005 2

0 005 2

0 01 10



 



x

x

x

g cc

g

g g or mg

 Answer

Cnvering 0.01 g  iigrs gives 10 g. In 2  f 1 : 200 
suin, here re 10 g f isreren.

Alternative Solution:

Peren srengh : :1 200

1

200
0 005= . g

Mve he ei in two es  he right (i.e., he-
iy uiy y 100), n   eren sign. A his in, he 
nuer hnges fr grs   eren suin:

0 005 000 5 0 5. . . %g = =

or

0 005 0 005 100 0 5. . . %g   

Mve he ei in n iin one e (fr   
f three es, i.e., heiy uiy y 1000)  nver 
fr eren srengh  iigrs er iiier:

0 5 5 5. % = = g L

or

0 005 0 005 1000 5. .g g L  

ALGrawany
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e quesin sks hw ny iigrs f ive ingreiens 
re in 2 . If we reeer h 1  = 1 L n we knw here 
re 5 g in every 1 L, we hen uiy y 2   in he 
nswer: 10 g/2 . (If yu nee  se u he equin, refer  
he erier sein “Cuing Wih Prrins.)

 Example 10

Diluted active ingredient: How much 20% acetylcysteine is needed to 

prepare 5 cc of 10% acetylcysteine?

Solution: Using the equation for dilute active ingredients (here, the 

acetylcysteine is only of 20% strength, not pure), the following is obtained:

Desired percent strength (in decimals): 10% = 0.10

Total amount of solution: 5 cc

Percent strength of solute (active ingredient): 20% = 0.20

Dilute solute (i.e., amount of active ingredient needed): x

Substituting in Eq. 3:

0 10 0 20 5

5 0 10 0 20

2 5 20

. ( . )

( . ) .

. %

=

=

=

x

x

x

cc

cc of Mucomyst

 Answer

e 2.5  f 20% eyyseine is hen ixe wih 2.5  f 
nr sine  give   f 5  f suin. is 5  wi e  
10% srengh suin.

Ahugh iuing  20% suin   10% suin is vi-
usy  “hf-n-hf  reure n es n require he use f 
n equin, ess inuiive iuins y nee  e ue. 
Yu igh ry iuing 20% eyyseine  in 5  f  5% 
srengh suin y using he reeing rh.

Alternative Solution: Cnver 10%  100 g/L y v-
ing he ei one e  he right (hink f i s 10%, ve 
ne e, r he eren sign, n  g/L, n i ees 
100 g/L; r hnge he eren   ei, n uiy 
y 1000 (10% = 0.10 × 1000 = 100 g/L). Wh he quesin 
rey is sking is hw ny iigrs re in 5  f 10% e-
yyseine.  is esy: We rey knw here re 100 g fr 
every 1  f rug, s uiy 100 g × 5 , equing 500 g. 
is is he esire se, n he rigin se is 20%, r 200 g/
L. Se u he rrins equin (refer  he erier sein 
“Cuing Wih Prrins):

Origin se er un: 200 g/1 L
Desire se: 500 g
Aun esire: x L

Susiuing:

200

1

500g

L

g

L
=

x

Crss-uiy:

200

200

500

200

2 5 20

g L

g

g 1 L

g

 f Muys

( ) ( )

. %

x

x

=

=

Answer: e 2.5  f he 20% eyyseine is hen ixe 
wih 2.5  f nr sine  give   suin vue f 

5 . is 5  wi e  10% srengh suin. e key is  knw 
he un f iigrs f rug h is rere. ere is n if-
ferene eween 5  f 10% srengh suin n 2.5  f 20% 
suin. ey h equ wh is uiey esire—500 g f 
he rug.

Summary

Cuins wih suins f rugs, using eren srenghs, n 
e surize in fur irn ins:
1. Cnver  eri unis n ei exressins.
2. Susiue knwn eniies in he rrie equin (uni-

ue r iue ive ingreien).
3. Use grs r iiiers in he eren equin.
4. Exress he nswer in he unis requese.

Quantity Sucient

When ixing suins, eerine he un f ive ingrei-
en neee fr he eren srengh esire n hen  enugh 
sven  “   he  suin un neee. When 
rering  suin, he  neee is inie y quantity suf-
cient (qs). Fr exe,  in 30  f 3% rine hyr-
hrie (HC), we ue 0.9  f he ive ingreien n 
 wer qs fr 30  f suin. D n erey give he ier-
ene eween sue n  suin (30  − 0.9  = 29.1 ), 
euse erin sues n hnge vue (e.g., h “shrinks 
in wer).

Percent Strengths in Milligrams per Milliliter

e si eniin f eren srengh in suins invves 
grs r iiiers. Hwever, he un f ive ingreien in 
s neuize rug suins is in iigrs. A usefu n es-
iy reeere ini referene is  ene eren srenghs in 
ers f iigrs er singe iiier y using  1% srengh 
referene in. Re h 1% srengh is 1 g/100 L. Using 
Eq. 1 fr eren srengh, yu hve:

0 01
1

100
=

g

L

Fr 1 L f  1% srengh suin, yu wu hve:

0 01
1
0 01

.

.

=

=

x

x

g

L
g g

n 0.01 g × 1000 g/g = 10 g.
Beuse 0.01 g equs 10 g, yu hve 10 g/L in  1% 

suin. e 1% srengh is n esiy erne referene in. 
Te 4.2 iss se n eren srenghs, giving uns 
in iigrs er iiier, in referene  he 1% nenrin.

Ne he reinshi f 1%  10%: If here re 10 g/L 
in  1% suin, here wu e 10 ies h un in  10% 
suin, r 100 g/L. Likewise,  0.5% suin hs ne hf s 
uh ive ingreien s  1% suin—ne hf f 10 g/L 
wu e 5 g/L. is un f 5 g/L u hve een 
use  sve Exe 9, n uniue ive ingreien eren-
ge re. In Exe 9, i ws fun h  1 : 200 suin ( 
0.5% srengh suin) hs 10 g in 2 L, whih is he se s 
5 g in 1 L.
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K E Y  P O I N T

An easy reference point for the amount of drug contained in a solution, in 

milligrams per milliliter, is 1% strength, which is 10 mg/mL.

Eqs. 1 n 3 (see ve) shu e erize; hey reresen  
re gener seen f eren srenghs fr sving ny r-
e. Hwever, knwege f iigrs er iiier fr  1% 
suin n e very hefu in ny res  knw hw ny 
iigrs f he ive ingreien re eing given. Exes f 
rug suins wih he srenghs ise in Te 4.2 n e given. 
Auer is vie s  0.5% suin r 5 g/L, n n 
ue f eruine (1 g/) is  0.1% srengh suin.

Yu n esiy nver fr gr  eren srengh  i-
igrs er iiier y siy ving he ei in—n 
hei uin is neee. Or, in  hei 
rh, uiy he un f grs y 1000  hieve i-
igrs (0.001 g × 1000 = 1 g). is h wrks fr ny rug 
exresse s grs, eren srengh, r iigrs er iiier. 
Using he reeing exe:

0 001 0 1 1. . %g g L= =

Mve he ei in two es  he right  nver fr 
grs  eren srengh. Fr  eren-srengh un, ve 
he ei one e  he right  nver  iigrs er 
iiier.

is ress n e reverse:

50 5 0 05g L g= =% .

If yu egin wih iigrs er iiier, ve he ei 
in one e  he left  nver  eren srengh. Fr  
eren srengh, ve he ei in two es  he left  
nver  grs.

Diluents and Drug Doses

A ersising n isnein is h he un f iu-
en e   iqui rug  e ersize y neuizin 
is inene  “weken he se r srengh eivere  he 
ien. e un f iuen es he ie require  neu-
ize  given suin u n he un f ive ingreien in 

TABLE 

4.2

Drug Amounts in Milligrams per Milliliter for 

Common Percent Strengths

Percent Strength (%) Drug Amount (mg/mL)

20 200

10 100

5 50

1 10

0.5 5

0.1 1

0.05 0.5

Note: Starting with percent strength, move the decimal one place to the right, and it becomes 

a drug amount.

 neuizer reservir. Wheher i is iue wih 2  r 10  f 
nr sine, ½  f  1% rug suin hs he se un 
(5 g) f ive ingreien. Priiy ies h 2.5  f 
suin neuizes in  resne ie ii f 10 inues r s, 
wheres 10  y ke uh nger. e iuen is s neee 
euse isse neuizers nn ree n ers wih ess 
hn rxiey 1 L f suin in he reservir (he e 
vue). ereiy, given  suie neuizing evie, here 
is n resn h he rigin 0.5  f 1% rug u n e 
neuize uniue  eiver he se f 5 g. e un 
f he ive ingreien, eerine y he eren srengh n 
quniy in ui enieers f he rug, gives  se un. 
Ahugh ehniy he eren srengh f he resuing su-
in in he reservir is weker, he se reins unhnge  5 
g. I is he se in iigrs h shu e f signine  
he iniin.

Additional Examples: Solutions

 Example 11

How many milligrams of active ingredient are in 3 cc of a 2% solution of 

procaine HCl?

Solution: Use the percentage formula of Eq. 1 for a pure-strength 

ingredient:

Percent strength in decimals
Solute

Total amount
( ) =

Convert the percentage to decimals and substitute the known values:

0 02
3

0 02 3

0 06

( )

=

=

=

x

x

x

g

cc

cc g

g g

In milligrams:

0 06 1000 60. g mg g mg 

 Answer

In 3  f  2% suin f rine HC, here is 60 g f ive 
ingreien.

Alternative Solution: Mving he ei n esiy n-
ver  iigrs er iiier. If we hink f 2% s 2.0% n 
ve he ei one e  he right, we nver he eren  
20 g/L. Reeer h 1 L equs 1 , s if we nee  n 
hw ny iigrs f ive ingreien re in 3  f suin, 
we siy uiy 3  y 20 g/L  equ 60 g. e reer 
n use he rrins equin  nr:

20

1 3

g

L 
=

x

Crss-uiy n sve fr x:

x

x

( ) ( )1 20 3

60

L g 

g

=

=
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 Example 12

A resident wants to dilute 20% acetylcysteine to a strength of 6% for a 

research study. How many milliliters of 20% drug solution are needed to 

have 10 mL of 6% strength?

Solution: Use the modied Eq. 3 for calculating the dilute active 

ingredient:

Percent strength decimals

Dilute solution Percent strengt

( )

( ) (


 hh of solute

Total amount solution

)

( )

Percent strength desired: 6% = 0.06

Dilute solute: unknown = x mL

Percent strength: 20% = 0.20

Total amount of solution: 10 mL

Substituting and solving:

0 06
0 20

10

0 06 10 0 20

0 06 10 0 20

( ) .

. ( ) .

. ( ) / .

( )











x

x

x

x

mL

mL

mL mL

mL 33 mL

 Answer

Drw u 3 L f he 20% srengh n  sine qs fr  
 f 10 L. Chek yur uin fr rreness: 3 L 
f 20% srengh suin hs 600 g f ive ingreien 
(20% = 200 g/L), 600 g is 0.6 g, n 0.6 g/10 L (r 6 
g/100 L) is  6% srengh. Yu ine he neee un f 
rug wih 3 L f he 20% suin.

Alternative Solution: Firs, we nver he neee un f 
rug. e resien sks fr 10 L  6% srengh, s we nver 
6%  60 g/L y ving he ei one e  he right. If 
we nee 10 L, hen we uiy 10 L × 60 g, whih equs 
600 g. We nw knw he resien nees 600 g f rug. Hw 
 we knw hw uh f he 20% srengh is neee? We n-
ver 20%  200 g/L n se u he equin s  rrin 
(rigin se/er un = esire se/er un):

200

1

600g

L

g
=

x

Crss-uiy n sve fr x:

200

200

600 1

200

3

g

g

g L

g

L

( ) ( )x

x

=

=

 Example 13

The usual dose of albuterol sulfate is 0.5 mL of a 0.5% strength solution. 

How many milligrams is this?

Solution: Using Eq. 1 for percent strength:

Percentage in decimals: 0.5% = 0.005

Active ingredient: unknown (x)

Total solution: 0.5 mL

Substituting:

0 005
0 5

0 005 0 5 0 0025. ( . ) .

=

= =

x

x

g

mL

g

Converting:

0 0025 2 5. .g mg=

 Answer

ere is 2.5 g f ive ingreien in he usu se.
Alternative Solution: Firs we nee  nver he eren 

suin  iigrs er iiier. T  his, ve he ei-
 one e  he right  nver  iigrs er iiier 
(0.5% = 5 g/L). If we knw h here re 5 g in 1 L n 
we nee 0.5 L,  we nee   is hve 5 g, whih is 2.5 g.

 Example 14

Albuterol sulfate is also available as a unit dose of 3 mL at a percent 

strength of 0.083%. If the entire amount of 3 mL is given, is this the same 

as the usual dose of 2.5 mg?

Solution: Using Eq. 1 for percent strength:

Percent strength (in decimals): 0.083% = 0.00083

Active ingredient: unknown = x

Total amount of solution: 3 mL

Substituting:

0 00083
3

3 0 00083 0 00249( . ) .

=

= =

x

x

g

mL

g g

and 0.00249 g = 2.49 mg

 Answer

e resu is rxiey 2.5 g, he usu se.
Alternative Solution: Firs, we nee  nver 0.03%  

iigrs er iiier. T  his, we ve he ei one
e  he right  nver  iigrs er iiier (0.03% =

0.3 g/L). Se u he rrins equin n sve fr x:

0 3

1 3

0 3 3

2 49

g

L L


  



x

x

x

Runing u, we in 2.5 g.

 Example 15

Terbutaline sulfate is available as 1 mg per 1 mL of solution. What percent 

strength is this?
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SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

Prepared-Strength Dose Calculations

1. A bottle is labeled Demerol (meperidine) 50 mg/cc. How many cubic 

centimeters are needed to give a 125-mg dose?

2. An agent comes as 500 mg/10 mL. How many milliliters are needed to 

give a 150-mg dose?

3. Hyaluronidase comes as 150 U/cc. How many cubic centimeters are 

needed for a 30-U dose?

4. Morphine sulfate 4 mg is ordered; you have a vial with 10 mg/mL. How 

much do you need?

5. A dosage schedule for the surfactant poractant alfa calls for an infant 

with a 2.5 mL/kg birth weight. How much of the drug will you need for 

an infant weighing 800 g?

6. Diphenhydramine (Benadryl) elixir contains 12.5 mg of 

diphenhydramine HCl in each 5 mL of elixir. How many milligrams are 

there in a ½ teaspoonful dose (1 tsp = 5 mL)?

7. A pediatric dose of 100 mg of a syrup is ordered. The dosage form is an 

oral suspension containing 125 mg/5 cc. How much of the suspension 

contains a 100-mg dose?

8. How many units of heparin are found in 0.2 mL, if you have 1000 U/mL?

9. Albuterol syrup is available as 2 mg/5 mL. If a dosage schedule of 

0.1 mg/kg is used, how much syrup is needed for a 30-kg child? How 

many teaspoons is this?

10. Terbutaline is available as 2.5-mg tablets. How many tablets do you 

need for a 5-mg dose?

11. If a cough syrup is available as 120 mg/5 mL, how much of the drug is 

there in ½ tsp?

12. Theophylline is available as 250 mg/10 mL and is given intravenously 

at 6 mg/kg body weight. How much solution do you give to a 60-kg 

woman?

13. Terbutaline sulfate is available as 1 mg/mL in an ampule. How many 

milliliters are needed for a 0.25-mg dose?

14. A patient is told to take 4 mg of albuterol four times daily. The 

medication comes in 2-mg tablets. How many tablets are needed for 

one 4-mg dose?

15. An agent is available as a syrup with 10 mg/5 mL. How many 

teaspoons should be taken for a 20-mg dose?

16. If an agent is available at 3 mg/mL, how many milliliters are needed for 

a dose of 9 mg?

17. If a dosage schedule requires 0.25 mg/kg of body weight, what dosage 

is needed for an 88-kg person?

18. If theophylline is available as 80 mg/15 mL, how much is needed for a 

100-mg dose?

19. How much of a drug is needed for a 65-kg adult, using 0.5 mg/kg?

20. The pediatric dosage of an antibiotic is based on 0.5-g/20-lb body 

weight, not to exceed 75 mg/kg/24 hr.

a. What is the dose for a 40-lb child?

b. If this dose is given twice in 1 day, has the maximal dose been 

exceeded?

Percent-Strength Solutions

1. How many grams of calamine are needed to prepare 120 g of an 

ointment containing 8% calamine?

2. In 147 mL of solution, there is 1 mL of active enzyme. What is the 

percent strength of active enzyme in the solution?

3. If theophylline is available in a 250-mg/10-mL solution, what percent 

strength is this?

4. You have epinephrine 1 :100. How many milliliters of epinephrine would 

be needed to contain 30 mg of active ingredient?

5. A dose of 0.4 mL of epinephrine HCl 1 :100 is ordered. This dose 

contains how many milligrams of epinephrine HCl (the active 

ingredient)?

6. If you administer 3 mL of a 0.1% strength solution, how many 

milligrams of active ingredient have you given?

7. A drug is available as a 1 :200 solution and the maximal dose that may 

be given by aerosol for a particular patient is 3 mg. What is the maximal 

amount of solution (in milliliters) that may be used?

8. Epinephrine 1 :1000 contains how many milligrams of active ingredient 

per milliliter?

9. How many milligrams per milliliter are there in 0.3 mL of a 5% strength 

agent?

10. How many milligrams of sodium chloride are needed for 10 mL of a 

0.9% solution?

11. If you have lidocaine (Xylocaine) at 5 mg/mL, what percent strength is it?

12. A 0.5% strength solution contains how many milligrams in 1 mL?

13. Cromolyn sodium contains 20 mg in 2 mL of water. What is the percent 

strength?

14. How much active ingredient of acetylcysteine have you given with 4 cc 

of a 20% solution?

15. You have 20% acetylcysteine; how many milliliters of this do you need 

to form 4 mL of an 8% solution?

16. The recommended dose of an agent with a percent strength of 5% is 

0.3 cc. How many milligrams of solute are there in this amount?

17. Acetylcysteine was marketed as 10% acetylcysteine with 0.05% 

isoproterenol. How many milligrams of each ingredient were in a 4-cc 

dose of solution? (Isoproterenol: 0.0005 = x g/4 cc; x = 0.002 g = 2 mg.)

18. Which contains more drug: ½ cc of a 1% drug solution with 2 mL of 

saline or ½ cc of a 1% drug solution with 5 mL of saline?

19. How many milligrams per milliliter are in a 20% solution?

CLINICAL SCENARIO

Answers can be found in Appendix A

A pediatric resident is treating a child with croup and orders 5.625 

mg of racemic epinephrine aerosolized. How many milliliters of racemic 

epinephrine will you dispense to the patient?

Reference

1. Churn, R. L. (19). Mesureen, hysi quniies, n e 
Sysèe Inernin Uniés (SI unis). Respiratory Care, 33, 61.

Solution: Convert 1 mg to 0.001 g (1 mg × 1 g/1000 mg = 0.001 g). 

Then,

x

x

=

= =

0 001

1

0 001 0 1. . %

g

mL

 Answer

e eren srengh is 0.1%.
Alternative Solution: is is srighfrwr;  we nee  

 is reeer  ve he ei one e  he left. is wi 
nver  eren srengh (1 g/L = 0.1%).
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α and β Receptors

β
1
 and β

2
 Receptors

α
1
 and α

2
 Receptors

Dopaminergic Receptors

Sympathomimetic Adrenergic and Sympatholytic 

Antiadrenergic Agents

Neural Control of Lung Function

Sympathetic Innervation and Eects

Airway Smooth Muscle

Lung Blood Vessels

Mucous Glands

Parasympathetic Innervation and Eects

Muscarinic Receptors in the Airway

Muscarinic Receptors on Blood Vessels

Nonadrenergic, Noncholinergic Inhibitory Nerves

Nonadrenergic, Noncholinergic Excitatory Nerves

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms pertaining to the central and peripheral 

nervous systems

2. Classify the branches of the nervous system

3. Dierentiate among the central, peripheral, and autonomic 

nervous systems

4. Discuss the use of neurotransmitters

5. Explain in detail the dierence between the parasympathetic

and sympathetic branches of the nervous system

6. Dierentiate between the eects of cholinergic and 

anticholinergic agents on the nervous system

7. Dierentiate between the eects of adrenergic and 

antiadrenergic agents on the nervous system

8. Discuss the various receptors in the airways

9. Dierentiate among nonadrenergic, noncholinergic inhibitory,

and excitatory nerves

K E Y  T E R M S  A N D  D E F I N I T I O N S

Acetylcholine (Ach) Chemical produced by the body that is used 

in the transmission of nerve impulses. It is destroyed by the 

enzyme cholinesterase.

Adrenergic (adrenomimetic) Refers to a drug stimulating a 

receptor for norepinephrine or epinephrine.

Aerent Signals that are transmitted to the brain and spinal cord.

Antiadrenergic Refers to a drug blocking a receptor for 

norepinephrine or epinephrine.

Anticholinergic Refers to a drug blocking a receptor for 

acetylcholine.

Central nervous system (CNS) System that includes the brain and 

spinal cord; controls voluntary and involuntary acts.

71
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Cholinergic (cholinomimetic) Refers to a drug causing 

stimulation of a receptor for acetylcholine.

Eerent Signals that are transmitted from the brain and the spinal 

cord.

Norepinephrine Naturally occurring catecholamine produced 

by the adrenal medulla that has properties similar to those 

of epinephrine. It is used as a neurotransmitter in most 

sympathetic terminal nerve sites.

Parasympatholytic Agent blocking or inhibiting the eects of the 

parasympathetic nervous system.

Parasympathomimetic Agent causing stimulation of the 

parasympathetic nervous system.

Peripheral nervous system (PNS) Portion of the nervous 

system outside the CNS, including sensory, sympathetic, and 

parasympathetic nerves.

Sympatholytic Agent blocking or inhibiting the eect of the 

sympathetic nervous system.

Sympathomimetic Agent causing stimulation of the sympathetic 

nervous system.

e g f his her is  rvie  er inruin  n 
unersning f he eriher nervus syse, is nr eh-
niss—eseiy neurrnsier funins—n is hysi-
gi ees in he y. Unersning f he nr eh-
niss n hysigi ees frs he sis fr  susequen 
unersning f rug ins n rug ees, h fr gniss 
n fr ngniss h   vrius ins in he nervus sys-
e. is her nues wih  sury f uni n 
her neur nr ehniss n heir ees in he u-
nry syse.

Nervous System

K E Y  P O I N T

One of the major control systems in the body is the nervous system, com-

prising sensory afferent nerves; motor efferent nerves; and the autonomic 

nervous system, which is divided further into the sympathetic and parasym-

pathetic branches.

ere re w jr nr syses in he y: he nervous 
system n he endocrine system. Bh syses f nr n e 
niue y rug hery, whih eiher iis r ks he 
usu in f he nr syse  rue r inhii hysi-
gi ees. e enrine syse is nsiere serey in 
Cher 11, whih isusses he riseri ss f rugs. e 
nervus syse is ivie in he central nervous system (CNS)
n he peripheral nervous system (PNS), h f whih er 
sies fr rug in. e ver rgnizin f he nervus sys-
e y e uine s fws:
 I. Cenr nervus syse

A. Brin
B. Sin r

II. Periher nervus syse
A. Sensry (eren) neurns
B. Si (r) neurns
C. Auni nervus syse

1. Prsyhei rnh
2. Syhei rnh

Fig. 5.1 is  funin, u n niy ure, igr 
f he CNS n he PNS. e sensory rnh f he nervus syse 
nsiss f eren neurns fr he, igh, ressure, n in 
reers sening infrin fr he erihery  he CNS. 
e somatic rin (r r rnh) f he nervus syse is 
uner vunry, nsius nr n innerves skee use 

fr r ins, suh s ifing, wking, r rehing. is 
rin f he nervus syse is niue y neurusur 
king gens h inue rysis in surgi reures r 
uring ehni veniin. e autonomic nervous system is he 
invunry, unnsius nr ehnis f he y, se-
ies si  nr vegeive r viser funins. Fr exe, 
he uni nervus syse regues her re; uiry i-
in n nrin; gnur serein, suh s sivin; n 
sh use nrin in  vesses n he irwy. e 
uni nervus syse is ivie in he parasympathetic n 
sympathetic rnhes.

Autonomic Branches

Neiher r nr sensry rnh neurns hve synses usie 
he sin r efre rehing he use r sensry reer sie. 
e r neurn exens wihu inerruin fr he CNS  
he skee use, n is in is eie y he neurrns-
ier acetylcholine (Ach). is is in nrs  he synses 
urring in he syhei n rsyhei ivisins f 
he uni syse. e uie synses f he uni 
syse er eni sies fr rug in, s  he erin neu-
reer sies.

e rsyhei rnh rises fr he rnisr r-
ins f he sin r n nsiss f w yes f neurns— 
regngini er eing fr he verere  he gngini 
synse usie he r n  sgngini er eing fr 
he gngini synse  he gn r sh use eing inner-
ve. e rsyhei rnh hs g seiiy, wih he 
sgngini er rising very ner he eer sie (e.g.,  gn 
r sh use). As  resu, siuin f  rsyhei 
regngini neurn uses iviy iie  iniviu eer 
sies, suh s he her r he eye. Fig. 5.2 iusres he rins 
f he sin r where he rsyhei n syhei 
nerve ers rigine.

K E Y  P O I N T

Nerve impulses are conducted by electrical and chemical means; the chemi-

cal portion of nerve transmission is referred to as a neurotransmitter.

The neurotransmitter is acetylcholine (Ach) at the myoneural (neuromuscular)

junction, at the ganglia, and at the parasympathetic end sites. The neu-

rotransmitter at sympathetic end sites is generally norepinephrine, except at 

sweat glands and the adrenal medulla, where Ach is the neurotransmitter.

e syhei rnh rises fr he hrur rin f 
he sin r n nsiss f shr regngini ers n ng 
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sgngini ers. Syhei neurns fr he sin r 
erine in gngi h ie n eiher sie f he verer un. 
In he ganglia, r he ganglionic chain, he regngini er 
kes n wih sgngini neurns. As  resu, when ne 
syhei regngini neurn is siue, he in sses 
 ny r  f he sgngini ers. e ee f sy-
hei ivin is wiene furher euse syhei ers 
innerve he ren eu n use he reese f einehrine 

• Fig. 5.2 Parasympathetic nerve bers arise from the cranial and sacral 

portions of the spinal cord, whereas sympathetic bers leave the cord pri-

marily from the thoracic and lumbar regions.

• Fig. 5.1 Functional diagram of central and peripheral 

nervous systems, indicating the somatic branches (sen-

sory, motor) and the autonomic branches (sympathetic, 

parasympathetic), with their neurotransmitters. Ach,

Acetylcholine; NE, norepinephrine.

in he gener iruin. Ciruing einehrine siues  
reers resning  norepinephrine, even if n syhei 
nerves re resen. e rsyhei syse ws isree 
nr, wheres he esign f he syhei syse uses  
wiesre rein in he y.

Parasympathetic and Sympathetic Regulation

ere re gener ierenes eween he rsyhei n 
syhei rnhes f he uni nervus syse. Prsy-
hei nr is esseni  ife n is nsiere  re is-
ree, ney regue syse re wih syhei nr. 
Prsyhei ees nr he y--y y funins, 
suh s igesin, er n re ishrge, n s sere-
in f rnhi uus. Oversiuin f he rsyhei 
rnh wu rener he y ine f vien in, resu-
ing in wh is ere he SLUD syndrome: sivin, lriin, 
urinin, n defein. ese reins re eniey uner-
ruive  eeing r ghing!

By nrs, he syhei rnh res s  gener r 
syse n es n exerise isree nrs. is is seies 
hrerize s  “gh r igh syse: her re n  
ressure inrese,  w shifs fr he erihery  he us-
es n he her,  sugr inreses, n he rnhi ie. 
e rgnis reres fr xi hysi exerin. e sy-
hei rnh is n esseni  ife; ni es wih sy-
hey n survive u re une  e wih vien sress.

K E Y  P O I N T

Sympathetic effects are widespread, mediated by norepinephrine at nerve 

endings and by circulating epinephrine released from the adrenal medulla.
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Neurotransmitters

Anher gener feure f he uni nervus syse, 
inuing he syhei n rsyhei rnhes, is he 
ehnis f neurrnsier nr f nerve iuses. Nerve 
iuse rgin is eeri n hei (eerhei). 
A nerve iuse sign is rrie ng  nerve er y electri-
cal in enis use y in exhnges (i.e., siu [N+] 
n ssiu [K+]). A gs in he nerve er eween neurns 
(synses), he eeri rnsissin is ree y  hei 
neurrnsier. is is he chemical rnsissin f he eeri 
iuse, whih urs  he gngini synses n  he en f 
he nerve er, ere he neuroeector site. Ieniin f he 
hei rnsiers es k  Lewis exeriens in 1921 
n is funen  unersning uni rugs n heir 
ssiins. e usu neurrnsiers in he PNS, inu-
ing he gngini synses n erin sies in he uni 
rnhes, re shwn in Fig. 5.1 (Ah n nreinehrine).

Ah is he neurrnsier nuing he nerve iuse  
skee use sies; his sie is referre  s he neuromuscu-
lar junction r he yneur junin. In he rsyhei 
rnh, Ah is s he neurrnsier  h he gngini 
synse n he erin nerve sie, whih is referre  s he neu-
roeector site. In he syhei rnh, Ah is he neurrns-
ier  he gngini synse; hwever, nreinehrine is he 
neurrnsier  he syhei neureer sie. ere re 
w exeins  his ern, h in he syhei rnh. 
Syhei ers  swe gns reese Ah inse f nrei-
nehrine, n regngini syhei ers irey innerve 
he ren eu, where he neurrnsier is Ah. Sy-
hei ers h hve Ah  he neureer sies re cholinergic
(fr Ah) syhei ers.

“Chinergi syhei wu e n ren nriin 
in ers if n fr he exeins  he rue—h is, nreineh-
rine eing he syhei neurrnsier. Fr exe, swe-
ing n e use y giving  hinergi rug, suh s ir-
ine, hugh his ee is uner syhei nr. “Breking 
u in  swe, swey s, n inrese her re resuing 
fr iruing einehrine re n ees f sress r frigh 
eie y syhei ishrge.

Ahugh i is n versiiin, n esy wy  ern he 
vrius neurrnsiers iniiy is  reeer h Ah is 
he neurrnsier everywhere (skee use,  gngini 
synses, n rsyhei erin nerve sies) except  he 
syhei erin nerve sies, where nreinehrine is he 
neurrnsier. e exeins rvie y syhei ers 
reesing Ah n e reeere s exeins  he gener rue.

Eerent and Aerent Nerve Fibers

K E Y  P O I N T

The neurotransmitter Ach is terminated by the enzyme cholinesterase,

and norepinephrine and sympathetic transmission are terminated by 

neurotransmitter reuptake into the presynaptic neuron (uptake-1) and by 

the enzymes catechol O-methyltransferase (COMT) and monoamine oxidase 

(MAO).

e uni syse is genery nsiere n eerent sys-
e—h is, iuses in he syhei n rsyhei 
rnhes rve from he rin n sin r u to he vrius 

neureer sies, suh s he her, gsrinesin r, n 
ungs. Aerent nerves run ngsie he syhei n r-
syhei eeren ers n rry iuses from he erihery 
to he r. e eren ers nvey iuses resuing fr 
viser siui n n fr  reex r f siuus inu–u-
ni uu, ngus  he we-knwn si reex rs, 
suh s he knee-jerk reex. e ehnis f  vg reex r 
eiing rnhnsriin is isusse furher in Cher 7, 
in njunin wih rugs use  k he rsyhei 
iuses.

Terminology of Drugs Aecting 
the Nervous System

K E Y  P O I N T

The terms cholinergic (cholinoceptor) and adrenergic (adrenoceptor) are 

used for Ach and norepinephrine/epinephrine receptors in the two autonomic 

branches.

Teringy f rugs n rug ees n he nervus syse n 
e nfusing n y see innsisen. e nfusin is use 
y he f h rugs n rug ees re erive fr he ye f 
nerve er (rsyhei r syhei) r, ernivey, he 
ye f neurrnsier n reer (Ah r nreinehrine). 
e fwing ers re se n he ny f he nerve ers, 
 esrie siuin r inhiiin:

Parasympathomimetic
Parasympatholytic
Sympathomimetic
Sympatholytic

Aiin ers re use, ring  he ye f neurrns-
ier n reer. Cholinergic refers  Ah, n adrenergic is 
erive fr adrenaline, nher er fr einehrine, whih is 
siir  nreinehrine n n siue syhei neuref-
fer sies. Beuse Ah is he neurrnsier  re sies hn 
jus rsyhei sies n euse reers exis n sh 
use r  es wihu ny nerve ers innerving he, 
hese ers ene  wier rnge f sies hn he niy 
se ers, suh s parasympathomimetic.

Cholinergic n refer   rug ee   gngin,  rsy-
hei nerve ening sie, r he neurusur junin. Adren-
ergic esries reers n rnhi sh use r n  
es, where here re n syhei nerves. Fr his resn, cho-
linergic n adrenergic re n sriy synnyus wih parasym-
pathetic n sympathetic. Cholinergic (cholinomimetic) refers  
 rug using siuin f  reer fr Ah. Anticholinergic
refers   rug king  reer fr Ah. Adrenergic (adreno-
mimetic) refers   rug siuing  reer fr nreineh-
rine r einehrine. Antiadrenergic refers   rug king  
reer fr nreinehrine r einehrine. Cholinoceptor is n 
ernive er fr hinergi reer, n adrenoceptor is n 
ernive er fr renergi reer.

K E Y  P O I N T

Parasympathomimetic = Cholinergic

Parasympatholytic = Anticholinergic

Sympathomimetic = Adrenergic

Sympatholytic = Antiadrenergic
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Parasympathetic Branch

Cholinergic Neurotransmitter Function

K E Y  P O I N T

Parasympathetic effects on the cardiopulmonary system include decreased 

heart rate, lower blood pressure, bronchoconstriction, and mucus secretion 

in the airways.

In he rsyhei rnh, he neurrnsier Ah n-
us nerve rnsissin  he gngini sie n  he r-
syhei eer sie  he en f he sgngini er. 
is in is iusre in Fig. 5.3. e er neurohormone hs 
s een use in e f neurotransmitter. Ah is nenre in 
he resyni neurn (h  he gngin n  he eer 
sie). Ah is synhesize fr ey-enzye A (CA) n h-
ine n yze y he enzye hine eyrnsferse. Ah is 
sre in vesies in quniies f 1000  50,000 eues er 
vesie. When  nerve iuse (action potential) rehes he re-
syni neurn sie, n inux f iu is riggere in he neu-
rn. Inrese iu in he neurn uses eur serein f 
he Ah-nining vesies fr he en f he nerve er. Afer 
reese, Ah hes  reers n he ssyni erne 
n iniies n ee in he issue r rgn sie.

Ah is inive hrugh hyrysis y hineserse 
enzyes, whih si he Ah eue in hine n ee, 
erining siuin f he ssyni erne. In ee, 
he nerve iuse is “shu . ere re s reers n he 

• Fig. 5.3 Cholinergic nerve transmission mediated by the neurotransmit-

ter acetylcholine (Ach). The action of the neurotransmitter is terminated 

by cholinesterase enzymes; attachment of acetylcholine to presynaptic 

autoreceptors inhibits further neurotransmitter release. CoA, Coenzyme A, 

used in synthesis; Ca, calcium ion.

resyni neurn, ere autoreceptors, whih n e siue 
y Ah  regue n inhii furher neurrnsier reese 
fr he neurn. e ees f he rsyhei rnh f he 
uni syse n vrius rgns re ise in Te 5.1. Drugs 
n ii r k he in f Ah  siue rsyhei 

TABLE 

5.1

Eects of Parasympathetic Stimulation on 

Selected Organs or Sites

Organ/Site

Parasympathetic 

(Cholinergic) Response

Heart

SA node Slowing of rate

Contractility Decreased atrial force

Conduction velocity Decreased AV node conduction

Bronchi

Smooth muscle Constriction

Mucous glands Increased secretion

Vascular Smooth Muscle

Skin and mucosa No innervation*

Pulmonary No innervation*

Skeletal muscle No innervation†

Coronary No innervation*

Salivary Glands Increased secretion

Skeletal Muscle None

Eye

Iris radial muscle None

Iris circular muscle Contraction (miosis)

Ciliary muscle Contraction for near vision

Gastrointestinal Tract Increased motility

Gastrointestinal Sphincters Relaxation

Urinary Bladder

Detrusor Contraction

Trigone sphincter Relaxation

Glycogenolysis

Skeletal muscle None

Sweat Glands None‡

Lipolysis (Multiple Sites) None

Renin Secretion (Kidney) None

Insulin Secretion (Pancreas) Increased

*No direct parasympathetic nerve innervation; response to exogenous cholinergic agonists 

is dilation.
†Dilation occurs as a result of sympathetic cholinergic discharge or as a response to exog-

enous cholinergic agonists.
‡Sweat glands are under sympathetic control; receptors are cholinergic, however, and the 

response to exogenous cholinergic agonists is increased secretion.

AV, Atrioventricular; SA, sinoatrial.
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• Fig. 5.4 Location of muscarinic and nicotinic receptor 

sites in the peripheral nervous system. M-Ach, Musca-

rinic site; N-Ach, nicotinic site; NE, norepinephrine.

Nicotinic Eects

K E Y  P O I N T

The term nicotinic refers to cholinergic receptors on ganglia and at the 

neuromuscular junction.

Niine,  susne in  rus, siues Ah (h-
inergi) reers  uni gngi (rsyhei n 
syhei) n  he skee use sies. Ah reers  he 
uni gngi n  he skee use re ere nicotinic,
s re he ees n hese sies f siuin. Pri ees f 
siuing hese niini reers inue n inrese in  
ressure resuing fr siuin f syhei gngi, us-
ing vsnsriin when he sgngini ers ishrge, n 
use rer use y skee issue siuin.

Subtypes of Muscarinic Receptors

Prsyhei reers n hinergi reers in gener, 
wih r wihu rresning nerve ers, re ssie furher 
in suyes. ese ierenes ng hinergi r usrini 
(M) reers re se n ieren resnses  ieren rugs, r 
regniin hrugh use f DNA res. Five usrini reer 
suyes hve een ienie: M

1
, M

2
, M

3
, M

4
, n M

5
. ey re  

G rein–inke (see Cher 2). As G rein–inke reers, 
hese ve suyes f usrini reers shre  sruur feure 
n  suh reers— ng, “serenine yeie hin 
h rsses he e erne seven ies (iusre fr G r-
ein reers in Cher 2). Te 5.2 surizes he usrini 
reer suyes, inuing heir reinn in n he 
ye f G rein wih whih hey re ue. Aiin eis 
u usrini reer in n funin in he unry 
syse re resene in he n sein f his her, whih su-
rizes nervus nr n reers in he ung.

Cholinergic Agents

Chinergi rugs ii he in use y Ah  reer 
sies in he rsyhei syse n neurusur junin. 

nerve ening sies (rsyhieis) r  k he rns-
issin f suh iuses (rsyhyis). Bh egries f 
rugs eing he rsyhei rnh re ny seen 
iniy. e ees f he rsyhei syse n he her, 
rnhi sh use, n exrine gns shu e eny 
reviewe efre nsiering rsyhei gniss r ng-
niss (kers):
• Heart: Sws re (vgus)
• Bronchial smooth muscle: Cnsriin
• Exocrine glands: Inrese serein

Muscarinic and Nicotinic Receptors and Eects

Tw iin ers re use  refer  siuin f ree-
r sies fr Ah. ey re erive fr he in in he y 
f w susnes: he kis muscarine n nicotine. Reer 
sies h re siue y hese w heis re iusre in 
Fig. 5.4.

Muscarinic Eects

K E Y  P O I N T

Muscarinic (M) refers to cholinergic receptors at parasympathetic end sites. 

Muscarinic receptors are distinguished into subtypes M
1
 through M

5
; M

2

receptors are in the heart and M
3
 receptors are on airway smooth muscle, 

mediating bronchoconstriction.

Musrine,  nur ru fr he ushr Amanita 
muscaria, siues Ah (hinergi) reers  he rsy-
hei erin sies: exrine gns (ri, sivry, n 
rnhi uus gns), ri use, n sh use 
(gsrinesin r). Ah reers  hese sies n he ees 
f rsyhei siuin  hese sies re ere musca-
rinic. A usrini ee we knwn  resirry re iniins 
is he inrese in irwy sereins fer inisrin f Ah-
ike rugs, suh s nesigine. A erese in  ressure is 
s use y swing f he her n vsiin. In general, 
a parasympathomimetic eect is the same as a muscarinic eect, and 
a parasympatholytic eect is referred to as an niusrini eect.

ALGrawany
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Suh gens n use siuin  he erin nerve sie (neu-
reer junin) y w isin ehniss, eing  heir 
ssiin s ire ing r inire ing. Te 5.3 iss h-
inergi gens, egrize s ire ing r inire ing, n 
heir ini uses. e ers cholinergic, cholinoceptor stimulant,
n cholinomimetic re rer hn parasympathomimetic n 
ene gens siuing Ah reers e in he rsy-
hei syse (usrini) r her sies, suh s he neurus-
ur junin (niini). A hinergi rug n ive us-
rini n niini reers.

DirectActing Cholinergic Agents

Dire-ing hinergi gens re sruury siir  Ah. 
As shwn in Fig. 5.3, ire-ing hinergi gens ii 
Ah, ining n iving usrini r niini reers 
irey. Exes f his gru inue ehhine, r-
h, ehneh, n irine. Mehhine hs een use 
in rnhi henge ess y inhin  ssess he egree f 
irwy reiviy in iens wih sh n hers. e rsy-
hei ee is rnhnsriin. Mehhine is  usefu 
ignsi gen  ee ierenes in egree f irwy reiviy 

TABLE 

5.2

Muscarinic Receptor Subtypes, Location, and 

G-Protein Linkage

Muscarinic 

Receptor Type Location

G-Protein 

Subtype

M
1

Parasympathetic ganglia, nasal 

submucosal glands

G
q

M
2

Heart, postganglionic 

parasympathetic nerves

G

M
3

Airway smooth muscle, submucosal 

glands

G
q

M
4

Postganglionic cholinergic nerves, 

possible effect on CNS, decrease 

in locomotion

G

M
5

Possible effect on CNS G
q

CNS, Central nervous system.

eween inivius wihu sh n hse wih sh n, 
hus, hyerreive irwys.

IndirectActing Cholinergic Agents

K E Y  P O I N T

Parasympathomimetic, or cholinergic, agonists are divided into direct-acting

agents (e.g., methacholine), which resemble Ach and stimulate cholinergic 

receptors directly, and indirect-acting agents (e.g., neostigmine), which 

inhibit the enzyme cholinesterase and allow increased Ach transmission. A 

typical parasympatholytic, or anticholinergic, agent is atropine.

Inire-ing hinergi gniss inhii he hineserse 
enzye, s shwn in Fig. 5.3. Beuse hineserse usuy in-
ives he Ah neurrnsier, inhiiing his enzye resus in 
uuin f engenus Ah  he neureer junin 
f rsyhei nerve enings r he neurusur junin. 
Mre Ah is e vie  h  reer sies n  si-
ue hinergi resnses. If Ah reers hve een ke, 
his inrese in neurrnsier n reverse he kge y -
eing wih he king rug fr he reers. Nerve rnsis-
sin n hen resue, eiher  he rsyhei erin sie 
r  he neurusur junin.

e rug ehhihe (Phshine), inue in Te 5.3, 
siues uni usrini reers in he iris shiner 
n iiry use f he eye  rue uiry nsriin 
(miosis) n ens hikening. An inrese in he neurrnsier 
Ah  he neurusur junin kes se rugs, suh s 
nesigine, usefu in reversing neurusur ke use 
y ryzing gens, suh s nurniu r xuriu (see 
Cher 1). Nesigine is usefu in inresing use srengh 
in  neurusur isese, suh s ysheni grvis, in whih 
he hinergi reer is ke y uniies. e rug 
erhniu (Tensin) ws use  eerine wheher use 
wekness is use y versing wih n inire-ing hin-
ergi gen (using uie reer figue n ke) r 
unerreen wih n insuien rug. Hwever, ue  high 
res f fse-siive resus n he eveen f sergi 
niy esing s he g snr fr he ignsis f yshe-
ni grvis, i ws isninue in he Unie Ses.

When using inire-ing hinergi gens, suh s nesig-
ine,  inrese nerve funin  he neurusur junin, 

TABLE 

5.3
Examples of Direct-Acting and Indirect-Acting Cholinergic Agents

Category Generic Name Brand Name Clinical Uses

Direct-acting Acetylcholine chloride Miochol-E Ophthalmic miotic, glaucoma

Carbachol Miostat Ophthalmic miotic, glaucoma

Pilocarpine hydrochloride Isopto Carpine, Salagen, Vuity Ophthalmic miotic, glaucoma

Methacholine Provocholine Diagnostic, asthma

Bethanechol Duvoid Treatment of urinary retention

Indirect-acting Echothiophate iodide Phospholine Iodide Ophthalmic miotic, glaucoma

Pyridostigmine Mestinon, Regonol Muscle stimulant, myasthenia gravis, reversal of nondepolarizing 

muscle relaxants

Neostigmine methylsulfate Bloxiverz Muscle stimulant, myasthenia gravis, reversal of nondepolarizing 

muscle relaxants
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Ah iviy  rsyhei sies, suh s sivry n ns-
hrynge gns, s inreses. ese unesire usrini 
ees n e ke y rereen wih  rsyhyi 
r niusrini rug, suh s rine r is erivives.

Cholinesterase Reactivator (Pralidoxime)

Orgnhshes, suh s rhin n hin n he rug 
ehhihe, fr n irreversie n wih hineserse (s 
e acetylcholinesterase). Orgnhshes re use s insei-
ies, n siny iens resen wih xi exsure n 
srin. e ees f hese gens n e eh, n euse 
f his, hey hve s een use s  igi wen (“nerve 
gs). Beuse hey e Ah, hey hve n ee n neurusu-
r funin n usrini reers; here is inii siuin, 
fwe y ke if  high enugh sge is sre. Muse 
wekness n rysis n resu.

e ning f irreversie inhiirs wih hineserse is 
sw, king u  24 hurs. One fre, hwever, he ur-
in is iie ny y he ys iiy  rue new hin-
eserse, whih kes 1  2 weeks. A hineserse reivr, 
suh s rixie hrie (Pr Chrie), n e use 
in he reen f rgnhshe xiiy in he rs 24 hurs. 
Afer his ie, he ning f hineserse n hineserse 
inhiirs nn e reverse, u rine ( rsyhyi) 
n e use  k he very vie Ah neurrnsier  
he reer sies. Sur f veniin n irwy inenne 
wu e require fr he urin f he ees.

Anticholinergic Agents

Anihinergi gens k Ah reers n  s hinergi 
ngniss. Prsyhyi (niusrini) gens, suh s 
rine, n rug sses, suh s neurusur kers n gn-
gini kers, re nihinergi euse hey k Ah  heir 
reseive sies. Hwever,  neurusur r gngini king 
gen wu not e nsiere  rsyhyi r nius-
rini gen euse he sie f in is n wihin he rsy-
hei syse. Prsyhyi gens re niusrini euse 
f he iiin  rsyhei erin er sies.

Atropine as a Prototype 
Parasympatholytic Agent

Arine is usuy nsiere he rye rsyhyi, 
n here is renewe ineres in he use f ersize ngs f 
rine in resirry re; his is isusse re fuy in Cher 7. 
Arine urs nury s he ev iser in Atropa belladonna,
r nighshe, n in Datura stramonium, r jisnwee. e 
rug is referre  s  belladonna alkaloid.

Arine is  competitive antagonist  Ah  usrini ree-
r sies (i.e., gns, gsrinesin r, her, n eyes) n 
n fr  reversie n wih hese hinergi reers. I is 
nnsei fr usrini reer suyes n ks M

1
, M

2
, 

n M
3
 reers. Arine ks sivry serein n uses 

ry uh. In he resirry syse, rine ereses sere-
in y uus gns n rexes he rnhi sh use 
y king rsyheiy inine s ne. Ar-
ine ks vg innervin f he her  rue inrese 
her re. ere is n ee n  vesses euse hese  
n hve rsyhei innervin; ny he Ah reers 
. Vsur resisne wu n inrese wih rine. If  

Uses and Eects of Parasympatholytic 

(Antimuscarinic) Agents

• Bronchodilation

• Preoperative drying of secretions

• Antidiarrheal agent

• Prevention of bed-wetting in children (increase in urinary retention)

• Treatment of peptic ulcer

• Treatment of organophosphate poisoning

• Treatment of mushroom (Amanita muscaria) ingestion

• Treatment of bradycardia

• BOX 5.1

rsyhiei were given, rine wu k he i-
ing ee n  vesse reer sies. Puiry iin (mydria-
sis) urs s  resu f ke f he irur iris use, n 
he ens is ene (cycloplegia) y ke f he iiry use. 
In he gsrinesin r, rine ereses i serein, 
ne, n iiy. Ber w sh use is rexe, n 
viing is swe. Sweing is inhiie y rine, whih ks 
Ah reers n swe gns. Swe gns re innerve y 
syhei hinergi ers.

A usu ini ses, rine exers  w eve f CNS si-
uin, wih  swer seive ee in he rin. Sine, 
nher ssi niusrini gen, n rue rwsiness n 
nesi. In rger ses, rine n use xi ees in he 
CNS, inuing huinins.

e nihinergi (niusrini) ee n he vesiur 
syse n inhii in sikness. Sine ws use fr 
his, n nihisine rugs, suh s ienhyrine (Dr-
ine), whih hve nihinergi ees, re ny use  
reven in sikness. e ry uh n rwsiness h s 
ur wih  rug, suh s ienhyrine, re yi nius-
rini ees.

Parasympatholytic Antimuscarinic Eects

If he si ees f he rsyhei syse re knwn, he 
ees f n ngnis, suh s rine, n e eue. Fr 
exe, if rsyhei (vg) siuin sws he her 
re, rsyhyi shu inrese he her re y king 
h innervin. Bx 5.1 iss he ees n uses f rsy-
hyi gens.

Sympathetic Branch

K E Y  P O I N T

Sympathetic effects on the cardiopulmonary system include increased heart 

rate and contractile force, increased blood pressure, bronchodilation, and 

probable increased secretion from mucous glands in the airway.

As ne in he gener esriin f he rsyhei n 
syhei rnhes f he uni nervus syse, sy-
hei (renergi) ees re eie h y neurrnsier 
reese fr syhei nerves n y he reese f iruing 
ehines (i.e., nreinehrine n einehrine) fr he 
ren eu. Ciruing ehines siue rener-
gi reers hrughu he y, n jus reers wih nerve 
ers resen. Syhei ivin resus in siuin f he 
her, inrese ri uu, inrese  ressure, en 
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siuin, eere eis, n rnhiin in he 
unry syse.

Adrenergic Neurotransmitter Function

In he syhei rnh f he uni nervus syse, 
he usu neurrnsier  he erin nerve sies is nrei-
nehrine, wih he exeins esrie reviusy (swe gns 
n ren eu). Fig. 5.5 iusres neurrnsier fun-
in wih nreinehrine. In he resyni neurn, yrsine is 
nvere   n hen  ine, whih is nvere y 
ine β-hyrxyse  nreinehrine in he srge vesies. 
An in eni in he nerve ens iu hnnes, w-
ing n inux f iu. Inrese inreur iu es  
exysis f he vesies nining nreinehrine, whih h 
 reers n he ssyni erne. e ex hysigi 
ee eens n he sie f innervin n he ye f sy-
hei reer, whih n s vry, s esrie ew.

e riry eh f erining he in f nreineh-
rine  he ssyni erne is hrugh  reuke ress 
h rings nreinehrine k in he resyni neurn. is 
is ere uptake-1. e neurrnsier in n e ene y 
w her ehniss s we: (1) uke in issue sies run 
he nerve erin,  ress ere uptake-2  isinguish i 
fr reuke in he nerve erin isef; n (2) iusin f 
exess nreinehrine wy fr he reer sie,  e e-
ize in he iver r s. In iin, nreinehrine n 
siue autoreceptors n he resyni neurn, whih inhiis 

furher neurrnsier reese. ese ureers hve een 
ienie s α

2
-reers (isusse er).

e isinin eween he w yes f uke resses is 
 resu f reserh uishe y Iversen in 1965.1 e uke-2 
ress is  eie uke f exgenus ines (heis, suh 
s nreinehrine) in nonneuronal issues, suh s ri use 
es. Iversen n S2 isinguishe eis f he uke-2 ress:
• I is  eie rnsr syse.
• I is  w-niy u high-iy syse.
• I is n s sereheiy sei s uke-1.
• I is sei  ehines.
• e rer f niy fr uke f sei gens, in decreas-

ing rer, is s fws: isreren > einehrine > 
nreinehrine.

• Cerin riseris n inhii he uke-2 ress, 
eniing ehines.
e s ee f uke-2 inhiiin y riseris is is-

usse re fuy in Cher 11. Te 5.4 iss he hysigi 
ees f syhei ivin. e ees ise in Te 5.4 re 
given fr he se rgns ise in Te 5.1 fr he rsy-
hei syse fr risn.

Enzyme Inactivation

e enzyes h eize nreinehrine, einehrine, n 
heis siir  hese neurrnsiers re irn fr 
unersning he ierenes in he in f he renergi rn-
hir gru. Cheis sruury ree  einehrine 
re ere catecholamines, n heir gener sruure is uine 
in Cher 6 in he isussin f syhiei (renergi) 
rnhirs. Tw enzyes h n inive ehines, 
suh s einehrine, re vie: (1) eh O-ehyrnsferse 
(COMT) n (2) nine xise (MAO). e in f h 
enzyes n einehrine (Fig. 5.6) is irn euse COMT is 
resnsie fr ening he in f ehine rnhirs.

Sympathetic Adrenergic Receptor Types

e ees f renergi reers re eie y uing wih 
G reins, n hey re ienie s G rein–inke reers. 
Arenergi reer suyes, wih exes f heir in n 
he ye f G rein wih whih hey re ue, re su-
rize in Te 5.5

α and β Receptors

K E Y  P O I N T

Receptors at sympathetic end sites are subdivided into α and β receptors, 

with α receptors mediating excitatory effects (e.g., vasoconstriction) and β

receptors mediating inhibitory effects (e.g., smooth muscle relaxation).

In 194, Ahquis3 isinguishe alpha (α) n beta (β) sy-
hei reers n he sis f iering resnses  vrius 
renergi rugs,  f whih were siir  nreinehrine wih 
inr sruur ierenes. ese rugs inue henyehrine, 
nreinehrine, einehrine, n isreren. e w yes f 
syhei reers were isinguishe s fws:
• α Receptors: Genery excite, wih he exein f he inesine 

n CNS reers, where inhiiin r rexin urs
• β Receptors: Genery inhii r relax, wih he exein f he 

her, where siuin urs

• Fig. 5.5 Adrenergic nerve transmission mediated by the neurotransmit-

ter norepinephrine (NE). The action of the neurotransmitter is terminated 

primarily by a reuptake mechanism (uptake-1) and by enzyme metabolism 

and a second uptake mechanism into tissue sites (uptake-2). Norepineph-

rine attaches to autoreceptor sites on the presynaptic neuron to inhibit 

further neurotransmitter release. Ca, Calcium ion.
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TABLE 

5.4
Eects of Sympathetic (Adrenergic) Stimulation on Selected Organs or Sites*

Organ/Site

Sympathetic (Adrenergic) 

Response

Heart

SA node Increase in rate

Contractility Increase in force

Conduction velocity Increased AV node conduction

Bronchi

Smooth muscle Relaxation and dilation of airway 

diameter

Mucous glands Increased secretion

Vascular Smooth Muscle

Skin and mucosa Vasoconstriction

Pulmonary Dilation/constriction (two types of 

sympathetic receptors)

Skeletal muscle Dilation (predominantly)

Coronary Dilation/constriction (two types of 

sympathetic receptors)

Salivary Glands Decreased secretion

Skeletal Muscle Increased contractility

Organ/Site

Sympathetic (Adrenergic) 

Response

Eye

Iris radial muscle Contraction (mydriasis)

Iris circular muscle None

Ciliary muscle Relaxation for far vision†

Gastrointestinal Tract Decreased motility

Gastrointestinal Sphincters Contraction

Urinary Bladder

Detrusor Relaxation

Trigone sphincter Contraction

Sweat Glands Increased secretion‡

Glycogenolysis

Skeletal muscle Increased

Lipolysis (Multiple Sites) Increased

Renin Secretion (Kidney) Increased

Insulin Secretion (Pancreas) Decreased

*Effects of sympathetic activation are mediated by direct innervation of nerve bers and by circulating epinephrine released from the adrenal medulla.
†Relaxes as a result of circulating epinephrine, with sympathetic activation.
‡Innervated by sympathetic nerves with acetylcholine neurotransmitter (cholinergic receptors); response to exogenous cholinergic agent is increased sweating.

AV, Atrioventricular; SA, sinoatrial.

• Fig. 5.6 Metabolic pathways for the transformation of epinephrine by the enzymes catechol O-methyl-

transferase (COMT) and monoamine oxidase (MAO) to an inactive form.
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• β
1
 Receptors: Inrese he re n fre f ri nrin

• β
2
 Receptors: Rex rnhi sh use n vsur es 

f skee use

K E Y  P O I N T

β receptors are subdivided into β
1
 receptors, which are excitatory and found 

in the heart, and β
2
 receptors, which are found elsewhere and mediate inhibi-

tory responses.

β
1
 reers nsiue he exein  he gener rue h β

reers use rexin. β
2
 reers fr he sis fr he 

ss f renergi rnhirs, whih   rex rnhi 
sh use y siuin f hese reers. β reer, 
riey hrerize s n exe f  G rein–inke reer in 
Cher 2 in he inruin  pharmacodynamics (rug–ree-
r inerin), is isusse in re ei in Cher 6, whih 
isusses β-renergi rnhirs. A hir ye f β reer, 
he β

3
 reer, hs s een isinguishe s  β-reer ye 

fun n iyes (f es) whse siuin resus in iysis.

α
1
 and α

2
 Receptors

K E Y  P O I N T

α receptors are subdivided into α
1
 receptors, which are excitatory, and α

2

receptors, which are inhibitory and are found on the presynaptic neuron to 

inhibit further neurotransmitter release.

α reers hve s een ierenie in α
1
 n α

2
 reers. 

is ssiin hs een e n  morphologic sis (in 
f he reers) n  pharmacologic sis (ierenes in resnse 
 vrius rugs). e hrgi iereniin f α

1
 n α

2

reers is siir  he isinin eween α n β reers 
(Fig. 5.). is iereniin is se n  resnse ninuu 
rnging fr exiin (α

1
)  inhiiin (α

2
) s ieren rugs 

re inisere. Fr exe, henyehrine uses vsn-
sriin, s reviusy enine, wheres niine (Cres) 
uses  wering f  ressure n syhei iviy. Both

α-Syhei reers re fun n eriher  vesses, 
n siuin resus in vsnsriin. α-Arenergi g-
niss re frequeny use fr i vsnsriin f he ns 
us  re sys f ns ngesin use y he -
n . β-Arenergi reers re fun n irwy sh 
use n in he her. Drug iviy f renergi siuns 
(syhieis) rnges ng he seru seen in Fig. 5.7

As iusre in Fig. 5.7, henyehrine is ne f he ures 
α siuns, n isreren is n s-ure β siun. 
“Pure reins  n ur wih ny rug—h is, even hen-
yehrine y e her sies. Einehrine siues α n β
sies equy, u nreinehrine hs re f n α ee hn  β
ee.

β
1
 and β

2
 Receptors

In 1967, Lns e .4 furher ierenie β reers in β
1

n β
2
 suyes. β

1
 Reers re fun in ri use, n 

β
2
 reers (whih enss  her β reers) re fun in 

rnhi, vsur, n skee uses. e isinin ng 
yes f β reers is s fws:

• Fig. 5.8 Spectrum of activity of α-receptor agonists and antagonists, from excitatory to inhibitory. Epi-

nephrine and norepinephrine can stimulate α
1
-receptor and α

2
-receptor sites. For example, phenylephrine 

stimulates α
1
 receptors and causes vasoconstriction, whereas methyldopa stimulates α

2
 receptors and 

can decrease blood pressure, although both are α-receptor agonists. Prazosin is a selective α
1
-blocking 

agent, and yohimbine is a selective α
2
-blocking agent.

TABLE 

5.5

Adrenergic Receptor Subtypes: Location and 

G-Protein Linkage

Receptor Type Location

G-Protein 

Subtype

α
1

Peripheral blood vessels G
q

α
2

Presynaptic sympathetic neurons 

(autoreceptor), CNS

G

β
1

Heart G
s

β
2

Smooth muscle (including 

bronchial), cardiac muscle

G
s

β
3

Lipocytes G
s

CNS, Central nervous system.

• Fig. 5.7 Spectrum of activity of adrenergic agonists, ranging from excitatory effects to inhibitory effects, 

by which α and β receptors are distinguished.
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gens re nsiere α-reer gniss. Oher gens, suh s 
rzsin (Miniress) r e (Nryne), use wering 
f  ressure, u yhiine uses inrese in  res-
sure. Ye all f hese gens re nsiere α-reer ngniss. 
Bke f α

1
-exiry reers y rzsin wu reven 

vsnsriin n erese  ressure, wheres ke f 
α

2
-inhiiry reers y yhiine wu reven vsiin 

n inrese  ressure.
Beuse ieren α gniss n use sie ees, n if-

feren α kers  he se, α reers were suivie in 
he w yes esrie. e in-se, r rhgi, if-
fereniin f α

1
 n α

2
 reers is re ex. In peripheral

nerves, α
1
 reers re e n ssyni sies, suh s vs-

ur sh use, n α
2
 reers re resyni (Fig. 5.9). 

Siuin f hese eriher α
1
 reers uses exiin n 

vsnsriin; ivin f eriher (resyni) α
2
 ree-

rs uses inhiiin f furher neurrnsier reese. Perih-
er α

2
 reers erfr  negive feek nr ehnis, 

referre  s autoregulation, whih hs een shwn wih sy-
hei (renergi) neurns; hey re referre  s autoreceptors5 (see 
Fig. 5.5). Nreinehrine reese fr he nerve ening n i-
ve α

1
 (ssyni) n α

2
 (resyni) reers. Pssyni 

siuin uses  e resnse, suh s vsnsriin, u 
resyni siuin es  inhiiin f furher neurrns-
ier reese. In he CNS, α

2
 reers re genery nsiere  

e e n ssyni sies; his is he reverse f heir in 
erihery, where hey re resyni. ese enr ssyn-
i α

2
 reers re he sie f in fr nihyerensive gens, 

suh s niine (Cres) r ehy (Ae). ese re 
isusse furher n iusre in Cher 22

T surize, α
1
 n β

1
 reers excite, n α

2
 n β

2
 ree-

rs inhibit. is nsiseny f susris fr (1) exiin versus 
(2) inhiiin is in reeering heir ees.

Dopaminergic Receptors

Oher reers in he CNS (rin) resn  ine,  
hei reursr f nreinehrine n re, herefre, ere 
dopaminergic. Beuse ine is heiy siir  eineh-
rine n siues α n β reers, inergi reers re 
ssie s  ye f renergi reer.

Sympathomimetic Adrenergic and 

Sympatholytic Antiadrenergic Agents

Drugs h siue he syhei syse n rue ren-
ergi ees (syhieis) n rugs h k renergi 
ees (syhyis) re isusse in greer ei in sere 
hers. In his k, ehsis is e n β-renergi g-
niss use fr rnhiin (see Cher 6) n n renergi 
gniss use fr rivsur ees, suh s ri siuin 
(see Cher 21) r vsnsriin (see Cher 22). Arener-
gi king gens re nsiere fr heir nihyerensive n 
ningin ees (see Cher 22). T exeify h sy-
hiei n syhyi gens, Te 5.6 rvies seee 
exes f rugs egrize s gniss r ngniss f he 
syhei syse n inues heir generi nes, rn 
nes, n n ini uses.

Neural Control of Lung Function

Bh he syhei n rsyhei rnhes f he u-
ni nervus syse exer nr f ung funin. A resen, 
he w rnhes fr he sis fr w sses f resirry re 
rugs h ify irwy sh use ne: (1) he renergi 
rnhir gru n (2) he nihinergi rnhir 
gru.

Lung funin inues re hn jus irwy sh use 
ne. Muie sies n issues re invve in ung funin, s 
fws:
• Airwy sh use
• Suus n surfe serery es
• Brnhi eiheiu
• Punry n rnhi  vesses

In iin  uni nerve ers n he reers 
ssie wih he, sies in he ung (sh use, gns, 
n vsur es) y e ee y reese f eirs fr 
inry es, suh s s es n ees, r y reese 
f eihei frs, suh s  rexn fr, whih n reue 
irwy nriiy in resnse  ssgens, suh s hisine, 
sernin, r Ah.6 Reers in he ung n irwys fr ei-
rs reese y inry es inue he fwing:
• Histamine receptors: Eseiy he H

1
 ye

• Prostaglandin receptors: Suh s rsyin, rsgnin D
2

(PGD
2
), rsgnin F

2
α (PGF

2
α), n hrxne A

2

• Leukotriene receptors: Suh s LTB
4
 n he C

4
-D

4
-E

4
 series h 

rise wh ws frery ere slow-reacting substance of 
anaphylaxis (SRS-A)

• Platelet-activating factor (PAF) receptors
• Adenosine receptors: Suh s A

1
 n A

2

• Bradykinin receptors
e eirs f inin n heir reers (e.g., his-

ine n rsgnins) re isusse in he review f r-
iseris (see Cher 11) n her nish rugs (see 
Cher 12) inene  inhii r reven n inry 
resnse in he ung.

• Fig. 5.9 Location and effect of α
2
 receptors, also designated autorecep-

tors. Stimulation of α
2
 receptors by norepinephrine (NE) on the presynaptic 

neuron inhibits further neurotransmitter release and nerve action.
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Sympathetic Innervation and Eects

e syhei nervus syse exers is ees y ire n 
inire ens, s uine in revius seins. Direct eects refer 
 ire innervin f issue sies y nerve ers. Indirect eects
re eie y he reese f he iruing ehines ei-
nehrine n nreinehrine.

Syhei nerve ers fr gngini synses usie he 
ung. Psgngini syhei nerve ers fr he ervi 
n uer hri gngi fr exuses  he hir regin f he 
ung n ener he ung inge wih rsyhei nerves. 
Hishei n ursruur suies shw  reivey high 
ensiy f syhei nerve ers hing  suus 
gns n rnhi reries u few r n nerve ers eing 
 irwy sh use in he hun ung.7 Fig. 5.10 iusres 
syhei innervin n ees eie irey y nerve 
in n inirey y iruing einehrine in he hun 
ung.

Airway Smooth Muscle

ere is ie r n ire syhei innervin f irwy 
sh use in he hun ung. e syhei nervus 
syse nrs rnhi sh use ne y iruing ei-
nehrine n nreinehrine, whih  n α n β reers n 
irwy sh use. Re h einehrine siues h 
α n β reers, wheres nreinehrine s ririy n α
reers.

β Receptors. β reers eie rexin f irwy sh 
use. is in is iike y he ss f β-renergi 
rnhirs, inrue in Cher 6. β reers re 
isriue fr he rhe  he erin rnhies; he 
ensiy f hese reers inreses s he irwy ieer ees 
ser. β gniss n use rexin f s irwys.

β
2
 reers riiny hve een ienie s he β-reer 

suye n irwy sh use; his hs een furher verie 
fr he hun ung y urigrhi suies n eu-
r gene suies.9 ere is seies vriin fr he resene f 

β-reer suyes, hwever, wih β
1
 n β

2
 reers resen in 

guine ig n g irwys.
β

1
 n β

2
 reers in he ung hve s een isinguishe s 

neuronal n hormonal reers, reseivey. is is se n he 
ne h β

1
 reers re β reers fr sies where nrei-

nehrine is reese fr syhei nerve erin ers (neu-
rn); β

2
 reers re β reers resnsive  iruing ei-

nehrine (hrn). Bh reers use irwy sh use 
rexin when siue, eiher y syhei nerve reese 
f nreinehrine r y iruing einehrine, in suh seies 
s he g r he guine ig, whih hve β

1
 reers n irwy 

sh use.10 In he hun ung, whih hs n syhei 
innervin f irwy sh use, renergi reers re  
f he β

2
 ye; β

1
 reers hve een ienie y riign 

ining n urigrhi suies f ver ws in he ung 
erihery.9 Using his eringy, rexin f hun irwy 
sh use wu e ishe y siuin f hr-
n β reers vi iruing r exgenus ehines. 
β

3
 reers, whih hve s een ienie n iyes, hve n 

knwn funin in he hun irwy.11

C L I N I C A L  C O N N E C T I O N

Albuterol is a β
2
 specic agent that works on β

2
 receptors. This stimulation 

causes bronchodilation of airway smooth muscle. However, β
1
 receptor 

stimulation is possible and respiratory therapists must monitor heart rate 

during use of a β agonist.

α Receptors. α reers exis in he hun ung in ess quniy 
hn β reers n wih n ierene in isriuin eween 
rge n s irwys. Nreinehrine siues α reers, 
u heir ee in he irwy sees  e inr. Eviene f 
syhei-inue rnhnsriin hs een rvie 
y suies in whih ung issue ws ree wih  β ker, r 
ngnis (e.g., rrn), n hen exse  einehrine, 
whih siues α n β reers.12 Beuse β reers were 
ke, einehrine ws he  he free α reers; he 
resu ws nrin f sh use, rviing eviene f 

TABLE 

5.6
Examples of Adrenergic Agonists and Antagonists

Category Generic Name Brand Name Uses

Sympathomimetic Epinephrine Adrenalin Bronchodilator, cardiac stimulant, vasoconstrictor

Ephedrine Sudafed, various Nasal decongestant

Dextroamphetamine Adderall, Dexedrine CNS stimulant

Dopamine Intropin Vasopressor, shock syndrome

Albuterol Proventil, Ventolin, Pro Air Bronchodilator

Salmeterol Serevent Bronchodilator

Sympatholytic Phentolamine Oraverse Vasodilator, pheochromocytoma, reverse effects of local 

anesthetics on lip and tongue after dental procedures

Prazosin Minipress Antihypertensive

Labetalol Tandate Antihypertensive

Metoprolol Lopressor, Toprol-XL, Kapspargo Sprinkle Antihypertensive, antianginal

Propranolol Inderal, Innopran-XL, Hemangeol Antihypertensive, antiarrhythmic (PAT)

Timolol Betimol, various Ophthalmic solution, treat increased IOP in patients with 

glaucoma

Esmolol Brevibloc Antiarrhythmic

CNS, Central nervous system; IOP, intraocular pressure; PAT, paroxysmal atrial tachycardia.
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vsnsriin eie y α reers. Siuin f β ree-
rs y iruing einehrine uses rexin n vsiin 
f rnhi  vesses.

Mucous Glands

Hun rnhi suus gns re innerve y sy-
hei n rsyhei nerves. α n β reers re resen 
n rhe suus gns. Siuin f hese reers 
uses n inrese in serein f ui n uus. Eihei es 
n he irwy ining  n hve ire syhei innervin 
u  ssess β

2
 reers, whse siuin n s inrese 

serein f ui. Muiiry erne is enhne, reving 
re riue er.14

Parasympathetic Innervation and Eects

K E Y  P O I N T

In the human lung, glands and blood vessels are innervated by sympathetic 

nerve bers, but airway smooth muscle has few, if any, such bers, respond-

ing instead to circulating epinephrine by means of β receptors. Parasym-

pathetic vagal nerves innervate the lung as well, supplying airway smooth 

muscle and mucous glands.

e ung is suie y vgus nerves, wih he reurren rynge 
nerve (r f he hri vgus) innerving he rhe; her 
rnhes f he vgus ener he ung  he hiu n innerve 
he inrunry irwys. In he rhe n reining ir-
wys, rsyhei nerves suy irwy sh use n 
gns. Vgus nerves in he ung reese Ah n re ere cho-
linergic. Ah ues wih usrini Ah reers n irwy 
sh use  use rnhnsriin n n suus 

• Fig. 5.10 Adrenergic control mechanisms, including adren-

ergic receptor subtypes and effects in the pulmonary system. 

Sites of direct sympathetic nerve innervation, such as the pul-

monary vasculature, are indicated. Other sites, such as air-

way smooth muscle, lack nerve innervation but respond to 

circulating epinephrine (EPI) released by the adrenal medulla 

with sympathetic activation and can respond to exogenous 

catecholamines. NE, Norepinephrine.

he exisene f α reers n shwing  nrie ee. e 
ini use f α reer–king gens, suh s ienine, 
hyxine, n henine, in ses f sus shius 
hs een rere fr re hn 40 yers, ening sur  
he re f α reers in rnhi nrin.13 e re f α
reers in nring irwy sh use reins he su-
je f invesigin.

C L I N I C A L  C O N N E C T I O N

In patients with airway edema (i.e., stridor, croup) α receptor stimulation 

from inhaled racemic epinephrine provides vasoconstriction resulting in 

improvement of the edema. Additionally, α receptor stimulation occurs with 

the use of pseudoephedrine as a result of a “stuffy” nose (i.e., nasal edema).

Lung Blood Vessels

B w in he ung is e u f w ieren syses: he 
pulmonary n he bronchial iruins. e unry iru-
in reeives he ys venus reurn fr he righ her n is 
rii fr gs exhnge. e rnhi iruin is n reri 
suy h erfuses ung issue  suy nuriens n reve 
ei y-rus.

e unry iruin is innerve y rsyhei 
n syhei nerves. Syhei nerves reese nreineh-
rine  siue α reers n use vsur nrin. β
reers n unry  vesses use rexin n re 
siue y iruing einehrine. An exgenus eh-
ine n use vsnsriin, iin, r n ee, een-
ing n he reive siuin f reer yes.

e rnhi iruin is innerve reinny y 
syhei nerves. Aivin f syhei nerves uses 
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gns  siue serein. e in f Ah is iie y 
he enzye eyhineserse, r hineserse, whih reks 
wn Ah.

Chinergi nerve ers in he ung re enses in he hir 
regin n erese in ensiy wr he irwy erihery. Ch-
inergi usrini reers s erese in ensiy in is ir-
wys. Eeri siuin f vgus nerves in g suies use 
re nrin in he inereie rnhi hn in he in 
rnhi r rhe.15

Muscarinic Receptors in the Airway

e genes fr ve suyes f Ah, r usrini, reers hve 
een ienie, esigne M

1
 hrugh M

5
. Ony fur f hese 

suyes, M
1
  M

4
, hve een ienie y hei (ign) 

ining suies hrgiy. ree f hese usrini 
reer suyes hve een ienie in he hun ung: M

1
, 

M
2
, n M

3
. eir ins re iusre in Fig. 5.11, n he 

funin f eh is isusse.
M

1
 Receptors. M

1
 reers re resen  he rsy-

hei gngin n he sjunin erne. Usuy, Ah 
gngini reers re niini, s esrie reviusy. Hw-
ever, he M

1
 reer y fiie niini reer iviy n 

nerve rnsissin, wih n ver exiry ee.
M

2
 Receptors. M

2
 reers re ize  he resyni 

erne f sgngini rsyhei nerve enings. ese 

reers re hugh  e uregury reers whse siu-
in y Ah inhiis furher Ah reese fr he nerve ening, 
herey iiing he hinergi siuin. is is ngus  
he α

2
 reer inhiiing furher reese f nreinehrine fr 

syhei nerve enings, whih ienies i s n uree-
r, s isusse reviusy (see sein “Chinergi Neurrns-
ier Funin). Siuin f rejunin M

2
 reers in 

hun irwys in vir resus in srng inhiiin f hiner-
gi rsyhei-inue rnhnsriin. Pirine, 
 ire-ing hinergi gnis (rsyhiei), is  
seeive siun f M

2
 reers.16 Inhin f irine 

ks hinergi reex rnhnsriin use y sufur 
ixie in hun sujes wihu sh, verifying h M

2

reer siuin n k hinergi rnhnsriin.17

In sujes wih sh, irine es n inhii rnh-
nsriin. is suggess he ssiiiy f M

2
 reer ysfun-

in in sh, resuing in inrese hinergi rnhn-
sriin. If M

2
 reers fi  rvie heir nr inhiiin 

f Ah reese n rnhi nrin, his y exin why 
ke f β reers n use suh severe rnhnsriin 
in iens wih sh. e nr ne f Ah inhiiin y 
M

2
 reers is king, n β ke y suh rugs s rrn-

 eves Ah siuin f irwy sh use unheke.
M

3
 Receptors. M

3
 reers re resen n suus gns 

n irwy sh use n ssiy n surfe ge es. 

• Fig. 5.11 Location and effects of muscarinic receptor sub-

types in the pulmonary system. Ach, Acetylcholine.
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Siuin f M
3
 reers uses rnhnsriin f sh 

use n exysis n gnur serein fr suus 
uus gns. M

3
 reers y s e resen n irwy ei-

hei es  inrese iiry e. Angnis f M
3
 reers is 

he sis fr  ss f rnhir gens: he nihinergi 
rnhirs (see Cher 7).

Muscarinic Receptors on Blood Vessels

Musrini M
3
 reers re e n enhei es f h 

he rnhi n he unry vsuure. Siuin f M
3

reers uses reese f n enheiu-erive rexn f-
r.1 is rexn fr, whih rues vsiin n is 
eie y n inrese in inreur yi gunsine n-
hshe (GMP), hs een ienie s niri xie (NO) r  
very siir nirsun.19

Nonadrenergic, Noncholinergic 

Inhibitory Nerves

K E Y  P O I N T

In addition to sympathetic and parasympathetic nerves in the lung, there is 

evidence of a nonadrenergic, noncholinergic (NANC) system. This system has 

inhibitory and excitatory branches.

ere is eviene f  rnh f nerves h re neiher rsy-
hei (hinergi) nr syhei (renergi) n h n 
use rexin f irwy sh use. ese nerves hve een 
ere nonadrenergic, noncholinergic (NANC) inhibitory nerves.20

ey re s referre  s siy nonadrenergic inhibitory nerves
euse renergi iviy rexes irwy sh use, n 
his is n iin u nnrenergi neur eh f rex-
ing suh sh use. Eviene f NANC inhiiry nerves 
is se n he fwing ye f exerienin. When r-
syhei (hinergi) reers re ke wih n ng-
nis, suh s rine, n syhei (renergi) reers re 
s ke wih  β ker, suh s rrn, eeri e 
siuin f he ung rues rexin f rnhi sh 
use. Kzung21 rvie  re eie esriin n evi-
ene f his ehgy. Fig. 5.12 iusres his inhiiry 
syse h is neiher renergi nr hinergi n is ssie 

neurrnsier susnes. A nnrenergi inhiiry nervus 
syse fun in he gsrinesin r is ririy resnsie 
fr he rexin f erissis n he inern n shiner. In 
he gsrinesin r, his syse eves in njunin wih 
he rsyhei rnh. Erygiy, he gsrinesin 
n resirry rs shre  n rigin, n he serin 
f he rhe n gu urs run he furh r fh week f 
gesin. is n rigin s usiiiy  he resene f 
 nnrenergi inhiiry syse in he ungs siir  h in 
he gsrinesin r.

K E Y  P O I N T

Inhibitory effects on airway smooth muscle cause bronchodilation and may 

be mediated by the neurotransmitter vasoactive intestinal peptide (VIP) or by 

nitric oxide (NO).

e ex neurrnsier resnsie fr rexin resnses 
eie y NANC inhiiry nerves is uner invesigin; 
hwever, he neurrnsier vsive inesin eie (VIP) 
is he urren frn-runner.22 VIP n rex in irwy 
sh use. Anher ssie neurrnsier using ir-
wy sh use rexin is NO. e enzye resnsie fr 
NO synhesis, niri xie synhse (NOS), hs een fun in 
nerve erins run irwy sh use, n NO rues 
ees siir  hse use y NANC inhiiry nerve iv-
in. Riir23 eieve h NANC inhiiin is eie y 
NO wih he he f VIP. An NANC inhiiry neurrnsier 
susne hs n ye een eniivey ienie.

Nonadrenergic, Noncholinergic 

Excitatory Nerves

e exisene f NANC excitatory nervous control f irwy sh 
use hs s een shwn using eeri e siuin (EFS) 
ehniques. is syse is s referre  s siy noncholinergic 
excitatory nervous control euse hinergi iviy nrs ir-
wy sh use, n his is n iin u nnhinergi 
neur eh f exiing n nsriing suh sh use. 
Siuin f NANC exiry nerves uses rnhi nr-
in. Sensry aerent nerves ere C-bers re resen in he ir-
wys, run rnhi  vesses, run suus gns, 

• Fig. 5.12 Nonadrenergic inhibitory nervous system in the 

lung, which can cause relaxation of airway smooth muscle. 

Relaxation of smooth muscle occurs in the presence of cho-

linergic blockade by atropine and adrenergic blockade by pro-

pranolol. Ach, Acetylcholine; EPI, epinephrine; NO, nitric oxide; 

VIP, vasoactive intestinal peptide.

ALGrawany
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n wihin he irwy eiheiu. ese eren ers fw he 
vg nerve rs in he CNS, s shwn in Fig. 5.13

K E Y  P O I N T

Excitatory effects, such as bronchoconstriction, are produced by afferent 

sensory bers that have substance P as a neurotransmitter; these effects are 

caused by local release of substance P and by afferent–efferent reex arcs 

involving efferent cholinergic transmission.

Sensry C-er nerves nin susne P, whih is  hykinin 
( fiy f s eie eirs). Susne P is s referre 
 s  neuropeptide. Sensry C-ers n e siue y nx-
ius susnes, suh s siin, fun in hii eers. When 
siue, C-ers nu iuses  he CNS h resu in 
reexes f ugh n rsyheiy inue rnhn-
sriin. Sensry C-ers s reese heir neureies, suh 
s susne P,  he  sie f he nerve er. Susne P n 
her hykinins use rnhnsriin in he irwys n 
vsiin, inrese vsur ereiiy, uus gn sere-
in, n enhne uiiry iviy. e NANC exiry 
C-er syse hs een nsiere  ssie use f he hyer-
reive irwy seen in sh. e resene f C-ers is ess 
rke in irwys in huns hn in ren seies.

• Fig. 5.13 Afferent C-bers making up the nonad-

renergic, noncholinergic (NANC) excitatory nervous 

system in the lung. Activation of C-bers causes an 

afferent impulse with reex parasympathetic activity 

and release of substance P, causing local effects in 

the airway. Ach, Acetylcholine; CNS, central nervous 

system; SP, substance P.

2. What is the neurotransmitter at each of the following sites: 

neuromuscular junction; autonomic ganglia; and most sympathetic end 

sites?

3. Where are muscarinic receptors found?

4. What is the effect of cholinergic stimulation on airway smooth muscle?

5. What is the effect of adrenergic stimulation on the heart?

6. Classify the drugs pilocarpine, physostigmine, propranolol, and 

epinephrine.

7. How do indirect-acting cholinergic agonists (parasympathomimetics) 

produce their action?

8. What effect would the drug atropine have on the eye and on airway 

smooth muscle?

9. What is the general difference between α and β receptors in the 

sympathetic nervous system?

10. What is the primary mechanism for terminating the neurotransmitters 

acetylcholine and norepinephrine?

11. What is the predominant sympathetic receptor type found on airway 

smooth muscle?

12. Identify the adrenergic receptor preference for phenylephrine, 

norepinephrine, and epinephrine.

13. What is the autoregulatory receptor on the sympathetic presynaptic 

neuron?

14. Classify the following drugs by autonomic class and receptor 

preference: dopamine, ephedrine, albuterol, phentolamine, propranolol, 

and prazosin.

15. What is the autoregulatory receptor on the parasympathetic presynaptic 

neuron at the terminal nerve site?

16. Contrast general α
1
-receptor and α

2
-receptor effects.

17. What substance may be the neurotransmitter in the NANC inhibitory 

nervous system in the lung?

18. What substance is the neurotransmitter in the NANC excitatory nervous 

system in the lung?

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A.

1. Which portion of the nervous system is under voluntary control: the 

autonomic or the skeletal muscle motor nerve portion?
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CLINICAL SCENARIO

Answers can be found in Appendix A.

A 42-year-old White woman with a long-standing history of asthma 

presents to the emergency department (ED) of a local acute care hospital. 

She states that she has been feeling as if her “heart was racing” today. 

She currently uses a β-adrenergic bronchodilator (albuterol) as needed 

and inhales an anticholinergic bronchodilator (ipratropium bromide) before 

bedtime; both drugs are administered by a metered dose inhaler (MDI).

On admission to the ED, she has the following vital signs: pulse (P) 155 

beats/min, regular blood pressure (BP) 146/90mm Hg, and respiratory rate 

(RR) 22 breaths/min with mild distress.

Her breath sounds are clear to auscultation, and a chest radiograph 

(posteroanterior [PA]) shows no abnormalities. Electrocardiography (ECG) 

lead II reveals supraventricular tachycardia (SVT). Oxygen saturation as 

revealed by pulse oximetry (peripheral capillary oxygen saturation [SpO
2
]) is 

90%. A resident orders oxygen at 2L/min by nasal cannula and intravenous 

propranolol for SVT, which is given. Approximately 5 minutes later, her 

heart rate is reduced to 110 beats/min, but she begins to wheeze audibly 

and complains of severe shortness of breath (SOB), and her respiratory 

pattern is labored at 26 breaths/min. She is anxious, and her SpO
2
 reading 

decreases from 92% to 72%.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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6
Adrenergic (Sympathomimetic) 
Bronchodilators 
DOUGLAS S. GARDENHIRE 

C H A P T E R  O U T L I N E  

Clinical Indications or Adrenergic Bronchodilators 

Indication or Short-Acting Agents 

Indication or Long-Acting Agents 

Indication or Racemic Epinephrine 

Specic Adrenergic Agents and Formulations 

Catecholamines 

Adrenergic Bronchodilators as Stereoisomers 

Keyhole Theory o β
2
 Specifcity 

Metabolism o Catecholamines 

Resorcinol Agents 

Saligenin Agents 

Levalbuterol: (R)Isomer o Albuterol 

LongActing βAdrenergic Agents 

Mechanism o Action 

β-Receptor and α
2
-Receptor Activation 

α
1
-Receptor Activation 

Long-Acting β Agonists: Mechanism o Action 

Routes o Administration 

Inhalation Route 

Continuous Nebulization 

Oral Route 

O B J E C T I V E S  

Parenteral Route 

Adverse Side Efects 

Tremor 

Cardiac Eects 

Tolerance to Bronchodilator Eect 

Loss o Bronchoprotection 

Central Nervous System Eects 

Fall in Arterial Oxygen Pressure 

Metabolic Disturbances 

Propellant Toxicity and Paradoxical Bronchospasm 

Sensitivity to Additives 

Compatibility o Other Agents With Bronchodilators 

βAgonist Controversy 

Asthma Morbidity and Mortality 

Respiratory Care Assessment o βAgonist Therapy 

Beore Treatment 

During Treatment and Short Term 

Long Term 

For Long-Acting β Agonists 

General Contraindications 

Ater reading this chapter, the reader will be able to: 

1. Dene sympathomimetic 5. Describe the mechanism o action or each specic adrenergic 

2. Dene adrenergic agent and ormulation 

3. List all currently available β-adrenergic agents used in 6. Describe the route o administration available or β agonists 

respiratory therapy 7. Discuss adverse eects o β agonists 

4. Dierentiate between the specic adrenergic agents and 8. Clinically assess β-agonist therapy 

ormulations 

90 
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K E Y  T E R M S  A N D  D E F I N I T I O N S  

Adrenergic bronchodilator Agent that stimulates sympathetic 

nervous bers, which allow relaxation o smooth muscle in the 

airway. Also known as sympathomimetic bronchodilator or β
2 

agonist. 

α-Receptor stimulation Causes vasoconstriction and vasopressor 

eect; in the upper airway (nasal passages), this can provide 

decongestion. 

Asthma paradox Reers to the increasing incidence o asthma 

morbidity, and especially asthma mortality, despite advances 

in the understanding o asthma and availability o improved 

drugs to treat asthma. 

β
1
-Receptor stimulation Causes increased myocardial 

conductivity, heart rate, and contractile orce. 

Tis chapter presents adrenergic drugs used as inhaled bronchodi-
lators. Te specic agents and the clinical indications or this class 
o drugs are summarized, along with their mechanism o action as 
mediated by β receptors. Structure–activity relationships o available 
agents are presented as a basis or their dierence in receptor selectiv-
ity and duration o action. Dierences among routes o administra-
tion are discussed, and side eects are reviewed. A brie summary o 
the debate over possible harmul eects with β agonists is given. 

Clinical Indications or 

Adrenergic Bronchodilators 

K E Y  P O I N T  

The adrenergic bronchodilator group is used or the treatment o reversible 

airway obstruction in diseases, such as asthma and chronic obstructive 

pulmonary disease (COPD). These agents produce bronchodilation by 

stimulating β
2
 receptors on airway smooth muscle. 

Te general indication or use o an adrenergic bronchodilator 
is relaxation o airway smooth muscle in the presence o revers-
ible airow obstruction associated with acute and chronic asthma 
(including exercise-induced asthma), bronchitis, emphysema, 
bronchiectasis, and other obstructive airway diseases. Dierences 
in the rate o onset, peak eect, and duration led to a distinction 
between the uses o short-acting and long-acting agents. Various 
recommendations and guidelines exist or the use o β agonists in 
chronic obstructive pulmonary disease (COPD) and asthma. 

β
2
-Receptor stimulation Causes relaxation o bronchial smooth 

muscle, with some inhibition o infammatory mediator release 

and stimulation o mucociliary clearance. 

Bronchospasm Narrowing o the bronchial airways caused by 

contraction o smooth muscle. 

Catecholamines Group o similar compounds having 

sympathomimetic action; they mimic the actions o epinephrine. 

Cyclic adenosine ′,′-monophosphate (cAMP) Nucleotide 

produced by β
2
-receptor stimulation; it aects many cells but 

causes relaxation o bronchial smooth muscle. 

Downregulation Long-term desensitization o β receptors to β
2 

agonists caused by a reduction in the number o β receptors. 

Sympathomimetic Producing eects similar to those o the 

sympathetic nervous system. 

C L I N I C A L  C O N N E C T I O N  

Long-acting β agonists (LABAs) are used to maintain airow obstruction. 

Some LABAs have aster onset than SABAs, specifcally ormoterol, and 

have recommendations to use or asthma with an inhaled corticosteroid 

in patients older than 12 years o age.1,2 LABAs should never be used as 

monotherapy in treating acute bronchospasms. 

Indication or LongActing Agents 

Long-acting agents, such as salmeterol, ormoterol, arormoterol, 
olodaterol, and vilanterol, are indicated or maintenance o bron-
chodilation and control o bronchospasm and nocturnal symp-
toms in asthma or other obstructive diseases, such as COPD. 
Salmeterol, ormoterol, arormoterol, olodaterol, and vilanterol 
are long-acting β agonists (LABAs) or “controllers”; the slow 
time to peak eect makes long-acting agents poor rescue drugs. 
In asthma, a long-acting bronchodilator is usually combined with 
antiinammatory medication or control o airway inammation 
and bronchospasm. Although arormoterol, ormoterol, olodat-
erol, and vilanterol have a rapid onset o action like or better than 
that o albuterol, their slower peak eect and prolonged activity 
make them better maintenance drugs than acute relievers or rescue 
agents. However, the use o ormoterol paired with inhaled corti-
costeroids (ICS) is now a recommended or use in treating asthma 
in patients older than 12 years old.1,2 

C L I N I C A L  C O N N E C T I O N  

Racemic epinephrine should be used or its vasoconstricting eect to 

reduce upper airway swelling (i.e., croup, stridor) or to control bleeding in 

the airway. This agent should not be used to treat bronchoconstriction as it 

is not as eective as albuterol or levalbuterol. 

C L I N I C A L  C O N N E C T I O N  

Short-acting β agonists (SABAs) are used to treat acute airow obstruction, 

and these agents are oten known as rescue and reliever medications in 

asthma and chronic obstructive pulmonary disease (COPD), respectively. 

Indication or ShortActing Agents Indication or Racemic Epinephrine 

Short-acting β agonists, also known as SABAs, such as albuterol Racemic epinephrine is oten used, either as an inhaled aerosol or 
and levalbuterol, are indicated or relie o acute reversible airow via direct lung instillation, or its strong α-adrenergic vasoconstrict-
obstruction in asthma or other obstructive airway diseases, such ing eect to reduce airway swelling ater extubation; during epiglot-
as COPD. titis and croup; and to control airway bleeding during endoscopy. 



92 UNIT B Drugs Used to Treat the Respiratory System

Specic Adrenergic Agents 

and Formulations 

able 6.1 lists adrenergic bronchodilators currently approved 
or general clinical use in the United States, as o the writing o 
this edition. Practitioners are urged to read package inserts on a 
drug beore administration. Tese inserts give details o dosage 
strengths and requencies, adverse eects, shel lie, and storage 
requirements, all o which are needed or sae application. able 
6.1 is not intended to replace more detailed inormation supplied 
by the manuacturer on each o the bronchodilator agents. Tere 
are three subgroups o adrenergic bronchodilators based on dis-
tinct dierences in duration o action: 
• Ultrashort acting (duration less than 3 hours): Racemic 

epinephrine 
• Short acting (duration 4–6 hours): Albuterol and levalbuterol 
• Long acting (duration 12–24 hours): Salmeterol, ormoterol, 

arormoterol, olodaterol, and vilanterol 

Catecholamines 

Te sympathomimetic bronchodilators are all either catechol-
amines or derivatives o catecholamines. A catecholamine is 
a chemical structure consisting o an aromatic catechol nucleus 
and a dialiphatic amine side chain. Fig. 6.1 shows the basic cat-
echolamine structure, which is composed o a benzene ring with 
hydroxyl groups at the third and ourth carbon sites and an amine 
side chain attached at the rst carbon position. 

Te terminal amine group (NH
2
) and the benzene ring are 

connected by two carbon atoms, designated as α and β, a nota-
tion not to be conused with α and β receptors in the sympa-
thetic nervous system. Examples o catecholamines are dopamine, 
epinephrine, norepinephrine, and isoproterenol. Te rst three 
occur naturally in the body. Catecholamines, or sympathomi-
metic amines, mimic the actions o epinephrine more or less 
precisely, causing tachycardia, elevated blood pressure, smooth 
muscle relaxation o bronchioles and skeletal muscle blood vessels, 

Inhaled Adrenergic Bronchodilator Agents Currently Available in the United States 
TABLE 

6.1 

Drug Brand Name 

Receptor 

Preference Adult Dosage 

Time Course (Onset, 

Peak, Duration) 

Ultra-Short-Acting Adrenergic Bronchodilator Agents 

Epinephrine Primatene Mist α, β MDI: 0.125 mg/pu, 1–2 pus q4h, no more than 8 in 24h Onset: 3–5 min 

Peak: 5–20 min 

Duration: 0.5–2 hr 

Racemic epinephrine Asthmanerin α, β SVN: 2.25% solution, 0.25–0.5 mL (5.63–11.25 mg) qid Onset: 3–5 min 

Peak: 5–20 min 

Duration: 0.5–2 hr 

Short-Acting Adrenergic Bronchodilator Agents 

Albuterol Proventil HFA, Ventolin HFA, β
2 

SVN: 0.5% solution, 0.5 mL (2.5 mg), 0.63 mg, 1.25-mg Onset: 15 min 

ProAir HFA and 2.5-mg unit dose, tid, qid Peak: 30–60 min 

ProAir Respiclick/Digihaler MDI: 90 mcg/pu, 2 pus tid, qid Duration: 5–12 hr 

Tab: 2 mg, and 4 mg, tid, qid 

DPI: 108 mcg/pu, 2 pus, tid, qid 

Syrup: 2 mg/5 mL, 1–2 tsp tid, qid 

Levalbuterol Xopenex, Xopenex HFA β
2 

SVN: 0.31 mg/3 mL tid, 0.63 mg/3 mL tid, or 1.25 mg/3 Onset: 15 min 

mL tid; concentrate 1.25 mg/0.5 mL, tid Peak: 30–60 min 

MDI: 45 mcg/pu, 2 pus q4-6h Duration: 5–8 hr 

Long-Acting Adrenergic Bronchodilator Agents 

Salmeterol Serevent Diskus β
2 

DPI: 50 mcg/blister bid Onset: 20 min 

Peak: 3–5 hr 

Duration: 12 hr 

Formoterol Peroromist β
2 

SVN: 20 mcg/2-mL unit dose, bid Onset: 15 min 

Peak: 30–60 min 

Duration: 12 hr 

Arormoterol Brovana β SVN: 15 mcg/2-mL unit dose, bid Onset: 15 min
2 

Peak: 30–60 min 

Duration: 12 hr 

Olodaterol Stiverdi Respimat β
2 

SMI: 2.5 mcg/actuation, 2 actuations daily Onset: 5 min 

Peak: 30–60 min 

Duration: 24 hr 

DPI, dry powder inhaler; MDI, metered dose inhaler; SMI, soft-mist inhaler; qid, four times daily; SVN, small volume nebulizer; tid, Three times daily. 
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glycogenolysis, skeletal muscle tremor, and central nervous system 
(CNS) stimulation. 

Adrenergic Bronchodilators as Stereoisomers 

Adrenergic bronchodilators can exist in two dierent spatial 
arrangements, producing isomers. Rotation around the β carbon 
on the ethylamine side chain o the basic molecular structure, as 
seen in Fig. 6.1, produces two nonsuperimposable mirror images, 
termed enantiomers or simply isomers. Fig. 6.2 illustrates epineph-
rine as a stereoisomer, showing the (R)-isomers and (S)-isomers as 
the mirror image o each other. Enantiomers have similar physi-
cal and chemical properties but dierent physiologic eects. 
Te (R)-isomer, or levo isomer, is active on airway β receptors, 
producing bronchodilation, and on extrapulmonary adrenergic 
receptors. Te (S)-isomer, or dextro isomer, is not active on adren-
ergic receptors, such as β receptors, and until more recently the 
(S)-isomer was considered physiologically inert. Te two mirror 
images o the isomers rotate light in opposite directions (see Fig. 
6.2), providing two isomers, and this is the basis or designating 
them as dextrorotatory (d, +) or levorotatory (l, −). Using their 
actual spatial conguration, the levo isomer and dextro isomer 
are reerred to as the (R)-isomer (or rectus, right) and (S)-isomer 
(or sinister, let), respectively. Adrenergic bronchodilators, such as 
epinephrine, albuterol, and salmeterol, have been produced syn-
thetically as racemic mixtures, or 50 :50 equimolar mixes o the 
(R)-isomers and (S)-isomers. Natural epinephrine ound in the 
adrenal gland occurs as the (R)-isomer, or levo isomer, only. Lev-
albuterol, released to the market in 1999, represents the rst syn-
thetic inhaled solution available as the single (R)-isomer o racemic 

• Fig. 6.1 Basic catecholamine structure, showing the catechol nucleus 

connected to an amine side chain. 

albuterol. Other bronchodilators, such as ormoterol, have two 
or double stereogenic atoms on each side because it is a racemic 
mixture (50 : 50). Formoterol will have an RR isomer and an SS 
isomer; however, arormoterol, the single isomer o ormoterol, 
will only have the RR isomer. Structures o the currently available 
inhaled β agonists to be discussed are shown in Fig. 6.3. Only a 
single isomer orm is shown, or simplication and clarity. 

Epinephrine. Epinephrine is a potent catecholamine bron-
chodilator that stimulates α and β receptors. Because epineph-
rine lacks β

2
-receptor specicity, there is a high prevalence o side 

eects, such as tachycardia, blood pressure increase, tremor, head-
ache, and insomnia. Epinephrine occurs naturally in the adrenal 
medulla and has a rapid onset but a short duration because o 
metabolism by catechol O-methyltranserase (COM). It has 
been administered both via inhalation and subcutaneous injec-
tion to treat patients with asthma exacerbation. It is also used 
as a cardiac stimulant, on the basis o its strong β

1
 eects. Sel-

administered, intramuscular injectable doses o 0.3 mg and 0.15 
mg are marketed to control systemic hypersensitivity (anaphylac-
tic) reactions. 

Tis drug is more useul or the management o acute asthma 
rather than or daily maintenance therapy because o its pharma-
cokinetics and side eect prole; however, there are better β

2
 ago-

nists or the treatment o acute asthma. Te parenteral orm o 
epinephrine is a natural extract, consisting o only the (R)-isomer, 
or levo isomer. Te synthetic ormulation o epinephrine or neb-
ulization, Asthmanerin, is a racemic mixture o the (R)-isomer, 
or levo isomer, and (S)-isomer, or dextro isomer. Te mechanism 
o action o racemic epinephrine is the same as with natural epi-
nephrine, giving α and β stimulation. Because only the (R)-isomer 
is active on adrenergic receptors, a 1 : 100 strength ormulation 
o natural epinephrine (injectable ormulation) has been used or 
nebulization, whereas a 2.25% strength racemic mixture is used 
in nebulization. An epinephrine metered dose inhaler (MDI) was 
sold over the counter (OC) as Primatene Mist. Te US Food 
and Drug Administration (FDA) ruled in 2006 that Primatene 
Mist was not essential, which led to its removal rom the mar-
ket on December 31, 2011.3 However, Nephron Pharmaceuticals 
launched Asthmanerin (racemic epinephrine) as an OC product 
in 2012. Asthmanerin is available as a liquid nebulizer solution 
and is powered by a battery-operated atomizer. Other OC prod-
ucts using epinephrine as the base have been ound on the Inter-
net. Epi Mist uses racemic epinephrine in conjunction with a bulb 
atomizer, and Prime Asthma Relie is a dry power inhaler (DPI) 
o racemic epinephrine. All these OC products have received 
admonitions rom the FDA or product issues or misinorma-
tion; however, the FDA does not regulate OC medications. 
Additionally, Amphastar Pharmaceuticals purchased the name 
Primatene Mist in 2008, starting the conversion to a hydrouoro-
alkane (HFA) MDI containing epinephrine. In 2018, Amphastar 

• Fig. 6.2 Structure o epinephrine, illustrating the (R)-isomer 

(levo, l, −) and (S)-isomer (dextro, d, +) as mirror images o 

each other, termed enantiomers. Natural epinephrine is (R)-

epinephrine. Synthetic ormulations or inhalation are race-

mic (50 :50) mixtures o (R)-isomers and (S)-isomers. 
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• Fig. 6.4 A, Inactivation o the catecholamine 

epinephrine by the enzyme catechol O-meth-

yltranserase (COMT). B, Conversion o a cat-

echolamine such as epinephrine to an adreno-

chrome. 

Pharmaceuticals led a NDA with the FDA and Primatene Mist 
was approved in 2019 as an HFA MDI o epinephrine.4 

Keyhole Theory o β
2
 Specicity 

Te theory that explains the shit rom α activity to β
2
 specicity 

has been termed the keyhole theory o β sympathomimetic recep-
tors: Te larger the side chain attachment to a catechol base, the 
greater is the β

2
 specicity. I the catecholamine structural pattern 

is understood as a keylike shape, then the larger the “key” (side 
chain), the more β

2
 specic is the drug. Te increase in side chain 

substitutions can be seen in the drug structures presented in Fig. 
6.3 or the three catecholamines described above and or the β

2

selective agents to be discussed in later sections. 

Metabolism o Catecholamines 

Despite the increase in β
2
 specicity with increased side chain 

bulk, all o the previously mentioned catecholamines are rapidly 

inactivated by the cytoplasmic enzyme COM. Tis enzyme is 
ound in the liver and kidneys and throughout the rest o the 
body. Fig. 6.4, A illustrates the action o COM as it transers a 
methyl group to the carbon-3 position on the catechol nucleus. 
Te resulting compound, metanephrine, is inactive on adrenergic 
receptors. Because the action o COM on circulating catechol-
amines is very efcient, the duration o action o these drugs is 
severely limited, with a range o 1.5 to at most 3 hours. 

Catecholamines are also unsuitable or oral administration 
because they are inactivated in the gut and liver by conjugation 
with sulate or glucuronide at the carbon-4 site. Because o this 
action, they have no eect when taken by mouth, limiting their 
route o administration to inhalation or injection. Catechol-
amines are also readily inactivated to inert adrenochromes by heat, 
light, or air (see Fig. 6.4, B). For this reason, racemic epinephrine 
is stored in an amber-colored bottle or a oil-protected wrapper. 
Nebulizer rainout (i.e., nebulized particles that condense and all, 

• Fig. 6.3 Chemical structures o short-acting inhaled adren-

ergic bronchodilators currently available in the United States. 

With the exception o natural epinephrine and levalbuterol, 

all ormulations are racemic mixtures and are shown in the 

same orientation or clarity. The isomers o racemic alb-

uterol and levalbuterol are labeled to indicate the dierence 

between these two drugs. Long-acting agents are illustrated 

in Fig. 6.8. (From Rau, J. L. [2000]. Inhaled adrenergic bron-

chodilators: historical development and clinical application. 

Respiratory Care, 45, 854.) 
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under the inuence o gravity) in the tubing may appear pink-
ish ater treatment, and a patient’s sputum may even appear pink 
tinged ater using aerosols o catecholamines. 

Resorcinol Agents 

K E Y  P O I N T  

The basic catecholamine structure, consisting o a catechol ring connected 

to an amine side chain, directly inuences activity. β
2
-receptor specifcity is 

caused by side chain bulk (keyhole theory). The short duration o action o 

catecholamines results rom metabolism by the enzyme catechol O-methyl-

transerase (COMT). 

Because the limited duration o action with catecholamines is 
unsuitable or maintenance therapy o bronchospastic airways, 
drug researchers sought to modiy the catechol nucleus, which 
is highly vulnerable to inactivation by COM. As a result, the 
hydroxyl attachment at the carbon-4 site was shited to the car-
bon-5 position, producing a resorcinol nucleus (see Fig. 6.3). Tis 
change resulted in metaproterenol (named or the 3′,5′-attach-
ments in the meta position). Because metaproterenol is not inacti-
vated by COM, it has a signicantly longer duration o action o 
4 to 6 hours compared with the short-acting catecholamine bron-
chodilators. Metaproterenol can be taken orally because it resists 
inactivation by sulatase enzymes in the gastrointestinal tract and 
in the liver. For these reasons, newer generations o resorcinols and 
other catecholamine derivatives are much better suited or main-
tenance therapy compared with the older catecholamine agents. 
Metaproterenol is slower to reach a peak eect (30–60 minutes) 
than racemic epinephrine. Te MDI chlorouorocarbon (CFC) 
version o metaproterenol was removed rom the market on June 
14, 2010. 

K E Y  P O I N T  

Modifcation o the catecholamine structure produces noncatecholamines, 

such as albuterol and levalbuterol, which have a 4- to 6-hour duration when 

inhaled and are β
2
 preerential. 

Saligenin Agents 

A dierent modication o the catechol nucleus at the carbon-3 
site resulted in the saligenin albuterol, reerred to as salbutamol 
in Europe (see Fig. 6.3). Albuterol is available in various phar-
maceutical vehicles in the United States, including oral extended-
release tablets, syrup, nebulizer solution, and MDI. As with the 
resorcinol bronchodilators, this drug has a β

2
-preerential eect; 

it is also eective via oral administration. Inhaled albuterol has a 
duration o approximately 4 to 6 hours, with a peak eect in 30 to 
60 minutes. However, duration o up to 12 hours can be achieved 

with oral dosing rom extended-release tablets. Oral use may lead 
to greater systemic side eects than its inhaled counterpart. 

Levalbuterol: (R)Isomer o Albuterol 

Previous inhaled ormulations o adrenergic bronchodilators were 
all synthetic racemic mixtures, containing the (R)-isomer and the 
(S)-isomer in equal amounts. Levalbuterol is the pure (R)-isomer 
o racemic albuterol. Both stereoisomers o albuterol are shown 
in Fig. 6.5. Although the (S)-isomer is physiologically inactive 
on adrenergic receptors, there is accumulating evidence that the 
(S)-isomer is not completely inactive. Barnes5 suggested, how-
ever, there is no dierence between single isomer levalbuterol and 
racemic albuterol. Box 6.1 lists some o the physiologic eects 
o (S)-isomer o albuterol noted in the literature.6–12 Te eects 
noted would antagonize the bronchodilating eects o the (R)-
isomer o an adrenergic drug and promote bronchoconstriction. 
In addition, the (S)-isomer is more slowly metabolized than the 
(R)-isomer. Levalbuterol is the single (R)-isomer orm o racemic 
albuterol and is available in an HFA-propelled MDI, with nebu-
lization solution in three strengths: 0.31-mg, 0.63-mg, and 1.25-
mg unit doses. Levalbuterol is also available as a concentrate o 
1.25 mg in 0.5 mL. In a study by Nelson et al.,13 the 0.63-mg dose 
was ound to be comparable with the 2.5-mg racemic albuterol 
dose in onset and duration (Fig. 6.6). 

Side eects, such as tremor and heart rate changes, were ewer 
with the single-isomer ormulation. Te 1.25-mg levalbuterol 
dose showed a higher peak eect on orced expiratory volume in 
1 second (FEV

1
) with an 8-hour duration compared with race-

mic albuterol. Side eects with this dose were equivalent to the 
side eects seen with racemic albuterol. It is signicant that an 
equivalent clinical response was seen with one ourth the racemic 
dose (0.63 mg) when using the pure isomer, although the racemic 
mixture contains 1.25 mg o the (R)-isomer (one hal o the total 
2.5-mg dose). 

Efects and Characteristics o the 

(S)-Isomer o Albuterol 

• BOX 6.1 

• Increases intracellular calcium concentration in vitro8 

• Activity is blocked by anticholinergic agent atropine8 

• Does not produce pulmonary or extrapulmonary β
2
-mediated eects9 

• Enhances experimental airway responsiveness in vitro10 

• Increases contractile response o bronchial tissue to histamine or 

leukotriene C
4
 (LTC

4
) in vitro11 

• Enhances eosinophil superoxide production with interleukin-5 (IL-5) 

stimulation12 

• Is metabolized slower than (R)-albuterol in vivo13 

• Preerentially retained in the lung when inhaled by metered dose inhaler 

(in vivo)1 

• Fig. 6.5 The (R)-isomer and (S)-isomer o racemic alb-

uterol. Levalbuterol is the single, (R)-isomer orm o racemic 

albuterol and contains no (S)-isomer. 
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• Fig. 6.6 Mean percent change in orced expiratory volume in 1 second (FEV
1
) rom baseline (week 0) 

to the end o treatment (week 4) with various doses o levalbuterol (Lev), racemic albuterol (Rac), and a 

placebo (PBO). (From Nelson, H. S., Bensch, G., Pleskow, W. W., etal. [1998]. Improved bronchodilation 

with levalbuterol compared with racemic albuterol in patients with asthma. Journal of Allergy and Clinical 

Immunology, 102, 943.) 

LongActing βAdrenergic Agents patients with asthma. Tese agents include salmeterol (Serevent), 
ormoterol (Peroromist), arormoterol (Brovana), and olodaterol 

Te trend in adrenergic bronchodilators has been toward devel- (Striverdi Respimat). Long-acting broncho dilators are contrasted 
opment rom nonspecic, short-acting agents, such as epineph- with short-acting agents. Short-acting agents include albuterol 
rine, to β

2
-specic agents with action lasting 4 to 6 hours, such as and levalbuterol, although these agents at one time were consid-

albuterol and levalbuterol. Longer-acting agents oer the advan- ered longer acting compared with the ultra-short-acting catechol-
tages o less requent dosing and protection through the night or amines, such as racemic epinephrine. 
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K E Y  P O I N T  

Salmeterol, formoterol, arformoterol, and olodaterol are long-acting β
2 

agonists with a 12- to 24-hour duration o action resulting rom their unique 

pharmacodynamics (drug–receptor interaction). 

Extended-Release Albuterol 

An extended-release orm o albuterol (VoSpire ER) is no longer 
available. Tis was a 4-mg or 8-mg tablet taken orally with extended 
activity up to 12 hours. At this time, no generic extended-relese alb-
uterol is available. 

Salmeterol 

Salmeterol, a β
2
-selective receptor agonist, is available in a dry 

powder ormulation in the Diskus inhaler. Salmeterol xinaoate is 
a racemic mixture o two enantiomers, with the (R)-isomer con-
taining the predominant β

2
 activity.14 

Bronchodilator Efect. Salmeterol represents a new generation 
o long-acting β

2
-specic bronchodilating agents, whose broncho-

dilation prole diers rom the agents previously discussed. Te 
median time to reach a 15% increase in FEV

1
 above the baseline 

(considered the onset o bronchodilation) in subjects with asthma 
is longer with salmeterol than with albuterol; it has been reported 
to be approximately 15 minutes.15 Te slower onset o action with 
salmeterol is signicant or its clinical application (discussed sub-
sequently). Te time to peak bronchodilating eect is generally 
3 to 5 hours, and its duration o action in maintaining an FEV

1 

15% above the pretreatment baseline is 12 hours or longer. At 
each point (onset, peak eect, and duration), salmeterol exhibits 
slower, longer times or eect compared with shorter-acting bron-
chodilators, such as albuterol. 

With inhaled salmeterol xinaoate, an initial peak plasma con-
centration o 1 to 2 mcg/L is seen 5 minutes ater inhalation, with 
a second peak o 0.07 to 0.2 mcg/L at 45 minutes; the second peak 
is probably caused by absorption o the swallowed dose. Te drug 
is metabolized by hydroxylation, with elimination primarily in 
eces.14 Te increased duration o action o salmeterol results rom 
the increased lipophilicity conerred by the long side chain. Te 
“tail” o the molecule anchors at an exosite in the cell membrane 
and allows continual activation o the β receptor. Te mechanism 
o action is discussed more ully subsequently. 

Formoterol 

Formoterol is another β
2
-selective agonist with a long-acting bron-

chodilatory eect o 12 hours in duration. Foradil, a racemic mix-
ture o (R,R)-ormoterol and (S,S)-ormoterol, was approved by the 
FDA or maintenance treatment o asthma and or acute prevention 
o exercise-induced bronchospasm in adults and in children 5 years 
o age or older. Formoterol is also indicated or the treatment o 
COPD and can be used in conjunction with other inhaled medica-
tions, such as inhaled corticosteroids, short-acting β agonists, and 
theophylline. Formoeterol (Peroromist) is available as a generic. 

Te use o liquid nebulization is still very popular with many 
patients and is a great alternative to MDI and DPI use. Perorom-
ist is available in a liquid nebulization orm o 20 mcg/2 mL unit 
dose and is prescribed twice daily. Currently, it is approved only 
or use with COPD. 

he chemical structure o ormoterol is shown in Fig. 
6.7. As with salmeterol, the extensive side chain, or “tail,” 
makes ormoterol more lipophilic than the shorter-acting 

bronchodilators and is the basis or its longer duration o 
eect. he increased lipophilicity o salmeterol and ormoterol 
allows the drugs to remain in the lipid cell membrane. Even i a 
tissue preparation containing the drugs is perused or washed, 
the drug activity persists. Salmeterol is more lipophilic than 
ormoterol, and this along with its anchoring capability may 
explain why salmeterol is less prone to being “washed away” 
compared with ormoterol.15 

Bronchodilator Efect. Similar to salmeterol, ormoterol has a 
prolonged duration o bronchodilating eect o up to 12 hours. In 
contrast to salmeterol, the onset o action or ormoterol is signi-
cantly aster. Te time rom inhalation to signicant bronchodila-
tion is similar to that o albuterol. It has been reported that 1 min-
ute ater inhalation o ormoterol, there is a signicant increase 
in specic airway conductance (SG

AW
).16 Te onset o broncho-

dilation is generally considered to take 2 to 3 minutes with or-
moterol compared with 10 minutes or longer with salmeterol. 
Fig. 6.8 shows the dose-proportional response to inhaled (R,R)-
ormoterol, the single isomer isolated rom the racemic mixture 
o (R,R)-ormoterol and (S,S)-ormoterol, compared with inhaled 
racemic albuterol.17 A study18 compared racemic ormoterol, 24 
mcg; salmeterol, 50 mcg; and albuterol, 200 mcg. Tey ound that 
the increases in SG

AW
 ater 1 minute were 44%, less than 16%, 

and 44%, respectively; the times to maximal increase in airway 
conductance were 2 hours, 2 to 4 hours, and 30 minutes, respec-
tively; and the maximal increases were 135%, 111%, and 100%, 
respectively.16,18 

Te efcacy o ormoterol in relaxing airway smooth muscle— 
its maximal eect—is greater than that o albuterol, which, in 
turn, is greater than that o salmeterol. Te lower intrinsic efcacy 
o salmeterol would make it a better agent than ormoterol or 
patients with cardiovascular disease.14 

Arormoterol 

Arormoterol is a β
2
-selective agonist with a long-acting broncho-

dilatory eect o 12 hours in duration. Arormoterol (Brovana) 
is the single, (R,R)-isomer orm o racemic ormoterol, which is 
approved by the FDA or maintenance treatment o COPD. Te 
current recommended adult dose is 15 mcg twice daily. Brovana 
is available in 2-mL unit-dose vials and is indicated or nebuliza-
tion only. Arormoterol is available as a generic. 

Indacaterol 

Sunovion, the manuacturer o Brovana, was the marketer o 
Arcapta Neohaler (indacaterol) but discontinued its production 
in the US in March 2020.19 Currently, indacaterol is not uti-
lized in any other xed drug combination in the US, as Utibron 
(indacaterol/glycopyrrolate) Neohaler, and Seebri (glycopyrro-
late) Neohaler have been discontinued. However, other stud-
ies demonstrate that indacaterol/glycopyrrolate/mometasone is 
being studied or asthma with good results.20 

Olodaterol 

Olodaterol (Striverdi Respimat) is an ultra-long-acting β agonist 
approved by the FDA in 2014. Te dose is 5 mcg once daily via 
Respimat or treatment o COPD. Olodaterol has a quick onset, 
similar to ormoterol. Te change in FEV

1
 is seen in approxi-

mately 5 minutes.21 Olodaterol has been observed to exhibit 
24-hour duration o eect in patients with COPD.22 Currently, 
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• Fig. 6.7 Chemical structures o ormoterol, arormoterol, salmeterol, and olodaterol, long-acting β
2
 ago-

nists (LABAs). 

olodaterol is not FDA approved or asthma; however, it has been 
shown to be eective as monotherapy as well as in combination 
with tiotropium in animal studies.23 

C L I N I C A L  C O N N E C T I O N  

Vilanterol is not available as monotherapy and is currently ound in fxed 

drug combinations only. 

Vilanterol 

Vilanterol is an ultra-long-acting β agonist that is FDA approved 
in xed combination agents with uticasone (Breo Ellipta), ume-
clidinium (Anoro Ellipta), and uticasone and umeclidinium 
(rellagy Ellipta). Vilanterol has been studied as monotherapy 
with eective results in patients with COPD.24 At the time o 
writing, vilanterol is not available as monotherapy; it is only ound 
in xed combinations. 
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• Fig. 6.8 Single-dose crossover study o (R,R)-ormoterol in the treatment o asthmatic adults. Shown are 

the dose-proportional orced expiratory volume in 1 second (FEV
1

) responses and duration o action or the 

single isomer (R,R)-ormoterol, a long-acting β
2
 agonist (LABA). 

Antiinammatory Efects 

Both the SABAs and LABAs show antiinammatory eects in 
vitro. β agonists inhibit human mast cell activation and degranu-
lation in vitro, prevent increase in vascular permeability with 
inammatory mediators, and generally diminish the attraction 
and accumulation o airway inammatory cells.15,20–24 Despite 
these in vitro antiinammatory eects, they have not been shown 
to inhibit the accumulation o inammatory cells in the airway 
or the increase in inammatory markers in vivo. Neither drug is 
considered to have a sufcient eect on airway inammation in 
patients with asthma to replace antiinammatory drugs, such as 
corticosteroids. 

Clinical Use 

LABAs are indicated or maintenance therapy o asthma that is 
not controlled by regular low-dose inhaled corticosteroids and or 
COPD needing daily inhaled bronchodilator therapy or revers-
ible airway obstruction. National guidelines recommend the 
introduction o an LABA in step 3 care o asthma (asthma not 
controlled by lower doses o antiinammatory medications)1 and 
use as deemed necessary or COPD.25 Use o LABAs may prevent 
the need to increase the inhaled dose o corticosteroid. Several 
points should be noted in the clinical use o long-acting agents 
because o their dierences rom SABAs. 
• LABAs are not recommended or rescue bronchodilation 

because repeated administration with their longer duration and 
increased lipophilic property risk accumulation and toxicity.15 

• An SABA, such as albuterol or other agents previously dis-
cussed, should be prescribed and available or asthmatics or 
treatment o breakthrough symptoms i additional bron-
chodilator therapy is needed between scheduled doses o an 
LABA; patients with asthma must be well educated in the 
appropriate use o the two types o β agonists (SABA versus 
LABA). New data suggests the use o ormoterol/ICS as a 
reliever in place o a SABA.1,2 

• Although they have antiinammatory eects, SABAs and 
LABAs are not a substitute or inhaled corticosteroids in 
asthma control or or other antiinammatory medications, i 
such are required. 

• Te dierence in rate o onset between salmeterol and or-
moterol, or olodaterol may require classiying β

2
 agonists as 

“ast” and “slow” in addition to “short” and “long” acting, 
with salmeterol classied as a slow and long-acting broncho-
dilator versus ormoterol as a ast and long-acting bronchodi-
lator.25 We may also see some agents, such as olodaterol, being 
classied as “ultra”-long-acting because o their 24-hour 
duration. 

Te addition o an LABA to inhaled corticosteroids can lead to 
improved lung unction and a decrease in symptoms.24–27 A com-
bination product o salmeterol and uticasone in a Diskus inhaler 
(Advair Diskus) showed superior asthma control and better lung 
unction compared with either drug taken alone.28–31 Because o 
their prolonged bronchodilation, LABAs taken twice daily have 
a greater area under the FEV

1
 curve compared with short-acting 

agents taken our times daily. However, once-daily LABAs are 
demonstrating a better area under the curve (AUC) compared 
with those taken twice daily.19–24 In contrast to albuterol, which 
tends to return to baseline in 4 to 6 hours, salmeterol provides a 
more sustained level o bronchodilation, giving a higher baseline 
o lung unction.32,33 Te same eect has been ound in comparing 
twice-daily salmeterol with our-times-daily inhaled ipratropium 
bromide,33 a shorter-acting anticholinergic bronchodilator, which 
is discussed in Chapter 7. 

Salpeter et al.,34 in a meta-analysis, reported that LABAs 
increased the risk o asthma hospitalizations and deaths compared 
with a placebo. Nelson et al.35 also described increased death 
rates among patients using salmeterol; their ndings reported the 
highest death rate among Arican Americans. Tese studies did 
not consider the severity o asthma and whether the participants 
used other medications. Asthma may have been worse in some 
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participants than in others. With regard to cotreatments, the stud-
ies could not account or other medications that the participants 
may have been taking or with what regularity they were taking 
them. Te latter could have serious consequences i, or example, 
a participant stopped using inhaled corticosteroids that were pre-
scribed to treat asthma. Any o these variables—asthma severity, 
presence o cotreatments, and patient adherence—could aect 
interpretation o data. Nevertheless, the labeling o these agents 
has been changed to warn that death can occur. 

Because o the ongoing concerns about the saety o LABAs, 
the FDA is now requiring changes on how LABAs are used in the 
treatment o asthma. As o June 2, 2010, the FDA now requires 
the ollowing: 
• LABAs are not to be used without a controller medication (i.e., 

corticosteroid). 
• LABAs should not be used by patients whose asthma is con-

trolled on low-dose or medium-dose inhaled corticosteroids. 
• LABAs should be used only i the asthma is not controlled with 

such agents as inhaled corticosteroids. 
• LABAs should be or short-term use only. Once asthma is con-

trolled, the LABA should be discontinued. 
• Children should use an LABA only in conjunction with a 

corticosteroid. Te use o a combination product is needed to 
increase adherence. 

Mechanism o Action 

Te bronchodilating action o the adrenergic drugs is caused by 
stimulation o β

2
 receptors located on bronchial smooth muscle. 

In addition to β
2
 receptors, some adrenergic bronchodilators can 

stimulate α and β
1
 receptors, with the ollowing clinical eects: 

• α-Receptor stimulation: Causes vasoconstriction (i.e., a vaso-

pressor eect); in the upper airway (nasal passages), this can 
provide decongestion 

• β
1
-Receptor stimulation: Causes increased myocardial con-

ductivity, heart rate, and contractile orce 
• β

2
-Receptor stimulation: Causes relaxation o bronchial 

smooth muscle, with some inhibition o inammatory media-
tor release and stimulation o mucociliary clearance 
Both α and β receptors are examples o G protein–linked 

receptors. able 6.2 includes each o the adrenergic receptor 
types, along with its particular type o G protein, eector sys-
tem, second messenger, and an example o cell response in the 
lungs. As described in Chapter 2, the G protein is a hetero-
trimer whose α subunit dierentiates the type o G protein. 
Te G protein couples the adrenergic receptor to the eector 
enzyme, which initiates the cell response by means o a particu-
lar intracellular second messenger. Te mechanism o action 
with β-receptor, α

2
-receptor, and α

1
-receptor stimulation is 

described or each. 

βReceptor and α
2
Receptor Activation 

Te mechanism o action o β agonists and the β receptors has 
been well characterized, although the activity o α receptors is not 
as well understood. Te mechanism o action or relaxation o air-
way smooth muscle when a β

2
 receptor is stimulated is illustrated 

in Fig. 6.9. Adrenergic agonists, such as albuterol or epinephrine, 

TABLE 

6.2 

Adrenergic Receptor Types: G Proteins, Efector Systems, Second Messengers, and Examples o Cell 

Responses 

Receptor G Protein Effector Second Messenger Response 

α
1 

G
q 

Phospholipase C (PLC) Inositol triphosphate (IP
3
), diacylglycerol (DAG) Vasoconstriction 

α
2 

G
i 

Adenylyl cyclase (inhibits) cAMP (inhibits) Inhibition o neurotransmitter release 

β (β
1
, β

2
, β

3
) G

s 
Adenylyl cyclase (stimulates) cAMP (increases) Smooth muscle relaxation 

cAMP, Cyclic adenosine 3 ,5 -monophosphate. 

• Fig. 6.9 Diagram illustrating mechanism o action by which 

stimulation o the G protein–linked β receptor by a β ago-

nist causes smooth muscle relaxation. ATP, Adenosine tri-

phosphate; cAMP, cyclic adenosine 3 ,5 -monophosphate; 

COOH, carboxy; GDP, guanosine diphosphate; GTP, guano-

sine triphosphate; NH
2

 amine group. 
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attach to β receptors, which are polypeptide chains that traverse 
the cell membrane seven times and have an extracellular NH

2 

terminus and an intracellular carboxy (COOH) terminus. Tis 
attachment causes activation o the stimulatory G protein, des-
ignated Gs. Te actual binding site o a β agonist is within the 
cell membrane, inside the “barrel” or circle ormed by the trans-
membrane loops o the receptor chain. Te β agonist orms bonds 
with elements o the third, th, and sixth transmembrane loops. 
When stimulated by a β agonist, the receptor undergoes a conor-
mational change that reduces the afnity o the α subunit o the G 
protein or guanosine diphosphate (GDP). Te GDP is replaced 
by guanosine triphosphate (GP), and the α subunit dissociates 
rom the receptor and the β γ portion o the G protein to link 
with the eector system. Te eector system or the β receptor is 
adenylyl cyclase, a membrane-bound enzyme. Activation o ade-
nylyl cyclase by the α subunit o the G

s
 protein causes increased 

synthesis o the second messenger, cyclic adenosine 3′,5′-mono-
phosphate (cAMP). cAMP may cause smooth muscle relaxation 
by increasing the inactivation o myosin light chain kinase, an 
enzyme that initiates myosin–actin interaction and subsequent 
smooth muscle contraction. An increase in cAMP also leads to a 
decrease in intracellular calcium. 

A similar sequence o events is responsible or the action o α
2

receptor stimulation, which can inhibit urther neurotransmitter 
release rom the presynaptic neuron when stimulated by norepi-
nephrine in a eedback, autoregulatory ashion (see Chapter 5). 
However, stimulation o α

2 
receptors (not shown in Fig. 6.9) 

results in activation o an inhibitory G protein, designated Gi, 
whose α subunit serves to inhibit the enzyme adenylyl cyclase, 
lowering the rate o synthesis or intracellular cAMP. 

α
1
Receptor Activation 

Stimulation o an α
1
 receptor by an agonist, such as phenyleph-

rine or epinephrine (which has afnity or both α and β receptors), 
results in vasoconstriction o peripheral blood vessels, including ves-
sels in the airway. Te mechanism o action or this eect as medi-
ated by the G protein–linked α

1 
receptor is illustrated in Fig. 6.10. 

Stimulation o the α
1
 receptor causes a conormational change in 

the receptor, which activates the G protein, designated Gq. With 
activation, GDP dissociates rom the G protein; GP binds to the
α subunit o the G protein; and the α subunit dissociates rom the 

β-γ dimer, to activate the eector phospholipase C (PLC). Acti-
vation o the eector, PLC, leads to the conversion o membrane 
phosphoinositides into inositol 1,4,5-trisphosphate (IP

3
) and dia-

cylglycerol (DAG). IP
3
 stimulates release o intracellular stores o 

calcium into the cytoplasm o the cell, and DAG activates protein 
kinase C. Contraction o vascular smooth muscle results. 

LongActing β Agonists: Mechanism o Action 

Te mechanism o action or LABAs in providing sustained pro-
tection rom bronchoconstriction diers to a degree rom that 
o the previously described adrenergic bronchodilators. Te di-
erence in the pharmacodynamics o an LABA is reected in its 
pharmacokinetics, with a slower onset and time to peak eect and 
a longer duration o action compared with previous adrenergic 
agents. 

Te structures o long-acting agents are shown in Fig. 6.7 or 
comparison. Te agents are a modication o the saligenin alb-
uterol, with a long nonpolar (i.e., lipophilic) N-substituted side 
chain. For example, salmeterol consists o a polar, or hydrophilic, 
phenyl ethanolamine “head” with a large lipophilic “tail” or side 
chain. As a result o this structure, salmeterol is lipophilic, in con-
trast to most SABAs, which are hydrophilic and approach the β
receptor directly rom the aqueous extracellular space. In contrast, 
salmeterol, as a lipophilic molecule, diuses into the cell mem-
brane phospholipid bilayer and approaches the β receptor laterally, 
as shown in Fig. 6.11. Te lipophilic nonpolar side chain binds to 
an area o the β receptor reerred to as the exosite, a hydrophobic 
region. With the side chain (“tail”) anchored in the exosite, the 
active saligenin “head” binds to and activates the β receptor at the 
same location as albuterol. 

Te binding properties o LABAs dier rom those o albuterol 
and other SABAs. Because the side chain o long-acting agents 
is anchored at the exosite, the active “head” portion continually 
attaches to and detaches rom the receptor site. Tis activity pro-
vides ongoing stimulation o the β receptor and is the basis or the 
persistent duration o action o long-acting agents. Tis model o 
activity is supported by studies o the eect o β antagonists on 
the β-agonist action o long-acting agents and molecular bind-
ing. I albuterol is attached to the β receptor, the smooth muscle 
relaxation can be ully reversed by a β-blocking agent, such as 
propranolol or sotalol, indicating a competitive blockade. When 

• Fig. 6.10 Diagram illustrating mechanism o action by which 

stimulation o the G protein–linked α
1
 receptor by an α agonist 

causes smooth muscle contraction, which can result in vaso-

constriction o blood vessels. Ca++ , calcium ion; COOH, car-

boxy; DAG, diacylglycerol; IP
3

, inositol 1,4,5-trisphosphate; 

GDP, guanosine diphosphate; GTP, guanosine triphosphate; 

NH
2

, amine group. 
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• Fig. 6.11 Illustration o mechanism o action by which salmeterol, a long-acting β
2
-specifc bronchodila-

tor, interacts with the β receptor via an exosite anchor, that is, its lipophilic side chain (the “tail”), allowing 

continual stimulation o the receptor via its active binding site (the “head”). COOH, Carboxy; NH
2

, amine 

group. 

the β-blocking agent is removed, there is no urther relaxation o 
smooth muscle. Te albuterol has been displaced, and the action 
o the drug is terminated. I an LABA stimulates a receptor, a 
β antagonist, such as propranolol, would also reverse the eect 
o relaxation. However, when the propranolol is removed rom 
the tissue, the relaxant eect o the LABA is reestablished. Tis 
indicates that LABAs remain anchored in the receptor and are 
available to stimulate the β receptor continually ater the blocking 
agent is removed.15,19–24 

Routes o Administration 

β-Adrenergic bronchodilators are currently available or inhala-
tion (MDI, nebulizer solution, DPI, Respimat), oral administra-
tion (tablets or syrup), and parenteral administration (injection), 
although not all agents are ound in each orm. Regardless o the 
route o administration, there are three general patterns to the 
time course o bronchodilation with drugs in this group. Te 
catecholamines show a rapid onset o 1 to 3 minutes, a peak eect 
at about 15 to 20 minutes, and a rapid decline in eect ater 1 
hour. Te noncatecholamines (resorcinols and saligenins), with 
the exception o salmeterol, show an onset o 5 to 15 minutes, 
a peak eect at 30 to 60 minutes, and a duration o eect o 4 
to 6 hours. Salmeterol diers signicantly, with a slower onset 
(>20 minutes) and peak eect (at about 3 hours) and a 12-hour 

duration o eect. Formoterol and arormoterol are similar to 
salmeterol in duration but have an onset as rapid as that o alb-
uterol. Olodaterol and vilanterol all have a duration o eect o 
at least 24 hours. Besides these general patterns, which depend 
on the type o drug used, the route o administration urther 
aects the time course o a drug. Inhaled and injected adrener-
gic bronchodilators have a quicker onset compared with orally 
administered agents. 

C L I N I C A L  C O N N E C T I O N  

Routes o administration or β agonists include inhalation (aerosol), oral, and 

parenteral; minimal side eects are seen with inhalation. 

Inhalation Route 

All the β-adrenergic bronchodilators marketed in the United 
States are available or inhalation delivery via an MDI, a nebulizer 
(including intermittent positive-pressure breathing nebulization), 
a DPI, or Respimat. Catecholamines must be given by inhalation 
because they are ineective orally. Inhalation is the preerred route 
or administering β-adrenergic drugs or the ollowing reasons: 
• Onset is rapid. 
• Smaller doses are needed compared with doses or oral use. 
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• Side eects, such as tremor and tachycardia, are reduced. 
• Drug is delivered directly to the target organ (i.e., lung). 
• Inhalation is painless and sae. 

Te use o aerosol delivery during an acute attack o airway 
obstruction has been questioned. However, several studies have 
ailed to show substantial dierences between inhaled and paren-
teral β-adrenergic agents in acute severe asthma.36,37 Tere is no 
reason to avoid these bronchodilators as inhaled aerosols during 
acute episodes.38 Te inhalation route targets the lung directly. 
Combining oral delivery with additional inhalation has been 
shown to produce good additive eects with albuterol.39 

Te major difculties with aerosol administration are the time 
needed or nebulization (5–10 minutes), the possible embarrass-
ment o using an MDI in public or at school, and inability to use 
an MDI correctly. Difculty in correctly using MDIs can be reme-
died by using spacer devices or, alternatively, by using gas-powered 
handheld nebulizers. DPIs can eliminate problems associated with 
nebulizers and MDIs. 

Continuous Nebulization 

Administration o inhaled adrenergic agents by continuous nebuli-
zation has been used to manage severe asthma, to avoid respiratory 
ailure, intubation, and mechanical ventilation. Te Guidelines or 
the Diagnosis and Management o Asthma released by NAEPP EPR 
3 recommend 2.5 to 5 mg o albuterol by nebulizer every 20 min-
utes in three doses and 10 to 15 mg/hr by continuous nebuliza-
tion. Because a nebulizer treatment takes approximately 10 min-
utes, giving three treatments every 20 minutes requires repeated 
therapist attendance. Continuous administration by nebulizer 
may simpliy such requent treatments. Te use o continuous 
nebulization o β-agonist bronchodilators was reviewed by Fink 
and Dhand,40 who presented a summary o studies, including 
dosages used. With continuous nebulization, there are no gen-
eral standards or dosages other than the recommendation rom 
NAEPP EPR 3; in the studies cited by Fink and Dhand,40 dosages 
vary rom 2.5 to 15 mg/hr and include schedules based on mil-
ligrams per kilogram per hour. 

Te eect and optimal use o continuous nebulization versus 
intermittent nebulization are unclear. In the ve randomized 
controlled trials cited by Fink and Dhand,40 there was similar 
improvement between continuous versus intermittent nebuliza-
tion. One study by Lin et al.41 showed aster improvement with 
use o continuous nebulization in patients with FEV

1
 less than 

50% o predicted. A study by Camargo et al.42 compared high 
(7.5 mg) and low (2.5 mg) dosage o albuterol with both con-
tinuous and intermittent nebulization. FEV

1
 improved more 

with continuous than intermittent nebulization, and the low 
dose o 2.5 mg was as eective as the higher dose o 7.5 mg 
with continuous administration. Tese and other results suggest 
that there is a benet to continuous nebulization in severe air-
ow obstruction, but a dosage less than 10 to 15 mg/hr may be 
eective, with less toxicity. Less clinician time is required or the 
administration o continuous nebulization. Fink and Dhand40 

suggested that or emergency department patients who have 
severe airway obstruction and do not respond sufciently ater 
1 hour o intermittent nebulization o β agonists, continuous 
nebulization oers a practical approach to optimal dosing in a 
cost-eective manner. 

Delivery Methods. Several delivery methods to accomplish 
continuous nebulization have been tried and reported, including 
the ollowing: 

• Measured relling o a small volume nebulizer (SVN) 
• Volumetric inusion pump with SVN43 

• Large-reservoir nebulizer, such as the HEAR or HOPE 
nebulizer 
Toxicity and Monitoring. Continuous nebulization o β

2
 ago-

nists is not standard therapy, and patients receiving this treatment 
have serious airow obstruction. Potential complications include 
cardiac arrhythmias, hypokalemia, and hyperglycemia. Uniocal 
premature ventricular contractions were reported in one patient 
by Portnoy et al.44 Signicant tremor may also occur. Subsensitiv-
ity to continuous therapy was not observed by Portnoy et al. Close 
monitoring o patients receiving continuous β agonists is neces-
sary and includes observation and cardiac and electrolyte moni-
toring. Selective β

2
 agonists, such as albuterol, should be used to 

reduce side eects. 

Oral Route 

Te oral route has the advantages o ease, simplicity, short time 
required or administration, and exact reproducibility and control 
o dosage. However, in terms o clinical eects, this is not the pre-
erred route. Te time course o oral β agonists diers rom that 
o inhaled β agonists. Te onset o action begins in about 1.5 
hours, with a peak eect reached ater 1 to 2 hours, and a dura-
tion o action between 3 and 6 hours.45 Larger doses are required 
than with inhalation, and the requency and degree o unwanted 
side eects increases substantially. Catecholamines are ineective 
by mouth, as previously discussed. Noncatecholamine bronchodi-
lators in the adrenergic group seem to lose their β

2
 specicity with 

oral use, possibly because o the reduction o the side chain bulk 
in a rst pass through the liver.46 Patient compliance on a three- or 
our-times-daily schedule may be better than with a nebulizer. I 
this is the case with an individual patient and the side eects are 
tolerable, oral use may be indicated or bronchodilator therapy. 
Te introduction o an oral tablet o albuterol with extended 
action properties (Vospire ER) oers the possibility o protection 
rom bronchoconstriction or up to 12 hours. However, inhaled 
salmeterol, ormoterol, and arormoterol oer 12-hour duration. 
Now agents, such as olodaterol, can provide 24-hour duration in 
one dose. Either the extended-release tablet or an LABA is advan-
tageous in preventing nocturnal asthma and deterioration o ow 
rates in the morning. 

Parenteral Route 

β-Adrenergic bronchodilators have been given subcutaneously 
and intravenously, usually in the emergency management o 
acute asthma. Subcutaneously, epinephrine 0.3 mg (0.3 mL 
o 1 : 1000 strength), every 15 to 20 minutes up to 1 mg in 2 
hours, and terbutaline, 0.25 mg (0.25 mL o a 1-mg/mL solu-
tion) repeated every 15 to 30 minutes, not exceeding 0.5 mg 
in 4 hours, have been used. Shim47 suggested that or practical 
purposes, both aerosolized and subcutaneous routes should be 
used to manage acute obstruction, although there may be little 
dierence in eect with use o these two routes. No dierence in 
eect between epinephrine and terbutaline has been ound when 
given subcutaneously. 

Te IV route has been used most commonly with isoproterenol 
and with albuterol. IV administration o these agents was thought 
to be useul during severe obstruction because these agents would 
be distributed throughout the lungs, whereas aerosol delivery 
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would not allow them to penetrate the periphery. Tis assump-
tion is questionable or both subcutaneous and IV bronchodila-
tor therapy because aerosols do exert an eect with obstruction. 
IV isoproterenol is not clearly advantageous as a bronchodilator, 
although this route is used or cardiac stimulation in shock and 
bradycardia. Te dose-limiting actor is tachycardia. IV therapy 
is a last resort and requires an inusion pump, cardiac monitor, 
and close attention. Pediatric dosages range rom 0.1 to 0.8 mcg/ 
kg/min, and adult dosages range rom 0.03 to 0.2 mcg/kg/min, 
until bronchial relaxation or side eects occur.47 Te combina-
tion o myocardial stimulation and hypoxia can cause serious 
arrhythmias; IV isoproterenol should be avoided in acute asthma, 
in avor o β

2
-specic agents. Albuterol has been given intrave-

nously as a bolus o 100 to 500 mcg or by inusion o 4 to 25 mcg/ 
min.48 Although albuterol is more β

2
 specic via aerosol compared 

with isoproterenol, the useulness o IV administration compared 
with oral, aerosol, or subcutaneous administration is not clearly 
established. 

Adverse Side Efects 

Just as adrenergic bronchodilators exert a therapeutic eect by 
stimulation o α-adrenergic, β

1
-adrenergic, or β

2
-adrenergic recep-

tors, they can likewise cause unwanted eects as a result o stimu-
lation o these receptors. Generally, the term side efect indicates 
any eect other than the intended therapeutic eect. Te most 
common clinically observed side eects o adrenergic bronchodi-
lators are listed in Box 6.2 and are briey discussed. Te number 
and severity o these side eects vary among patients; not every 
side eect is seen in every patient. Te newer adrenergic agents 
(albuterol, levalbuterol, salmeterol, ormoterol, arormoterol, olo-
daterol, and vilanterol) are much more β

2
 specic compared with 

older agents, such as ephedrine, epinephrine, or isoproterenol, 
and because o this, there is a greater likelihood o cardiac stimula-
tion causing tachycardia and blood pressure increases with the last 
three agents than with the newer drugs. Te more recent agents 
are sae, and the side eects listed are more o a nuisance than 
a danger and are easily monitored and controlled by clinicians. 
Te introduction o single-isomer β agonists, such as levalbuterol, 
may show urther specicity and decrease in side eects, which are 
potentially caused by the detrimental eects o the (S)-isomer o 
β agonists. 

Side Efects Seen With β Agonist Use • BOX 6.2 

• Tremor 

• Palpitations and tachycardia 

• Headache 

• Insomnia 

• Increase in blood pressure 

• Nervousness 

• Dizziness 

• Nausea 

• Tolerance to bronchodilator eect 

• Loss o bronchoprotection 

• Worsening ventilation–perusion ratio (resulting in decreased partial 

pressure o arterial oxygen [PaO
2
]) 

• Hypokalemia 

• Bronchoconstrictor reaction to solution additives (small volume nebulizer 

[SVN]) and propellants (metered dose inhaler [MDI]) 

C L I N I C A L  C O N N E C T I O N  

Adverse side eects can occur with β agonists and include tremor (very 

common), headache, insomnia, bronchospasm (with metered dose inhaler 

[MDI] use), palpitations, and some tolerance. 

Tremor 

Te annoying eect o muscle tremor with β agonists is caused by 
stimulation o β

2
 receptors in skeletal muscle. It is dose related and 

is the dose-limiting side eect o the β
2
-specic agents, especially 

with oral administration. Te adrenergic receptors mediating 
muscle tremor have been shown to be o the β

2
 type.49,50 As shown 

previously, this side eect is much more noticeable with oral deliv-
ery, which provides a rationale or aerosol administration o these 
agents. olerance to the side eect o tremor usually develops ater 
days to weeks with the oral route, and patients should be reassured 
o this when beginning to use these drugs. 

Cardiac Efects 

Te older adrenergic agents with strong β
1
-stimulating and

α-stimulating eects were considered dangerous in the presence 
o congestive heart ailure. Te dose-limiting side eect o these 
agents is tachycardia. Tey increase cardiac output and oxygen 
consumption by stimulating β

1
 receptors, leading to a decrease 

in cardiac efciency, which is the work relative to oxygen con-
sumption. Newer agents have a preerential β

2
 eect to minimize 

cardiac stimulation. However, tachycardia may also occur with 
use o the newer agents, and there is evidence that this results 
rom the presence o β

2
 receptors, even in the heart.51 β

2
 ago-

nists cause vasodilation, and this can cause a reex tachycardia. 
Despite this eect, some agents, such as terbutaline or albuterol, 
can actually improve cardiac perormance. Albuterol and terbu-
taline can cause peripheral vasodilation and increase myocardial 
contractility without increasing oxygen demand by the heart.34 

Te net eect is to reduce aterload and improve cardiac output 
with no oxygen cost. Tese agents are thereore attractive or use 
in cases o airway obstruction combined with congestive heart 
ailure. 

Seider et al.52 reported that neither heart rate nor requency o 
premature beats was signicantly aected by inhaled terbutaline 
or ipratropium bromide (an anticholinergic bronchodilator) in 
14 patients with COPD and ischemic heart disease. Although 
there are no written standards, most health care practitioners 
do not accept a greater than 20% change in pretreatment pulse 
ater bronchodilator therapy has been initiated. Tis is why it 
is important to check the pulse rate beore, during, and ater 
bronchodilator therapy to evaluate cardiac response. I the pulse 
rate has increased by greater than 20% relative to the pretreat-
ment pulse, stopping treatment and providing reerral to the 
prescribing health care practitioner may be warranted to prevent 
unwanted cardiac eects. 

C L I N I C A L  C O N N E C T I O N  

Downregulation is the reduction o β receptors on the airway resulting rom 

tolerance ater long-term use o bronchodilators. Reversal o downregu-

lation, which is known as upregulation, can be achieved with use o a 

corticosteroid. 
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• Fig. 6.12 Graphic representation o acute and long-term desensitization o the β-receptor response to 

β agonists. Cell response during actual receptor stimulation by agonist immediately declines (left side); 

subsequent exposure to drug would produce a lower peak initial response i tolerance or long-term desen-

sitization occurs (right side). cAMP, Cyclic adenosine 3 ,5 -monophosphate. 

Tolerance to Bronchodilator Efect 

Adaptation to a drug with repeated use is a concern because 
such use o the drug is reducing its eectiveness. With β ago-
nists, there is in vitro evidence o an acute desensitization o 
the β receptor within minutes o exposure to a β agonist, as 
well as a longer-term desensitization. Fig. 6.12 shows both 
an acute decrease in response during sustained exposure o 
the receptor to the agonist and a long-term decrease in maxi-
mal response with subsequent drug exposure. his decrease 
in bronchodilator response has been observed with SABAs 
and LABAs. 

Exposure o cells with β receptors to isoproterenol causes 
a short-term, acute reduction in adenylyl cyclase activity and 
production o cAMP. he immediate desensitization is caused 
by an “uncoupling” o the receptor and the eector enzyme 
adenylyl cyclase.53 A model or desensitization o the β receptor 
is diagrammed in Fig. 6.13. When stimulated by a β agonist, 
the β receptor goes into a low-ainity binding state (i.e., has 
reduced ainity or binding with a β agonist). Simultaneously, 
the β agonist causes an increase in cAMP, which increases pro-
tein kinase A, also reerred to as β-adrenergic receptor kinase 
(β-ARK). β-ARK causes phosphorylation (transer o phos-
phate groups [P]) o the hydroxyl groups (OH) on the car-
boxy-terminal portion o the β receptor. his phosphorylation 
induces binding o a protein named β-arrestin, which prevents 
the receptor rom interacting with G

s
 and disrupts the cou-

pling o G
s
 with the eector enzyme adenylyl cyclase. Removal 

o the β agonist causes dissociation o β-arrestin and the phos-
phate groups rom the receptor, and the receptor returns to a 
ully active state. 

Long-term desensitization is caused by a reduction in the num-
ber o β receptors; this is termed downregulation. Both norepi-
nephrine and albuterol have caused a reduction o almost 50% in 
vitro in the number o β-adrenergic receptors in airway smooth 
muscle o guinea pigs.53 Exposure o isolated human bronchus 
to isoproterenol or terbutaline produces similar desensitization.54 

Long-term desensitization, also illustrated in Fig. 6.12, is indi-

• Fig. 6.13 Model or β-receptor desensitization through phosphoryla-

tion o the β receptor at the carboxy-terminal site by β-adrenergic recep-

tor kinase (β-ARK), blocking the action o the α
2 

subunit on the eector 

enzyme adenylyl cyclase. COOH, Carboxy; NH
2
, amine group; O, oxygen; 

OH, hydroxyl groups; P, phosphate groups. 

Although use o an inhaled β agonist does cause a reduction 
in peak eect, the bronchodilator response is still signicant and 
stabilizes within several weeks with continued use.18 Such toler-
ance is not generally considered clinically important and does 
not contraindicate the use o these agents. Te same phenom-
enon o tolerance is also responsible or diminished side eects, 
such as muscle tremor, among patients regularly using inhaled
β-agonist bronchodilators. 

cated by the lower peak response to subsequent administration o In addition to loss o receptors (downregulation) by exposure to 
an adrenergic agonist. a β agonist, altered β-receptor unction may be caused secondary 
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to inammation. Increased levels o phospholipase A
2
 (PLA

2
) may 

destabilize membrane support o the β receptor, changing its unc-
tion. Cytokines, such as interleukin-1β (IL-1β), may cause desen-
sitization, and platelet-activating actor (PAF) inhibits the relaxing 
eect o isoproterenol on human tracheal tissue. 

Corticosteroids can reverse the desensitization o β receptors 
and are said to have the ability to potentiate the response to β
agonists.55 Corticosteroids have the ollowing eects in relation to 
β-agonist and β-receptor unctions: 
• Corticosteroids increase the proportion o β receptors expressed 

on the cell membrane (upregulation). 
• Corticosteroids increase the proportion o β receptors in the 

high-afnity binding state. 
• Corticosteroids inhibit the release and action o inammatory 

mediators, such as PLA
2
, cytokines, and PAF. 

β agonists may have a positive eect on corticosteroid unc-
tion and activity. A review by Sin and Man27 explored possible 
mechanisms or the benecial interaction o β agonists and 
corticosteroids. 

Loss o Bronchoprotection 

Ahrens et al.56 ound a distinction between the bronchodilating 
efect and the bronchoprotective efect o β agonists. Te broncho-
dilating eect o a β agonist can be measured on the basis o air-
ow change, as indicated by a change in FEV

1
 or peak expiratory 

ow rate (PEFR). Te bronchoprotective eect reers to the reac-
tion o the airways to challenge by provocative stimuli, such as 
allergens or irritants, and is measured with doses o histamine, 
methacholine, or cold air. Ahrens et al.54 ound that the protective 
eect o agonists, such as albuterol, declines more rapidly than 
their bronchodilating eect. Not only is there a dierence in time 
between these eects, but it was also ound that tolerance occurs 
with the bronchoprotective eect o a β agonist, just as with the 
bronchodilating eect. O’Connor et al.57 demonstrated the dier-
ence in a dose o adenosine monophosphate (AMP) and metha-
choline required to induce a 20% decline in FEV

1
 (PC

20
) ater 

the inhalation o terbutaline compared with a placebo beore and 
ater 7 days o steady treatment with terbutaline. Airway response 
to challenge is occured with a signicantly lower dose o either 
AMP or methacholine in subjects with mild asthma ater 7 days 
o β-agonist exposure, showing tolerance to the protective eect 
o brocnchodilator. Te development o tolerance to the broncho-
protective eect o the long-acting β agonist salmeterol was shown 
to occur both in the absence o corticosteroid therapy (Bhagat 
et al.58) and with concomitant inhaled corticosteroid treatment 
(Kalra et al.59). In a study by Rosenthal et al.,60 ater the rst 4 
weeks o regular treatment with salmeterol, there was no increase 
in bronchial hyperresponsiveness or loss o bronchoprotection. 
Sustained improvements were seen in pulmonary unction and 
asthma symptom control.60 

Te mechanism underlying the increase in bronchial hyper-
responsiveness with use o β agonists is unclear. Evidence accu-
mulating on the eects o the (S)-isomer o β agonists suggests 
a possible cause.61 Te same eects could conceivably be impli-
cated in the reduction in maximal bronchodilator eect with 
repeated use. 

Central Nervous System Efects 

Commonly reported side eects o the adrenergic bronchodi-
lators include headache, nervousness, irritability, anxiety, and 

insomnia, which are caused by CNS stimulation. Feelings o 
nervousness or anxiety may be caused by the muscle tremor seen 
with use o these drugs, rather than by direct CNS stimulation. 
Excessive stimulation o the CNS, or at least symptoms o such, 
should be noted by clinicians and may warrant evaluation o the 
dosage used. 

Fall in Arterial Oxygen Pressure 

A decrease in partial pressure o arterial oxygen (PaO
2
) has 

been noted with isoproterenol administration during asth-
matic bronchospasm when ventilation improves and the exac-
erbation is relieved. he same eect has subsequently been 
noted with newer β agonists, such as albuterol and salme-
terol.62 he mechanism seems to be an increase in perusion 
(i.e., blood low) o poorly ventilated portions o the lung. 
It is known that regional alveolar hypoxia produces regional 
pulmonary vasoconstriction in an eort to shunt perusion 
to the areas o the lung with higher oxygen tension. his 
vasoconstriction is probably accomplished by α-sympathetic 
receptors.63 

Administration o inhaled β agonists may reverse hypoxic 
pulmonary vasoconstriction by β

2
 stimulation, which increases 

perusion to under-ventilated lung regions.64 Preerential delivery 
o the inhaled aerosol to better-ventilated lung regions increases 
the ventilation–perusion mismatch. It has been noted that such 
decreases in PaO

2
 are statistically signicant but physiologically 

may be negligible.62,65 Oxygen tension decreases most in subjects 
with the highest initial PaO

2
. Decreases in PaO

2
 rarely exceed 

10 mm Hg, and the PaO
2
 values tend to be on the at portion o 

the oxyhemoglobin curve so that decreases in saturation o arterial 
oxygen (SaO

2
) are minimized. Oxygen tensions usually return to 

baseline within 30 minutes. 

C L I N I C A L  C O N N E C T I O N  

High doses o β agonists can increase glucose and decrease serum potas-

sium levels. It is possible the use o high doses o an inhaled β agonist can 

treat hyperkalemia. 

Metabolic Disturbances 

Adrenergic bronchodilators can increase blood glucose and 
insulin levels and decrease serum potassium levels. his is a 
normal eect o sympathomimetics. In patients with diabetes, 
clinicians should be aware o a possible eect on glucose and 
insulin levels. Hypokalemia has also been reported ater paren-
teral administration o albuterol and epinephrine.66 he clini-
cal importance o this side eect is controversial, and it would 
be o concern mainly or patients with cardiac disease or in 
interpreting serum potassium levels obtained shortly ater use 
o adrenergic bronchodilators. he mechanism o the eect 
on potassium is probably activation o the sodium–potassium 
pump by the β receptor, with enhanced transport o potassium 
rom the extracellular compartment to the intracellular com-
partment. Such metabolic eects are minimized with inhaled 
aerosols o β-adrenergic agents because plasma levels o the 
drug remain low. However, the use o large inhaled doses and 
o multiple doses, such as utilizing short-acting and long-act-
ing sympathomimetics together, should warrant monitoring 
o potassium. 

ALGrawany
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Propellant Toxicity and 
Paradoxical Bronchospasm 

he use o MDIs powered by CFC (e.g., Freon) did cause 
bronchospasm o hyperreactive airways. his reaction to the 
propellant was shown by Huchon et al.,67 who ound that 7% 
o 175 subjects who used an MDI with a placebo and propel-
lant experienced a decrease o 10% or more in FEV

1
. he inci-

dence was about 4% when using an MDI with metaproterenol 
and propellant, probably because the bronchodilating eect 
overcame the propellant eect. In most cases, bronchospasms 
last less than 3 minutes. here is apparently no noticeable di-
erence in adverse reactions among patients using a CFC MDI 
and patients using an HFA MDI.67 A dry powder ormulation 
is an ideal alternative ormulation to an MDI i sensitivity 
to propellants exists, assuming drug availability and adequate 
inspiratory low rate. Use o a nebulizer instead o an MDI 
may also be considered i bronchospasm occurs in a patient. 
Finally, the oral route oers an alternative to the inhalation 
route o administration. Asmus et al.68 reviewed the literature 
on paradoxical bronchospasm occurring with use o inhalation 
aerosols. 

Sensitivity to Additives 

An increasingly publicized problem or individuals with hyperre-
active airways is sensitivity to sulte preservatives, with resulting 
bronchospasm. Sultes are used as preservatives in ood products 
and are used as antioxidants in bronchodilator solutions to pre-
vent degradation and inactivation. Sultes include sodium or 
potassium sulte, bisulte, and metabisulte. When a sulte is 
placed in solution, at a warm temperature in an acid pH, such 
as saliva, it converts to sulurous acid and sulur dioxide. Sul-
ur dioxide is known to cause bronchoconstriction in patients 
with asthma. A solution o racemic epinephrine is known to 
contain sultes as preservatives. Tere have been reports o 
coughing, wheezing, and pruritus ater use o sulte-containing 
bronchodilators. 

Other additives and preservatives that can potentially have an 
eect on airway smooth muscle include benzalkonium chloride 
(BAC), ethylenediamine tetraacetic acid (EDA), and hydrochlo-
ric or suluric acid to adjust pH o the solution. Asmus et al.68 

recommended that only additive-ree, sterile-lled unit-dose 
bronchodilator solutions be used or nebulizer treatment o acute 
airow obstruction, especially i doses are given hourly or con-
tinuously. Clinicians should check aerosol ormulations or BAC 
or EDA and consider these as possible causes i symptoms o 
bronchoconstriction occur. 

Compatibility o Other Agents 

With Bronchodilators 

Respiratory therapists oten mix multiple agents into the liquid 
medication cup o nebulizer. However, mixing most, i not all, 
agents with other agents is not FDA approved. 

Several studies have tested the compatibility o common 
bronchodilators with other agents used in respiratory care. 
Kamin et al.69 ound no chemical changes when they mixed alb-
uterol with ipratropium, cromolyn, budesonide, tobramycin, or 
colistin. For a more complete listing, see Appendix C. Bonasia 
et al.70 reported that levalbuterol is compatible with ipratropium, 

cromolyn, acetylcysteine, and budesonide or at least 30 minutes 
at room temperature. Akapo et al.71 discovered that ormoterol 
nebulizer solution was compatible with ipratropium, cromolyn, 
acetylcysteine, and budesonide. 

Mixing solutions is common practice, and the literature sup-
ports the mixing o many common agents used in respiratory 
care. Mixing o agents should be done with caution, however. 
Special attention should be directed to the nebulizer in use and 
its unction. 

βAgonist Controversy 

he asthma paradox is a descriptive phrase or the increasing 
incidence o asthma morbidity, especially asthma mortality, 
despite the advances in the understanding o asthma and the 
availability o improved drugs to treat asthma. Many studies 
have implicated the use o SABAs in asthma near-death emer-
gencies and deaths,72 73 worsening clinical outcomes,74 75 and 
increased hyperreactivity.76 77 he events described in these 
studies may have been related to lack o corticosteroid use, 
leaving uncontrolled asthma symptoms to be treated only with 
SABAs. 

Short-acting drugs, such as albuterol, and long-acting agents, 
such as salmeterol, have not, in general, been associated with a 
signicant worsening o asthma.78 However, more recent evidence 
has indicated that LABAs may have a potential to increase asthma 
hospitalization or cause death.34 35 It has been noted that regular 
use o enoterol and isoproterenol, but not other β agonists, may 
lead to poor asthma control.61 olerance to the bronchodilator 
eect does occur with the use o β agonists, although this toler-
ance stabilizes and does not progress. Tere is an increase in bron-
chial hyperreactivity ater institution o regular β-agonist therapy, 
which is not well explained. Evidence suggests that this eect may 
be caused or enhanced by the (S)-enantiomer o β agonists and has 
a range o proinammatory eects. 

Asthma Morbidity and Mortality 

K E Y  P O I N T  

The β agonists have been questioned as a possible actor in the increase in 

asthma mortality, leading to the “β-agonist controversy.” 

A complete analysis o the relationship between β agonists and 
worsening asthma based on the literature seems to indicate that 
a class eect o these drugs causing deterioration o asthma does 
not exist.61 Although it is unclear that β-agonist use increases 
the risk o morbidity or death, asthma mortality is reported to 
be increasing in the United States and worldwide despite more 
available treatment options, including β

2
-specic and longer-

acting adrenergic bronchodilators.79 Tere are several causes— 
not all involving β-agonist therapy—that may potentially lead 
to worsening asthma severity: 
• Use o β agonists may allow allergic individuals to expose 

themselves to allergens and stimuli, with no immediate symp-
toms to warn them, but progressive airway inammation and 
increasing bronchial hyperresponsiveness occur. 

• Repeated sel-administration o β agonists gives temporary 
relie o asthma symptoms through bronchodilation, which 
may cause underestimation o severity and delay in seek-
ing medical help. β agonists do not block progressive airway 
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inammation, which can lead to death rom lethal airway 
obstruction and hypoxia. 

• Use o β agonists to alleviate symptoms o wheezing and 
resistance may lead to insufcient use—through poor patient 
education, poor patient compliance, or both—o antiinam-
matory therapy to control the basic inammatory nature o 
asthma. 

• Accumulation o the (S)-isomer with racemic β agonists could 
exert a detrimental eect on asthma control. 

• Tere is increased airway irritation with environmental pollu-
tion and liestyle changes.80 

In evaluating β-agonist therapy in asthma, one must evalu-
ate concomitant antiinammatory therapy (or the lack o it) and 
environmental management o asthma. 

RESPIRATORY CARE ASSESSMENT OF 

β-AGONIST THERAPY 

Beore Treatment 

• Assess the eectiveness o drug therapy on the basis o indi-
cation or the aerosol agent: Presence o reversible airow 
resulting rom primary bronchospasm or obstruction second-
ary to an inammatory response or secretions, either acute or 
chronic. 

• Monitor ow rates by using bedside peak ow meters, portable 
spirometry, or laboratory evaluation o pulmonary unction 
beore and ater bronchodilator studies to assess reversibility o 
airow obstruction. 

• Perorm respiratory assessment o breathing rate and pat-
tern and breath sounds by auscultation, beore and ater 
treatment. 

• Assess pulse beore, during, and ater treatment; a 20% increase 
rom baseline may constitute changing medication or discon-
tinuing therapy. 

During Treatment and Short Term 

• Assess the patient’s subjective reaction to treatment or any 
change in breathing eort or pattern. 

• Assess arterial blood gases or pulse oximeter saturation, as 
needed, or acute states with asthma or COPD, to monitor 
changes in ventilation and gas exchange (oxygenation). 

• Note the eect o β agonists on blood glucose (increase) and 
potassium (decrease) laboratory values, i high doses, such as 
with continuous nebulization or emergency department treat-
ment, are used. 

Long Term 

• Monitor pulmonary unction studies o lung volume, capacity, 
and airow. 

• Instruct patients with asthma in the use and interpretation o 
disposable peak ow meters to assess the severity o asthma epi-
sodes and to ensure that there is an action plan or treatment 
modication. 

• Patient education should emphasize that β agonists do not treat 
underlying inammation or prevent progression o asthma, 
and additional antiinammatory treatment or more aggressive 

medical therapy may be needed i there is a poor response to 
the rescue β agonist. 

• Instruct on, and then veriy, the correct use o the aerosol deliv-
ery device (SVN, MDI, reservoir, DPI). 

• Instruct patients in the use, assembly, and especially cleaning o 
aerosol inhalation devices. 

For Long-Acting β Agonists 

• Assess ongoing lung unction, including predose orced expira-
tory volume in 1 second (FEV1) over time and variability in 
peak expiratory ows. 

• Assess amount o rescue β-agonist use and nocturnal symptoms. 
• Assess number o exacerbations, unscheduled clinic visits, and 

hospitalizations. 
• Assess days o absence resulting rom symptoms. 
• Assess ability to reduce the dose o concomitant inhaled 

corticosteroids. 

General Contraindications 

• Bronchodilators are generally sae. However, regular, long-
term use o short-acting and long-acting bronchodilators is not 
recommended. 

• Use o bronchodilator therapy in patients with cardiac prob-
lems should be closely monitored. 

• Patients with chronic disease (cystic brosis, COPD, and 
asthma) may be less responsive to bronchodilator therapy, pos-
sibly because o side eects rom long-term use. 

SELF-ASSESSMENT QUESTIONS 

Answers can be found in Appendix A. 

1. Identiy an adrenergic bronchodilator used clinically that is a 

catecholamine. 

2. Which catecholamine has been used as a bronchodilator and is 

commonly given to treat allergic reaction by sel-injection? 

3. What is the duration o action o the catecholamine 

bronchodilators? 

4. Identiy two advantages introduced with the modifcations o the 

catecholamine structure in adrenergic bronchodilators. 

5. Identiy the usual dose by aerosol or a small volume nebulizer (SVN) or 

levalbuterol and albuterol. 

6. What is an extremely common side eect with β
2
-adrenergic 

bronchodilators? 

7. Identiy the approximate duration o action or racemic epinephrine, 

albuterol, salmeterol, and olodaterol. 

8. Identiy the generic drug or each o the ollowing brand names: 

Brovana, Serevent Diskus, and Ventolin HFA. 

9. Which route o administration is more likely to have greater severity o 

side eects with a β-agonist oral or inhaled aerosol? 

10. You notice a pinkish tinge to aerosol rainout in the large-bore tubing 

connecting a patient’s mouthpiece to a nebulizer ater a treatment with 

racemic epinephrine; what has caused this? 

11. A patient exhibits paradoxical bronchoconstriction rom the propellant 

when using an hydrouoroalkane metered dose inhaler (HFA MDI). 

Suggest an alternative or the patient. 

12. Would you suggest use o salmeterol to a patient with asthma who 

experiences occasional symptoms o wheezing and chest tightness, 

which respond well to an inhaled β agonist? 

13. Suggest a β agonist that would be appropriate or the patient in 

Question 12. 
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CLINICAL SCENARIO 

A 24-year-old White man moved to the metropolitan Atlanta area in the 

all o last year. He presents to your outpatient clinic with a complaint 

o difculty breathing. He has no history o asthma or other previous 

pulmonary disease. He is an accountant with a medium-size frm. 

He noticed a ew “chest colds” rom October through January, but 

these resolved with over-the-counter (OTC) cold medications, such as 

decongestants and cough suppressants. It is now late May, and during a 

round o gol he experienced difculty breathing. During the interview, he 

described a tightness in his chest and the sound o wheezing. The gol 

course had recently been mown. The pollen count was quite high at the 

time, and there was an increase in the ozone concentration, leading to a 

smog alert on the day o his round. He also complained o waking up several 

times during the night with mild shortness o breath. 

His respiratory rate (RR) is 14 breaths/min, with no obvious distress at 

rest; blood pressure (BP) is 128/74 mm Hg; heart rate (HR) is 76 beats/min; 

and temperature (T) is within normal limits. His oxygen saturation by pulse 

oximetry (SpO
2
) is 93% on room air. You detect mild expiratory wheezing 

bilaterally on auscultation. 

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario. 
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Anticholinergic (Parasympatholytic) 
Bronchodilators
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C H A P T E R  O U T L I N E

Clinical Indications for Use

Indication for Anticholinergic Bronchodilators

Indication for Combined Anticholinergic and β-Agonist 

Bronchodilators

Anticholinergic Nasal Spray

Specic Anticholinergic Parasympatholytic Agents

Clinical Pharmacology

Structure–Activity Relationships

Pharmacologic Eects of Anticholinergic (Muscarinic 

Antagonist) Agents

Tertiary Ammonium Compounds

Quaternary Ammonium Compounds

Mechanism of Action

Vagally Mediated Reex Bronchoconstriction

Muscarinic Receptor Subtypes

Adverse Eects

Clinical Application

Use in Chronic Obstructive Pulmonary Disease

Use in Asthma

Combination Therapy: β-Adrenergic and Anticholinergic Agents 

in Chronic Obstructive Pulmonary Disease

Additive Eect of β Agonists and Anticholinergic Agents

Sequence of Administration

Respiratory Care Assessment of Anticholinergic Bronchodilator 

Therapy

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to anticholinergic bronchodilators

2. Dierentiate between parasympathomimetic and 

parasympatholytic

3. Dierentiate between cholinergic and anticholinergic

4. Dierentiate between muscarinic and antimuscarinic

5. List all available anticholinergic agents used in respiratory 

therapy

6. Discuss the indication for anticholinergic agents

7. Explain the mechanism of action for anticholinergic agents

8. Identify the route of administration available for 

anticholinergic agents

9. Discuss adverse eects for anticholinergic agents

10. Discuss the clinical application for anticholinergic agents

K E Y  T E R M S  A N D  D E F I N I T I O N S

Anticholinergic bronchodilator Agent that blocks 

parasympathetic nervous bers, allowing relaxation of smooth 

muscle in the airway.

Antimuscarinic bronchodilator Same as anticholinergic 

bronchodilator—agent that blocks the eect of acetylcholine 

(Ach) at the cholinergic site.

Cholinergic Agent that produces the eect of Ach.

Muscarinic Same as cholinergic—agent that produces the eect 

of Ach or an agent that mimics Ach.

Parasympatholytic Blocking parasympathetic nervous bers.

Parasympathomimetic Producing eects similar to the 

parasympathetic nervous system.
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is her isusses  sen ss f rnhirs: ni-
hinergi gens. Anihinergi rugs s knwn s us-
rini ngniss given y inhe ers n k hinergi-
inue irwy nsriin. e her reviews heir ehnis 
f in n heir hrgi ees, se n heir sruur 
ierenes. Sei gens re re, n heir ini ee 
in hrni sruive unry isese (COPD) n sh is 
isusse.

Clinical Indications for Use

K E Y  P O I N T

Anticholinergic agents given by inhalation are a second class of bronchodilat-

ing agents.

C L I N I C A L  C O N N E C T I O N

Anticholinergic agents, also known as muscarinic antagonists, are often 

separated into short-acting muscarinic antagonists (SAMAs) and long-acting 

muscarinic antagonists (LAMAs).

Indication for Anticholinergic Bronchodilators

Irriu, iiniu, gyyrre, iriu, revefenin, 
n ueiiniu re inie s rnhirs fr ine-
nne reen in COPD, inuing hrni rnhiis n 
ehyse. Irriu n iriu re use n y e 
inie in se inivius wih sh. Tiriu hs 
reeny een rve s n -n reen in he nr f 
ersisen sh fr iens s yung s 6 yers f ge.

Indication for Combined Anticholinergic and 
βAgonist Bronchodilators

A inin nihinergi n β gnis, suh s irr-
iu n uer (Civen Resi), ueiiniu n 
viner (Anr Ei), iiniu n frer (Dukir 
Pressir), gyyrre n frer (Bevesi Aershere), n 
iriu n er (Si Resi) re inie fr use 
in iens wh reeive inenne reen fr COPD n 
require iin rnhiin fr reief f irw sru-
in. Irriu is s ny use in iin  β gniss 
in severe sh, eseiy rnhnsriin h es n 
resn we  β-gnis hery.

Anticholinergic Nasal Spray

A ns sry fruin is inie fr syi reief f 
ergi n nnergi erenni rhiniis n he n .

Specic Anticholinergic 

Parasympatholytic Agents

Parasympatholytic (nihinergi, r antimuscarinic) gens 
h re given y ers inue singe gens s we s gens in 
inin. Te 7.1 rvies sge n inisrin infr-
in fr eh gen.

Atropine sulfate h een inisere s  neuize suin 
y using eiher he injee suin r, refery, suins 

rkee fr ersizin; hwever, his gen is n nger er-
size. Durin f rnhiin n he iniene f sie 
ees re se eenen. Dsges fr hiren se n se–
resnse urves h een given s 0.05g/kg hree r fur ies 
iy.1 Dsges fr us re se n  sheue f 0.025g/kg 
hree r fur ies iy.2 Ahugh greer rnhiin n 
urin were seen wih sge sheues f 0.05 r 0.1g/kg fr 
us, he sie ees f ry uh, urre visin, n hyr-
i ee unee. Beuse i is  eriry niu -
un n n fuy inize, rine is reiy sre fr he 
gsrinesin r n resirry us. Sysei sie ees 
(whih re isusse susequeny) were seen in ses require 
fr eeive rnhiin when given s n inhe ers. 
e rug is n reene fr inhin s  rnhir 
euse f is wiesre isriuin in he y n he vi-
iiy f he rve gens.

Ipratropium bromide (Arven) is  nnseeive ngnis f 
he usrini reers M

1
, M

2
, n M

3
 (fr  re eie 

isussin, see Cher 5). Irriu is urreny vie in 
w fruins fr rnhir use: s  hyrurkne 
(HFA)–ree eere se inher (MDI) wih 17g/u 
n s  neuizer suin f 0.02% nenrin in  2.5-L 
vi, giving  500-g se er reen. One her in 
fr he eivery f irriu in inin wih uer is 
he sf-is, ren-free Resi inher. As  quernry 
niu erivive f rine, irriu is fuy inize 
n es n isriue we rss ii ernes, iiing 
is isriuin sy  he ung when inhe. Irriu is 
rve seiy fr he inenne reen f irw 
sruin in COPD.

Irriu is ry sre in he iruin fr h 
he ns us, when given y ns sry, n he irwy, when 
inhe ry y ers. Arxiey 20% f he ns se 
n f he MDI se is sre, wih ny 2% f he rger 
neuizer suin sre in he sre. Irriu is 
riy eize y eser hyrysis in inive rus. I 
is iniy un  s reins, suh s uin (ess hn 
9%), n he eiinin hf-ife is u 1.6 hurs.

e re f ini ee fr irriu iers fr h 
f inhe β-renergi gniss. e nse f rnhiin 
egins wihin inues u rees re swy   ek ee 
1  2 hurs fer inhin. e ee f β gniss n ek 
eween 20 n 30 inues, eening n he gen. In sh, 
he urin f rnhir ee is u he se fr irr-
iu s fr β gniss. In COPD, he urin is nger y 1  
2 hurs.3

Ipratropium bromide (ns sry) is s vie fr reen 
f rhinhies n rhinrrhe, inuing nnergi erenni rhi-
niis, vir infeius rhiniis (s), n ergi rhiniis, if inrn-
s riseris fi  nr sys.4 e ns sry is vi-
e s  0.003% n 0.06% suin eivering 21 n 42g/
sry, reseivey, w srys er nsri hree r fur ies iy. 
Oi sge vries. Inrns irriu hs een shwn  
signiny reue he vue f ns sereins n sys 
in iens wih ergi rhiniis n in iens wih nnergi 
rhiniis.4 Sie ees wih he ns sry re rgey  n hve 
inue ns ryness, ihing, n eisxis in  few iens. Dry 
uh n ry hr hve s urre. Sysei sys, suh 
s urre visin r urinry hesiny, re rre.

Ipratropium and albuterol (Civen Resi) is  i-
nin uiizing  sf-is inher knwn s he Resi (see 
Cher 3), rviing 20g/u f irriu n 100g/
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u f uer. e inin hery hs een shwn  
e re eeive in se COPD hn eiher gen ne.5 e 
hrurrn (CFC) versin f Civen ws reve 
fr rke n Deeer 31, 2013. Aiiny, his gen is 
vie s  neuize suin f irriu (0.5g) n n 
uer se (2.5g).

Glycopyrrolate (Lnh) is  quernry niu erivive 
f rine h, ike irriu, es n isriue we rss 
ii ernes in he y. I is usuy inisere ren-
ery s n niusrini gen uring revers f neurus-
ur ke s n ernive  rine; i hs fewer ur 

r enr nervus syse (CNS) sie ees. e injee su-
in hs een neuize in  1-g se fr rnhiin. G 
e.6 rere  risn f gyyrre wih rine n 
esishe se–resnse urves. Gyyrre hs n nse f 
in f rxiey 15  30 inues,  ek ee  0.5  
1 hur, n  urin f rxiey 12 hurs, hing  
he M1–M3 reers. Tshkin n Grss7 rvie  review f 
gyyrres eeiveness s nhery n in inin 
in he reen f COPD. Curreny, gyyrre is rve 
y he US F n Drug Ainisrin (FDA) fr reen 
f COPD wie iy in  iqui fr uiizing  viring esh 

TABLE 

7.1
Inhaled Anticholinergic Bronchodilator Agents*

Drug Brand Name Adult Dosage

Time Course (Onset, 

Peak, Duration)

Ipratropium bromide Atrovent HFA HFA MDI: 17mcg/puff; 2 puffs qid

SVN: 0.02% solution (0.2mg/mL), 500mcg tid, qid

Nasal spray: 21 & 42mcg; 2 sprays per nostril 2–4 times daily

Onset: 15–30min

Peak: 1–2hr

Duration: 6hr

Ipratropium bromide and 

albuterol

Combivent Respimat SMI: ipratropium 20mcg/puff and albuterol 100mcg/puff, 1 inhalation qid Onset: 15min

Peak: 1–2hr

Duration: 6hr

SVN: ipratropium 0.5mg and albuterol 2.5mg

Aclidinium bromide Tudorza Pressair DPI: 400mcg/inhalation, 1 inhalation bid Onset: 10min

Peak: 2hr

Duration: 12

Aclidinium Bromide and 

formoterol

Duaklir Pressair DPI: 400mcg/12mcg inhalation bid Onset: 10–20min

Peak: 30min–2hr

Duration: 12 hr

Glycopyrrolate bromide Lonhala Magnair VMN: 25mcg/1mL bid Onset: 15–30min

Peak: 1–2hr

Duration: 12hr

Glycopyrrolate bromide 

and formoterol

Bevespi Aerosphere MDI: 9mcg/inhalation and 4.8mcg/inhalation formoterol bid Onset: 5–15min

Peak: 30min–1hr

Duration: 12hr

Revefenacin Yupelri SVN: One ampule (175mcg/3mL) once daily Onset: 45min

Peak: 2–3hr

Duration: 24hr

Tiotropium bromide Spiriva; Spiriva 

Respimat

DPI: 18µg/inhalation, 1 inhalation/1capsule once daily

SMI: 2.5mcg/inhalation, 2 inhalations once daily (COPD)

SMI: 1.25mcg/inhalation, 2 inhalations once daily (asthma; 6 years and 

older)

Onset: 30min

Peak: 1–3hr

Duration: 24hr

Tiotropium bromide and 

olodaterol

Stiolto Respimat SMI: tiotropium 2.5mcg/inhalation and olodaterol 2.5mcg/inhalation, 

2inhalations once daily

Onset: 15min

Peak: 1–2hr

Duration: 24hr

Umeclidinium bromide Incruse Ellipta DPI: 62.5mcg/inhalation, 1 inhalation daily Onset: 5–15min

Peak: 1–3hr

Duration: 24hr

Umeclidinium bromide 

and vilanterol

Anoro Ellipta DPI: umeclidinium 62.5mcg/inhalation and vilanterol 25mcg/inhalation, 

1inhalation daily

Onset: 5–15min

Peak: 1–3hr

Duration: 24hr

*A holding chamber is recommended with MDI administration to prevent accidental eye exposure.

Bid, Twice daily; COPD, chronic obstructive pulmonary disease; DPI, dry powder inhaler; HFA, hydrouoroalkane; MDI, metered dose inhaler; qid, four times daily; SMI, soft-mist inhaler (Respimat); 

SVN, small volume nebulizer; tid, three times daily; VMN, vibrating mesh nebulizer.
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neuizer (Lh Mgnir). Aiiny, gyyrre is fun 
in inin wih frer (Bevesi Aershere) s n MDI 
 re COPD.

Revefenacin (Yueri) is  ng-ing usrini ngnis 
h is vie s n inhin suin. e gen is ike her 
nihinergis n hs niy he inhiiin f M3 reer 
eing  rnhiin. Revefenin is urreny rve fr 
reen f COPD uiizing  snr neuizer.

Tiotropium bromide (Siriv),  usrini reer ng-
nis, is  ng-ing rnhir. I is  quernry -
niu un sruury ree  irriu. Siir 
 irriu, iriu is ry sre fer inhin. 
Inhin f  singe se gives  ek s eve wihin 5 
inues wih  ri eine  very w eves wihin 1 hur. 9

Tiriu exhiis reer suye seeiviy fr M
1
 n M

3

reers. e rug ins   hree usrini reers (M
1
, 

M
2
, n M

3
) u issies uh re swy hn irriu 

fr he M
1
 n M

3
 reers. is resus in  seeiviy f 

in n he M
1
 n M

3
 reers. Arine n irriu 

k  hree yes f usrini reers. e M
2
 reer 

is n ureer inhiiing furher reese f eyhine 
(Ah) s h ke n inrese Ah reese n y -
se he rnhiing ee f rine r irriu. In 
iens wih COPD, iriu gives  rnhiing ee 
fr u  24 hurs wih n eque se. e ee f ir-
iu n e seen fr 32 hurs; hwever, i is eween 16 n 
24 hurs euse f he irin rhyh. e rug s gives 
 rnge, se-eenen rein gins inhe eh-
hine henge.10

C L I N I C A L  C O N N E C T I O N

Anticholinergic bronchodilators are specically parasympatholytic, that 

is, antimuscarinic agents, blocking the effect of acetylcholine (Ach) at the 

cholinergic (muscarinic) receptors on bronchial smooth muscle.

Sever suies hve exine he rnhiing ee f 
vrius ses f iriu re wih e n irr-
iu.10 Tiriu reues COPD exerins n hsi-
izins, irves quiy-f-ife sys, n y sw 
he eine in  iens fre exirry vue in 1 sen 
(FEV

1
).11

In he Unie Ses, iriu is vie s  DPI n s 
 sf-is, ren-free Resi inher. Siriv Resi, 
rve in Seeer 2014, rvies 2.5 g er uin. 
e reene se is w uins ne iy. Aiin-
y, Siriv Resi is rve fr use in sh s n -
n reen. I hs shwn he iiy  inrese ung funin 
wihu ny verse evens  nr sh.12 Rrig n 
Csr-Rríguez fun h -n hery wih iriu 
ssise in reuing exerins f iens wih sh.13 e 
reene sing fr he inenne reen f sh is 
w inhins f 1.25g, ne iy fr iens ge 6 yers 
n er. Henn n Szeer fun h -n hery f 
iriu in hiren n esens ws sfe n eeive.14

Tiriu rie n er (Si Resi) is  -
inin gen rviing 2.5g f iriu n 2.5g f 
er— ng-ing nihinergi n β gnis use  
re irw iiins in COPD—ne iy. Si Resi, 
rve in My 2015, shu n e use  re sh r 
ue eeririn f COPD. e reene sge is w 
uins ne iy.

Aclidinium bromide (Turz Pressir) is  ng-ing, inhe 
nihinergi evee y Fres Lrries (New Yrk, New 
Yrk) n rve y he FDA in Juy 2012 s  inenne 
reen fr COPD.15 is gen is  en ngnis f  
usrini reers, issiing swy  M

3
 n in  shrer 

ie  M
2
, iniing he eni  rvie susine rn-

hiin h is siir in in  iriu.16 Aiiniu 
is riy hyryze in hun s in nrs  irriu 
n iriu.16,17 is ri hyrysis resus in very w n 
rnsien sysei exsure, suggesing  reue eni fr 
sysei sie ees.16,17

Ery ini suies in hehy sujes nre he w 
sysei iviiiy n fvre sfey re f singe n 
uie ses f iiniu.1,19 In  susequen suy, whih 
inue iens wih ere  severe COPD, iiniu is-
ye ng-sing rnhiin n ws we ere.20 Ai-
iniu n e fun in  xe rug inin wih frer 
knwn s Dukir Pressir.

Umeclidinium (Inruse Ei) is  ng-ing nihinergi, 
evee y ervne (Sn Frnis, Cifrni) n Gx-
SihKine (Brenfr, UK) n rve y he FDA in My 
2014, fr ne-iy inenne reen f irw sru-
in in iens wih COPD. Inruse Ei is  DPI h shu 
e use iy  he se ie eh y. Ueiiniu rie 
hs iviy rss uie usrini reers n exers is 
rnhiry iviy y eiivey inhiiing he ining 
f Ah wih usrini hinergi reers n irwy sh 
use (M

3
). I ensres sw reversiiiy  he M

3
 reer, 

rviing ng urin f rnhiin in he ungs.21

Ueiiniu rie n viner (Anr Ei) is  
inin gen rviing 62.5 g f ueiiniu n 
25 g f viner— ng-ing nihinergi n β g-
nis use  re irw iiins in COPD ne iy. In  
rnize, ue-in, e-nre, re-nre 
suy f s 1500 iens, Anr Ei ws fun  rvie 
greer irveens in ung funin, heh sus, n ysne 
sres re wih he iniviu use f he rugs in he -
inin.22 Ahugh he use f inin gens in resirry 
re is n, n  iens nee inin gens. e 
use f β gniss (see Cher 6) n inhe guriis (see 
Cher 11)  resen risks.

Clinical Pharmacology

Structure–Activity Relationships

Chei sruures f he w nury urring enn 
kis, rine n sine (s e hyoscine), re 
iusre in Fig. 7.1. Arine, inuing is sufe (rine 
sufe), n sine re eriry niu uns 
h ier fr eh her ny y n xygen  riging he 
rn-6 n rn-7 siins. Quernry niu eriv-
ives f rine inue rine, irriu, n iriu. 
Anher quernry rine erivive, whih hs een inis-
ere exerieny s  rnhir y ers, is gyyr-
re (Rinu) (n shwn in Fig. 7.1).

Teriry niu frs, suh s rine sufe r s-
ine, re esiy sre in he sre, isriue 
hrughu he y, n in riur rss he –rin r-
rier  use CNS hnges. Quernry niu frs (e.g., 
irriu, iriu, n gyyrre) re fuy inize n 
ry sre in he sre r he CNS. As  resu, 
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he sysei sie ees seen wih ers inisrin f he 
eriry niu rine sufe  n ur r re ini 
wih  quernry niu, suh s irriu. Quer-
nry niu gens given y inhin genery re ry 

sre fr he ungs. ey re n riy reve fr he 
ers esiin sie n  n rss he –rin rrier s 
rine sufe es, giving he  wier hereui rgin in 
rein  sie ees.

• Fig. 7.1 Chemical structures of anticholinergic (parasympatholytic) agents: tertiary compounds, such as 

atropine and scopolamine, and quaternary compounds, such as ipratropium, tiotropium, aclidinium, and 

umeclidinium.
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Pharmacologic Eects of Anticholinergic 
Muscarinic Antagonist Agents

e gener ees f cholinergic (muscarinic) siuin n 
he rresning ees rue y nihinergi (nius-
rini) in re ise in Te 7.2. Sei ees ier fr 
eriry n quernry niu uns euse f heir 
srin ierenes, s reviusy uine, fr heir sruure–
iviy reinshis. ese ees n heir ierenes re su-
rize in Te 7.3 n isusse susequeny.

Tertiary Ammonium Compounds

Teriry uns inue rine sufe, sine, n 
hysyine sufe. ey re we sre rss us sur-
fes n heir ees inrese wih he size f he se. Ees re 
surize fr hese gens fr he rgn syses.

Respiratory Tract Eects. Arine sufe,  rye er-
iry un, inhiis n reues uiiry erne, s 
shwn y Grh e.23 Arine sees  k hyerserein 
siue y hinergi gniss in h he wer irwy n he 
nse (uer irwy) re hn s serein.24 Arine rexes 
irwy sh use, whih is he sis fr is use in sh.

Central Nervous System Eects. Teriry uns rss 
he –rin rrier n rue se-ree ees. S 
ses f 0.5  1.0g n use ees h inue resessness, 
irriiiy, rwsiness, figue, r, ernivey, i exieen. 
Inrese ses n use isrienin, huinins, r . 
Inhe rine hs een rere  use n ue syhi 
rein.25 26

Eye Eects. Teriry nihinergi uns given y 
inhin isriue hrugh he sre n n e 
visin. ey k nrin f he iris  use ui iin 
n ryze he iiry use f he ens  reven hikening 
f he ens fr ner sigh in, using urre visin. 
ese ees n inrese inrur ressure in gu. Ar-
ine-ike gens re nrinie in nrrw-nge gu.

Cardiac Eects. Arine in s ses uses inr sw-
ing f her re; rger ses inrese her re hrugh vg 
ke.

Gastrointestinal Eects. Anihinergi gens genery 
use ryness f he uh s  resu f inhiiin f sivry 

TABLE 

7.2

Comparison of Cholinergic Antagonism 

(Antimuscarinic Eects) With Cholinergic 

Eects (Muscarinic Eects)

Cholinergic Effect Anticholinergic Effect

Decreased heart rate Increased heart rate

Miosis (contraction of iris, eye) Mydriasis (pupil dilation)

Contraction (thickening) of lens, eye Cycloplegia (lens attened)

Salivation Drying of upper airway

Lacrimation Inhibition of tear formation

Urination Urinary retention

Defecation Antidiarrheal or constipation

Secretion of mucus Mucociliary slowing

Bronchoconstriction Inhibition of constriction

TABLE 

7.3

Pharmacologic Eects of Tertiary Versus 

Quaternary Anticholinergic Agents Given by 

Inhaled Aerosol

Tertiary (Atropine)

Quaternary 

(Ipratropium and 

Tiotropium)

Respiratory 

tract

Bronchodilation Bronchodilation
Decreased mucociliary 

clearance

Little or no change 

in mucociliary 

clearance
Blockage of 

hypersecretion

Blockage of nasal 

hypersecretion

CNS Altered CNS function 

(dose related)

No effect

Eye Mydriasis Usually no effect*

Cycloplegia
Increased intraocular 

pressure

Cardiac Minor slowing of heart 

rate (small dose); 

increased heart rate 

(larger dose)

No effect

Gastrointestinal Dry mouth, dysphagia; 

slows motility

Dry mouth

Genitourinary Urinary retention Usually no effect†

*Assumes aerosol is not sprayed into eye; use with caution in glaucoma.
†Use with caution in prostatic enlargement or urinary retention.

CNS, Central nervous system.

gn sereins, n rine is use fr his ee  reue 
uer irwy sereins efre surgery n neshesi r when 
reversing neurusur ke (see Cher 1). Lrger ses 
n use yshgi. Gsrinesin iiy is swe, n ee 
h is he sis fr he inusin f rine in Li, n nii-
rrhe gen. Inhiiin f gsrinesin iiy n eying 
hs een ne wih nr ses f rine given y ers  
shis.27

Genitourinary Eects. Arine-ike gens n inhii r-
syhei-nre rexin f he urinry shiner. In en 
wih rse gn enrgeen, his n rue ue urinry 
reenin. Arine-ike rugs n reisse e iens  
iene euse enie erein is s uner rsyhei 
nr. Ejuin is  syhei funin.

Quaternary Ammonium Compounds

Quernry uns inue he rve ers gen 
irriu, iriu, n gyyrre. e fwing ees 
re isusse ririy fr irriu, whih is we knwn s n 
inhe rnhir. Genery, quernry niu -
uns  n rss ii ernes esiy n  n isriue 
hrughu he y when inhe. Se gens, suh s irr-
iu, rue n nihinergi ee  he sie f eivery; wih 
inhin, his wu e he nse r uh n he uer n 
wer irwy.

Respiratory Tract Eects. Irriu hs ini r n 
ee n uiiry erne r uus vissiy esie he 
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f h he ers is eivere iy  he irwys. e rug 
uses rnhiin y king hinergi nrie in. 
In he ns ssges, hwever, irriu reues hyersere-
in, whih is he sis fr is use in rhiniis.

Central Nervous System Eects. Beuse quernry -
uns  n rss he –rin rrier, hey  n use 
CNS ees s he eriry gens .

Eye Eects. If irriu n her quernry gens re 
n srye irey in he eye, here re n ees n inru-
r ressure, ui size, r ens in when inhe s 
ers rugs. Ti eivery  he eye n use uiry i-
in (yrisis) n ens rysis (yegi). Sujes using 
quernry niu muscarinic antagonist bronchodilators
(n gen h ks ees f Ah) us e uine  re 
heir eyes fr he ers rug.

Cardiac Eects. Irriu hs ini ees n her 
re n  ressure when given s n inhe ers rug. 
Hwever, sever e-nyses hve suggese h irriu 
n iriu y use n inrese in rivsur evens. 
When her e-nyses were nue n reexine, n 
iniene f rivsur invveen fr inhe nihin-
ergis ws fun. Curreny n infrin hs een nusive 
in shwing h hese gens hve ny verse ees n he r-
ivsur syse.2

Gastrointestinal Eects. In s iens, inhe irriu 
hs ie ee n gsrinesin iiy. A rin f he ers 
se is swwe, hwever, wing exsure f he gsrinesi-
n r  he rug. ere hs een  rer f eniu ieus in 
n u wih ysi rsis reeiving neuize irriu.29 Use 
f  reservir evie wih MDI inisrin n reue rh-
rynge iin n he un f swwe rug.

Genitourinary Eects. When ese in en 50  70 yers f 
ge, irriu ws fun  hve n ee n urinry funin.30

K E Y  P O I N T

Quaternary compounds, such as ipratropium, are fully ionized and less 

absorbed into body tissues compared with tertiary compounds, such as 

atropine sulfate. Consequently, side effects with quaternary compounds are 

localized to the site of drug exposure.

Mechanism of Action

In Cher 5, he uni innervin f he irwy is uine; 
his nsiss f he riin syhei n rsyhei 

rnhes n nnrenergi, nnhinergi (NANC) inhiiry 
n exiry rnhes. e syhei rnh es n u-
y exen is ers eyn he erirnhi gngi r exuses 
 he irwy, hugh renergi reers re resen hrugh-
u he irwy, eseiy in he erihery. Prsyhei nerves 
ener he ung  he hi, eriving fr he vgus, n rve ng 
he irwys. Prsyhei sgngini ers erine 
n r ner he irwy eiheiu, suus uus gns, 
sh use, n ry s es. Prsyhei inner-
vin n usrini reers re nenre in he rger ir-
wys, hugh hey re resen fr he rhe  he resirry 
rnhies.

In he nr irwy,  s eve f rnhr ne is 
use y rsyhei iviy. is s eve f ne n 
e ishe y nihinergi gens, suh s rine, ini-
ing i is eie y Ah. Ainisrin f parasympathomi-
metic (hinergi) gens, suh s ehhine (e.g., in rn-
hi rvin esing), n inensify he eve f rnhi ne 
 he in f nsriin in hehy sujes n re s in 
iens wih sh.

Chinergi siuin f usrini reers n irwy 
sh use n suus gns uses nrin n 
reese f uus. Anihinergi gens, suh s rine r 
irriu, re niusrini; hey eiivey k he 
in f Ah  rsyhei sgngini eer e 
reers. Beuse f his in, nihinergi gens k 
hinergi-inue rnhnsriin, s shwn in Fig. 7.2

An irn in  reize wih use f  king gen, 
suh s n anticholinergic bronchodilator, is h he ee seen 
eens n he egree f ne resen h n e ke. In 
hehy sujes, here is ini irwy iin wih n ni-
hinergi gen euse here is ny  s r resing eve f 
ne  e ke. Vriin in he ini ee f suh rugs 
is riy use y vriin in he egree f rsyhei 
iviy. One riur ehnis fr rsyhei iviy 
in he ung is vgy eie reex rnhnsriin, whih 
is isusse in he nex sein.

C L I N I C A L  C O N N E C T I O N

The anticholinergic agents ipratropium, aclidinium, glycopyrrolate, revefena-

cin, tiotropium, and umeclidinium are indicated for the treatment of airow 

obstruction in chronic obstructive pulmonary disease (COPD). Ipratropium 

is indicated in the treatment of asthma exacerbation, and tiotropium is now 

indicated as add-on in the maintenance treatment of asthma.

• Fig. 7.2 Conceptual overview of the action of anti-

cholinergic (parasympatholytic) bronchodilating agents 

in preventing cholinergic-induced bronchoconstriction. 

Ach, Acetylcholine.
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Vagally Mediated Reex Bronchoconstriction

A rin f he rnhnsriin seen in COPD y e 
use y  ehnis f vgy eie reex innervin f 
irwy sh use (Fig. 7.3). Sensry C-er nerves resn 
 vrius siui, suh s irrin erss (hyni r hyer-
ni),  ir n high irw res, igree ske, nxius 
fues, n eirs f inin, suh s hisine. When 
ive, hey rue n eren nerve iuse  he CNS, 
whih resus in  reex hinergi eeren iuse  use n-
sriin f irwy sh use n reese f serein fr 
uus gns, s we s ugh.

Beuse rine n is erivives re eiive inhii-
rs f Ah  he neureer junin, suh ngniss shu 
k rsyhei reex rnhnsriin. Arine hs 
een shwn  inhii exerise-inue sh n syhgeni 
rnhss n rnhnsriin use y β ke r 
hinergi gens. Aiin f  i neshei, suh s 4% 
iine y ers,  he rge irwys hs s inhiie reex 
rnhnsriin y king he sensry irrin reers in 
he eihei ining.

Chnges in he irwy y s sensiize he sueihei 
ugh reers, king he re resnsive  wer hresh-
s f siuin. is sensiizin is fen seen uring s 
h invve ung ngesin. Lung inin uring  ee reh 
siues he ugh reers, resuing n ny in ughing 
u s inrese rnhr ne. I hs een suggese h 
greer rnhi reiviy in iens wih sh r hse wih 
COPD y e use y us ee n efrin f 
irwy issue, whih inreses he sensiiviy f hese reers in 
resnse  irrins. Sever reviews f hinergi ehniss f 
irwy sruin hve een uishe.31–35

• Fig. 7.3 Mechanism of vagally mediated reex bron-

choconstriction induced by nonspecic stimuli on sen-

sory C-bers. Ach, Acetylcholine; CNS, central nervous 

system; SP, substance P.

TABLE 

7.4

Muscarinic Receptor Subtypes: G Proteins and 

Eector Systems

Receptor G Protein Effector

M
1

G
q

Phospholipase C

M
2

G
i

Adenylyl cyclase (decreases)

M
3

G
q

Phospholipase C

M
4

G
i

Adenylyl cyclase (decreases)

M
5

G
q

Phospholipase C leads to an increase

Muscarinic Receptor Subtypes

Anihinergi gens use rnhiin y king M
1

reers  he rsyhei gngi, whih fiie hin-
ergi neurrnsissin n rnhnsriin, n M

3
 ree-

rs n irwy sh use, whih use rnhnsriin. 
Musrini reer suyes re reviewe in Cher 5 n re 
iusre fr he ung in Fig. 7.4. M

1
 reers n he s-

gngini rsyhei neurn fiie hinergi nerve 
rnsissin, eing  reese f Ah. Ah siues M

3
 ree-

r suyes n irwy sh use n suus gns, 
using nrin f sh use n exysis f serein 
fr he uus gn. Aiiny, he M

2
 reer suye  

hinergi nerve enings inhiis furher Ah reese fr he 
sgngini neurn.

M
3
 reers re G rein–inke reers (see Chers 2

n 5). Te 7.4 iss he vrius usrini reer suyes n 
heir G reins, ng wih heir eer enzyes. Siuin f 
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he M
3
 reer suye ives  G

q
 rein, whih ives 

hshise C (PLC). PLC uses he rekwn f hs-
hinsiies in insi rihshe (IP

3
) n iygyer 

(DAG); his uiey es  n inrese in he ysi 
nenrin f free iu n sh use nrin r 
gn exysis. As shwn in Fig. 7.5, he eiive ke 
f M

3
 reers y nihinergi gens revens his sequene. 

e ke f M
1
 reer suyes y nihinergi gens 

s inhiis nerve rnsissin y Ah  he gngini synse. 
Bh irriu n iriu s k he M

2
 reer. is 

reer inhiis ninue reese f Ah. As  resu, ke f 
he M

2
 reer n enhne Ah reese, ssiy unering 

he rnhir ee f M
3
 reer ke. As ne in he 

• Fig. 7.4 Identication and location of muscarinic 

receptor subtypes M
1
, M

2
, and M

3
 in the vagal nerve, 

submucosal gland, and bronchial smooth muscle in the 

airway, showing nonspecic blockade by anticholinergic 

drugs, such as ipratropium. Ach, Acetylcholine.

• Fig. 7.5 Illustration of the M
3
 receptor as a G pro-

tein–linked receptor, showing the G
q
 protein; its effec-

tor system, phospholipase C (PLC); and the mecha-

nism of smooth muscle constriction, which is blocked 

by an anticholinergic agent preventing stimulation of 

the M
3
 receptor. DAG, Diacylglycerol; GDP, guanosine 

diphosphate; GTP, guanosine triphosphate; IP
3

, inositol 

triphosphate.

isussin f irriu n iriu, iriu hs see-
ive niy fr M

1
 n M

3
 reers euse i issies uh 

re riy fr he M
2
 reer n reins un  he M

1

n M
3
 suyes.

e use f suh gens s irriu fr ergi n nner-
gi rhiniis is se n he rsyhei nr f suus 
gns in he ns us. Ah siues usrini reers 
in he nse, where rxiey 55% re M

3
 reers, n he 

res re M
1
 reers.36 M

2
 reers were n ienie in hun 

ns us in n urigrhi suy y Oky e .37

Bke f usrini M
1
 n M

3
 reers n suus ns 

gns y irriu given s  ns sry revens gn sere-
in n rhiniis.
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C L I N I C A L  C O N N E C T I O N

Blockade of M
1
 and M

3
 receptors in the nasal passages prevents gland 

secretion and rhinitis.

Adverse Eects

I hs een se h he sfey re f quernry niu 
niusrini rnhirs (e.g., irriu n ir-
iu) is suerir  h f β gniss, riury wih regr 
 rivsur ees.9 Chnges in eerrigrhy (ECG) 
esureens,  ressure, r her re re n usuy seen. 
ere is n wrsening f veniin–erfusin nriies in 
COPD, whih wu herwise use n inrese in hyxei. 
Terne  rnhiin n ss f rnhi rein 
hve n een serve. e k f hese ees is use y he 
r srin n sysei isriuin f quernry -
uns, suh s irriu. Cuge3 rvie  eie review 
f he ini hrgy n xigy f irriu.

e sie ees seen wih he MDI n s vue neu-
izer (SVN) fruins f irriu, he gen wih he s 
ini exeriene, re ririy ree  he , i eiv-
ery  he uer n wer irwy wih inhin. Siir sie 
ees wu e exee wih her niusrini gens, suh 
s iriu. e s n sie ee seen wih his ss 
f rnhir is ry uh. Pssie sie ees re ise in 
Bx 7.1. e SVN suin hs s een ssie wih i-
in sie ees in  few iens, inuing hryngiis, ys-
ne, uike sys, rnhiis, n uer resirry infe-
in. e un f rug in he neuizer se is greer hn 

Side Eects Seen With Anticholinergic 

Aerosol Ipratropium*

MDI and SVN (Common)

• Dry mouth

• Cough

MDI (Occasional)

• Nervousness

• Irritation

• Dizziness

• Headache

• Palpitation

• Rash

SVN (Occasional)

• Pharyngitis

• Dyspnea

• Flulike symptoms

• Bronchitis

• Upper respiratory infections

• Nausea

• Occasional bronchoconstriction

• Eye pain

• Urinary retention (less than 3%)

Precautions: Use with caution in patients with narrow-angle glaucoma, prostatic hypertrophy, bladder 

neck obstruction, constipation, bowel obstruction, or tachycardia.

*Side effects were reported in a small percentage (<3% to 5%) of patients.

MDI, Metered dose inhaler; SVN, small volume nebulizer.

• BOX 7.1

10 ies h in he MDI se (500g versus 40g). If he 
ien reeives rxiey 10% f n inhe ers  he 
ung,  uh rger se is given wih n SVN. e ry sw-
we rin wu s e rriney higher. Sysei sie 
ees, suh s hyri, iins, urinry hesiny, n-
siin, urre visin, n inrese ur ressure, re ess 
ikey wih quernry gens, suh s irriu, iriu, 
iiniu, r ueiiniu, hn wih eriry gens, suh s 
rine. Ahugh irriu is n nrinie in sujes 
wih rsi hyerrhy, urinry reenin, r gu, he 
rug shu e use wih uin n eque evuin fr 
ssie sysei sie ees in hese sujes.

e eye us e ree fr ers rug exsure resuing 
fr ien srying r uring neuizer eivery. Bke f 
usrini reers uses yrisis y king he shiner 
use f he iris n inhiis he iiry use f he ens, re-
vening ens hikening (in). As he iris ies u-
wr, he ens reins ene, n ringe f inrur que-
us hur is reue. In iens wih nrrw-nge gu, 
inrur ressure n inrese. Beuse ny iens wih 
COPD re er, nrrw-nge gu y e resen re 
ny. Sujes using quernry niu niusrini 
rnhirs us e infre f his hzr n shu use 
rer ers inhin ehnique. A hing her shu 
e use wih MDI inisrin. Wih neuizer eivery, he 
uhiee shu e ke in he uh n  reservir ue 
he  he exirry sie f he T uhiee  ven er-
s wy fr he fe. e ie neuizer wu e  sieri 
evie wih n ien exsure fr he evie n exhin. 
If he neuizer suin is eivere y fesk (whih is n 
reene), he eyes shu e se r vere  reven 
rug exsure. Beuse f he greer risk f eye exsure wih  
neuizer, eseiy isse, nsn-uu evies, n MDI 
wih  hing her is reene fr eivery f his ss 
f rnhir.

C L I N I C A L  C O N N E C T I O N

The most common side effects with quaternary ammonium antimuscarinic 

bronchodilators are dry mouth and perhaps cough caused by the aerosol 

particles.

C L I N I C A L  C O N N E C T I O N

Direct spraying in the eye must be avoided to prevent ocular effects. 

Patients with chronic obstructive pulmonary disease (COPD) can show a 

greater response in reversibility of airow obstruction with an anticholiner-

gic agent than with a β agonist.

Clinical Application

Anihinergi (niusrini) erss hve een invesige 
fr use wih sh n wih COPD. Te 7.5 res he 
gener ees seen wih nihinergi rnhirs n 
β-renergi rnhirs.

Use in Chronic Obstructive Pulmonary Disease

Aniusrini gens were fun  e re en rnhi-
rs hn β-renergi gens in rnhiis/ehyse, n his 
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is ikey  e heir riry ini iin. is ierene is 
iusre in Fig. 7.6 wih  fr Tshkin e.39 In he 90-y, 
uiener suy, he invesigin re 40g f irr-
iu wih 1.5g f ereren, h given y MDI, in  
uin f iens wih COPD. Exnins fr he sue-
ririy f nihinergi in in COPD re ee u y 
ree  he ie, inry, nnhinergi hwys 
seen in sh, eseiy resuing fr siui enine revi-
usy in he sein n vgy eie reex rnhnsri-
in. Cnversey, he hgy f COPD y reve he resn 
fr he suerir ee f nihinergi rugs re wih 
β-renergi rugs. Irriu hs een rve y he FDA 
seiy fr use in he reen f COPD, hugh he rug 
is s resrie fr reen f sh.

Rennr e .40 nyze  fr ini ris ring 
irriu wih  β gnis. eir nysis shwe h use f 
irriu ver he 90-y inerv ese ws ssie wih 

TABLE 

7.5

Comparison of Eects for Anticholinergic and 

β-Adrenergic Bronchodilators

Anticholinergic β Agonist

Onset Slightly slower Faster

Time to peak effect Slower Faster

Duration Longer Shorter

Tremor None Yes

Decrease in PaO
2

None Yes

Tolerance None Yes

Site of action Larger, central 

airways

Central and 

peripheral airways

Pao
2

 Arterial oxygen pressure.

• Fig. 7.6 Effect of the β-agonist metaproterenol and the anticholinergic 

ipratropium on forced expiratory volume in 1 second (FEV
1
) in patients 

with chronic obstructive pulmonary disease after 90 days of treatment 

(*P < 0.01; †P < 0.05). (From Tashkin, D. P., Ashutosh, K., Bleecker, E. R., 

etal. [1986]. Comparison of the anticholinergic bronchodilator ipratropium 

bromide with metaproterenol in chronic obstructive pulmonary disease: a 

90-day multicenter study, American Journal of Medicine, 81[Suppl 5A], 59. 

From Excerpta Medica, Inc.)

irve seine ung funin n resnse  ue rnh-
ir use. Sujes using β gniss ver he se eri h 
ie hnge in seine ung funin n  s erese in ir-
wy resnse  ue rnhir reen.

e iin f nuerus ng-ing niusrini 
gens (LAMAs) hve een evee  re COPD. A 
gens rve y he FDA re vie s ne r wie iy 
wih siir sfey n ey.7–12 Beeh e.41 rere h n 
inhe se f  LAMA ne er y irve ung funin 
n reue exerins in iens wih COPD f ieren 
severiies. As e.42 s fun irveen in ung fun-
in n ysne in iens wih COPD wh h n een 
ree wih inenne hery reviusy. e rnge 
ee y s e usefu in nring nurn sh sy-
s, where hinergi ehniss see  inrese irwy 
ne.43

Curren COPD guieines  n ne he use f ny ne 
sei rnhir.44,45 I is ne, hwever, h he use f  
shr-er β

2
 gnis n n nihinergi, suh s irriu, 

irves FEV
1
 in iens wih COPD.45 e use f  ng-er 

nihinergi, suh s iriu, revefenin, iiniu, gy-
yrre, r ueiiniu, irves he heh f iens 
wih COPD.

Use in Asthma

Anihinergi (niusrini) gens, suh s irriu, 
 n hve  ee iniin fr sh in he Unie 
Ses. Curren sh guieines se h irriu y 
hve se iive ene when given wih inhe β g-
niss.46,47 Aniusrini rnhirs re n ery sue-
rir  β-renergi gens in reing sh. Aniusrini 
n β-renergi gens hve n rxiey equ ee n 
w res in ny iens. ese gens y e eseiy use-
fu in he fwing iins when resrie fr iens 
wih sh4:
• Nurn sh, in whih he sighy nger urin f 

in y re gins nurn eeririn f w 
res49

• Psyhgeni sh, whih y e eie hrugh vg 
rsyhei ers

• Piens wih sh, s we s gu, ngin, r hyeren-
sin, requiring reen wih β-king gens

• As n ernive  hehyine in iens wih ne sie 
ees fr h rug

• Aue, severe eises f sh n resning we  β
gniss
A rge, rnize nre suy y Qureshi e .50 in 

434 hiren (ges 2   yers) wih ue ere  severe 
sh fun h he ver re f hsiizin ws reue 
wih he iin f inhe irriu  neuize uer. 
Hwever, he s sriking ee n issin ws seen in hi-
ren wih severe sh (ek exirry w <50% reie). 
A e-nysis f he iin f nihinergi rnhirs 
 β gniss in hiren n esens, nue y Pnik 
n Duhre,51 nue h ing uie ses f ni-
usrini rnhirs  β

2
 gniss ws sfe,45 irve 

ung funin, n y he vi hsi issin in 1 f 11 
ree iens. Muie ses shu e referre  singe ses 
f niusrini gens. Hwever, new suies hve shwn he 
use f iriu s n eeive -n reen fr sh in 
iens s yung s ge 6 yers.13,14
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Combination Therapy: βAdrenergic and 
Anticholinergic Agents in Chronic Obstructive 
Pulmonary Disease

ereiy,  inin f β-renergi n nihinergi 
gens shu er vnges in he reen f COPD (s we 
s sh), se n he fwing nsierins:
• Ceenriy f sies f in exiss, wih nihinergi 

ee seen in he re enr irwys n β-gnis ee in 
he ser, re eriher irwys.

• Mehniss f in fr nihinergi n β-renergi 
gens re sere n eenry.
Phrkineis f shrer-ing gens (uer r irr-

iu) in he w sses f rnhir re eenry; 
he ees f β gniss ek sner u s erine sner, 
wheres he ees f nihinergis en  ek re swy 
n s nger. is nsierin is irreevn, hwever, wih n-
ger-ing gens in h sses, suh s seer, frer, 
rfrer, iner, viner, iriu, gyyrre, 
revefenine, iiniu, n ueiiniu.

Additive Eect of β Agonists and Anticholinergic Agents

Cniing resus hve een fun regring wheher he rn-
hir ee f β gniss is inrese y ing n nih-
inergi gen, in eiher COPD r sh.52–56 Hwever,  rge 
suy—he Civen Inhin Aers Suy Gru,5  we-
nre suy nue ver 5 ys wih 462 iens  24 
eners n iens wih se COPD—shwe suerir ey 
f he inin hery f irriu n uer -
re wih eiher gen ne. Fig. 7.7 res his suy f 
irriu us uer versus uer r irriu ne 
n he erenge hnge in FEV

1
. e en peak inreses in 

FEV
1
 were 31%  33% fr ine rug hery re 

wih 24%  25% fr irriu ne n 24%  27% fr -
uer ne. Fw res were signiny eer n  es ys. 
Sy sres i n ier ng he hree grus, hwever. 

• Fig. 7.7 Percentage change in forced expiratory volume in 1 second 

(FEV
1
) on test day 85, for combined ipratropium and albuterol compared 

with either drug alone, in patients with chronic obstructive pulmonary dis-

ease (COPD). Dotted line, Albuterol; dashed line, ipratropium; solid line,

ipratropium plus albuterol. (From COMBIVENT Inhalation Aerosol Study 

Group. [1994]. In chronic obstructive pulmonary disease, a combination 

of ipratropium and albuterol is more effective than either agent alone: an 

85-day multicenter trial, Chest, 105, 1411.)

As  rge, we-esigne suy, hese resus sur inin 
nihinergi n β-gnis hery in COPD.

Sequence of Administration

e rer in whih  β
2
 gnis n n nihinergi re in-

isere vi n MDI hs een ee. Beuse n nihinergi 
rnhir s in he enr, rger irwys, se rii-
ners rgue h i shu e given before he β

2
 gnis. N  

hve een uishe  sur his sequene, hwever. e β
2

gnis is fen given rs, n his n e rinize fr w 
resns: (1)  β

2
 gnis hs  re ri nse f in hn n 

nihinergi rnhir; n (2) β
2
 reers re isri-

ue in rge n s irwys. e rer f inisrin is 
ry n irn. Cinin rus, suh s Ci-
ven irriu n uer, ke he rer f inisrin 
  in.

Ms isussin n ini use f β
2
 gniss n nihin-

ergis hve enere n gens wih shrer urin. Oher -
inin gens hve inue ng-ing β

2
 gniss n inhe 

riseris. e use f ng-ing β
2
 gniss n ng-ing 

nihinergis y e s eeive s shrer-ing gens. In  
suy f iriu n frer, i ws fun h ung fun-
in irve wih he inin re wih he gens 
given s nhery in iens wih se COPD.57 Anher 
suy f iens wih ere  severe COPD fun h  
inin f iriu n frer inrese fre vi 
iy (FVC) n FEV

1
 re re wih he gens eiv-

ere ne.5

Tw f he rges, ng-er rug ris fr COPD—Twrs  
Revuin in COPD Heh (TORCH) n Unersning Pen-
i Lng-Ter Is n Funin wih Tiriu (UPLIFT)—
hve rvie insigh in he resriing rie f eiins 
use  re COPD. Mirvies n Anzue59 reviewe h su-
ies. e in nusin nerning inin gens is h he 
ng-er gens iriu n seer, wih he iin f 
n inhe riseri, irve ung funin n y rres 
he rgressin f COPD. e use f hese gens is eing ere 
“rie hery, suggesing irveen when  hree re use in 
inin.60–62 Curreny, Tregy Ei is vie s  xe-
se DPI h nins  hree gens (see Cher 11).

RESPIRATORY CARE ASSESSMENT 

OF ANTICHOLINERGIC 

BRONCHODILATOR THERAPY

Before Treatment

• Assess eeiveness f rug hery se n he ini-
in fr he ers gen: e resene f reversie irw 
resus fr riry rnhss r sruin sen-
ry  n inry resnse r sereins, eiher ue 
r hrni.

• Mnir w res using esie ek w eers, re 
sirery, r rry rers f unry funin: 
Befre-n-fer rnhir suies erfre wih  β
gnis y n reiy rei resnse  n nihinergi 
(niusrini) gen, suh s irriu.

• Perfr resirry ssessen: Brehing re n ern n 
reh suns shu e ssesse y usuin, efre n 
fer reen.

• Assess use efre, uring, n fer reen.
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During Treatment and Short Term

• Assess iens sujeive rein  reen fr ny hnge 
(siive r negive) in rehing er r ern.

• Assess reri  gses r use xieer surin, s 
neee, fr ue ses wih COPD r sh  nir 
hnges in veniin n gs exhnge (xygenin).

Long Term

• Mnir unry funin suies f ung vues, i-
ies, n ws.

• Insru n hen verify rre use f ers eivery evie 
(SVN, MDI, reservir, DPI). Ehsize h he eye us e 
ree fr ers srys. Insru iens in use, sse-
y, n eseiy ening f ers inhin evies.

• Fr ng-ing niusrini rnhirs:
• Assess nging ung funin, inuing rese FEV

1
, ver 

ie.
• Assess un f nin β-gnis use n nurn 

sys.
• Assess nuer f exerins, unsheue ini visis, 

n hsiizins.
• Assess ys f sene euse f sys.

General Contraindications

• Anihinergi rnhirs genery re sfe. Hwever, 
regur, ng-er use f shr-ing n ng-ing gens 
shu e regury ssesse, eseiy if gens re use in 
inin wih her gens.

• Use f nihinergi rnhir hery in iens 
wih visin res, suh s gu, shu e sey 
nire.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. What was the rst FDA-approved anticholinergic bronchodilator for 

aerosol inhalation?

2. List all FDA-approved long-acting anticholinergic combination 

product(s) on the market.

3. What is the usual recommended dose of ipratropium delivered by MDI 

and by SVN?

4. Identify a long-acting anticholinergic bronchodilator and give its 

duration of action.

5. What is the usual clinical indication for use of an anticholinergic 

bronchodilator, such as ipratropium?

6. Which disease state—asthma or COPD—may show greater response 

to an anticholinergic bronchodilator rather than a β agonist?

7. With which type of anticholinergic agent are you more likely to observe 

systemic side effects: tertiary ammonium compounds or quaternary 

ammonium compounds?

8. What are the most common side effects seen with inhaled ipratropium 

and tiotropium?

9. Can ipratropium be used with subjects who have glaucoma?

10. Can ipratropium be alternated with or combined with a β agonist in the 

treatment of COPD and asthma?

11. What precautions should you observe if administering ipratropium by 

SVN?

12. What is the clinical indication for the use of an anticholinergic intranasal 

spray?

CLINICAL SCENARIO

Answers can be found in Appendix A

Logan O’Connor, age 66 years, is a well-educated, retired middle-level 

manager for a major lm company. He is referred to a pulmonologist for 

his complaint of shortness of breath. On interview, Mr. O’Conner states that 

he has increasingly noticed exertional dyspnea with mild physical activity 

over the past few months. With questioning, he admits to occasional social 

alcohol intake of either one or two beers or a couple of mixed drinks several 

times a week. He has been happily married to the same woman since he 

was 24 years of age. He also admits to regular cigarette smoking of about 

one pack a day since he was 20 years of age. He leads a sedentary life, with 

no physical exercise. He states that he does have a chronic cough, which is 

worse in the morning, although he denies much productivity. He appears to 

be well nourished and is articulate, and his color is good. No cyanosis or use 

of accessory muscles at rest is noted.

Physical examination reveals very mild digital clubbing, a slightly 

increased anteroposterior (AP) diameter, diminished and distant breath 

sounds bilaterally with some rhonchi, mildly hyperresonant percussion 

notes, no jugular venous distention upright or supine, and no peripheral 

edema. His vital signs are as follows: blood pressure (BP) 146/90mm Hg, 

temperature (T) 37.2°C, pulse (P) 88 beats/min, respiratory rate (RR) 16 

breaths/min with no laboring. His arterial blood gas (room air) results are 

as follows: pH 7.40, arterial carbon dioxide pressure (PaCO
2
) 42.5mm Hg, 

arterial oxygen pressure (PaO
2
) 62mm Hg, base excess 1.9mEq/L, and 

hemoglobin (Hgb) 14.5g/dL.

His pulmonary function results are as follows:

Observed % Predicted

Forced vital capacity (FVC), 2.98L 74

Forced expiratory volume in 1 second (FEV
1
), 1.94L 60

FEV
1
/FVC 65 (Calculated)

Residual volume/total lung capacity (RV/TLC) 42 (Calculated)

Diffusing capacity of the lung for carbon monoxide 

(DLCO), 18.4 (mL/min/mm Hg)

70

Mr. O’Connor’s chest radiograph (posteroanterior lateral) shows some 

loss of lung markings, mild attening of the hemidiaphragms, and increased 

AP diameter. His electrolytes and white blood cell count are normal.

His chief complaint, smoking history, physical ndings, and laboratory 

results all indicate early manifestations of chronic obstructive pulmonary 

disease (COPD). He is mildly hypoxemic at rest (PaO
2
, 62mm Hg), but his 

acid–base status is normal. Moderate airow obstruction is present as 

evidenced by the FEV
1
 of 1.94L, FEV

1
/FVC of 65%, and increased RV/TLC 

ratio. Gas exchange is impaired, as seen in the below-normal DLCO. There 

is no evidence of cardiac failure or acute exacerbation at this time. His 

diagnosis is COPD with mixed bronchitis and emphysema.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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Specic Xanthine Agents
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Use in Asthma

Use in Chronic Obstructive Pulmonary Disease

Nonbronchodilating Eects of Theophylline

Respiratory Muscle Strength
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Central Ventilatory Drive

Cardiovascular Eects

Antiinammatory Eects

Use in Apnea of Prematurity

Respiratory Care Assessment of Xanthines

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene xanthine

2. List all available xanthines used in respiratory therapy

3. Dierentiate between the clinical indications of xanthines

4. Dierentiate between the uses of xanthines

5. Discuss the proposed theories of activity for xanthines

6. Discuss adverse eects and toxicity of xanthines

7. Be able to assess xanthine therapy clinically

K E Y  T E R M S  A N D  D E F I N I T I O N S

Alkaloids Group of alkaline substances taken from plants, which 

react with acids to form salts (e.g., theophylline).

Methylxanthines Chemical group of drugs derived from 

xanthines. There are three methylated (CH
3
) xanthines: caeine, 

theophylline, and theobromine.

Phosphodiesterase (PDE) Group of enzymes that change 

intracellular signaling.

is her reviews he hrgy f he xnhine rugs, suh 
s hehyine. ehyine riiny hs een use  re 
iens wih sh n hrni sruive unry isese 
(COPD) in se n ue hses. e ehnis f in f 
xnhines is uner, n heir ini use in sh n COPD 
hs een reege  sen- r hir-ine gens, hugh his 
reins n issue f ee.

K E Y  P O I N T

Theophylline is a member of the methylxanthine group of drugs.
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Clinical Indications for the Use of Xanthines

K E Y  P O I N T

Clinical uses of theophylline include the management of asthma, chronic 

obstructive pulmonary disease (COPD), and apnea of prematurity in neonates.

ehyine hs riiny een use in he ngeen f 
sh n COPD. ehyine n eine hve een use  
re ne f reuriy. ehyine ws use s  iurei 
u nw is see. Ahugh hehyine is usuy ssie s 
 rnhir, i hs  reivey wek rnhiing ee 
re wih β

2
 gniss. Is hereui in in sh n 

COPD y ur y her ens, suh s siuin f he 
veniry rive r ire srenghening f he ihrg. Any 
f hese ins u resu in he ini ue f irve 
veniry w res; his is isusse er in he sein “Cini 
Uses f ehyine.

Use in Asthma

e Nin Ash Euin n Prevenin Prgr Cr-
ining Ciee Exer Pne Wrking Gru nes h sus-
ine-reese hehyine is inie s n ernive fr in-
enne (se 2) hery f i, ersisen sh n higher in 
iens er hn 5 yers f ge n is ise s n ernive in 
se 3 n higher fr iens er hn 5 yers f ge in in-
in wih n inhe riseri (ICS). Susine-reese heh-
yine is nsiere  ess-referre ernive  w-se ICS, r-
yn-ike gens, r nieukrienes s sen-ine inenne 
rug hery in se sh. ehyine is n reene 
in he guieines fr hiren yunger hn 5 yers f ge r fr 
ny ersn wih ue exerin f sh.1 G Iniiive fr 
Ash (GINA) es n reen he use f hehyine ue 
 wek ey n sie ees fr is nrrw hereui inex.2

• Fig. 8.1 Effect of attachments at various sites on the xanthine molecule and comparative illustration of 

the structures of theophylline, caffeine, and enprofylline. BD, Bronchodilation.

Use in Chronic Obstructive Pulmonary Disease

Curren guieines fr he reen f se COPD se h 
rnhirs re enr  sy ngeen. e G 
Iniiive fr Chrni Osruive Lung Disese (GOLD) ses 
h inhe rnhirs re referre when vie. e-
hyine is nsiere eeive in COPD u, euse f en-
i xiiy, is reene s n ernive.3 Brr e.4 n-
ue  e-nysis n he use f xnhines fr he reen 
f COPD exerins. eir nings suggese h xnhines 
shu n e use in he reen f COPD exerins. In 
rnize nre ris, inrvenus inhyine hs n 
shwn ny signin ene ver β

2
 gniss n nihinergi 

hery fr iens wih COPD.5,6

Use in Apnea of Prematurity

If hrgi hery is neee  siue rehing in 
ne f reuriy, ehyxnhines re nsiere he rs-ine 
gens f hie. ehyine hs een use s exensivey, u 
Bhi7 suggese h eine ire y e he gen f hie. 
Ceine ire eneres erersin ui (CSF) eer n 
hs  higher hereui inex wih fewer sie ees re 
wih hehyine. Ceine ire (Cfi) hs een rve fr 
inisrin eiher inrvenusy r ry.

Specic Xanthine Agents

ehyine is ree heiy  he nur eie xn-
hine, whih is  reursr f uri i. Fig. .1 shws he gener 
xnhine sruure n he sruures f hehyine (1,3-ieh-
yxnhine), eine (1,3,7-riehyxnhine), n enrfy-
ine. Beuse f heir ehy hens, hese gens re fen 
referre  s methylxanthines. Anher xnhine is herine. 
A hree gens re fun s alkaloids in n seies. Ceine is 
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fun in ee ens n k nus. Ceine n hehyine re 
nine in e eves, n eine n herine re fun in 
 sees r ens. Hisriy, hese nur n susnes 
hve een use s rews fr heir siun ee.

Te .1 iss hehyine, rn nes, n vie 
fruins.

General Pharmacologic Properties

C L I N I C A L  C O N N E C T I O N

Xanthines generally have stimulant properties, exemplied by the xanthine 

caffeine. Other effects of this class of drug include diuresis and smooth 

muscle relaxation (e.g., bronchodilation).

e xnhine gru hs he fwing gener hysigi ees 
in huns:
• Cenr nervus syse (CNS) siuin
• Cri use siuin
• Diuresis
• Brnhi, uerine, n vsur sh use rexin
• Periher n rnry vsiin
• Cerer vsnsriin

Se f he ees seen wih xnhines re we knwn  ini-
vius wh rink eine everges (e.g., ee, s, n 
e). Cee, in riur, n e use fr he CNS siury 
ee  rein wke. e iurei ee fer rinking ee r 
 is s we knwn. Ceine r hehyine n s use 
hyri, n he erer vsnsriing ee hs een use 
 re igrine hehes. A sei gen inene fr his use 
is Cferg, eh e f whih nins 100g f eine n 
1g f ergine rre.

Ceine n hehyine ier in he inensiy f he ees 
ise reviusy. ese ierenes re surize in Te .2. 
Ceine hs re CNS-siuing ee re wih heh-
yine, n his inues veniry siuin. In ini use, 
hehyine is genery ssie s  rnhir euse f 
he rexing ee n rnhi sh use.

Structure–Activity Relationships

Fig. .1 iusres he gener xnhine sruure n he ee 
f hens  vrius sies n he eue. As, he hei-
 sruure f hehyine is shwn. e ehy hens  
he nirgen-1 n nirgen-3 siins fr hehyine enhne 
is rnhiing ee n is xi sie ees, whih re is-
usse er in his her. In nrs, he sruure f eine hs 
n iin ehy gru  he nirgen-7 siin, eresing 
is rnhir ee in rein  hehyine. Enrfyine, 

TABLE 

8.2

Dierences in Intensity of Eects for Caeine 

and Theophylline

Effect Caffeine Theophylline

Central nervous system stimulation +++ ++

Cardiac stimulation + +++

Smooth muscle relaxation + +++

Skeletal muscle stimulation +++ ++

Diuresis + +++

TABLE 

8.1

Xanthine Derivatives Used as Bronchodilators 

in Obstructive Airways Diseases, With Selected 

Brand Names and Available Formulations

Xanthine 

Derivative Brand Names Formulations

Theophylline Elixophyllin, Theo-24, 

Generic

Tablets, capsules, syrup, elixir, 

extended-release tablets, 

capsules, injection

whih is n iniy vie in he Unie Ses  his ie, 
hs en rnhiing ees, ry euse f he rge 
susiuin  he nirgen-3 siin.

K E Y  P O I N T

The exact mechanism of action of xanthines is unclear; antagonism of 

adenosine receptors, inhibition of phosphodiesterase, and release of 

catecholamine.

Proposed Theories of Activity

e ex ehnis f in f xnhines, n hehyine in 
riur, is unknwn. I ws riginy hugh h xnhines 
use sh use rexin y inhiiin f phosphodies-
terase (PDE), eing  n inrese in inreur yi ens-
ine 3′,5′-nhshe (AMP). An inrese in AMP uses 
rexin f rnhi sh use. e ee f inrese 
AMP is esrie in Cher 6 in he isussin n β-renergi 
gens. Use f his exnin  un fr hereui xnhine 
ins hs een quesine, hwever. Sever ernive heries 
nerning he in f xnhines hve een rse in i-
in  PDE inhiiin. Eh f he rse heries f iviy 
fr xnhines is riey esrie n isusse in he fwing 
seins.

Inhibition of Phosphodiesterase

ehyine is  wek n nnseeive inhiir f AMP-se-
i PDE. e hwy y whih his inhiiin n e  n 
inrese in inreur AMP, wih nsequen rnhi rex-
in r niinry ees, is iusre in Fig. .2, A. 
Hwever,  he sge eves use iniy in huns, hehy-
ine is  r inhiir f he enzye.9 As  resu, his y n 
e he es hery n hw xnhines exer  hereui ee. 
PDE is  generi er referring   es 11 isin fiies h 
hve een ienie s hyryzing AMP r yi gunsine 
3′,5′-nhshe (GMP) n h hve unique issue n 
sueur isriuins. e vrius PDE fiies ier in su-
sre seiiy, inhiir sensiiviy, n fr requireens.

ere re w AMP-hyryzing PDEs, referre  s PDE3

n PDE4, h f whih y y  re in sh. PDE3 is 
exresse in reguing her use, vsur sh use, n 
ee ggregin. PDE3 inhiirs hve een evee  re 
her fiure n rigeni shk. PDE4 is exresse in irwy 
sh use, unry nerves, n ny rinry 
n iune es. PDE4 inhiirs suress resses hugh  
nriue  sh inin y king he egrin 
f AMP in rge es n issue. e niinry ee f 
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hehyine n xnhines is reviewe in he isussin n he 
ini iin f hese rugs in COPD n sh.

Antagonism of Adenosine

An ernive exnin f rnhiin is h hehy-
ine s y king he in f ensine. is ehnis 
is iusre in Fig. .2, B. Aensine is  urine nuesie 
h n siue α

1
 n α

2
 reers. α

1
-reer siuin 

inhiis AMP, wheres α
2
-reer siuin inreses AMP. 

Inhe ensine hs rue rnhnsriin in iens 
wih sh. ehyine is  en inhiir f h α

1
 n α

2

reers n u k sh use nrin eie 
y α

1
 reers.

is exnin is nrie y he in f enrfyine, 
whih is u ve ies re en hn hehyine fr rex-
ing sh use ye ks  suien hen  he nir-
gen-1 siin  rvie ensine ngnis.10 is n e 
seen in Fig. .1 y ring he sruures f hehyine n 
enrfyine. In iin, α

1
 reers re srse in sh use, 

n ise ni issue rerins hve shwn sh us-
e rexin hrugh ensine siuin f he α

2
 reers.

Catecholamine Release

A hir exnin f xnhine in is h hese gens use 
he ruin n reese f engenus ehines, whih 
u use use rer, hyri, n rnhi rexin. 
Suies n s eves f ehines, suh s einehrine, 
hve rere niing resus, wih h n inrese n n 
hnge rere.11

Titrating Theophylline Doses

In he s, ini use f he xnhine hehyine, in is ny 
frs, ws quesine euse f wie vriiiy in is hereu-
i ee. I ws susequeny fun h inivius eize 

hehyine  iering res, whih kes i iu  eer-
ine hereui ses. is siuin is ie furher y 
he f h ieren frs f he rug re n wys equiven.

Serum Levels of Theophylline

In 1972, Jenne e .12 inie h he i seru he-
hyine eve fr xi rnhiin in us ws 10  
20g/L. e ees ssie wih  rnge f seru eves re 
s fws:
• No eects seen: Less hn 5g/L
• erapeutic range: 10  20g/L
• Nausea: Greer hn 20g/L
• Cardiac arrhythmias: Greer hn 30g/L
• Seizures: 40  45g/L

C L I N I C A L  C O N N E C T I O N

Because individuals vary in the rate at which theophylline is metabolized, 

dosage must be titrated to clinical effectiveness, avoidance of side effects, 

and, most precisely, a therapeutic serum level of 5 to 10mcg/mL in the 

management of chronic obstructive pulmonary disease (COPD) and 5 to 

15mcg/mL in asthma management. Overall, 10 to 20mcg/mL is a normal 

therapeutic range.

Sine he riginy rse seru eves f 10  20g/L, 
he reene rnge hs een hnge   re nserv-
ive 5  15g/L fr he ngeen f sh.13 GOLD 
reenins fr he use f hehyine in COPD sugges 
 rge seru eve f 5  10g/L.3 Bh hese rnges seek 
xi hereui ee wih ini xiiy n sie ees. 
I is sresse h he rnges ise fr xi ees re gener. I is 
ssie fr n iniviu  yss he nuseus hse f xiiy 
n ieiey ener he seizure hse.

Ahugh here is  se-ree resnse  higher seru eves 
f hehyine, here is eviene h he resnse es n n-
inue  he se re f inrese s eves inrese. e irve-
en in fre exirry vue in 1 sen (FEV

1
) ens  

en ve  seru eve f 10  12g/L, wheres he xi 
ees f hehyine (isusse er in he her) en  
inrese even wihin he hereui rnge f 10  20g/L.14

Dosage Schedules

Beuse f he vriiiy in he re  whih inivius e-
ize hehyine n he her frs h e hehyine 
eis n erne res, sge sheues re use  
ire he rug. ese sheues re fun in he ru ier-
ure, referenes, suh s Drug Facts and Comparisons n Physi-
cians’ Desk Reference, n gener hrgy exs.

Fr ri hehyinizin, he ien y e given n r 
ing se f 5g/kg, provided h he ien ws n re-
viusy reeiving hehyine. is se is se n nhyrus 
hehyine. Ie y weigh shu e use in uing he-
hyine ses euse hehyine es n isriue in fy 
issue. In iring he se, eh 0.5-g/kg se f hehyine 
given s  ing se resus in  seru eve f rxiey 
1g/L. If hehyine ws ken reviusy y he ien, 
seru hehyine eve shu e esure, if ssie.

Fr ng-er hery,  sw irin is hefu, wih n inii 
se f 16g/kg/24hr r 400g/24hr, whihever is ess. ese 
sges y nee  e ie in he resene f suh frs 

• Fig. 8.2 Two proposed mechanisms of action by which theophylline and 

xanthines reverse airway obstruction. A, Inhibition of phosphodiesterase. 

B, Blockade of adenosine receptors. AMP, Adenosine monophosphate; 

ATP, adenosine triphosphate.
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s ge (yunger hiren versus er us), ngesive her is-
ese, r iver isese. e ees f hese frs n seru heh-
yine eves n n sge re isusse susequeny. e sge 
guieines given hve een ine fr hehyine ru 
infrin.

Dsge f hehyine n e guie y he ini rein 
f he ien r, eer, y esureen f seru rug eves. 
Wihu seru rug eve, he se f hehyine shu e 
se n he ene rvie n shu e reue if he ien 
exerienes xi sie ees. When niring seru hehy-
ine eves, he se shu e ken  he ie f ek sr-
in f he rug—1  2 hurs fer inisrin fr ie-
ie-reese frs n 5  9 hurs fer he rning se fr 
susine-reese frs.

e revius exes f sge sheues re n ee 
fr  siuins; hey re inene ny s n exe f suh 
sheues n f he exiy invve in reing iens wih 
hehyine. Cee es fr ieren ges n ini i-
ins shu e nsue when inisering hehyine.

Theophylline Toxicity and Side Eects

K E Y  P O I N T

Theophylline has a narrow therapeutic margin, and side effects, such as 

gastric upset, headache, insomnia, nervousness, palpitations, and diuresis, 

occur frequently, even within the therapeutic range of dosing. Blood levels 

of theophylline are affected by many factors, which can either increase or 

decrease the amount of drug in the body.

An irn re wih he use f hehyine is is nrrw 
hereui rgin; here is very ie ierene eween he se 
n seru eve h give hereui ene n h use xi 
sie ees. Even wihin he hereui seru eves f 10  
20g/L, isressing sie ees n e exeriene. Inhe 
hehyine is eing suie  reserh ssie reue sie 
ees.15 e s n verse reins usuy seen wih 
hehyine re ise in Bx .1

Gsri use, hehe, nxiey, n nervusness re n 
unusu s ess xi sie ees f hehyine n n resu 
in ss f sh ie r wrkys. e iurei ee shu 
e ne in iens wih exess irwy sereins (e.g., iens 
wih rnhiis r ysi rsis), wih eque ui ree-
en when neessry  reven ehyrin n hikening f 
sereins.

Reins  eves f hehyine n s e unreie 
in iniviu iens. Se suies hve rere seru eves f 
7.5 n 104.g/L use ny gsrinesin sys, 
wheres en eves f 35 g/L use ri rrhyhis 
r seizures.14 As, inr sie ees y rvie ie wrning 
efre serius xi ees, suh s rrhyhis r seizures, ur.

Factors Aecting Theophylline Activity

ehyine is eize in he iver n eiine y he 
kineys. Any niin h es hese rgns n e he-
hyine eves in he y. Inerins eween her rugs n 
hehyine n e seru eves f he rug. Se n 
rugs n niins h inrese r erese hehyine eves 
re ise in Bx .2

Vir heiis r ef venriur fiure n use eeve 
seru eves f hehyine fr  given se euse f erese 

Adverse Reactions Seen With 

Theophylline Treatment, Organized 

by Organ System*

Central Nervous System
• Headache

• Anxiety

• Restlessness

• Insomnia

• Tremor

• Convulsions

Gastrointestinal System
• Nausea

• Vomiting

• Anorexia

• Abdominal pain

• Diarrhea

• Hematemesis

• Gastroesophageal reux

Respiratory System
• Tachypnea

Cardiovascular System
• Palpitations

• Supraventricular tachycardia

• Ventricular arrhythmias

• Hypotension

Renal System
• Diuresis

*Effects are not listed in order of severity or progression.

• BOX 8.1

Factors That Can Increase or Decrease 

Blood Levels of Theophylline and Aect 

Dosage Requirements

Increase
• Alcohol (0.9g/kg)

• β-Blocking agents

• Calcium channel blockers

• Cimetidine, ranitidine

• Corticosteroids

• Disulram

• Inuenza virus vaccine

• Interferon

• Ephedrine

• Estrogen

• Macrolide antibiotics (e.g., 

clarithromycin)

• Mexiletine

• Methotrexate

• Pentoxifylline

• Quinolones, oral contraceptives

• Tacrine

• Ticlopidine

• Troleandomycin

• Zileuton

• Cirrhosis

• Congestive heart failure

• Hepatitis

• Pneumonia

• Renal failure

Decrease
• β Agonists

• Aminoglutethimide

• Barbiturates

• Carbamazepine

• Cigarette smoking

• Isoniazid (+ or −)*

• Isoproterenol (IV)

• Ketoconazole

• Loop diuretics (+ or −)*

• Moricizine

• Phenytoin

• Rifampin

• Sulnpyrazone

• BOX 8.2

*+, Increase in theophylline level; −, decrease in theophylline level.

IV, Intravenous.

Data from Weinberger, M., Hendeles, L. (1995). Standards for the diagnosis and care of patients with 

chronic obstructive pulmonary disease. American Thoracic Society. American Journal of Respiratory 

and Critical Care Medicine, 152, S77.



132 UNIT B Drugs Used to Treat the Respiratory System

iver eis f he rug. An sie ee—erese seru 
eves—is use y igree sking, whih siues he r-
uin f iver enzyes h inive ehyxnhines16; his 
neessies higher hehyine ses. Se rugs use fr he 
reen f uerusis, suh s isnizi, n he  iure-
is, suh s furseie (Lsix) r uenie (Buex), re unre-
ie in heir ee n y eiher inrese r erese heh-
yine eves. Mesureen f seru eves is exreey irn 
when using hese gens wih hehyine.

β gniss n hehyine hve n iive ee n re 
fen ine when reing iens wih sh r COPD. 
ehyine y ngnize he seive ee f enzize-
ines (e.g., Viu). ehyine n s reverse he ryzing 
ee f nnerizing neurusur king gens (n-
urniu n ruriu) in  se-eenen nner. is is 
irn  reize when ryzing iens wih severe sh 
 fiie veniry sur n when inrvenus inisr-
in f inhyine is use.

Clinical Uses of Theophylline

N guieines fr he hrgi ngeen f sh 
n COPD reen hehyine s rs-ine hery.1–3 e 
isvnges f hehyine re is nrrw hereui rgin, 
xi ees, unreie  eves n nee fr iniviu 
sing, n nuerus rug–rug n rug–niin iner-
ins. e use f hehyine in sh n COPD is esrie 
in he fwing seins.

C L I N I C A L  C O N N E C T I O N

Because of higher risks of side effects and the difculty in monitoring 

serum concentration levels, use of theophylline is not recommended in the 

management of asthma and chronic obstructive pulmonary disease (COPD). 

Other pharmacologic options with better safety proles are available.

Use in Asthma

K E Y  P O I N T

In the US, theophylline has been relegated to the level of a second- or third-

line drug in treating asthma. Internationally, GINA recommends against its 

use in asthma

e re f hehyine rerins in he ngeen f ue 
n se sh n COPD hs een ee.17 1 In he re-
en f sh, hehyine is suggese fr use fer reiever 
gens, suh s  β

2
 gnis, her nrer gens, suh s ICS, r 

eir ngniss (ryn-ike rugs) rgeing he unery-
ing inin r n reene  .1–3

Ahi e .19 re  inin f seer n ui-
sne rine wih  inin f uisne n susine-
reese hehyine. Resus fvre he seer/uisne i-
nin in he reen f iens wih ere sh. Aiiny, 
he use f inrvenus inhyine in he eergeny eren 
i n rue iin rnhiin r reue hsi is-
sin re wih snr reen wih β gniss.20

Use in Chronic Obstructive Pulmonary Disease

K E Y  P O I N T

In chronic obstructive pulmonary disease (COPD), the nonbronchodilating 

effects of theophylline, such as ventilatory drive stimulation, and enhanced 

respiratory muscle function are of value, although the use of theophylline in 

COPD is still being debated.

Use s  inenne gen in COPD is inie if nihin-
ergis n β

2
 gniss fi  rvie eque nr. Deve-

en f ng-ing β
2
 gniss, suh s seer, frer, 

rfrer, n er, ers n iin rug hie 
 reserve ung funin in COPD efre using hehyine, 
eseiy if hehyine ws use  reven nurn sy-
s. e inrese FEV

1
 wih seer gives re nsisen 

irveen in ung funin n  12-hur sis n inins  
higher seine f ung funin.21 ehyine is ise s rn-
hive gens fr nging n ue exerin f COPD in 
he GOLD guieines; hwever, use f her rnhirs is 
referre euse f he sie ees f hehyine.3

C L I N I C A L  C O N N E C T I O N

Chronic obstructive pulmonary disease (COPD) guidelines suggest the use 

of inhaled β agonists (e.g., albuterol) and anticholinergics (e.g., ipratropium) 

over the use of theophylline because of its side effects.

Beuse f sie ees in he gsrinesin syse, xnhines 
re nrinie in sujes wih ive ei uers r ue 
gsriis. Susiries shu n e use if he reu r wer 
n is irrie. If sh use urs wih hehyine, he 
rug y e ken wih f. Ingesin f rge uns f f-
feine fr suh sures s e r ee y reiie sie ees 
when king hehyine.

Nonbronchodilating Eects of Theophylline

Ahugh hehyine is ssie s  rnhir, i hs  re-
ivey wek rnhiing in. e ey f hehyine in 
sruive ung isese y resu fr is nnrnhiing ees 
n veniin. is ne f he eeiveness f hehyine is n-
sisen wih he ning f signin ini irveen esie i-
e inrese in exirry w res in iens wih sh.22 Mher 
e .23 uene he ee f hehyine in reuing ysne 
in iens wih COPD when here ws n reversiiiy f sru-
in n n jeive irveen in ung funin, gs exhnge, 
r exerise erfrne iiy. e nnrnhiing ees f 
hehyine re rvie ew wih  rief enry.

Respiratory Muscle Strength

ehyine n inrese he fre f resirry use n-
riiy, n his ee is hugh  inhii r reverse use 
figue n susequen veniry fiure. ehyine n hve 
he se ee n skee i use. Auier e .24 shwe 
inrese ihrgi srengh n rnsihrgi ressure 
generin y using eerygrhi siui efre n fer 
hehyine inisrin.

Respiratory Muscle Endurance

Mehyxnhines s shw eviene f inresing resirry 
use enurne n srengh. Figue f he resirry uses 
n e revene, eseiy wih inrese resisne. Xnhines 
hve een shwn  inrese he ie h n exern insirry 
 u e susine.22

Central Ventilatory Drive

Mehyxnhines hve s een shwn  inrese veni-
ry rive  he eve f he CNS. In riur, hehyine 
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n inrese hreni nerve iviy fr  given eve f hei-
 siuus.23 is ee n veniry rive sees  ur  
he eve f he irin n y invve he neurrnsier 
ine.

Cardiovascular Eects

ehyine use y hve nnrnhiing vnges in 
iens wh hve COPD s we s ri isese r r u-
ne. ehyine n inrese ri uu, erese u-
nry vsur resisne, n irve yri use erfu-
sin in ishei regins.25

Antiinammatory Eects

ehyine s hs se niinry ees h y 
exin is ey esie he f h he rug is  reivey 
wek rnhir.17 26 Eviene inies h hehyine 
n rue se egree f iunuin n n niin-
ry n rnhreive ee hrugh inhiiin f 
AMP-sei PDE enzyes, riury PDE3 n PDE4, in 
rinry es n issues. ehyine hs een shwn 
 use he fwing (see referenes fr eie niin-
ry ees f hehyine16 26–31):
• Derese igrin f ive esinhis in rn-

hi us wih ergen siui n reue esinhi 
surviv

• Reue T-e riferin n uuin in i sh 
wih rresning irveen in unry funin

• Inhiiin f rinry ykines, suh s inereukin 
(IL)-1β, ur nersis fr-α, n inerfern-γ, n 
inrese ruin f he niinry ykine IL-10

• Aenuin f he e-hse resnse  hisine in iens 
wih ergi sh

• Reue irwy resnsiveness  siui, suh s hisine, 
ehhine, ergens, sufur ixie, isie wer, y-
nes, n ensine

• Inrese ivin f  gru f enzyes, hisne eeyse, 
s knwn s lysine deacetylase, whih re use y rise-
ris  reue inry resnse
e niinry n iunuing ees f he-

hyine ur  wer s nenrins (e.g., 9  10g/
L) in nrs  he nenrins usuy reene fr 
rnhiin, n y resu in  seri-sring ee.27

Inhiirs f PDE4, wih re seeiviy re wih he-
hyine n reue xi ee res, y er  new ss 
f niinry gens. Csi e.2 fun h he use f 
w-se hehyine i n enhne he inry ees 
f inhe uisne/seer. Aiiny, hse ree in 
he suy i n exeriene  reuin in exerin when 
hehyine ws e.2

Use in Apnea of Prematurity

When nnhrgi ehs re unsuessfu in ne f 
reuriy, xnhines, suh s hehyine n eine, re si 
nsiere  rs-ine hie f rug hery, s se in he ini-
ins fr his ss f rug. ehyine is irnsfre  
eine in nenes.32 Hwever, eine is refere  hehy-
ine fr vrius hrgi resns s fws7:
• Ceine eneres re reiy hn hehyine in CSF 

n n e eeive in infns wih ne f reuriy refr-
ry  hehyine hery.

• Ceine is  re en siun f he CNS n he resi-
rry syse re wih hehyine.

• Dsing regiens re sier n give re reie resus 
wih eine hn wih hehyine, s ikey euse f 
ser s uuins wih eine.

• Ceine hs  wier hereui rgin wih fewer sie ees 
re wih hehyine.
A snr rerin f eine, eine ire (Cfi), is 

vie, n i n e inisere eiher ry r inrvenusy. 
e reene ing se is 20 g/kg f eine ire 
(equiven  10 g/kg f eine); his is fwe 24  4 
hurs er y  singe iy inenne se f 5g/kg f f-
feine ire (2.5g/kg f eine).

RESPIRATORY CARE ASSESSMENT 

OF XANTHINES

Before Treatment

• Assess he eeiveness f rug hery n he sis f ini-
ins fr he ers gen: Presene f reversie irw resu-
ing fr riry rnhss r sruin senry  
n inry resnse r sereins, eiher ue r hrni.

• Mnir w res wih esie ek w eers, y re 
sirery, r n he sis f rry rers f unry 
funin efre n fer rnhir suies,  ssess 
reversiiiy f irw sruin.

• Perfr resirry ssessen: Brehing re n ern n 
reh suns y usuin, efre n fer reen.

• Assess seru  eves f gen.

During Treatment and Short Term

• Assess he iens sujeive rein  reen fr ny 
hnge in rehing er r ern.

• Assess reri  gses r use xieer surin s 
neee fr ue ses wih sh r COPD  nir 
hnges in veniin n gs exhnge (xygenin).

Long Term

• Mnir unry funin suies f ung vues, i-
ies, n ws.

• Insru shi iens in he use n inerrein f iss-
e ek w eers  ssess he severiy f shi eises 
n  ensure here is n in n fr reen iin.

• Pien euin shu ehsize h xnhines  n re 
unerying inin r reven rgressin f sh r 
COPD, n iin niinry reen r re 
ggressive ei hery y e neee if here is  r 
resnse  he gen.

• Beuse he gen is sysei, ssess nging funin f  
y syses.

• Assess seru  eves f gen.

General Contraindications

• Xnhines hve  nrrw hereui inex rgin. Overs-
ing is ssie n shu e nire.

• Beuse f ieren y syses eing ee,  iens 
shu e sey nire.

• Piens wih hrni isese (ysi rsis, COPD, n 
sh) y nsier using her gens wih eer sfey 
res, suh s riseris.



134 UNIT B Drugs Used to Treat the Respiratory System

References

1. Exer Pne Wrking Gru f he Nin Her, Lung, n 
B Insiue (NHLBI) inisere n rine Nin 
Ash Euin n Prevenin Prgr Crining C-
iee (NAEPPCC), Cuier, M. M., Bis, A. P., Bke, K. V., 
Brks, E. G., Bryn-Sehens, T., DiMng, E., Dixn, A. E., 
Ewr, K. S., Hrer, T., Krishnn, J. A., Lenske, R. F., Jr, Oue-
ee, D. R., Pe, W. D., Shz, M., Sknik, N. S., Su, J. W., 
Teh, S. J., Ushei, C. A., & Wsh, C. G. (2020). 2020 Fuse 
Ues  he Ash Mngeen Guieines: A Rer fr he 
Nin Ash Euin n Prevenin Prgr Crining 
Ciee Exer Pne Wrking Gru. e Journal of Allergy and 
Clinical Immunology, 146, 1217–1270.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. What drug in the xanthine group is used most often therapeutically?

2. In what formulations is theophylline available?

3. What is the recommended therapeutic plasma level for theophylline in 

asthma and COPD?
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5. Identify at least three adverse side effects seen with theophylline.
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CLINICAL SCENARIO

Answers can be found in Appendix A.
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2
) 42.4mm Hg, arterial oxygen 
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2
) 64mm Hg, base excess + 1.9mEq/L, and arterial oxygen 
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O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to mucus-controlling drug therapy

2. Interpret the physiology and mechanisms of mucus secretion 

and clearance

3. Name the types of mucoactive medications and their presumed 

modes of action

4. Describe the medications approved for the therapy of mucus 

clearance disorders and their approved indications

5. Identify the contraindications to the use of mucoactive 

medications

6. Explain the interaction between airway clearance devices or 

physical therapy and mucoactive medications

K E Y  T E R M S  A N D  D E F I N I T I O N S

Abhesives Substances that reduce adhesion.

Elasticity Rheologic property characteristic of solids; it is 

represented by the storage modulus G′ (energy storage).

Expectorants Medications meant to increase the volume or 

hydration of airway secretions.

Gel Macromolecular description of pseudoplastic material having 

both viscosity and elasticity.

Glycoproteins Proteins with attached oligosaccharide (sugar) 

units.

Mucins The principal solid constituents of normal mucus. 

High-molecular-weight glycoproteins that give mucus its 

physical properties, such as viscoelasticity.

Mucoactive agent Term connoting any medication or drug 

that has an eect on mucus secretion; may include mucolytic, 

expectorant, mucospissic, mucoregulatory, or mucokinetic 

agents.

Mucokinetic agents Medications that increase cough or ciliary 

clearance of respiratory secretions.

Mucolytic agent Medications that degrades polymers in 

secretions. Classic mucolytics degrade mucin, and peptide 

mucolytics break pathologic laments of DNA or actin in 

sputum.

Mucoregulatory agents Drugs that reduce the volume of 

airway mucus secretion and appear to be especially eective 

in hypersecretory states, such as bronchorrhea, diuse 

panbronchiolitis (DPB), and some forms of asthma (see secretory 

hyperresponsiveness).

Mucospissic agents Medications that increase viscosity of 

secretions and may be eective in the therapy of bronchorrhea.

Mucus Secretion from surface goblet cells and submucosal glands 

composed of water, proteins, and glycosylated mucins. The 

glycoprotein portion of the secretion is termed mucin. Mucus 

(noun) is the secretion; mucous (adjective) is the cell or gland 

type.

Oligosaccharide Sugar that is the individual carbohydrate unit of 

glycoproteins.

Phlegm Purulent material in the airways. From the Greek word for 

inammation. When expectorated, phlegm is called sputum.

Rheology Study of the deformation and ow of matter in 

response to an applied stress.

Secretory hyperresponsiveness Mucus hypersecretion in 

response to airway infection, cancer, or inammation. Some 

forms of asthma are characterized by bronchospasm, or 

bronchial muscle hyperresponsiveness, while other have more 

of a hypersecretory response.

Sol Also called the periciliary layer; it is the weak gel containing 

attached mucins that bathes the beating cilia and usually 

separates that mucus layer from the epithelial surface.

Sputum Expectorated phlegm that contains respiratory tract, 

oropharyngeal, and nasopharyngeal secretions, bacteria, and 

products of inammation, including polymeric DNA and actin.

Viscosity Resistance of liquid to sheer forces or energy loss with 

applied stress; a rheologic property characteristic of liquids and 

represented by the loss modulus G′

Cher 9 resens n in-eh review f he uiiry syse 
n he nure f uus s  sis fr isussing hrgi 
gens use in he reen f resirry sereins. e rugs 
urreny use in Nrh Aeri y ers inisrin—
N-ey yseine (NAC; Muys), rnse f (Puzye), 
n hyersr sine (Hyers)—re isusse, ng wih 
invesigin gens, n fuure ireins fr uive rug 
hery re uine.

Drug Control of Mucus: A Perspective

K E Y  P O I N T

Mucoactive therapy should be considered after therapy to decrease infection 

and inammation.

e sef-renewing, sef-ensing uiiry esr is  jr 
efense ehnis f he ung. Fiure f his syse resus 
in ehni sruin f he irwy, fen wih hikene, 
hesive sereins. A swing f uus rnsr is rere in 
ny iseses ssie wih nr uiiry funin.1,2

Wheher suh swing is ue  hnges in he hysi reries 
f uus, erese iiry iviy, r h is n wys er. 
Muus is fun in ny res f he y exse  he u-
sie envirnen, inuing he irwys, gsrinesin r, 
eyes, n geniurinry r. Regress f is in, uus is 
reive, uriing, n werrng, n i res gins 
si r inry hnges. e uus rrier n s 
enr irrgniss, inhiiing hrni eri infein n 
i frin.

Hisriy in resirry re, rug hery fr sereins hs 
een ie  iquefying hik uus   wery se (e 
mucolysis). Beuse uus is  gel wih hysi reries f 
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vissiy n esiiy, rug hery fr uus erne isrers 
shu e he hysi reries f he uus ge  irve 
ugh r uiiry erne. inning f sereins, r 
uysis, n eese serein erne, hus he er muco-
lytic agent is eer ree wih mucoactive agent. A review 
f uus hysigy resens he nes neessry fr isuss-
ing he urren n ssie fuure hrgi ngeen f 
reine sereins.

Clinical Indication for Use

C L I N I C A L  C O N N E C T I O N

Mucus lubricates, waterproofs, and protects against osmotic or inam-

matory changes. The normal mucus barrier can entrap microorganisms, 

inhibiting chronic bacterial infection and biolm formation.

e gener iniin fr uive hery is  reue he 
uuin f irwy sereins, irving unry fun-
in n gs exhnge n revening reee infein n ir-
wy ge. Diseses in whih uive hery is inie 
re hse wih hyerserein r r erne f irwy sere-
ins, inuing hrni rnhiis (CB), ysi rsis (CF), if-
fuse nrnhiiis (DPB), sh, n rnhiesis. N  
iens wih uus reenin ene fr uive rug her-
y; hse wh hve srng exirry irw n ugh usuy 
hve  eer resnse. e use f uive hery  re 
serein erne shu e nsiere fer hery  erese 
infein n inin n fer iniizing r reving 
irrins  he irwy, inuing  ske.3

Classication of Mucoactive Medications

Te 9.1 resens gener infrin u uive gens 
h re rve, vie, r ny inisere s inhe 
erss in he Unie Ses. Greer ei is given n ini-
ins, sge n inisrin, hzrs n sie ees, n 
ssessen f rug hery in isussins f iniviu gens.4

Muive eiins ier in heir ehniss f in. 
Serein reries h iir irwy erne s ier 

ng ieren iseses n  ieren ies in he urse f 
 isese. e sure n reries f irwy sereins n he 
ehniss f in fr he uive gens re he sis fr 
ini use f hese rugs.

Physiology of the Mucociliary System

Source of Airway Secretions

e nuing irwys in he ung n he ns viy  he 
rhrynx re ine y  uiiry syse, iusre igr-
iy in Fig. 9.1. e serein ining he surfe f he irwy 
is e mucus n hs een esrie s hving w hses: (1) 
A ge yer (0.5  20µ) is ree wr he rynx y he 
ii n ies  (2)  wek ge eriiiry yer u he heigh 
f  fuy exene iiu.3 Ces resnsie fr serein in he 
irwy n he sure f nens fun in resirry uus 
hve een surize y Vynw n Ruin.5 Ahugh here 
re ny e yes in he in irwy, he esseni sere-
ry sruures f he uiiry syse re he fwing:
• Surfe eihei es

• Pseusrie, unr, iie eihei es
• Surfe ge (r uus) es
• Cu es (frery e Cr es) in he is irwy

• Suus gns, wih serus n uus es
Suus gns re fun in riginus irwys. ese 

uus-ruing gns re n fun eyn he is irwys. 
Muus seree y surfe eihei es n gns in he irwy 
rvies fr si rein f he resirry r, inuing 
huiiin n wring f insire gs, uiiry rns-
r f eris, werrng n insuin, n nieri 
iviy.3

Terminology: Mucus, Phlegm, and Sputum

ere hs een nfusin regring he nenure use  s-
sify uive eiins. Ahugh se hve use “u-
yi s  generi er, s f hese eiins re hugh  
iize sereins y ehniss her hn y he ire “hin-
ning f uus. Fr exe, hugh he uiiry rnsr-
iiy f suu y e irve y reuing suu vissiy 

TABLE 

9.1
Mucoactive Agents Available for Aerosol Administration

Drug Brand Name Adult Dosage Use

N-Acetylcysteine 

l-cysteine (NAC)

10% Mucomyst, 

20% Mucomyst

SVN: 3–5 mL Efcacy has not been demonstrated with 

any dose of NAC for any lung disease

Dornase alfa Pulmozyme SVN: 2.5 mg/ampule, 

one ampule daily*

Cystic brosis (CF) only

Aqueous water, saline — SVN: 3–5 mL, as ordered Sputum induction

Hyperosmolar 7% 

saline

Dry powder mannitol

3% hyperosmolar saline

Hyper-Sal

PulmoSal

Bronchitol

Aridol†

SVN: 4 mL Airway clearance (mucokinetics) for 

therapy of CF (7% saline and Mannitol)

3% saline used for infantile bronchiolitis

*Use recommended nebulizer system—see package insert.
†Approved in the United States for bronchial challenge testing.

SVN, Small volume nebulizer.
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whie reserving esiiy, he iiy  er sereins vi ugh 
is greer wih increased suu vissiy n erese hesiviy. 
Knwege f uus reries hs given us s  eer uner-
sn he ehniss f irwy isese n uive hery. 
e urreny ee eringy is ene in he Key Terms 
and Denitions is  he sr f his her. Fr re eis 
n urren eringy n is evuin, see Rei n C,6

Bsu,7 Vynw n Ruin,5 n King n Ruin.

Surface Epithelial Cells

e surfe f he hehy rhe n rnhi ririy inues 
iie n ge es,   ri f rxiey 5: 1. ere 
re re hn 6000 ge es er squre iieer f nr 
irwy us. Ge es  n see  e irey innerve 
in he hun ung, hugh hey resn  irrins n in-
ry eirs n eies y inresing he ruin f 
uus n re, heseves, iune eer es h resn 
 iverse signing eies, inuing hse seree y iie 
es. Figs. 9.2 n 9.3 shw snning eern irgrhs f he 
uus ining9 (Fig. 9.2) n f he rnhir surfe wih he 
uus srie wy9 (Fig. 9.3). In iin  iie n g-
e es, irvii, whih y hve srive n sensry fun-
ins, n e seen in Fig. 9.3

Submucosal Mucous Glands

Suus gns ew he eihei surfe re hugh  
rvie uh f he uin n he irwy surfe. e suu-
s gn is uner rsyhei (vg) nr n resns 
 hinergi siuin y inresing he un f uus 
seree. Eviene s suggess h suus gns in he 
resirry r re innerve y syhei xns n he e-
iergi nerve syse.

Tw yes f es, uus n serus, re fun in he gns. 
Fig. 9.4 shws  sein f ferre irwy sine fr uin, wih 
he surfe uus (ge) es n he suus gns 

• Fig. 9.1 Principal components and innervation of the mucociliary system in the respiratory tract.

• Fig. 9.2 Scanning electron micrograph of the mucus blanket in a bron-

chiole, prepared from hamster lung. (From Nowell JA, Tyler WS. [1971]. 

Scanning electron microscopy of the surface morphology of mammalian 

lungs. The American Review of Respiratory Disease, 103[3], 313–328.)

serus n uus es ienie. Sereins fr he serus 
n uus es ix whie exiing he suus gn n re 
rnsre hrugh  iie u n he irwy uen.

Ciliary System

K E Y  P O I N T

The airway secretion consists of a mucus layer, where mucin glycoprotein is 

secreted, and a weak gel periciliary layer.

Dres f uus fr he serery es fr ques in he 
is, nniie irwy, n hese ese in  ninuus 
yer in he re rxi iie irwy. Muiiry rnsr 
resus fr he veen f he uus ge y he eing ii. 
ere re rxiey 200 ii n eh iie e. Cii re 
u 7 µ in engh in rger irwys n shren  5 µ r ess 



140 UNIT B Drugs Used to Treat the Respiratory System

in ser rnhies. Luk n Dufn10 exine he iiry 
e frequeny n isy ses fr vrius rhernhi 
regins n fun res f   1 Herz (Hz) (Hz = 1 ye/se)  
37°C. A iiry e is se f n eective (wer) srke n 
 recovery srke wih u  1: 2 ri. In he eeive srke, he 
iiu ves in n urigh siin hrugh  fu frwr r  
n he unersie f he uus yer n re i frwr. In 
he revery srke, he iiu swings k run  he sring 
in ner he e surfe  vi uing sereins k. Cii 
e in  rine r ehrn wve f in  re 
irwy sereins.11 A funin surfn yer ies  he is 
f he ii n seres he eriiiry ui fr he uus ge. 
is yer ws he ii  rnsi kinei energy eeivey  
he uus wihu eing ennge. is yer s fiies 
uus sreing s  ninuus yer n revens wer ss 
fr he eriiiry ui.

• Fig. 9.3 Scanning electron micrograph of the airway surface shows epi-

thelial cells with cilia, possible surface goblet cells dehiscing, and some 

microvilli. (From Nowell JA, Tyler WS. [1971]. Scanning electron micros-

copy of the surface morphology of mammalian lungs. The American 

Review of Respiratory Disease, 103[3], 313–328.)

• Fig. 9.4 Light microscopy showing immunohistochemical staining of 

ferret airway, using horseradish peroxidase–conjugated Dolichos biorus

agglutinin  Tracheal section shows the mucociliary apparatus, including 

surface mucous (goblet) cells, ciliated epithelial cells, and serous and 

mucous glands.

TABLE 

9.2

Eects of Various Drug Groups on Mucociliary 

Clearance

Drug Group

Ciliary 

Beat

Mucus 

Production Transport

β-Adrenergic agents Increase Increase* ±

Cholinergic agents Increase Increase† Increase

Methylxanthines Increase Increase† ±

Corticosteroids None None† None

Anticholinergics None Decrease in some 

circumstances

None

*Data from Wanner, A. (1977). Clinical aspects of mucociliary transport. American Review of Respi-

ratory Disease, 116(1), 73–125.
†Data from Iravani, J., & Melville, G. N. (1975). Mucocililary activity in the respiratory tract as 

inuenced by prostaglandin E. Respiration, 32, 305.

Factors Aecting Mucociliary Transport

Muiiry rnsr veiy vries in he nr ung n hs 
een esie  u 1.5 /in in eriher irwys n 
20 /in in he rhe. Trnsr res re swer in he res-
ene f he fwing niins r susnes, ny f whih re 
ssie wih irwy ge:
• Chrni sruive unry isese (COPD) n CF
• Airwy rying (e.g., wih he use f ry gs fr ehni 

veniin)
• Nris
• Enrhe suining, irwy ru, n rhesy
• T ske n  ske exr
• Asheri uns (SO

2
, NO

2
, zne) n ergens 

y inrese rnsr, eseiy  w nenrin, u  
higher, xi nenrins r wih rnge exsure, hese 
erese rnsr res

• Hyerxi n hyxi
Te 9.2 surizes he ees f rug grus ny 

use in resirry re n iiry e, uus uu, n ver 
rnsr.

C L I N I C A L  C O N N E C T I O N

It is more than acceptable for patients with pulmonary disorders to drink 

milk. Milk does not increase mucus or congestion in the respiratory system.

Food Intake and Mucus Production

A n eief is h rinking iry ik inreses he ru-
in f uus n ngesin in he resirry r. Resirry 
re ersnne y e ske fr vie n wihhing ik fr 
hiren wih s, resirry infeins, r hrni resirry 
niins suh s CF.12 In  suy f 60 hehy sujes wih 
exerieny inue rhinvirus resirry infeins, ik 
inke rnge fr 0  11 gsses  y. ere ws n ssi-
in eween ik r iry ru inke n resirry r 
sys f ngesin r ns serein weigh. Nne f he 
sujes were ergi  ws ik. e invesigrs nue 
h he   n sur he wihhing f ik r he eief 
h ik inreses resirry r ngesin.
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Secretory Hyperresponsiveness and Mucus 
Hypersecretion

e er “secretory hyperresponsiveness” is use fr inrese 
uus serein eiher inrinsiy r in resnse  rnhrv-
in. Cerin grus f iens er  hve greer uus 
serery resnse, inuing hse wih ie e synre, 
ugh-inn (“ugh-vrin) sh, n severe sh. 
Serery hyerresnsiveness s is  nen f frs f 
ung ner ssie wih rnhrrhe. Serery hyerresn-
siveness n uus hyerserein er  e ree  iv-
in f he exreur regue kinse (ERK1/2), signing.

Nature of Mucus Secretion

A hehy ersn is hugh  rue u 100 L f uus 
every 24 hurs h is er, visesi, n siky. Ms f his 
serein is resre in he rnhi us r swwe wih 
siv. e iniviu rrey nies his. During isese, he v-
ue f sereins n inrese riy n serein er-
ne n e erese s h sereins re exere r sw-
we. A riry funin f resirry r uus is hugh 
 e rnsring n reving re inhe ries, eur 
eris, n e es.

Structure and Composition of Mucus

e sruure n jr nsiuens f he uus seree y 
suus gns n surfe ge es re iure in Fig. 9.5
n hve een reviewe esewhere.5 7 13–16 Airwy uus frs  
reive rrier eween he resirry r eiheiu n 
he envirnen. Muus is se iny f wer n ins, 
wih rxiey 5% f he nen fr reins seree y 
irwy es n iis.17–19 In heh, he uin glycoproteins
re he jr reur nen f he uus ge. 
Mucins re resnsie fr he reive n erne rer-
ies f uus.20–22 D sugges h he rnsriiy f he 
uus yer is eenen n he nenrin f uins in he 
uus yer s  funin f he uin nenrin  he wer 
f 2.5.23

ere re w jr sses f uins: he seree n he 
erne-ehere uins.24 25 Fur seree uins (MUC2, 
MUC5AC, MUC5B, n MUC6) hve genes h re usere 
n hrse 1115 n nin ins wih signin 
hgy  he vn Wiern fr D ins h re sies 
fr igerizin.26 In suu, MUC5AC n MUC5B re he 
jr igeri ge-fring uins.27 MUC5AC is rue 
ririy y he ge es in he rhernhi surfe ei-
heiu, wheres MUC5B is seree ririy y he suu-
s gns, hugh he ge e is s e f sereing 
MUC5B.2 e erne-ehere uins, MUC1, MUC3, 
MUC4, MUC12, n MUC13, n MUC 16, nin  rns-
erne in n  shr ysi in.26 A es 
12 uin genes (MUC1, MUC2, MUC4, MUC5AC, MUC5B, 
MUC7, MUC8, MUC11, MUC13, MUC15, MUC19, n 
MUC20) hve een serve  he RNA eve in issues f he 
wer resirry r fr hehy inivius.24 26 29–35

Muus is  ex, high-eur-weigh reue 
nsising f  uin rein kne  whih rhyre 
(oligosaccharide) sie hins re he. e irwy uus 
ge-fring uins re ririy MUC5AC n MUC5B; he 
eriiiry yer nins ehere uins inuing MUC1 ( sig-
ning uin s fun in se ners h is e  regue 
inin), MUC4, n MUC 16.23 30 36 37 e rhyre 
nen is 0% r re f he  weigh f he reue. 
is sruure is siir   erush in erne. is gen-
er sruure f rein n he igshrie sie hins 
is ere  glycoprotein. Muin frs  exie, hreike srn 
200 n  6 µ in engh3 h is inery rss-inke wih isu-
e ns riging jen yseine resiues. Srns y s 
e inke wih eh her y hyrgen ning n vn er Ws 
fres. e resu is  ge h nsiss f  high wer nen 
(90%  95%) rgnize run he sruur eeens n h 
is inensey hyrhii n sngeike.39 40

Uner nr irusnes, ning wihin uus rues 
w vissiy u ere esiiy. Ahugh uus inr-
res wer uring is frin,  ge s ike h  iqui n  
si. Fr exe, king gein is sy wer u rgnizes 
in  seisi y is hei sruure s he iqui ges. I is 
irn iniy h suien wer us e vie  fr 

• Fig. 9.5 Basic structure and constituents of the 

mucus macromolecule. S–S–, Disulde bonds.



142 UNIT B Drugs Used to Treat the Respiratory System

uus wih nr hysi reries, u ne fre, uus 
es n reiy inrre iin wer.41 Phshiis re 
s resen in he serus e grnues f he suus gns. 
When reese n he irwy surfe, hshiis serve s 
urins eing he surfe-ive n hesive reries f 
uus, h f whih n e uiiry rnsr.3

In iin  he uus ge seree in he irwy, rnhi 
sereins nin seru n seree reins inuing y-
kines, iis, n eeryes. Anieri efense in he ir-
wy is rvie y uin, serery iunguin A (IgA), 
iunguin G (IgG), yszye, ferrin, efensins, n 
erxise n serine reses. Brnhi sereins nr he 
eniy esruive in f rese enzyes wih w jr 
nireses: α

1
-rese inhiir n serery eukrese 

inhiir (sLPI),  ini rein fun in serus serery gn-
ur es.3 In hehy irwys, nireses re resen in higher 
quniies hn rese enzyes n rvie  rese sreen.42

ese nireses s reven nr uin egrin in 
vir s rere in CF n in CB.43 44

Muus res he us surfe y seeivey ring 
hgens r freign ries in is ense yeri irsru-
ure n ers he y ens f uiiry erne, whie i 
ws ri ssge f nuriens n niies.45–47 Muus is 
ririy se f ng n heviy gysye r-
eues e uins h ink vi en--en isue ns  
fr esh-ike sruur newrks. is is eie y revers-
ie ns n siize y eersi reusive fre eween 
hrge sugr sie hins.4 e srengh f he eur n-
gurin n newrk rey n he nenrin f ins n 
s reues resen wihin he uus.49 e hrer-
isi ehni reries f uus een n he reguin f 
vrius uus nens (uin, DNA, iis, reins, es, 
wer) n re highy inereenen. Aerin in ny f hese 
nens n e he reries f uus.

e irsruure f nive uus is highy heergenus 
wih re sizes f nneers  ireers. In ersns wih 
irwy isese, he hesi ne f ins is iire ng 
wih he hnges in irwy surfe iqui.45 50 ese erins n 
hnge uus ereiiy n irsruure, suh s esh size 
n vissiy. is n versey er neurhi igrin n 
hgens ure.50 52

As in CF iens wih reue ung funin, he key i-
hei nens f uus suh s uin, DNA, n si 
nen hnges, n quniive nysis f uus irsru-
ure using ries res shws  erese in uus esh size.50

erefre, irsruur nysis f irwys uus y serve s 
 rker f resirry isese n  eni rge fr hery.

Epithelial Ion and Water Transport

K E Y  P O I N T

Epithelial ion exchange in the airway surface liquid maintains normal pericili-

ary uid depth.

e siin n vue f he eriiiry ui yer is reg-
ue in r y in rnsr rss he eihei es ining 
he irwy uen. If he eriiiry yer is n rxiey he 
heigh f n exene iiu, uus veen is ess eeive.53

Defeive in rnsr y nriue  he ye f reine 
sereins n infein seen in CF.54 55 Nr irwy eihei 
in rnsr is iusre in Fig. 9.6

In he s, unsiue se, siu (N+) srin 
in he eihei e is he inn in exhnge h srs 
iqui fr he irwy eriiiry yer. N+ srin urs 
s n ive rnsr ress hrugh N+ hnnes, he ei-
hei N+ hnne [ENC], n he i r irwy sie f he 
e. N+ in he eihei e is ue fr he e, riven 
y  siu/ssiu-ATPse u n he ser e-
rne f he eihei e, s shwn in Fig. 9.6. When N+ is 
sre fr he irwy surfe iqui, here is n ny-
ing srin f hrie (C ) ins n wer.56 C  serein 
n ur hrugh  es w ieren yes f C  hnne 
in he e ex. One hnne is eenen n yi ens-
ine 3,5′-nhshe (AMP), he CF rnserne in-
nune regur (CFTR) hnne; he her hnne is 
iu ive.

T surize, uner nr niins, hehy irwy ei-
hei n sr s n wer riven y n ive N+ rnsr. 
Nr eihei n s seree iqui in he eriiiry ui 
riven y ive C  rnsr hrugh in hnnes n ssivey 
hrugh qurins r wer hnnes.

Secretions in Disease States

K E Y  P O I N T

Mucus or mucociliary clearance can be abnormal in pulmonary diseases such 

as chronic bronchitis (CB), asthma, or cystic brosis (CF).

e nr erne f irwy uus n e ere y hnges 
in he vue, hyrin, r siin f he serein, s we 
s y hnges in iiry funin. e siin f resirry 
uus is unerging invesigin se n sruur nysis 
ehniques.57 5

Knwege f hese feures f resirry uus y e  
 eer unersning f iseses hrerize y n nr 
ruin f uus, suh s CB n sh, in whih here 

• Fig. 9.6 Illustration of ion-exchange mechanisms across normal airway 

epithelium controlling absorption and secretion for the periciliary airway 

surface liquid (ASL). Under basal conditions, sodium (Na+) is absorbed 

along with liquid, with no net chloride (Cl−) secretion from the cell into the 

liquid layer. cAMP, Cyclic adenosine 3′,5′-monophosphate; CFTR, cystic 

brosis transmembrane ion conductance regulator; K+, potassium ion.
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is uus hyerserein, n CF, in whih here is  erese f 
in uin u n inrese f hgi DNA-in yers. 
Ahugh i h een hyhesize h iens wih CF hyer 
seree visus uus, eing  irwy sruin, i hs een 
shwn h enius (u n visus) sereins h hrerize 
CF irwy isese re se s enirey f DNA—rih 
wih hrerisis s siir  us rher hn  nr ir-
wy uus.59 Seree CF uins re riy egre y serene 
reses (inuing eri reses) in he irwy. is s 
urs uring exerins f CB. Airwy ge y reis-
se iens  eri infeins in CB euse f iire 
erne f uus.

Sputum, r exere heg, is se f uus ixe 
wih inry es, eur eris, yers f DNA n 
enus (F)-in, n eri. Muus is usuy ere y 
irw n iiry veen, n suu is ere y ugh.60

Puruen, green phlegm is use y he neurhi-erive 
enzye yeerxise, iniing neurhi ivin.61

Brnhi sruin y sereins n inrese irw resisne 
n e  ee irwy sruin n eesis.14 Regr-
ess f wheher he irwy is fu f uus r heg, eeive 
irwy erne is irn fr irwy hygiene.

Chronic Bronchitis

CB is ene iniy s iy suu exerin fr 3 nhs 
f he yer fr  es 2 nseuive yers, usuy in   
sker r ex-sker. In he irwy f  suje wih CB, here is 
hyersi f suus gns n ge es. e nuer f 
ge es inreses n here is hyerrhy f he suus 
gns, s esure y he Rei Inex f gn--irwy w 
hikness ri.62 When suie in vir, i ws fun h suu-
s gns fr sujes wih CB rue exessive uns f 
uus.63 T ske is nsiere he s irn re-
issing fr  irwy irriin n uus hyerserein, 
u her frs n inue vir infeins, uns, n 
genei reissiin.14,64 I hs een rere h hrni su-
u exerin is ssie wih  re ri eine in ung 
funin n, fr ersns wih COPD, re frequen issins 
 he hsi.65

Asthma

Muus hyerserein n ur uring n ue shi ei-
se r n e  hrni feure f sh, nying ir-
wy inin. I hs een rere66 h s ny s 0% f 
iens wih sh rer inrese suu exerin.

In ue severe n f sh, here is rfun hyersere-
in f highy visus n rigi uus, eing  ee irwy 
sruin.67 Beuse s f hese iens hve reeive rge 
uns f β-gnis rnhirs, seies even y he 
inrvenus rue, i is ikey h β reers re fuy sure. 
β Agniss y inue he serein f visus uus n y 
nriue  irwy sruin.6

Bronchorrhea

Bronchorrhea is ene s he ruin f rge vues f 
wery suu. is urs in u 9% f us wih hrni 
sh.69 Se f hese iens resn we  niin-
ry hery suh s riseris,70 inehin y er-
s,71 nihinergi eiins, r rie niiis.72

ese re nsiere uregury eiins n re s 
eeive when rnhrrhe is ssie wih irwy in-
in. Piens wih ngeni fusisis s hve  fr f 

rnhrrhe use y he iniiy f uins  yerize. 
is fr f rnhrrhe es n resn  uregury 
hery.73

Plastic Bronchitis

Psi rnhiis is  rre isese hrerize y he fr-
in f rge geinus r rigi rnhing irwy ss.74 is is 
riy ieren fr he uus r suu ugs exe-
re y iens wih uruen irwy iseses ike CF euse 
he si rnhiis ss ree irwy rnhing. Psi rn-
hiis hs n een shwn  ur s  resu f CF, sh, r 
rnhiesis. Css re fen  hik n siery  e esiy 
suine hrugh  rnhse n  frie  e grse 
n reve wih fres s freezing n ryre exrin 
is usuy erfre  rnhsy. Se iens re e  
exere even rge ss snneusy. N  iens exe-
re ss, n his y ey he ignsis.

e revene f si rnhiis is unknwn. is isese 
y s ver wih iseses suh s sh n wih he severe 
uus ugging seies seen in rnhunry aspergillosis
r ie e synre. Diereniing eween severe sh 
wih uus ugging n si rnhiis n e iu.

Psi rnhiis kes w in frs.75 Tyi r yhi 
si rnhiis is he s n fr n is ssie wih 
nriies in unry yhi ringe. is s -
ny urs in hiren wih ngeni her isese, usuy 
singe venrie r Fnn hysigy, wh hs ni nr-
iies f he unry yhi ringe n hri u 
h es  yh (hye) ek in he irwy where i nges 
in ss. is fr f si rnhiis n s e seen in er-
sns wih ngeni yhi nriies (fen genei), 
yhi ner, r r ri uu s hs een rere in 
iens wih sike e isese. Ahugh hese ss hve een 
esrie s “rinus, here is ie r n rin resen when 
sine seiy.

e her fr f si rnhiis is e esinhii s-
i rnhiis n he ss, whih re re frie hn he y-
hi fr, nin esinhis n esinhi rekwn r-
us ike Chr-Leyen ryss. Desie he rge un f 
irwy esinhis, few f hese iens hve  hisry f sh, 
n sh eiins, ike rnhirs, hve ie ee. 
is niin re sey resees esinhii eshgiis 
hn sh. Esinhii si rnhiis usuy urs in 
er ersns, n ny hve esiy s  riiy. e s-
ing usuy fws  resirry r infein n fen urs in 
he se r f he ung eh ie. is fr f si rnhiis 
rrey uses eh, n in ny ses, sing wi eey 
s fer  vrie un f ie.

In iens wih yhi si rnhiis, inhe herin, 
iery iin, r hri u igin y he. Aers 
issue singen ivr (PA) hs een shwn  he se 
iens wih ive s frin, u his eiin is irri-
ing n is use hs een ssie wih irwy eeing. Seeive 
eizin f errn inrunry hri u hnnes 
is exreey eeive in eresing sys f si rnhiis 
in iens wh hve yhi si rnhiis. In s ses, 
yhi in es   ee ure.76

In iens wih esinhii si rnhiis, sysei se-
ris, fen given s use seris, r inhe herin hs een f 
se ene. ere re unuishe rers h se f he ni-
esinhi igis use  re severe sh y e highy 
eeive.
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Cystic Fibrosis

CF is  hereiry isese hrerize y iire funin f he 
CFTR rein. ere is hrni irwy infein, fen wih Pseu-
domonas n her gr-negive rgniss. ere is s hrni 
irwy inin; infein n inin geher e 
 rnhiesis, rgressive unry funin eine, n 
evenuy eh. Ahugh here y e uus hyerserein in 
CF, i is nw knwn h wih esishe CF rnhiesis, he 
irwy sereins nin very ie in uin n sruin 
ers  e ue  DNA-in yers. e irwys in CF 
re s enirey e wih us erive fr neurhi eg-
rin n neurhi exreur rs. e erese in 
uin in CF suu y e ree  hrni eri infein 
y Pseudomonas aeruginosa n rekwn f uins y reses 
erive fr neurhis r eri.61 77

I is uner hw nr CFTR funin es  hrni 
infein n inin. Airwy eihei in CF hve exes-
sive srin f N+ re wih nr eihei. ere is 
 iie iiy fr he eihei es  seree C  hrugh he 
C  CFTR hnnes (see Fig. 9.6) siue y AMP. e resu 
f exessive N+ srin n iie C  serein y e 
 erese wer n inrese resrin f he eriiiry 
ui, he s-e “ehyrin hyhesis.7 As n ernive, 
r eenry hyhesis, he “iiin hyhesis nes 
h he CFTR rein is s iire fr sereing irn-
e, eing   re ii irwy serein, n his ii-
in n h inrese serein vissiy n iir hs efe
nse.56 79 0 Anr hshiis n surfn egrin in 
CF sereins y s inrese suu hesin n sikiness 
y ering surfe reries f he serein.3 CF suu is i-
hysiy siir  rnhiesis suu.1

Physical Properties of Mucus

e ihei siin n sruure f uus eerine 
is hysi reries, whih inuene he eeiveness f uus 
rnsr.

K E Y  P O I N T

Physical properties of mucus include viscosity, elasticity, cohesivity, and 

adhesivity.

Surface Forces

Adhesion refers  fres eween unike eues; s e 
“sikiness. In he irwy, hesive fres refer  he rive 
fres eween he uus n irwy surfe. Ahesin reues 
he iiy  er sereins y irw (ugh).2 Mukinei 
gens re eiher abhesives, suh s surfn, whih reues he 
hesiviy f sereins, r gens h inrese he wer f ir-
w n ugh. Muyis y wrk, in r, y severing he 
ning f uus  he eiheiu, reuing ineri (friin) 
hesin.

Viscoelasticity and Cohesivity

Cohesion refers  fres eween ike eues. Chesive fres 
resu fr he engin f he uus reue. A r-
ery f sinniiy hs een esrie s  surrge esure f 
hesiviy. • Fig. 9.7 Illustration of concepts of viscosity and elasticity.

Rheology or Viscoelasticity

Rheology is he suy f he yni efrin n w f 
er. e rhegi ehvir f uus esries he wy i 
resns  ie fre (sress). Vissiy is  rery f iquis 
n esries he energy ss fr he ie sress y efring 
he iqui. Esiiy is  rery f sis n esries energy 
sre y he si wih ie sress. I is irn  uner-
sn h vissiy n esiiy re n nsn esureens 
u vry wih he re n inensiy f he ie sress. us, we 
esrie eiher  rnge f vissiy esureens r, re -
ny, qusisi vissiy   nre sress. A ge, ike irwy 
uus, hs h visus (iqui) n esi (si) reries. 
ere is n singe esureen h n e e “visesiiy.

Viscosity, r ss uus, is he resisne f  ui  w. 
e visus reries f n ie r Newnin iqui n e 
esrie y he ss uus G″. Elasticity, r srge uus, 
is he iiy f  efre eri  reurn  is rigin she. 
Ie r Hken sis sre energy uring efrin, n his 
energy is vie when he fre is reve. e reries f n 
ie si n e esrie y he srge uus G′. e -
ex uus (G*) is he veri su f vissiy n esiiy; 
his is s e he ehni iene. Fig. 9.7 iusres 
he ne f vissiy n f esiiy.3‒5

Mucus as a Viscoelastic Material

e uus ge is  visesi eri n resns  n ie 
sress s  ui n s  si. As  si,  ge hs esi efr-
in, sring energy wih ie fre (e.g., iiry eing), n 
s  iqui,  ge ws uner ie fre (e.g., exrusin fr 
suus gns). As he is f he ii n he ge ur-
ing he frwr wer srke, he ge is srehe, n is esi 
revery uses i  sn frwr. A he se ie, he uus 
ge ws frwr s  iqui uner he frwr e f he ii.

is e f ge rnsr is seen in Fig. 9., using unvu-
nize ruer s n exe f  visesi susne. If suh  
ruer sri is e n ne en wih  weigh n we  
hng, i wu iniiy sreh s n esi si. If he ie 
fre reins, he sri wu swy enge euse f is vis-
siy (i.e., he ruer wu “w). Afer reving he weigh, 
he ruer revers s f he esi engin euse f sre 
energy, u i wu n rever he enire engh euse f w. 
Muus ehves siiry. Muiiry rnsr resus fr w 
n frwr esi revery. Fr his resn, he hysi rer-
ies f vissiy n esiiy re irn fr eien rnsr 
f resirry sereins. Nr uus genery hs  reivey 
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w vissiy, n is esiiy is high enugh  rvie frwr 
rusive energy.

Spinnability (Cohesivity) of Mucus

e iiy f uus  e rwn u in hres ws iniiy ien-
ie fr ervi uus; i ws ere spinnability n esrie 
in he Gern ierure s Spinnbarkeit. e rery f sin-
niiy ws susequeny suie y Puhee n egues6 fr 
resirry uus. ey use  evie  sreh uus veriy 
  nsn re n esure he sinniiy f  uus hre 
s he xi engh  whih he hre u e rwn efre 
reking. In gener, here ws  signin n siive rre-
in eween sinniiy f uus n is uiiry rnsr 
re. Sinniiy ws fun  inrese wih inresing esiiy. 
Sinniiy n uus rnsr were s fun  erese s 
he uruene f suu fr CB iens inrese.

Sinniiy gives infrin u inern hesin fres 
in uus. Cohesivity is ene s inerfi ensin uiie y 

• Fig. 9.8 Illustration of viscous and elastic properties affecting the move-

ment of viscoelastic substances, such as unvulcanized rubber and mucus.

he new re ree fer  es susne is ue r n n 
e rxie y esuring sinniiy. Tenacity is ene s 
he ru f hesiviy n hesive wrk. Teniy is ne f he 
srnges eerinns f he iiy f suu  e ere y 
ugh. e greer he eniy f suu, he rer he ugh 
eriiy.

Mr- n ir-rhegi ehniques re use  evu-
e he visesi reries f uus suh s srge uus 
(G′), ss uus (G″), n vissiy (η).47 Muus uk rhegy 
hs  signin i n nr rrier funins n uri-
in eieny. Mrrhegy is esure y ying srin   
uus eri n is uk sress resnse is ne, wheres fr 
irrhegi suy, ieren size res re eee in he 
uus n rnsr esure  evue he eri rer-
ies.7 A rsi se, uus is  visesi ge n is uk 
rhegy is hrerize y  nn-Newnin ehvir, where he 
rhegy hnges s  funin f sher sress, re f sher, n 
engh se.47 A w sher res, he vissiy f uus is 104‒106

ies higher hn h f wer n exhiis sher hinning s 
sher res inrese.

Sine uus hs  heergenus sruure, i ws iusin 
f se reins n ser ries, whie ries rger hn 
he engh se f uus irsruure y hve iie if-
fusin hrugh he uus Fig. 9.9  9 Mirrhegy f uus 
rvies infrin n he uus esh size n uis resen 
wihin he uus esh.47 Tehniques hve een evee  
hrerize he irrhegy f uus sereins, wih uie 
rie rking eing he s ny use.90–92 Using r-
ie rking, ex sher uus, G′ n G″ re ue 
s exine in eis y Li e . 2009.47 e hse nge (δ) 
eerines wheher he uus is  visesi si (δ <45°, G′> 
G″) r  visesi iqui (δ >45°, G′< G″).93

NonNewtonian Nature of Mucus

Evuin f uus reries is ie y he f h 
uus exhiis nn-Newnin rhegy. A nn-Newnin ge, 
suh s uus, hs hnging vissiy wih vrying ie fre 
(sher re). As he sher re inreses, he ren vissiy f 

• Fig. 9.9 Schematic representation of the length scale dependence of viscosity in a nanoscopically het-

erogeneous uid. (From Lai SK, Wang YY, Wirtz D, etal. [2009]. Micro- and macrorheology of mucus. 

Advanced Drug Delivery Reviews, 61, 86.)
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uus usuy ereses. Se uus exhiis  suen se f 
visus ehvir  high ie sress; his is e apparent yield 
stress. Suu h yies y e re esiy ere y ugh.94

ese hnges in vissiy re nsisen wih ruure r hnge f 
he reur hins n rss-inking newrk f he ge. 
Muus n s e thixotropic—se  res u eing re 
ui wih ie fre n hen hikening gin when sress is 
reve. A n hixri suin is huse in.

Beuse f is nn-Newnin ehvir, evuin f he 
reries f uus n f he ee f rugs n hse rer-
ies is ie n us e erfre uner snrize 
niins f yni sher re n rss he iner rin f 
he sress-srin urve. Oherwise, inerrein f reserh n-
ings n uus vissiy is inure.5 95 Mny review ries n 
eni re eve  he hysigy f uus serein in 
he ung n he nure f uus. 7 10 14 1 60 96–99

Mucoactive Agents

C L I N C A L  C O N N E C T I O N

Three drugs are currently used in the United States to modify airway secre-

tions: N-acetyl cysteine (NAC), dornase alfa, and hypertonic saline.

A he ie f his eiin, hree rugs hve een use in he 
Unie Ses s n ers,  re nr unry sere-
ins: NAC, rnse f, n 7% sine. e rs w f hese 
rugs re nsiere uyi in in, isruing isue 
ns in uus (NAC) r enzyiy reking wn DNA 
in irwy sereins (rnse), hugh here is n eviene h 
NAC is uyi in viv r h i is hereuiy eeive. 
Inhin f 7% hyerni sine s n ers is nw re-
ene s r f he reen regien fr CF. Birne 
suins fr ers insiin re n rve fr use u re 
urreny eing suie s ssie hery fr CF s irn-
e serein is s iire y he nr CFTR rein. 
Te 9.3 surizes he seru f gens in urren use wih 
he eni  irve uus erne.

TABLE 

9.3

Drugs Used or Under Investigation as Aerosol 

Mucoactive Medications

Drug Description

Dornase alfa Peptide mucolytic

Hyperosmolar saline Expectorant

Dry powder mannitol Expectorant

Thymosin β
4

Peptide mucolytic

Surfactants Abhesive, mucokinetic

β Agonists Secretagogues; potentially 

mucokinetic if airow increases

Anticholinergic agents Mucoregulatory

Corticosteroids Mucoregulatory

Dapsone Mucoregulatory

Mucolysis and Mucociliary Clearance

Muyi gens erese he esiiy n vissiy f uus. 
Beuse esiiy is rui fr uiiry rnsr, uy-
is hve he eni fr  negive ee n nr hysigi 
uus erne. Reuin f uus ge   re iqui se 
may fiie sirin f sereins wih he use f suin 
heers.100 e sus f uyi gens in unry isese 
hs een reviewe  sever nferenes n he sieni sis f 
resirry re.101–103

e hereui ins fr nring uus hyerserein 
re uine s fws:
1. Reve usive frs where ssie

. Tre infeins
. Avoid all tobacco smoke exposure
. Avi uin n ergens

2. Irve rhernhi erne
. Use rnhirs if hese re e  inrese exirry 

irw (i.e., in sh)
. Use rnhi hygiene esures

() Cugh, ee rehing
()Ches hysi hery (CPT)
() Oher irwy erne evies n neuvers

. Irve irw y exerise n nuriin rehiiin
3. Use uive gens when inie

Mucolytics and Expectorants

Cssi uyis reue uins y severing isue ns r 
hrge shieing.

NAcetyllCysteine and Other Thiol Mucolytics

Indications for Use

C L I N I C A L  C O N N E C T I O N

Acetylcysteine does not improve mucus clearance when given as an aerosol 

or when given orally and should not be used as a mucoactive medication.

As  uyi, NAC hs een use in niins ssie wih 
visus uus sereins. A sen use f NAC is s n ni-
xin nie  reue hei injury wih einhen 
verse.104 e rug is given ry fr his use. Desie in vir 
uyi iviy n  ng hisry f use, here re n  
shwing h ersize NAC is eeive hery fr ny ung 
isese,105 n is use y e hrfu. is hr y e ue, 
in r,  NAC seeivey eyerizing he esseni uin 
yer sruure n eving he hgi yers f DNA 
n F-in in. Beuse here re n  h shw NAC  e 
eeive fr ung isese n euse f he risk f sie ees, we 
 n reen is use.

Mode of Action

NAC isrus he sruure f he uus yer y susiu-
ing free hi (sufhyry) grus fr he isue ns nne-
ing uin reins. e susiue sufhyry gru in uus 
es n rvie  n fr rss-inking eween srns. When 
in hysi n wih uus, NAC egins  reue viss-
iy, n uyi iviy inreses wih  higher H f 7  9. 
e suin f NAC nins  heing gen, ehyeneiine 
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erei i (EDTA). A igh ure suin inies e 
in rev. I is suggese h ene vis f he rug e sre 
in  refrigerr n isre fer 96 hurs  reven ni-
nin. Aiin eis in he nufurers kge inser 
shu e reviewe.

Hazards

e s serius eni iin wih NAC is rnh-
ss use y is iiy (K 2.2). Brnhss is re 
ikey in shi iens. Oher iins inue si-
is, nuse, n rhinrrhe. Mehni sruin f he irwy 
n ur, n suin shu e vie wih rii irwys. 
e isgreee r f NAC is ue  he reese f hyrgen 
sue, n his y rvke nuse r viing. In rnge 
neuizin, he nufurer suggess h fer hree-furhs 
f he suin is neuize, he reining ne-furh shu e 
iue wih n equ vue f serie wer  reven he fr-
in f  highy nenre resiue h u irrie he 
irwy. An ers f NAC y eve  siky  n he hns 
r fe.

Incompatibility With Antibiotics in Mixture

NAC is inie in ixure wih he fwing niiis:
• Siu iiin
• Aheriin B
• Eryhryin ine
• Teryines (eryine, xyeryine)
• Aingysies

Iniiiy is ken  en he frin f  reiie; 
 hnge in r, riy, r r; r her hysi r hei-
 hnge. NAC is reive wih nuerus susnes, inuing 
ruer, er, irn, n rk. A ee is f iniiiies 
fr NAC n e fun in he nufurers ierure.

Dornase alfa Pulmozyme

C L I N I C A L  C O N N E C T I O N

Dornase alfa is indicated only for clearance of purulent secretions in cystic 

brosis (CF).

Peie uyis reue exreur DNA n F-in y-
ers. Drnse f is  reinn fr f he hun DNse 
I enzye, whih igess exreur DNA. In Ferury 1994, 
he US F n Drug Ainisrin (FDA) rve rnse 
f fr gener use in reing he nry enius DNA-
nining suu f CF.

Drnse f ws he rs rve uive gen fr he 
reen f CF. Drnse f is sfe n eeive in iens wih 
re severe unry isese, ene s  fre vi -
iy (FVC) ess hn 40% f he reie vue.106 Ey hs 
n een shwn fr hery f ue exerins f CF ung 
isese r fr he reen f her hrni irwy iseses.107

Sever suies hve shwn n ey when use  re nn-
CF rnhiesis, n he use f rnse erese unry 
funin n inrese he risk f eh in us wih nn-CF 
rnhiesis.10 Drnse hs n een shwn  irve u-
nry funin in hiren wih severe sh r in us wih 
COPD n inreses he risk f eh when given  us wih 
COPD. is wrsening f isese y e ue  he f h 
sereins in COPD re se ririy f uin n ree 
reins,109 wheres CF irwy sereins ririy nin neu-
rhi-erive us.59

Indication and Use in Cystic Fibrosis

Drnse f is inie fr he ngeen f CF  reue 
he frequeny f resirry infeins n  irve r reserve 
unry funin in CF iens. e uk n surfe rer-
ies f resirry sereins in CF re ue  he resene f DNA 
fr ying es suh s neurhis r neurhi exreur 
rs (NETs) resen uring hrni resirry infeins n  
surfn hshii hyrysis y rus f inin. 
In he resene f infein, neurhis ve in he irwys 
n reese DNA.110 111 DNA in sereins y s nriue 
 reue eeiveness f ingysie niiis, erhs y 
ining he niii  he yven nins f he DNA.

Mode of Action

Drnse f reues he vissiy n hesiviy f infee resi-
rry sereins when given y ers (Fig. 9.10).

When ixe wih uruen suu fr sujes wih CF, 
rnse f reue he vissiy n hesiviy f he suu.106

• Fig. 9.10 Illustration of the mode of action of dornase alfa in reducing DNA polymers in CF sputum. Con-

focal micrograph showing CF sputum stained (with YOYO-1) for DNA before (A) and after (B) treatment 

with dornase alfa in vitro. The long DNA polymers are degraded after dornase treatment.
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is reuin ws ssie wih  erese in he size f he 
DNA yers in he suu. e hnge in suu vissiy 
wih he iin f rnse f is se eenen, wih greer 
reuin urring  higher nenrins f he rug.

Dose and Administration

e ers ru f rnse f is vie s singe-use 
ue, wih 2.5 g f rug in 2.5 L f er, ress su-
in. e suin shu e refrigere n ree fr igh. 
e usu sge is 2.5 g iy, eivere y ne f he fw-
ing rve neuizers: Husn RCI UP-DRAFT II OPTI-NEB 
neuizer wih ee (Teeex Mei, Reserh Tringe Prk, Nrh 
Crin) r he Arn II neuizer (Vi Signs, Tw, New 
Jersey) wih  DeViiss Pu-Aie ressr (Sunrise Mei-
, Crs, Cifrni), r he PARI LC PLUS neuizer (PARI 
Resirry Equien, Mihin, Virgini) wih PARI Inher 
By ressr.112 Ahugh her neuizer syses y erfr 
suiy in neuizing rnse f, his shu n e ssue wih-
u esing. Oi eivery f he enzye requires  neuizer 
syse e f suie ers generin (i.e., rie size n 
quniy). is is eseiy irn when inisering exen-
sive rugs r ers eiins wih  nrrw hereui inex.

Adverse Eects

Sie ees f rnse iere ie fr hse f e in CF 
ini ris, n he isninuin re ws siir fr rnse 
(3%) n he e (2%). Cn sie ees wih use f he 
rug hve inue vie erin, hryngiis, ryngiis, rsh, 
hes in, n njuniviis. Oher, ess n sie ees 
rere inue resirry sys (ugh inrese, ysne, 
neuhrx, heysis, rhiniis, n sinusiis), u synres 
n ise, gsrinesin sruin, hyxi, n weigh 
ss. Cnriniins inue hyersensiiviy  he ei-
in. On he her hn, inhe rnse hs n een shwn  
e eeive fr reing ny her ung isese n is s ikey 
hrfu when use  re neuni, COPD, sh, urn 
injury, r nn-CF rnhiesis.

Clinical Application and Evaluation

e inen f reen wih rnse f is  reserve r irve 
ung funin in CF whie reuing he frequeny n severiy f 
resirry infeins y irving serein erne. A reu-
in in use f inrvenus niii hery n he nee fr hs-
iizins hs s een rere. Evuin f rug reen 
is se n ny n ung funin u s n  reuin in he 
nuer n severiy f infeius exerins n he nee fr 
niiis n hsiizin.113

Filamentous ActinDepolymerizing Drugs: 

Thymosin β
4

Chrni inin is hrerize y inry e 
nersis n reese f yeri DNA, F-in, n inre-
ur enzyes fr neurhis. ese inry rus 
re resen in he suu fr iens wih CF. DNA n 
F-in in he suu yerize  fr  rigi newrk h 
is ennge in he uin ge. Peie uyis egre hese 
ens, hugh hey eve he gyrein newrk reivey 
in. Gesin, n 5-kD in-severing eie, ereses he 
vissiy f CF suu in  se-eenen nner. Hwever, 
ini ris f his rug fie  shw ny ene, s ikey 
euse f he rge size n rigiiy f he rein, whih kes 

i suseie  egenerin wih ersizin. ysin β
4
,  

uh ser eie, ereses suu hesiviy n vissiy 
in  se-eenen n ie-eenen nner.114,115 In vir 
suies hve shwn h inisrin f F-in-eyerizing 
gens ng wih rnse f resus in greer reuin in su-
u hesiviy n visesiiy hn inisrin f eiher 
gen ne.116,117 Ain-eyerizing gens esiize he 
in–DNA en newrk n inrese he eyerizing 
iviy f rnse f n he DNA ens.

Expectorants

C L I N I C A L  C O N N E C T I O N

Potassium iodide and glycerol guaiacolate are considered expectorants,

rather than mucolytics, but these drugs have not been shown to be effective 

for treating acute or chronic airway disease.

Iodide-Containing Agents

Iie-nining gens (e.g., suersure ssiu iie 
[SSKI]) re genery nsiere  e expectorants. ey re 
hugh  siue he serein f irwy ui. Iryi-
ene gyer (IPG) y uey inrese rhernhi er-
ne s esure y riee ers in iens wih CB.11

Hwever, in  ue-ine rssver suy in sujes wih 
se CB, hery wih IPG fie  shw ny irveen in 
unry funin, gs ring, r suu reries, n his 
eiin hs susequeny een ken  he rke.119

Sodium Bicarbonate

Siu irne (2%) is  se h hs siny een use 
fr ire rhe irrigin r s n ers. e inin 
use y irne is hugh  rw wer in sereins, 
u his hs n een shwn iniy. L rnhi irriin 
y ur wih  rnhi H greer hn .0. Siu ir-
ne hs n een shwn  irve irwy uus erne. 
Hwever, in CF here is ss f irwy irne rnsr wih 
iiin f sereins. Aers irne is nw eing su-
ie s  eni hery fr CF.

Guaifenesin (glycerol guiacolate)

Guifenesin is usuy nsiere  e n exern rher hn 
 uyi. I n e iixi when ie irey  he resi-
rry eiheiu.120 I is hugh h he exern in f 
guifenesin is eie y siuin f he gsrinesin r 
n n y sysei exsure  he rug.121

Guifenesin hs een rve s n exern y he FDA 
in  iyer exene-reese e (Muinex, Reki Benkiser). 
A rge suy f his rug in us wih ue infeius rnhiis 
fie  shw ny signin ierenes in suu vue, su-
u reries, r sy resuin re wih e.122

One suy suggese h s n junive hery fr iens 
king niiis wih uer irwy infeins, guifenesin/seu-
eherine shrene ie  reief n irve sys fr 
ns ngesin n sinus hehe eer hn e.123 Gui-
fenesin y use nehrihisis.124

Dissociating Solvents

Ure is  issiing gen h n rek ini n hyrgen 
ns. In uin ges, ure isrus he hyrgen ns eween he 
igshrie sie hins f he neighring uus eues, 
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wih susequen erese in he hysi enngeens eween 
he eues n erese vissiy f he uus. Ure y s 
erese he inerin eween DNA eues. Beuse he 
uyi in f ure urs ny  very high nenrins 
f ure (3   /L),125 126 i is inrrie fr ini use.

Oligosaccharides

Oigshrie sie hins nsiue u 0% f he uin 
sruure. ese hyrgen ns re wek n n e isrue 
y gens suh s exrn, nni, n se. e wer-
eur-weigh frins f exrn re ririy resnsie 
fr he uive ees f exrn. Furherre, n si 
ee f exrn wih inrese hyrin f he uus u 
ssiy irve erne f sereins. Dexrn inisrin 
vi ers hs een shwn  irve rhe uus veiy 
in gs.127

Mnni inisere y ry-wer inher (DPI) (Brnhi-
) hs een rve in Ausri n Eure fr reen f 
CF n nn-CF rnhiesis. Cini suies hve shwn Brn-
hi  e sfe n we ere fr reing iens wih CF r 
rnhiesis. Hwever, euse se hiren wih CF hve ue 
erese in unry funin (rnhi hyerreiviy) wih 
inhe nni, siir  hyersr sine,12 i is irn 
 rere wih  shr-ing rnhir efre use. Ari,  
ry wer inhe nni is rve in he use fr he use in 
rnhi henge esing in he unry funin rry.

e hrge igshrie herin hs  greer uyi 
n ukinei iy re wih he neur igsh-
rie exrn. Herin y use hyrgen n isruin n 
irve ini inerins. Aersize w-eur-weigh 
herin shws rise in he reen f sh, resuy y 
inerfering wih nigen-reer ining.129 Aersize herin 
hs s een use eeivey  reven irwy s frin in 
ersns wih si rnhiis.

Mucokinetic Agents

K E Y  P O I N T

Other agents modifying airway secretions include inhaled anticholinergics 

such as atropine, tricyclic nucleotides, phospholipids, antiproteases, and gene 

therapy.

Mucokinetic agents inrese ugh erne y inresing exi-
rry irw r y reuing suu hesiviy n eniy.

Bronchodilators

Be gniss inrese iiry e frequeny, u his hs n sig-
nin ee n uus erne. Of greer irne is h 
hese eiins n inrese exirry irw in iniviu-
s wih n shi nen f irwy isese.130 Hwever, 
irwy use rexin n s erese exirry irw y 
ruing yni irwy se in ersns wih “y ir-
wys, suh s hse wih rnhi r rhei.131

Be gniss re s wek uus sereggues n herefre n 
potentially inrese irwy sruin.

SurfaceActive Phospholipids

Surfn is rue in he nuing irwys n in he 
vei n is irn fr uiiry n ugh erne. A 

surfn shee eween he eriiiry ui n he uus ge 
revens irwy ehyrin, eris uus sreing n exru-
sin fr gns, n ws eien iiry uing wih uus 
n, re irny, iiry reese fr uus ne kinei 
energy is rnsie. Wih irwy inin, surfn n 
e egre y hshises, n inry eies n 
inhii surfn funin furher. In he sene f surfn, 
uus siks  he eiheiu, renering ugh ess eeive. 
ere is ss f surfn in he ine irwy f iens wih 
CB r CF.132,133

I hs een rere in  rnize, uiener suy h 
surfn ers irves unry funin n suu 
rnsriiy in iens wih CB n h his ee is se 
eenen. N signin sie ees were riue  he sur-
fn hery.134 As  weing n sreing gen, surfn 
s hs he iiy  inrese he wer irwy esiin f her 
ers eiins, suh s rnse f r gene hery vers, 
n y inrese s rie rnsin hrugh he uus 
yer.135

Mucoregulatory Medications

Anher rh  reuing he uren f irwy sereins is 
 erese hyerserein y ge es n suus gns. 
Meiins h erese uus hyerserein re referre  
s mucoregulatory agents. ese eiins inue niin-
ry rugs suh s riseris, whih re eeive  
eresing he inry siuus h es  uus hyer-
serein. Aersize inehin hs s een use in Jn 
 re iens wih uus hyerserein.71

Anihinergi eiins re s use s uregury 
eiins. Arine is ruiney given erierivey  re-
ven ryngss n  erese uus serein ssie 
wih enrhe inuin. Arine n is erivives re 
uregury eiins euse hey  n “ry sereins 
r inrese vissiy, u hey  erese hyerserein h is 
eie hrugh usrini hinergi siuin. e qu-
ernry niu erivives f rine, inuing irriu 
rie n iriu,  n signiny rss he –
irwy rrier n, s suh, heir use is n ssie wih sys-
ei ees f nihinergi eiins, suh s ushing r 
hyri. Suies hve s shwn h he use f irriu 
is ssie wih  reuin in he vue f uus serein 
in iens wih CB.136 Tiriu is nw wiey use in iens 
wih CB n hs s een rve fr hrni hery f sh 
in iens 12 yers f ge n er.137 Tiriu ers  e 
re eeive in eresing uus serein siue y neu-
rhi esse hn y he T2 (ergi) ykine, IL-13.

e uregury eiins inue he rie ni-
iis. ese niiis were isvere ver 60 yers g, n 
erivives f eryhryin A hve een wiey use fr he re-
en f eri infein. Sine he i-1960s,  nr 
h hese eiins s hve iunury reries; 
hey erese hyeriuniy r inin  re nr 
n enei eves. e ehnis fr hese reries is ier-
en fr h f riseris.

e iunury n uregury reries f 
rie niiis hve een exie fr he reen f 
DPB,  hrni inry irwy isese wih gre r-
iiy n riy when unree. DPB hs ririy een 
esrie in Es Asi. e eigy is unknwn, u he isese 
resus in hrni sinrnhiis wih uus hyerserein n 
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eiiin. Aniiis n riseris re ineeive fr he 
reen f DPB. By virue f heir iunury n 
uregury reries, he rie niiis hve een 
shwn  e he s eeive gens fr he reen f DPB.13

e 15-eer ziie, u n he 14- r 16-eer r-
ies, is s highy eeive fr he hery f CF irwy is-
ese.139 140 Mrie uregury reries re nw hugh 
 e ue  inhiiin f ERK ½,141 whih is s in he n 
uus serery hwys.142

Other Mucoactive Agents

Antiproteases

Piens wih CF hve inrese iviy f serine reses n 
he resirry eihei surfe. Neurhis, when ive r 
egenering, reese reses, suh s esse, h n irey 
ge eihei es n iir irwy erne. Neurhi 
reses use  serery resnse fr suus gns wih 
n inrese in uus ruin.143

Inrvenus inisrin r inhin f α
1
-nirysin su-

resses he iviy f neurhi esse n resres he eri-
kiing iy f neurhis. Reinn serery eukye 
rese inhiir (rsLPI), when given   s nuer f CF 
iens   sge f 100 g i fr 1 week, erese neu-
rhi esse n inereukin- in irwy ui. N signin 
sie ees were rere.144 I hs s een rere h herin 
hs signin nirese iviy, s we s iviy gins he 
irn inry eie high-iiy gru rein B1 
(HMGB1).145 ese quiies y un fr herins niin-
ry reries n sugges h frs f herin h  
n inrese he risk f eeing y e eeive fr reing is-
eses ike r si rnhiis.

Hyperosmolar Saline and Mannitol

Fr ny yers, suu inuin y hyersr sine inh-
in hs een use  in seiens fr he ignsis f neu-
ni. Hyerni sine hs een use s n irrin  inue 
ugh. Hyersr sine (7%) n irve uiiry rns-
r n ung funin, hugh  e rgey ue  he ue 
ees f inuing ugh n hyring irwy surfe ui.146 147

In  i suy, 5 CF sujes were rny ssigne  reeive 
10 L f eiher 0.9% nr sine r 6% hyerni sine wie 
iy y ursni neuizin.14 Sirery ws erfre 
efre reen,  he en f 2 weeks f reen, n 2 weeks 
fer reen. A he en f reen, here ws  signin 
inrese in FEV

1
 in he hyerni sine gru, wih  reurn  

seine y 2 ys. Desie rereen wih 600 g f inhe 
su (uer), sever iens h n ue erese in 
FEV

1
 fer inhing hyerni sine. Siiry, hyersr ry 

wer nni (Brnhi, Phrxis) irves quiy f ife 
n unry funin in u sujes wih nn-CF rnhi-
esis n signiny irves he surfe hesiviy n ugh 
eriiy f exere suu.149

Suies surize in he Cochrane Database of Systematic 
Reviews nr h he ng-er use f inhe hyersr 
sine irves unry funin in iens wih CF,146 150 151

n inhe hyersr sine r nni is enei in rn-
hiesis.152 Ahugh his hery is reiy vie n inex-
ensive, i hs een rere h hyerni sine ers is n 
s eeive s rnse f in he hery f CF ung isese.153 In 

CF, hyersr sine res uus erne wih irve-
en in unry funin n  erese in resirry r 
exerins.146,150 I is nw reene s r f he re-
en regien fr his isese. I is irn  ne h in  
suy f COPD iens, here ws n ini irveen using 
hyerni sine, u ugh r rnhss urre re fre-
queny hn in nrs.154

Gene Therapy

Gene rnsfer hery reresens  nve use fr erss. Ers in 
his ren hve enere rgey n eenry DNA rnsfer 
f he nr CFTR gene in CF iens. Gene rnsfer ws rs 
ee y insering he nr CFTR gene in  reiin-
efeive envirus ver y us rnhsi eivery f he 
ver. An unniie hs iune resnse  he ver e 
 reevuin f his sregy.155

Fr gene rnsfer  e eeive, he ver n is kge us 
e nniungeni, se  sher fres uring ersizin, 
n sfe fr rnsfee es. e ver shu n inrese e 
urnver. I shu eiher sy inegre in he rgenir (s) 
e gene r e sfe n eeive wih reee inisrin 
n shu e e  reh he eur rge f reevne. Pr f 
he iuy wih CF is h is eur rge hs n een ery 
ienie s he eihei e, inye, suuus gn, r  f 
hese. e un f gene n ver n ersisene in he irwy 
us s e eerine fr eh ver n eivery syse.156,157

Vir vers h hve een suie inue adenoviruses, he 
adeno-associated virus (AAV), n he lentivirus. Aenviruses 
nury rge he irwy eiheiu. ese vers re reivey 
sfe u shw ineien gene rnsfer n inuin f iune 
resnse un reee inisrin.15 AAVs re very s 
rgniss h require  “heer virus  reie. ese viruses 
re e f sie-iree inserin in DNA, reuing he risk 
f inserin ugenesis (iniiing ner y ivin f n 
ngene r inivin f n ngene suressr).159 In i-
in, AAV shws ng-sing gene exressin, u s kg-
ing iy revens rnsfer f rger genes.160 Leniviruses re 
rerviruses, suh s hun iuneieny virus (HIV). ey 
re e  rnsfe es h re n eriny ierenie, 
suh s he s r irwy rgenir e, u inserin u-
genesis is  risk.161 Gene rnsfer eieny f enivir ver in 
he irwy eiheiu n e se y inrrin f erin 
surfe reins.162 Seni virus (SeV) is  singe-srne RNA 
virus h nins sii i n heser reers n he 
i surfe, whih kes he re eien  rnsfeing 
irwy eihei es.163 e riry nnvir vers suie  
e hve een ini liposomes. ese ii sues re e  
fr exes wih DNA n hen ener es. Wih he rs 
generin f ise vers, he eieny f gene rnsfer ws 
r; hwever, his hs irve wih newer syses.164,165

Using Mucoactive Therapy With 

Physiotherapy and Airway 

Clearance Devices

A guieine fr irwy erne heries (ACT) in CF hs een 
uishe reening ACT fr  CF iens fr suu 
erne, inining ung funin, n irving quiy f 
ife.166 Ahugh nne f he heries use hs een shwn  
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e suerir,167 here y e vnges f riur heries fr 
iniviu iens. Pien referene shu e nsiere wih 
he niiin h his wi e ssie wih greer herene 
 hery.166

Mny hysi frs e serein erne. Ceh ir-
w is is resnsie fr he veen f uus in irwys ur-
ing nr rehing.16–170 e nrrwing f irwys n exhin 
inreses he veiy n shering fres in he irwy, reing  
eh irw is wih i rehing. is is is ie 
uring ughing, when inrese rnsur ressure uses he 
irwys  f n nsri, inresing irw veiy furher.171

In ue irwy iseses eing  iiry ysfunin, uus 
hyerserein, r h, ugh is he riry ehnis fr 
serein erne fr he enr irwys, n eh irw 
nriues inresingy  eriher irwy erne. Cugh is 
ne f he s n resirry ins f iens seek-
ing ei enin.172 During  nr ugh, he exirry 
irw inreses   xiu ng wih nrrwing f he inr-
hri irwys. e nrrwing f he irwys is  ru f high 
irws n ressure ierenis rss he ung. Airw ve-
iy vries inversey wih he rss-sein re f he irwys, 
reing high iner veiy, inrese uruene, high shering 
fres wihin he irwy, n high kinei energy. ese fres 
sher sereins n eris fr he irwy ws, reing he 
wr he enr n uer irwy, where hey re exere 
r swwe. In COPD n rnhiesis, nrrwing irwys 
y se reurey, ring gs, reuing exirry w, n 
iiing he eeiveness f he ugh. Diree ugh r hu 
(fre exirin wih he gis en) is  riry neuver in 
hese iens  irve serein erne.

Cnvenin CPT, nsising f hes erussin n iree 
ugh rues greer exerin hn n reen in iens 
wih CF.173 ere is n eviene h sur r grviy-ssise 
ringe nriues  he eeiveness f irwy erne wih 
CPT n here is  risk f inrese gsreshge reux when 
sur ringe is use.174 Aernive ehs f irwy er-
ne (e.g., siive exirry ressure [PEP], high-frequeny 
hes w ressin [HFCWC])  see  wrk s we s 
CPT s ng s hey inue iree ugh. e hie eween 
CPT n ernive ehs iny eens n ien refer-
ene n he resnse f he iniviu ien  reen.174

InsuationExsuation; Cough Assist

An insuin-exsuin evie ines he ungs wih siive 
ressure fwe y  negive ressure  siue  ugh.175

e ye egins wih n insirry ressure f 20  40  H
2
O 

fr 1  2 sens, fwe y n exirry ressure f 30  
40  H

2
O fr 1  2 sens. I n e use wih n rns 

sk r he  n rii irwy. Is riry iin 
hs een in iens wih usur wekness une  ugh 
unssise. Ahugh ne rers sugges h ruine use 
n erese he frequeny f neuni in iens wih wek 
ugh, here re n uishe rnize nre ini ri-
s nring his iressin. Ery wrk in COPD suggese 
enes, u re reen eviene is king.176

Active Cycle of Breathing and Forced Expiratory 
Technique Maneuver

e ive ye f rehing (ACB) ehnique invves  -
inin f rehing nr, hri exnsin nr (ee 

rehs), n fre exhin fr rgressivey inresing ung 
vues. Ahugh seies use y iens wih CF, here re 
n nre suies uening enes fr his e f ir-
wy erne.177

Fre exirry ehnique (FET) nsiss f  reh ken 
in  i-ung vue n ir quiky exhe y nring he 
hes w n in uses wih he uh n gis ke 
en. e hu shu n e  vien r exsive exhin.17,179

Autogenic Drainage

Augeni ringe (AD) es  rgressivey inrese irw 
 ve sereins wihu fre exhin.10,11 is ehnique 
inrres sge rehing, sring wih s i rehs fr 
exirry reserve vue n reeing uni sereins “e 
in he enr irwys. Piens re insrue  suress ugh. 
A rger vue f ir is ken fr  series f 10  20 rehs, 
fwe y  series f even rger (rhing vi iy) 
rehs, fwe y sever hu ughs. is ehnique requires  
gre e f ien erin n is use ny fr iens er 
hn  yers f ge n iens wh hve  g sense f heir wn 
rehing. AD n e iu  eh n iniser; iin 
vries in ieren CF eners, n here re n rnize, n-
re, ini ris ensring he eeiveness f AD.

Exercise

Exerise inreses suu exerin ikey euse f inrese 
exirry w.12,13 Exerise sees  ugen rnhi hygiene 
n shu e enurge.

Positive Airway Pressure

Psiive irwy ressure (PAP) ehniques n e eeive ern-
ives  CPT in exning he ungs n iizing sereins. 
Eviene suggess h PAP hery is re eeive hn inen-
ive sirery r inerien siive ressure rehing (IPPB) 
in he ngeen f serive eesis14,15 n re 
eeive hn HFCWC in reing CF.16 Cugh, FET, n her 
irwy erne ehniques re nens f PAP hery.17

Purse-i rehing is  reure h n e use  reieve 
ir ring use y se f unse irwys uring exh-
in. e resisne  he uh uring  urse-i exh-
in rnsis k ressure  sin he irwys en, reven-
ing ressin n reure sure (siir   xe rie 
resisr). Purse-i rehing reresens  funin reeessr 
 ern evie-se sregies f ying PEP  he irwy. 
Exirry siive irwy ressure (EPAP) is rue s exire 
ir sses hrugh  xe rie r hresh resisr. Hwever, 
ninuus siive irwy ressure (CPAP) hs n een shwn 
 irve uus erne.1 By revening exirry irwy 
se, PAP inreses exirry w n y irve he is-
riuin f veniin hrughu he ungs, vi er inr-
rnhir hnnes.19–191

HighFrequency Chest Wall Compression

HFCWC hs een shwn  enhne serein erne. Sher-
ing  he ir-uus inerfe u enhne rhe uus er-
ne uring HFCWC, hugh here is n ensre ee 
n serein rhegy.192 Pi suies sugges h rnse f is 
re eeive fr CF when given uring HFCWC hery hn 
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when given efre r fer hery.193 Ahugh here re nw 
sever HFCWC evies vie in he US rke, ierenes 
ng hese evies er  e ini n here re n suies 
ensring suerir eeiveness f ne evie ver nher. 
Furherre, nne f hese evies hs een shwn  e eeive 
fr hery f ny irwy isese u CF.

Oscillatory Positive Expiratory Pressure

e Fuer uus erne evie (Ais Phr, Brigew-
er, Cnneiu) ines he ehniques f PEP wih high-
frequeny siins  he irwy ening. e weigh f he 
 serves s  PEP evie (rxiey 10  H

2
O) n he 

inern she f he w ws he   uer, genering 
siins f u 2  32 Hz, vrying wih he siin f he 
evie. e rse ehnis f ee inues shering f 
uus fr he irwy w y siry in; siizin f 
irwys, revening ery irwy sure; n fiiin f eh-
 w f uus.

Ahugh he Fuer hs een vie fr ver 20 yers, ie 
hs een uishe n is ey.17 In  s ue inervenin 
suy,194 he un f suu exere y sujes wih CF 
ws greer hn he un exere wih eiher vunry 
ugh r sur ringe. Anher suy rere h Fuer 
hery ws n ee ernive  nvenin CPT in hs-
iize iens wih CF.195 Hwever, hese resus hve n een 
nre y her suies, he reevne f exere suu 
vue  ini eeiveness is unrven, n s f he re 
reen suies f he Fuer hve n shwn i  e eeive fr 
irwy erne.196–200 Devie erfrne vries wih hnges in 
exirry w n nge f ininin.201 is k f ey 
uner “re-ife niins y e ue  he Fuer evie eing 
iring  use rrey, whih resus in r herene. Siir 
evies suh s he Ae (Sihs Mei, S. Pu, Minne-
s) n he Frequener (Dyes, In., Bisrin, Quee, 
Cn) y hve ess ehnique-eenen erfrne, u  
e ny irveen hs ye  e rere. We genery  n 
reen he use f hese evies.

Inrunry erussive veniin (IPV) f he ungs 
invves he use f  neui evie e  Perussinr 
(Perussinire Cr, Snin, Ih) wih n i  enhne 
he iizin n erne f reine sereins n eiver 
neuize eiins  he is irwys.202 Wih IPV, he 
ien rehes hrugh  uhiee h eivers high-w 
iniurss  res exeeing 200 yes/in. During hese er-
ussive urss f gs in he irwy, ninuus irwy ressure 
is inine whie he usie erussive inr-irwy ressure 
rgressivey inreses. Eh erussive ye is rgre y 
hing  hu un fr 5  10 sens fr he erussive 
insirry ye n reesing he un fr exhin. Tre-
ens f rxiey 20 inues re reene y he 
nufurer. Iin ressures f 25  40 uns-fre er 
squre-inh guge (sig) re eivere   frequeny rnging fr 
ess hn 100 u  225 erussive yes/in  40 sig. Se 
s suies hve rere re resus wih IPV n sn-
r CPT,203–205 u here re n uishe ng-er rnize 
nre suies shwing enes.

Chest Wall Compression

HFCWC ws rs shwn  irve uus erne re hn 
40 yers g n here re nw sever sighy ieren HFCWC 

syses n he rke; hese re siir in erin, n r-
y in eeiveness. Ahugh his ehnique is seies e 
high-frequeny hes w oscillation, his er is inure n 
shu n e use. ese evies nsis f  rge-vue, 
vrie-frequeny ir use eivery syse he  n in-
e ves h is wrn y he ien s h i exens ver he 
enire rs. Pressure uses h  he ves n vire he hes 
w re nre y he ien n ie uring exhin 
r hrughu he resirry ye. Puse frequeny is juse 
fr 5  25 Hz, wih ressure vrying fr 2  Hg  5 Hz 
 39  Hg  25 Hz. Hwever, he ressins n e he 
  singe frequeny eween 10 n 15 Hz fr he urin f 
hery. ereiy, ri ressin f he hes w uses 
rnsien inreses in irw in he ungs  ugen he ve-
en f uus. e frequeny f ressin (yes er sen) 
n w is (insirry versus exirry) y inuene ee-
iveness.206,207 e Ves hs een shwn  e eeive fr serein 
erne in iens wih CF,20–210 u here re n rnize 
nre suies shwing eeiveness in her iens, n 
here y e risks  using his evie when iens hve  wek 
r ineeive ugh.211,212

K E Y  P O I N T

Patients with long-term problems of secretion management should be 

taught as many of these techniques as they can master for adoption in their 

therapeutic routines.212

Future MucusControlling Agents

In he s, uyis were rgee ny  reuing he viss-
iy f uus. In he nex f he nr hysigy f iiry 
veen, gi suggess h hiker uus wu e ve 
re eieny y iiry n n esi revery hn wu 
hin, w-vissiy suins. e neu ngy is h f 
rking wer—ie rnsr urs. is ssues uus er-
ne is eing iize physiologically. Enrhe sirin f 
sereins y suin wu e esier wih w-vissiy uus. 
Reserh surs he hery h esiiy is irn fr uus 
rnsr.95,204

I hs een suggese h he reen f rnhi hyerse-
rein wu e eer ie  normalizing he rhegi r-
eries f uus  irve rnsr, rher hn  siy ysing 
r iquefying rnhi sereins s is riiny ne. Inee, 
ugh erne is enhne y  hesive n re visus sere-
in h es n sik  he irwy w. In his sense, i is esier 
 sh  si e fr  e sher hn i wu e  sh 
e su.

Puruen suu hs high esiiy and vissiy, n u-
yi gens suh s rnse f igh resre nr rnsr 
reries y reuing eniy, vissiy, n esiiy. Wih w 
visesiiy (e.g., rnhrrhe), resruuring r rss-inking 
gens wu inrese vissiy n esiiy  irve rnsr. 
Suh gens hve een ere mucospissic agents.205,207 Drugs 
wih usissi iviy inue eryine.204 e hikening 
ee f eryine n ur wih r n ers inisr-
in, hugh re s wih ire ers. Teryine y in 
 uus reins  inrese vissiy n esiiy, hugh 
ex ining sies rein uner. Wih hesive suu, u-
kinei gens h erese eniy n reserve visesiiy 
igh e usefu.
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A resen, n rugs re vie in he Unie Ses s uus-
nring gens h seeivey ify vissiy r esiiy. 
Furher invesigin y rue iniy usefu gens ire 
 sei serein res, s iusre in Fig. 9.11. A e-
er unersning f hesiviy n hesiviy, he nens f 
eniy, hs fuse enin n nr f he nr surfe 
reries f uus n suu n heir re in ugh erne.

RESPIRATORY CARE ASSESSMENT OF 

MUCOACTIVE DRUG THERAPY

Assessen f rug hery fr resirry sereins is iu. 
FEV

1
 is reivey insensiive  hnges in uiiry erne. 

Chnge in gs ring r he re f hnge in ung funin 
ver ie y e  eer wy  ssess eeiveness. In iin, 
uring inenne hery he vue f suu exere 
is vrie fr y  y n es n ree eeive hery. 
erefre, he fwing ssessens shu e erfre.

Before Treatment

• Assess iens equy f ugh n eve f nsiusness 
 eerine he nee fr ehni suining r nee fr 
jun rnhi hygiene  er irwy wih reen, r 
wheher reen is nrinie.

During Treatment and Short Term

• Insru n hen verify rre use f ers neuizin 
syse, inuing ening.

• Assess hery se n iniin fr he rug r evie.
• Mnir irw hnges fr verse ees, suh s  erese 

in FEV
1

• Assess rehing ern n re.
• Assess iens sujeive rein  reen—h is, 

hnges in rehing er r ern.
• Disninue hery if ien exerienes verse reins.

• Fig. 9.11 Conceptual representation of an optimal range of viscosity and 

elasticity of mucus for mucociliary transport.

Long Term

• Mnir nuer n severiy f resirry r infe-
ins, nee fr niii hery, eergeny visis, n 
hsiizins.

• Mnir unry funin fr irveen r swing f 
he re f eeririn.

General Contraindications

• If he FEV
1
 is ess hn 25% f reie, i ees iu 

 iize n exere sereins. ereiy, wih r-
fun irw rise, serein erne u erese.

• Use uive hery wih uin in iens wih severey 
rise vi iy n exirry w, suh s in he 
resene f en-sge unry isese r neurusur 
isrers.

• Gsreshge reux n iniiy f he ien  re 
he irwy re risk frs fr sur ringe.

• Muive gens shu e isninue if here is eviene 
f ini eeririn.

• Piens wih ue rnhiis r exerin f hrni is-
ese (e.g., CF n COPD) y e ess resnsive  u-
ive hery, ssiy euse f infein n usur wek-
ness, whih n reue irw-eenen ehniss furher.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. Identify the mucolytic agents approved for inhalation as an aerosol in 

the United States—give the generic and brand names.

2. What is the mode of action for dornase alfa?

3. What is the clinical indication for use of dornase alfa?

4. What are contraindications to the use of mucolytic medications?

5. How do macrolide antibiotics affect mucus, and what are their 

indications for use?

6. How should dornase alfa be administered when high-frequency 

compression is used?

7. What is a common side effect seen with N-acetylcysteine (NAC) by 

aerosol?

8. What are the indications for the use of acetylcysteine?

9. How and when should bicarbonate aerosol or instillation be used?

CLINICAL SCENARIO

Answers can be found in Appendix A.

A 17-year-old woman with CF was admitted to your hospital with an 

acute respiratory infection (pulmonary exacerbation). She is pleasant, 

mature, and well informed concerning her disease. She complains of an 

increased cough, increased sputum production with some hemoptysis, and 

weight loss over the past 2 weeks.

History: She was diagnosed with CF at the age of 2 years because of 

failure to thrive and did well clinically until age 12. She has had a nasal 

polypectomy and had a G-tube placed for night feeding several years 

ago, which resulted in a weight gain of 30 lb (13.6 kg). She is chronically 

infected with resistant Pseudomonas and Staphylococcus, and she has 

grown atypical Mycobacterium in the past. She has been admitted with 

exacerbations of CF twice in the past year. She has been taking 300 mg of 

tobramycin (TSI) bid by aerosol at home regularly this year, with courses of 

oral ciprooxacin when symptoms of respiratory infection surfaced.

Physical examination: Vital signs are as follows: temperature (T) 37.5° C, 

pulse (P) 110 beats/min and regular, respiratory rate (RR) 26 breaths/

min, blood pressure (BP) 110/50 mm Hg. Oxygen saturation by pulse 
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Respiratory Care Assessment of Surfactant Therapy
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General Contraindications

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms that pertain to surfactant agents.

2. List all available exogenous surfactant agents used in 

respiratory therapy.

3. Describe the mode of action for exogenous surfactant agents.

4. Discuss the route of administration for exogenous surfactant agents.

5. Recognize hazards and complications of exogenous surfactant 

therapy.

6. Assess the use of surfactant therapy.

K E Y  T E R M S  A N D  D E F I N I T I O N S

Laplace’s law Physical principle describing and quantifying the 

relationship between the internal pressure of a drop or bubble, the 

amount of surface tension, and the radius of the drop or bubble.

Prophylactic treatment Prevention of respiratory distress 

syndrome (RDS) in infants with very low birth weight and in 

infants with higher birth weight but who have evidence of 

immature lungs and are at risk for developing RDS.

Rescue treatment Retroactive, or “rescue,” treatment of infants 

who have developed RDS.

Surface tension Attraction of molecules in a liquid–air interface, 

such as the liquid lining in lung tissue and the air, pulling the 

surface molecules inward.

Surfactants Agents that reduce surface tension.
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is her reviews hrgi gens ere surfactants, 
whih re inene  er he surfe ensin f vei n he 
resuing ressures neee fr ver inin. e hysi rin-
ies f surfns n surfe ensin fres re reviewe s  
sis fr inruing gens h hve een use r re urreny 
use in resirry re. e use f urren exgenus surfn 
gens in he reen f resirry isress synre (RDS) f 
he newrn is resene.

Physical Principles

K E Y  P O I N T

Surfactant agents regulate surface tension in lms at gas–liquid interfaces. 

The interrelationship of surface tension, drop or bubble size, and pressure is 

described by Laplace’s law

Exgenus surfns re inisere  ree issing u-
nry surfn in RDS f he newrn. Surfe-ive gens 
 n iquis  e surfe ensin. e fwing ers n 
nes fr he sis fr n unersning f he iin f 
surfn rerins n heir ees in he irwy.

Surfactant

A surfn is  surfe-ive gen h reues surfe ensin. 
Exes inue s n vrius frs f eergen. Surf-
ns, r surfe-ive gens, hve s een ere detergents
fr his resn.

Surface Tension

Surface tension is he fre use y rin eween ike 
eues h urs  iqui–gs inerfes n hs he iqui 
surfe in. e unis f esure fr surfe ensin re usuy 
ynes er enieer (yn/), iniing he fre require  
use  1- ruure in he surfe . Beuse he eues in 
 iqui re re re  eh her hn  he surruning 
gs,  re r sheri she usuy resus (Fig. 10.1, A).

Laplace’s Law

Laplace’s law is he hysi rinie esriing n qunifying 
he reinshi ng he inern ressure f  r r ue, 

• Fig. 10.1 A, The concept of like liquid molecules producing the attractive force resulting in surface tension. 

B, Laplace’s law illustrated for a bubble with two air-liquid interfaces. For alveoli (with only one air–liquid interface), 

the relationship is as follows: Pressure = (2 × surface tension)/radius.

he un f surfe ensin, n he rius f he r r u-
e (see Fig. 10.1, B). Fr  ue, whih is  iqui  wih gs 
insie n u, Les w is s fws:

Pressure surfe ensin rius ( )/4

In vei, here is ny  singe ir–iqui inerfe, n 
Les w is s fws:

Pressure surfe ensin rius ( )/2

Application to the Lung

Beuse n veus hs  iqui ining, surfe ensin fres 
y. e higher he surfe ensin f he iqui, he greer is 
he ressing fre insie he veus, whih n use se 
r iuy in ening he veus. In fy, uy unry 
ee, he surfe ensin f he iqui ws he frin f 
he uy frh. In h ses—w ine n unry 
ee—wering he surfe ensin eses ver ening r 
uses he f ues  se n iquefy.

Clinical Indications for 

ExogenousSurfactants

Exgenus surfns re iniy inie fr he reen r 
revenin f RDS in he newrn. ere re w suh reens:
• Prophylactic treatment: Prevenin f RDS in infns wih very 

w irh weigh n in infns wih higher irh weigh u wih 
eviene f iure ungs, wh re  risk fr eveing RDS

• Rescue treatment: Rerive, r “resue, reen f 
infns wh hve evee RDS
e si re in RDS is k f unry surfn 

s  resu f ung iuriy. is k f unry surf-
n resus in high surfe ensins in he iqui-ine, gs-e 
vei. Inrese veniing ressure is require  exn he 
vei uring insirin, whih es  veniry n resir-
ry fiure in n infn wihu veniry sur. is ne 
n he ee f n exgenus surfn re shwn in Fig. 10.2. 
Exgenus surfns re s eing invesige fr ey in 
he reen f ue resirry isress synre (ARDS), 
ue ung injury (ALI), rnhunry yssi (BPD), n 
eniu sirin synre (MAS).1 Exgenus surfn is 
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• Fig. 10.2 Top: A, Lack of pulmonary surfactant in respiratory distress syndrome (RDS) of the newborn results 

in high surface tension of the alveolar liquid lining and the need for high inspiratory pressures to expand alveoli. 

B, Exogenous surfactants reduce the high surface tension to reduce the pressures needed for alveolar expansion. 

Bottom: Graph illustrating change in the pressure–volume relationship without pulmonary surfactant (A) and after 

exogenous surfactant therapy (B). VT  Tidal volume.

TABLE 

10.1
Exogenous Surfactant Preparations Currently Approved for Use in the United States*

Drug Brand Name Formulation and Initial Dose

Beractant Survanta 4- and 8-mL vial, 25mg phospholipids/mL with 0.5–1.75mg/mL triglycerides, 1.4–3.5mg/mL free fatty acids, and 

<1mg/mL protein

Dose: 100mg phospholipids/kg (4mL/kg birth weight) in four divided doses by tracheal instillation

Calfactant Infasurf 3- and 6-mL vial, 35mg phospholipids/mL, with 0.65mg proteins

Dose: 3mL/kg in two divided doses of 1.5mL/kg by tracheal instillation

Poractant alfa Curosurf 1.5-mL vial, 80mg phospholipids, with 1mg of proteins, or 3-mL vial, 160mg phospholipids, with 2mg of proteins

Dose: 2.5mL/kg (200mg/kg) in two divided doses by tracheal instillation

*Individual agents are discussed in a separate section. Detailed information on each agent should be obtained from the manufacturer’s drug insert.

n rve y he US F n Drug Ainisrin (FDA) 
fr ny iin in us r eiris.

Identication of Surfactant Preparations

Te 10.1 iss surfn fruins h urreny hve FDA 
rv fr gener ini use in he Unie Ses. Deie if-
ferenes eween hese fruins n eis f heir sing 
n inisrin re isusse susequeny fr eh gen in 
sere seins.

K E Y  P O I N T

Three surfactant agents are currently used for treatment of neonatal RDS.

Beractant (Survanta), calfactant (Infasurf), and poractant alfa (Curosurf) are 

modied natural agents.

e er exogenous, use  esrie his ss f rugs, refers  
he f h hese re surfn rerins fr usie he 
iens wn y. ese rerins y e ine fr 
her huns, fr nis, r y rry synhesis. e ini-
 use f exgenus surfns hs een  ree he issing 
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unry surfn f he reure r iure ung in RDS 
f he newrn. ese gens hve s een invesige fr use 
in ARDS n hve een enei in irving xygenin, 
hugh resus hve een innsisen.2 3

Composition of Pulmonary Surfactant

K E Y  P O I N T

Endogenous pulmonary surfactant is 90% lipids and 10% protein. The major 

phospholipid is dipalmitoylphosphatidylcholine (DPPC)

Punry surfn is  ex ixure f iis n reins 
(Bx 10.1). e surfn ixure is rue y ver ye 
II es. eir riry funin, hugh n heir ny funin, 
is  regue he surfe ensin fres f he iqui ver in-
ing. Surfn regues surfe ensin y fring    he 

Composition of Whole Surfactant 

FromBronchoalveolar Lavage Fluid 

(% by Weight)

Lipids (85%–90%)
• Phospholipids (approximately 90%)

• Phosphatidylcholine—half is dipalmitoylphosphatidylcholine (DPPC)

• Phosphatidylglycerol

• Phosphatidylethanolamine

• Phosphatidylserine

• Phosphatidylinositol

• Sphingomyelin

• Neutral lipids (10%)

• Cholesterol and others

Proteins (10%)
• Surfactant protein A (SP-A)

• Surfactant protein B (SP-B)

• Surfactant protein C (SP-C)

• Surfactant protein D (SP-D)

• BOX 10.1

• Fig. 10.3 Production and reuptake of surfactant by type II cells. Exogenous surfactant is also taken up to 

become part of the surfactant pool for alveoli.

ir–iqui inerfe. Surfn reues surfe ensin euse i 
is resse uring exirin, reuing he un f ressure 
n insirry er require  reexn he vei uring  
sueeing insirin. e un f exreur (i.e., usie 
he ye II e) surfn in nis is 10  15g/kg f y 
weigh in us n 5  10 ies h in ure newrns.4

Fig. 10.3 iusres he sure, si siin, n reguin 
f unry surfn in he veus. Eh f he jr -
nens is esrie in he fwing seins.

Lipids

Liis ke u u 5%  90% f surfn y weigh. e 
ii nen f surfn is rxiey 90% hshi-
is, suh s hshiyhine, hshiygyer, shing-
yein, n hers, n 10% her iis, s f whih is h-
eser.5 Phshiis hve ihii n hyrhii reries 
n n hieve w surfe ensins  ir–iqui inerfes. Phs-
hiyhine nsiues u 75%  0% f he hshi-
is in surfn, n u hf f his is iiyhshi-
yhine (DPPC), whih is s knwn s lecithin. DPPC is he 
surfn nen reinny resnsie fr he reu-
in f ver surfe ensin. e hyrhii hine resiue 
f DPPC is ssie wih he iqui hse in vei, wheres 
he hyrhi ii i resiue rjes in he ir hse.6

Proteins

K E Y  P O I N T

Surfactant-associated proteins, such as SP-A, SP-B, and SP-C, regulate the 

function of endogenous pulmonary surfactant.

e  rein rin f surfn is u 10% y weigh. 
Arxiey 0% f his rin is nining seru r-
eins, n 20% is surfn-sei reins (SPs). Fur SPs hve 
een ienie s fr: SP-A, SP-B, SP-C, n SP-D.4 Preins f 
he surfn ixure re reviewe y Jhnssn e.7

A nens f surfn re synhesize y he ver 
ye II e. e ye I e, whih is he si ver eihe-
i e n 95% f he ver surfe, hs n knwn re in 
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surfn synhesis r eis. e ye II e s serees 
her reins, suh s ykines, grwh frs, n nie-
ri reins, in he ver se. e re f he surfn-
ssie reins is we reviewe y Hwg n Puin

n Pssyer.9

Surfactant Protein A SPA. SP-A is  high-eur-
weigh, wer-sue gyrein. is rein is sei  
surfn; i hs s een ene s SP-35, rein A, n 
SAP-35.4 SP-A sees  regue serein n exysis f sur-
fn fr he ye II e n he reuke f surfn fr 
reying n reuse.

Surfactant Proteins B and C SPB and SPC. SP-B n SP-C 
re w-eur-weigh, hyrhi reins h irve he 
srin n sreing f he hshii hrughu he ir–
iqui inerfe in he veus.

Surfactant Protein D SPD. SP-D is he furh rein ien-
ie in nur engenus surfn. Being  rge, wer-su-
e rein, SP-D is ike SP-A, hugh ierenes exis in heir 
eur ngurins. ere is n er re fr SP-D in sur-
fn funin  his ie, ing in quesin wheher SP-D 
is rrey esigne s  surfn-ssie rein.

Production and Regulation of 
SurfactantSecretion

C L I N I C A L  C O N N E C T I O N

Exogenous surfactant enters the lamellar bodies to replace natural surfac-

tant that is decient.

e surfn iis re synhesize in he ver ye II es 
n sre in vesies ere lamellar bodies (see Fig. 10.3). Sur-
fn in he er ies is seree y exysis u f he 
ye II e n in he veus. e jr siuus fr serein 
f er ies in he ver se sees  e inin f 
he ung, wih  heiy ue sreh resnse.10 SP-A n 
SP-B fiie he frin f n inereie ie fr f 
surfn, ere tubular myelin, efre i rehes he ir–iqui 
inerfe. SP-C s hes  “rek he ii yers f surfn 
s h srin n sreing f he un s  nyer 
rees quiky hrugh he ir–iqui inerfe. Surfn is 
nvere  s vesies, whih n e ken k in he ye 
II e r ken in ver rhges. e w jr ver 
frs f surfn re rge surfn ggreges (er ies 
n uur yein–ike sruures) n s vesies r ggre-
ges.11 e serein f surfn eri fr he ye II e 
is esie  e 10% f he inreur  every hur,12 wih 
n ver hf-ife eween 15 n 30 hurs.5 e nsn sere-
in f surfn is ne y w erne ehniss: (1) 
enysis k in he ye II es n (2) erne vi egr-
in y ver rhges. In iin, erne n ur 
y egrin wihin he vei n y uiiry rev n 
rnsr.5

A key feure f surfn ruin, whih is he sis fr 
he suess f reeen hery wih exgenus uns, 
is he reying iviy in surfn ruin. Ms surfn 
(90%–95%) is ken k in he ver ye II e, rer-
esse, n seree gin. Fr his resn, exgenusy inis-
ere surfn is suessfu in reing issing surfn wih 
ne r w ses. e exgenus surfn is ken in he ye 
II es n ees he surfn  hrugh he reuke n 
reying ehnis. e reuke is regue,  es ry, y 

TABLE 

10.2
Types of Surfactant Preparations and Examples

Category Description Examples

Natural Surfactant from natural sources 

(human or animal) with addition 

or removal of substances

Survanta (bovine)

Curosurf (porcine)

Infasurf (bovine)

Synthetic Surfactant that is prepared by 

mixing in vitro–synthesized 

substances that may or may not 

be in natural surfactant

None at present

Synthetic 

natural

Surfactant prepared in vitro by 

genetic engineering

None at present

SP-A. SPs, r reins, re rii fr he surfe-ive fun-
ining f surfn n he ei reguin f he surf-
n . is ress is we esrie y Wrigh n Ceens.6

e nr funin f engenus surfn s eens n 
he sruur rgnizin f he un. Ser surfn 
ggreges hve ess SP-A n re ess surfe ive hn rger 
ggreges.4

Punry surfn hs s een fun  nriue  hs 
efense y inresing eri kiing, ifying rhge 
funin, n wnreguing he inry resnse hrugh 
erese eir reese fr inry es.13 Surfn 
s enhnes iiry e frequeny n inins eny f n-
uing irwys.11

Types of Exogenous Surfactant Preparations

Exgenus surfn rerins n e e in hree eg-
ries. ese egries n exes f eh re ise in Te 10.2
n esrie in he fwing seins. A re ee ehni-
 esriin is given y Je n Ikegi.4

Natural and Modied Natural Surfactant

Natural surfactant is n  esriive er fr he egry f 
surfns ine fr nis r huns y ver wsh r 
fr nii ui. e rge surfe-ive ggreges f nu-
r surfn re revere fr he ui y enrifugin r 
sie rin. Beuse hese re nur surfns, he ingre-
iens neessry fr eeive funin  regue surfe ensin 
re resen. Seiy, his inues he surfe reins neee 
fr srin n sreing. Deening n he sure, nur 
surfns n e exensive n ie nsuing  in n 
rere. In iin, here is nern ver ninin wih 
vir infeius gens r iungi siuin n niy 
ruin in resnse  freign reins. Nur surfn 
rerins re usuy ie y he iin r rev f 
erin nens. Exes f nur surfns re given in 
Te 10.2.

e nur surfn beractant (Survanta) is ine s n 
exr f ine w ung, sueene wih her ingreiens, 
suh s DPPC, ii i, n riiin. e iins 
 he nur surfn eri re usuy esigne  irve 
funining in he ung, reue rein ninin, n r-
vie seriiy. Ahugh Survn nins he hyrhi r-
eins SP-B n SP-C, he rein SP-A is issing, n his y 
shren he urin f ee.
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Prn f (Cursurf ) is nher ie nur sur-
fn, ine s  ig ung exr. Cfn (Infsurf ) is 
 hrfr-ehn exr f ui vge fr f ung; 
siir  Survn, i nins he surfn reins SP-B n 
SP-C u n SP-A.14 Bvn (Avef), n vie in he 
Unie Ses, is n rgni sven exr f w ung vge 
nining 99% hshiis n neur iis n 1% SP-B 
n SP-C.15

Synthetic Surfactant

Synhei surfns re ixures f synhei nens. 
e hrerisi feure f rii surfns is h nne 
f he ingreiens re ine fr nur sures, suh s 
hun, w, r ig ung. Synhei surfns  n nin 
ny f he surfn reins, inuing SP-B r SP-C, h re 
fun in he nur rerins. A jr vnge f his 
ss f surfn is is free fr nining infeius 
gens n iin freign reins h y e nigeni  
he reiien. A ssie isvnge is he k f equiven 
erfrne eween he rgni heis susiue fr he 
nury urring surfn reins, suh s SP-A, SP-B, r 
SP-C.

Synthetic Natural Surfactant

An ie suin  he res f nur n rii sur-
fns wu e geneiy engineere surfn rue y 
reinn DNA ehngy. In suh  rerin, he hs-
hii, ii, n rein ingreiens f he nur surfn 
ggrege wu e rue y hrerizing, vi in vir n-
ing, he gene r genes resnsie fr hun surfn. N suh 
rus re vie fr gener use  his ie, u wrk r-
gresses n heir eveen. e genes n in i sequene 
fr eh f he surfn reins hve een hrerize.16,17 A 
geneiy engineere surfn h sey resees he sru-
ure n ee f nur hun surfn wu e he ie 
rerin.

Specic Exogenous Surfactant Preparations

C L I N I C A L  C O N N E C T I O N

Exogenous surfactants are given either prophylactically in RDS or as rescue 

treatment.

ree exgenus surfn rerins hve een rve 
fr gener ini use in he Unie Ses  he ie f his 
eiin.

C L I N I C A L  C O N N E C T I O N

All surfactant preparations are administered differently. It is important to 

specically review the administration of the surfactant preparation that is 

being given and to follow the policy and procedure of the institution.

Beractant Survanta

Bern (Survn) is nsiere  ie nur surf-
n. I is  nur vine ung exr ixe wih fseri 
ie (eihin), ii i, n riiin. ese hree 
ingreiens re use  snrize he siin f he rug 
rerin n  rerue he surfe ensin–wering 
reries f nur surfn. e ingreiens re susene 

in 0.9% sine. e siin f ern given in he r-
u ierure is esrie in Te 10.1. e exr fr ine 
vine ung nins nur hshiis, neur iis, fy 
is, n he w-eur-weigh, hyrhi surfn 
reins SP-B n SP-C. e hyrhii, high-eur-
weigh rein SP-A is n nine in ern. SP-A hes 
regue surfn reuke n serein y ver ye II 
es. Hwever, he iin f SP-A  ern y Y 
e.1 i n irve he ihysi iviy (sreing n 
srin) r he hysigi iviy (ung ine hnge) 
f he ixure.

Bern is vie in  vi nining 4 r L f susen-
sin, wih  nenrin f 25g/L, in  0.9% siu h-
rie suin. e susensin es n require rensiuin. is 
gives  xi  se f 100g (4L) r 200g (L) f 
hshiis in  singe vi f L f susensin.

Indications for Use

Sei guieines fr use f ern re s fws:
• Prhyi hery f reure infns ess hn 1250 g 

irh weigh r wih eviene f surfn eieny n risk 
f RDS: e gen shu e given wihin 15 inues f irh 
r s sn s ssie

• Resue reen f infns wih eviene f RDS: e gen 
shu e given wihin  hurs f ge

Dosage

e reene se f ern is 100g f hshiis 
er kigr f irh weigh. Beuse here re 25g f hsh-
iis er iiier in he ern susensin, his is equiven 
  se f 4L/kg f irh weigh. Fr exe,  2000-g (2-kg) 
infn wu require L, r he enire vi f susensin.

Ree ses f ern re given n sner hn 6 hurs 
er if here is eviene f ninuing resirry isress. e 
nufurers ierure reens h nu hn-g ven-
iin not e use fr he ree se in e f ehni 
veniin. Venir jusen y e neessry.

Administration

Bern susensin is -whie  igh rwn in r. If seing 
hs urre in he susensin, he vi n e swire geny, u 
i shu n e shken. e susensin is ke refrigere n 
us e wre y wing i  sn  r eerure fr  
es 20 inues. Arii wring ehs shu n e use.

e ue se is given in fur ivie iqus fr  
syringe n insie in he rhe hrugh  5-Frenh (5-F) 
heer e in he enrhe ue (ETT). e heer is 
reve, n he infn is nuy venie fr  es 30 se-
ns, r uni se, eween ses. e reining ses re given 
in siir fshin. During eh iqu, he infn is e in  
ieren siin.

Unene vis h hve een wre  r eer-
ure y e reurne  refrigere srge wihin  hurs. is 
shu e ne n re hn ne. Use vis shu e isre 
wih ny resiu rug.

Calfactant Infasurf

Cfn (Infsurf ) is nher ie nur surfn re-
rin fr f ung (vine). I is n rgni sven exr 
f f ung surfn ine y e-free rnhver 
vge. e exr nins hshiis, neur iis, n 
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he hyrhi reins SP-B n SP-C. e rerin is  
susensin, whih es n require rensiuin. Is si-
in is given in Te 10.1. Eh iiier nins 35g f  
hshiis, inuing 26g f hshiyhine, f whih 
16g is isure hshiyhine, n 0.65g f r-
eins, whih inues 0.26g f SP-B. e rein SP-A is n 
nine in he rerin. e fruin is he seriize 
n nins n reservives.

Indications for Use

Sei guieines fr use f fn (Infsurf ) re s fws:
• Prevenin (rhyxis) f RDS in reure infns ess hn 

29 weeks gesin ge n  high risk fr RDS
• Treen (resue) f reure infns ess hn r equ  

72 hurs f ge wh eve RDS n require enrhe 
inuin

Dosage

e reene se f fn is 3L/kg f y weigh 
 irh. e se shu e eivere s w ivie ses f 
1.5L/kg. Eh 3 r 6L f susensin nins enugh re-
rin (105 r 210g f hshiis)  re  1-kg r 2-kg 
infn. I is ne in he rug inser h fn rhyxis 
shu e inisere s sn s ssie, refery n re 
hn 30 inues fer irh.

Ree ses, u    f hree ses, n e given 12 hurs 
r. Ree ses s ery s 6 hurs fer he revius se n 
e given if he infn is si inue n requires 30% r greer 
xygen fr  ri ressure f reri xygen (PO

2
) f 0 Hg 

r ess (nufurers ierure).

Administration

Cfn n e inisere  n inue infn eiher y 
sie-r eivery r wih  heer. e rerin es n 
require rensiuin. Cfn is n -whie susensin h 
requires gene swiring r giin, u n shking, in he vi 
 ensure isersin. Feks y e visie in he susensin wih 
fing  he surfe.

SidePort Adapter. e se is given in w iqus f 
1.5L/kg eh. e infn shu e siine wih eiher he 
righ r he ef sie eenen fr eh iqu. e susensin 
is insie in s urss ie  inie wih he insirry 
ye, ver 20  30 rehs. I is reene h he infn e 
evue eween resiining fr he sen iqu.

Catheter Administration. e se is ivie in fur equ 
iqus, wih he heer reve eween eh insiin n 
ehni veniry sur given fr 0.5  2 inues. Eh 
iqu is given wih he infn in  ieren siin (rne, 
suine, righ er, n ef er).

Poractant Alfa Curosurf

Prn f (Cursurf ) is  nur surfn ine s n 
exr f rine ung. I is  susensin nsising f rxi-
ey 99% hshiis (120g f hshiis in he 1.5-
L vi n 240g f hshiis in he 3-L vi) n u 
1% surfn-ssie reins, inuing SP-B.

Indications for Use

Sei guieines fr use f rn f (Cursurf ) re s fws:
• Fr he reen (resue) f reure infns wih RDS  

reue riy n neuhres

• Unee uses: Severe MAS in er infns; resirry fiure 
use y gru B sre infein in nenes

Dosage

e inii se f rn f is 2.5L/kg f irh weigh. 
Susequen ses f 1.25 L/kg f irh weigh n e given 
wie  12-hur inervs if neee. e xiu reene 
 se (inii us ree ses) is 5L/kg.

Administration

Befre use, he vi shu e swy wre  r eer-
ure. e vi shu e urne usie wn  iserse he sus-
ensin unifry, wihu shking. Prn f es n nee 
 e rensiue. e se is inisere hrugh  5-F h-
eer siine in he ETT, wih he i in he is en f he 
ETT u n exene eyn he en f he ETT.

e se is given in w iqus. e infn is siine 
wih eiher he righ r he ef sie wn fr he rs iqu. 
e heer is hen reve, n he infn is nuy veni-
e wih 100% xygen fr 1 inue. When he infn is se, 
he sen iqu is insie wih he erne sie wn, fer 
whih he heer is reve. Aernivey, he fu se y e 
given y using  u uen ue ver 1 inue wih he infn 
in he neur siin. Mehni veniin wi n e iner-
rue. e irwy shu n e suine fr 1 hur uness 
signin irwy sruin is evien n er he in-
isrin eh.

Lucinactant Aerosurf

Luinn (Aersurf ) is  synhei eie (KL4) nining 
surfn reeen hery h is ersize. In 2015, he 
susensin fru f uinn (Surfxin) ws reve fr 
rke  ire  funing  Aersurf.

Hazards and Complications of 

SurfactantTherapy

C L I N I C A L  C O N N E C T I O N

Possible hazards to the use of exogenous surfactants include airway occlu-

sion, desaturation, bradycardia, overoxygenation and overventilation, apnea, 

and pulmonary hemorrhage.

Se iins in exgenus surfn hery re use 
y he sing reure n hers y he hereui ee f 
he rug isef. In he sing reure, reivey rge vues 
f susensin re insie in nen-size irwys, n his n 
k gs exhnge, using esurin n ryri.

e ee f he rug in irving unry ine n 
e  verveniin, exessive vue eivery fr ressure-
iie veniin, n verxygenin wih ngerusy high 
PO

2
 eves. As  resu, he fwing iins r hzrs 

n ur wih surfn hery. In gener, iins f 
reuriy y e he resnse  exgenus surfn.

Airway Occlusion, Desaturation, and Bradycardia

Beuse he urren eh f inisrin is y ire rhe 
insiin,  rge vue f surfn susensin y use n 
ue sruin f infn irwys, wih susequen hyxei 
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n ryri.19 Reeiive s iins f he se n  
rnsien inrese in veniing ressure y he isriue he 
surfn  he erihery.

C L I N I C A L  C O N N E C T I O N

If preoxygenation is done properly, changes are unlikely to occur, and if they 

do, they are brief. Bradycardia results more than likely from hypoxemia; 

however, it may be caused by vagal stimulation.

High Arterial Oxygen Values

A g resnse  exgenus surfn resus in eer (higher) 
ung ine, inrese funin resiu iy (FRC), 
n nin irveen in xygenin. Frin 
insire xygen (FiO

2
) seings us e were if PO

2
 irves, 

 reven verxygenin n he ssiiiy f reinhy f 
reuriy.

Overventilation and Hypocapnia

As ung ine irves, ek veniing ressure, exir-
ry seine ressures, n veniry re us e juse, r 
verveniin, eing  hypocapnia (w  rn ixie) 
n neuhrx, y ur.

C L I N I C A L  C O N N E C T I O N

Compliance changes can occur quickly. The use of a flow-inflating bag 

allows the health care provider to more easily sense the direct change 

in compliance. This should result in changes by the practitioner to 

reduce ventilation pressure and rate, reducing overoxygenation and 

ventilation.

Apnea

Ane hs een ne  ur wih inrrhe inisrin 
f surfn.

Pulmonary Hemorrhage

Punry herrhge sees  e he ny nsisen u-
nry iin ssie wih surfn eivery. Pu-
nry herrhge sees  e re frequen in infns wh re 
yunger, ser, n wih  en uus rerisus (PDA). A 
usive ink hs n een fun eween unry her-
rhge n PDA, n i hs n een revene.

Future Directions in Surfactant Therapy

K E Y  P O I N T

Exogenous surfactants are being investigated for clinical use in disease 

states such as acute respiratory distress syndrome (ARDS), meconium aspi-

ration syndrome (MAS), and pneumonia

In iin  RDS f he newrn, surfn reeen 
hery hs een nsiere in reen f MAS. In  e-
nysis, S n Drgvie20 rere h surfn hery 
y e enei in reuing resirry iness severiy n 
reuing n infns nee fr exrrre erne xygen-
in (ECMO).

Surfn hery h een suie fr vrius u resir-
ry isrers. is i hs een rehensivey reviewe y 
H e.5 ARDS in us is  eni rge fr surfn 
hery. In RDS f he newrn, he riry nriy f ung 
funin is ree  surfn eieny. In ARDS in us, 
he surfn eieny is senry  ung injury wih -
ex inry resnses.5 is ning wu sugges  ier-
ene in ini resnse  surfn hery eween reure 
infns n us wih ARDS. In iin, se un n 
inisrin ehniques y nee  e ie fr hery 
in us, wh hve rge ung vues re wih infns. If 
ung injury in ARDS is nnunifr in isriuin, exgenus 
surfn, eseiy if ersize, y isriue uneveny  
re in ung res inse f isriuing  res neeing 
surfn he s.11

e viiiy f newer surfn rerins, sei-
y hun reinn surfns, y er eer resus 
 irve ues in us wih ARDS. Finer e.21 fun 
h uinn (Aersurf ) hs een suessfu s n ers. e 
gen hs een neuize using  viring esh fr he ssie 
reen f ARDS in us n nenes. Oher u resir-
ry isrers in whih eiher surfn reeen hery r 
nr surfn reguin y ur inue neuni, 
ung rnsns, srisis, hyersensiiviy neuniis, ii-
hi unry rsis, ver reinsis, sruive ung 
isese (e.g., sh), riin neuniis, n rug-inue 
unry isese.22

RESPIRATORY CARE ASSESSMENT OF 

SURFACTANT THERAPY

Before Treatment

• Assess he nee fr surfn hery.

During Treatment and Short Term

• Mnir use n ri rhyh uring n fer 
inisrin.

• Mnir he infn fr signs f irwy usin (esurin 
n ryri) uring n fer inisrin; if sru-
in is evien, reve he infn fr he venir n 
nuy venie; in iin, sine vge n ggressive 
suining  er he irwy y e neee.

• Mnir he skin r n iviy eve f he infn.
• Mnir hes rise fr eve f veniin, r use eerni 

nir, if vie.
• Mnir reri xygen surin, n jus FiO

2
 r-

ingy  reven hyerxi r hyxi.
• Mnir rnsuneus PCO

2
, if ssie, n e rere  

jus eve f veniin, s neee,  reven hyerri r 
hyri.

Long Term

• Assess ung ehnis (exhe vues r ek insirry 
ressures) uring ehni veniin  eerine ee-
iveness f he exgenus gen in nrizing ung i-
ne. e insie rug y use hnges wihin inues in 
se ses.

• Assess he nee fr ree sing.
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General Contraindications

• Cnsier ssie hzrs if use, ri rhyh, r reri/
rnsuneus  gs vues eerire.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. What is the denition of a surface-active substance?

2. In general, what is the clinical indication for use of exogenous 

surfactants?

3. State the type (category) of exogenous surfactant for each of the 

following: beractant, calfactant, and poractant alfa.

4. What are the major ingredients of natural pulmonary surfactant?

5. Give the dosage schedule of each of the current exogenous surfactants.

6. What is the difference between “rescue” treatment and “prophylaxis” 

with surfactants?

7. Identify at least three possible adverse effects with the use of 

exogenous surfactant treatment.

8. Why does the improvement in lung mechanics last after only one or two 

administrations of exogenous surfactant?

9. How would you assess the effectiveness of exogenous surfactant 

treatment in a premature newborn with respiratory distress?

CLINICAL SCENARIO

Answers can be found in Appendix A

A 16-year-old girl gave birth to a 25-week, 515-g girl by vaginal 

delivery. The mother had no prenatal care, and she had had premature 

rupture of the membranes 12 days before delivery. Immediately at birth, 

the newborn was intubated with a 2.5-mm oral ETT. Apgar scores after 

intubation and application of positive-pressure ventilation with a bag and 

mask were 7 and 9 at 1 minute and 5 minutes, respectively. After transfer 

to the neonatal intensive care unit, umbilical venous and arterial catheters 

were inserted, and the newborn was placed on mechanical ventilation with 

peak inspiratory pressure (PIP) of 20 centimeters of water (cm H
2
O), positive 

end-expiratory pressure (PEEP) of 5cm H
2
O, respiratory rate (RR) of 60 

breaths per minute (breaths/min), inspiratory time of 0.3 second, and FiO
2
 of 

1. Physical examination revealed pulse (P) of 140 beats/min, blood pressure 

(BP) of 34/22mm Hg, temperature (T) of 99.6°F, and SpO
2
 of 85% to 90%. 

Laboratory results revealed glucose at 39mg/dL, white blood cell (WBC) 

count of 11,900/mm3, hematocrit of 47%, and platelets at 297,000/mm3

Chest radiograph showed stage II RDS.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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Corticosteroids in Respiratory Care
DOUGLAS S. GARDENHIRE

C H A P T E R  O U T L I N E

Clinical Indications for Use of Inhaled Corticosteroids

Identication of Aerosolized Corticosteroids

Physiology of Corticosteroids

Identication and Source

Hypothalamic–Pituitary–Adrenal Axis

Hypothalamic–Pituitary–Adrenal Suppression With Steroid Use

Diurnal Steroid Cycle

Alternate-Day Steroid Therapy

Nature of Inammatory Response

Inammation in the Airway

Aerosolized Corticosteroids

Aerosolized Corticosteroid Agents

Beclomethasone Dipropionate (Qvar RediHaler)

Fluticasone Propionate (Flovent HFA, Flovent Diskus, and 

ArmonAir Respiclick/Digiclick)

Fluticasone Furoate (Arnuity Ellipta)

Budesonide (Pulmicort Flexhaler, Pulmicort Respules)

Mometasone Furoate (Asmanex Twisthaler, Asmanex HFA)

Ciclesonide (Alvesco)

Albuterol/Budesonide (AIRSUPRA)

Fluticasone Propionate/Salmeterol (AdvairDiskus, Advair HFA, 

Wixela Inhub AirDuo Respiclick/Digiclick)

Mometasone Furoate/Formoterol (Dulera)

Budesonide/Formoterol (Symbicort, Breyna)

Fluticasone Furoate/Vilanterol (Breo Ellipta)

Fluticasone Furoate/Umeclidinium/Vilanterol (Trelegy Ellipta)

Budesonide/Glycopyrrolate/Formoterol (Breztri Aerosphere)

Intranasal Corticosteroids

Pharmacology of Corticosteroids

Mechanism of Action

Eect on White Blood Cell Count

Eect on β Receptors

Hazards and Side Eects of Steroids

Systemic Administration of Steroids

Systemic Side Eects With Aerosol Administration

Topical (Local) Side Eects With Aerosol Administration

Oropharyngeal Fungal Infections

Dysphonia

Other Complications or Precautions

Clinical Application of Aerosol Steroids

Use in Asthma

Early Use of Corticosteroids in Asthma

Inhaled Corticosteroids for Acute Severe Asthma

Clinical Use of Inhaled Corticosteroids

Use in Chronic Obstructive Pulmonary Disease

Respiratory Care Assessment of Inhaled Corticosteroid Therapy

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms that pertain to corticosteroids

2. Discuss the indications for inhaled corticosteroid use

3. List all available inhaled corticosteroids used in respiratory 

therapy

4. Dierentiate among specic corticosteroid formulations

5. Describe the route of administration available for 

corticosteroids

6. Describe the mode of action for corticosteroids

7. Discuss the eect corticosteroids have on the white blood cell 

count

8. Discuss the eect corticosteroids have on β receptors

9. Differentiate between systemic and local side effects of 

corticosteroids

10. Discuss the use of corticosteroids in the treatment of asthma 

and chronic obstructive pulmonary disease

11. Be able to clinically assess corticosteroid use in patient care
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K E Y  T E R M S  A N D  D E F I N I T I O N S

Adrenal cortical hormones Chemicals secreted by the adrenal 

cortex, referred to as steroids.

Endogenous Refers to inside—produced by the body.

Exogenous Refers to outside—manufactured to be placed inside 

the body (e.g., medication).

Immunoglobulin E (IgE) Gamma globulin that is produced by 

cells in the respiratory tract.

Prostaglandins One of several hormone-type substances 

circulating throughout the body.

Steroid diabetes Hyperglycemia (i.e., increased plasma glucose 

levels) resulting from glucocorticoid therapy; glucocorticoids 

break down proteins and fats to generate building blocks for 

gluconeogenesis.

Steroids Also known as glucocorticoids or corticosteroids, agents 

that produce an antiinammatory response in the body.

is her isusses he use f riseris in resirry re 
n rvies  rief review f he hysigy f engenus r-
iseri hrnes in he y. A rief esriin f in-
in, n seiy f irwy inin in sh, frs 
he sis fr  isussin f he hrgy f riseris 
s niinry rugs. Aersize guriis n heir 
uses n sie ees re esrie.

Clinical Indications for Use of 

Inhaled Corticosteroids

Inhe riseris re vie in fruins fr r inh-
in (ung eivery) n inrns eivery. Sei ini 
iins re isusse re fuy  he en f his her. 
Gener ini iniins fr he use f inhe riseris 
re s fws:
• Orally inhaled agents: Minenne n nr hery f 

hrni ersisen sh, ienie s requiring se 2 re 
r greer.1 Step 2 asthma is ene s sh wih sys 
urring re hn 2 ys/week u n iy; nigh wk-
enings urring 3  4 nighs/nh, wih fre exirry 
vue in 1 sen (FEV

1
) r ek exirry w (PEF) 0% 

f reie r greer.
• Inhe gens n e use wih sysei riseris in 

severe sh n y w fr reuin r eiinin f 
sysei riseris fr sh nr.

• Inhe riseris in inin wih her gens re 
reene y he Aerin ri Siey (ATS)2 n 
he G Iniiive fr Chrni Osruive Lung Disese 
(GOLD)3 fr hrni sruive unry isese (COPD).

• Intranasal aerosol agents: Mngeen f sesn n eren-
ni ergi n nnergi rhiniis.

Identication of Aerosolized Corticosteroids

Inrese nuers f ersize riseri rerins re 
eing vie fr r inhin n inrns eivery. 
Te 11.1 iss urreny vie ers fruins f ri-
seris fr r inhin, Te 11.2 iss inin ri-
seri gens fr r inhin, n Te 11.3 iss inrns 
fruins. e rine fr inhe ers gens is isusse 
n he reries f riseris require fr suess s i 
gens re esrie susequeny, ng wih iin ei n 
iniviu gens.

Physiology of Corticosteroids

K E Y  P O I N T

The physiology of endogenous corticosteroids involves a sequence of stimu-

lation of the adrenal cortex through the hypothalamic–pituitary–adrenal (HPA)

axis, in which increased blood levels of corticosteroid inhibit the HPA and 

adrenal cortex from further secretion.

Identication and Source

Criseris re  gru f heis seree y he ren 
rex n re referre  s adrenal cortical hormones. e re-
n r surren gn is se f w rins (Fig. 11.1). 
e inner zne is he ren eu n rues einehrine. 
e uer zne is he rex, whih is he sure f rise-
ris. ree yes f riseri hrnes re rue y he 
ren rex: guriis (e.g., ris), inerriis 
(e.g., serne), n sex hrnes (e.g., nrgens n esr-
gens). e inerrii serne regues y wer 
y inresing he un f siu resrin in he ren 
uues. e riseris use in unry isese re  n-
gs f ris r hydrocortisone, s i is s ere. Guri-
i gens re referre  s glucocorticosteroids n y he re 
gener er corticosteroid, r siy s steroids

K E Y  P O I N T

Corticosteroids secreted by the adrenal cortex include glucocorticoids

(e.g.,cortisol), mineralocorticoids (e.g., aldosterone), and sex hormones

(e.g.,androgen and estrogen)

• Fig. 11.1 Location and cross section of adrenal, or suprarenal, gland. The 

outer portion, or cortex, of the adrenal gland is the source of corticosteroid 

hormones.
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C L I N I C A L  C O N N E C T I O N

Glucocorticoids, often referred to simply as steroids, exert an antiinamma-

tory effect in the body.

Hypothalamic–Pituitary–Adrenal Axis

e sie ees f riseris n he rine fr ers 
r erne-y hery n e uners if he ruin 
n nr f endogenous (he ys wn) riseris re 
grse. e hwy fr reese n nr f riseris 
is he hyhi–iuiry–ren (HPA) xis (Fig. 11.2). 
Siuin f he hyhus uses iuses  e sen  he 
re knwn s he median eminence, where ririn-reesing 

TABLE 

11.1
Corticosteroids Available by Aerosol for Oral Inhalation*

Drug Brand Name Formulation and Dosage

Beclomethasone dipropionate HFA Qvar RediHaler MDI: 40 and 80mcg/puff

Adults ≥12yr: 40, 80, 160, or 320mcg twice daily

Children ≥4yr: 40–80mcg bid

Fluticasone propionate Flovent HFA MDI: 44, 110, and 220mcg/puff

Adults ≥12yr: 88mcg bid,† 88–220mcg bid,‡ or 880mcg bid§

Children 4–11yr: 88mcg bid||

Flovent Diskus DPI: 50, 100, and 250mcg

Adults: 100mcg bid,† 100–250mcg bid,‡ 1000mcg bid§

Children 4–11yr: 50–100mcg bid

Armonair/Digiclick DPI: 55, 113, and 232mcg/puff

Adults and children ≥12yr: 55–232mcg bid

Fluticasone furoate Arnuity Ellipta DPI: 50, 100, and 200mcg

Adults ≥12yr: 100 or 200mcg once daily

Children ≥5yr: 50mcg once daily

Budesonide Pulmicort Flexhaler DPI: 80mcg/actuation and 160mcg/actuation

Adults: 160–320mcg bid,†‡ 360–720mcg bid§

Children ≥ 6yr: 160–320mcg bid

Pulmicort Respules SVN: 0.25mg/2mL, 0.5mg/2mL, 1mg/2mL

Children 1–8yr: 0.5mg total dose given once or twice daily in divided doses;†‡ 1mg 

given as 0.5mg bid or once daily§

Mometasone furoate Asmanex Twisthaler DPI: 110 and 220mcg/actuation

Adults and children ≥12yr: 220–880mcg daily

Children 4–11yr: 110mcg daily

Asmanex HFA MDI: 50, 100 and 200mcg/actuation

Adults and children ≥12yr: 200–400mcg bid

Children 5–11yr: 100mcg bid

Ciclesonide Alvesco MDI: 80 and 160mcg/actuation

Adults ≥12yr: 80–160mcg twice daily,† or 80–320mcg twice daily‡

*Individual agents are discussed in text. Detailed information about each agent should be obtained from the manufacturer’s drug insert.
†Recommended starting dose if taking only bronchodilators.
‡Recommended starting dose if previously taking inhaled corticosteroids.
§Recommended starting dose if previously taking oral corticosteroids.
||This dose should be used regardless of previous therapy.

bid, Twice daily; DPI, dry powder inhaler; HFA, hydrouoroalkane; MDI, metered dose inhaler; SVN, small volume nebulizer.

fr (CRF) is reese. CRF irues hrugh he r vesse 
 he nerir iuiry gn, whih hen reeses ririn, 
r renriri hrne (ACTH), in he sre. 
ACTH, in urn, siues he ren rex  seree gur-
iis, suh s ris. Cris n guriis, in gener, 
regue he eis f rhyres, fs, n reins,  
inrese eves f guse fr y energy. is is he resn r-
is n is ngs re e glucocorticoids. ey n s use 
iysis, reisriuin f f sres, n rekwn f issue r-
ein sres. ese ins re he sis fr ny f he sie ees 
seen wih gurii rugs. e rekwn f reins fr 
use f he in is (gunegenesis) is resnsie fr us-
e wsing, n he ees n guse eis n inrese 
s guse eves. e er is seies referre  s steroid 
diabetes.4
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TABLE 

11.2
Combination Corticosteroid Agents Available for Oral Inhalation*

Albuterol/formoterol AIRSUPRA MDI: 90 mcg albuterol/80 mcg budesonide

Adults 18 yr: 2 inhalations as needed

Fluticasone propionate/

salmeterol

Advair Diskus DPI: 100mcg uticasone/50mcg salmeterol, 250mcg uticasone/50mcg salmeterol, or 500mcg 

uticasone/50mcg salmeterol

Adults and children ≥12yr: 100mcg uticasone/50mcg salmeterol, 1 inhalation twice daily, about 12hr 

apart (starting dose if not currently taking inhaled corticosteroids)

Wixela Inhub DPI: Maximal recommended dose is 500mcg uticasone/50mcg salmeterol bid

Children ≥4yr: 100mcg uticasone/50mcg salmeterol, 1 inhalation twice daily, about 12hr apart (for 

patients who are symptomatic while taking inhaled corticosteroid)

Advair HFA MDI: 45mcg uticasone/21mcg salmeterol, 115mcg uticasone/21mcg salmeterol, or 230mcg 

uticasone/21mcg salmeterol

Adults and children ≥12yr: 2 inhalations bid, about 12hr apart

AirDuo Respiclick/

Digihaler

DPI: 55 uticasone/14 salmeterol, 113 uticasone/14 salmeterol, or 232mcg uticasone/14mcg salmeterol

Adults and children ≥12yr: Respiclick, any dose combination, 1 inhalation bid

Budesonide/formoterol 

fumarate HFA

Symbicort 

Breyna

MDI: 80mcg budesonide/4.5mcg formoterol and 160mcg budesonide/4.5mcg formoterol

Adults and children ≥12yr: 160mcg budesonide/9mcg formoterol bid, 320mcg budesonide/9mcg 

formoterol bid; daily maximum: 640mcg budesonide/18mcg formoterol

Mometasone furoate/

formoterol fumarate HFA

Dulera MDI: 50mcg mometasone/5mcg 100mcg mometasone/5mcg formoterol and 200mcg 

mometasone/5mcg formoterol

Adults and children ≥12yr: 2 inhalations of 100mcg mometasone/5mcg formoterol or 200mcg 

mometasone/5mcg formoterol, bid

Children 5–11yr: 2 inhalations of 50mcg mometasone/5mcg, bid

Fluticasone furoate/

vilanterol

Breo Ellipta DPI: 100mcg uticasone/25mcg vilanterol and 200mcg uticasone/25mcg vilanterol

Adults: 100mcg uticasone/25mcg vilanterol daily and 200mcg uticasone/25mcg vilanterol daily

Fluticasone furoate/

umeclidinium bromide/

vilanterol

Trelegy Ellipta DPI: 100 mcg uticasone/62.5 mcg umeclidinium/25 mcg vilanterol and 200 mcg uticasone/62.5 mcg 

umeclidinium/25 mcg 

Adults: 100 mcg uticasone/62.5 mcg umeclidinium/25 mcg vilanterol daily and 200 mcg 

uticasone/62.5 mcg umeclidinium/25 mcg vilanterol daily

Budesonide/glycopyrrolate/ 

formoterol

Breztri 

Aerposphere

MDI: 160 mcg budesonide/9 mcg glycopyrrolate /4.8 mcg formoterol

Adults: 160 mcg budesonide/9 mcg glycopyrrolate /4.8 mcg formoterol, 2 inhalations bid

*Individual agents are discussed in text. Detailed information about each agent should be obtained from the manufacturer’s drug insert.

bid, Twice daily; DPI, dry powder inhaler; HFA, hydrouoroalkane; MDI, metered dose inhaler.

• Fig. 11.2 Hypothalamic–pituitary–adrenal axis regulation of corticosteroid 

secretion (see text for complete description of function).

Hypothalamic–Pituitary–Adrenal Suppression 

With Steroid Use

C L I N I C A L  C O N N E C T I O N

Exogenous corticosteroid agents can suppress the hypothalamic–pituitary–

adrenal (HPA) axis and the adrenal gland.

One f he s signin sie ees f reen wih gu-
rii rugs (exogenous riseris) is ren sures-
sin r, re genery, HPA xis suressin. When he y 
rues engenus guriis, here is  nr feek 
ehnis wihin he HPA xis  ii ruin. As gu-
rii eves inrese, reese f CRF n ACTH is inhiie, 
n furher ren ruin f guriis is se. 
is feek inhiiin f he hyhus n he iuiry is 
shwn in Fig. 11.2 n is ngus  he serv ehnis, y 
whih  hers regues furne ruin f he y ni-
ring eerure eves.

e y nn isinguish eween is wn engenus 
guriis n exgenus gurii rugs. Ainis-
rin f gurii rugs inreses he ys eve f hese 
hrnes, n his inhiis he hyhus n iuiry 
gns, whih ereses ren ruin. is inhiiin is 
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referre  s HPA axis suppression r, seiy, adrenal sup-
pression. I is seen wih sysei inisrin f rise-
ris, egins fer 1 y f reen, n is signin fer 1 
week f r hery  usu ses. A riry resn fr using 
ersize guriis is  iniize ren, r HPA xis, 
suressin y iniizing he sge n izing he sie f 
reen.

If  ien hs reeive r riseris n ren su-
ressin hs urre, wening fr he exgenus rise-
ris hrugh use f ere se hery ws ie fr rev-
ery f he ys wn ren serein. I shu e ne h 
ersize riseris  n esi suien uns f 
rug  ree he issing uu f  suresse ren gn. 
erefre,  ien wih ren suressin nn e ruy 

wihrwn fr r riseris n e n n ers s-
ge. e ers shu e sre whie he r gen is ere 
 swy  he se ie.

Diurnal Steroid Cycle

K E Y  P O I N T

Levels of endogenous corticosteroids follow a daily, or diurnal, rhythm.

e ruin f he ys wn guriis fws  rhyh-
i ye, ere diurnal r circadian rhythm. is iy rise n 
f f gurii eves in he y is shwn in Fig. 11.3. On  
iy sheue f yie wrk n nighie see, ris eves 

TABLE 

11.3
Aerosol Corticosteroid Preparations Available for Intranasal Delivery*

Drug Brand Name Formulation and Dosage

Beclomethasone Beconase AQ Spray: 42mcg/actuation

Adults ≥12yr: 1 or 2 sprays in each nostril bid

Children 6–11yr: 1 spray in each nostril bid, may increase to 2 sprays

Qnasl Spray: 80mcg/actuation

Adults ≥12yr: 2 sprays in each nostril once daily

Triamcinolone acetonide Nasacort Allergy 24 Hour† Spray: 55mcg/actuation

Adults and children ≥12yr: 2 sprays in each nostril once daily (starting dose). May reduce once 

symptoms improve.

Children 6–11yr: 1 spray in each nostril once daily (starting dose). May increase if symptoms do 

not improve.

Children 2–6yr: 1 spray in each nostril once daily

Flunisolide Spray: 25mcg/actuation and 29mcg/actuation

Adults and children ≥14yr: 2 actuations in each nostril bid

Children 6–14yr: 1 actuation in each nostril tid or 2 actuations in each nostril bid

Budesonide Rhinocort

Rhinocort Allergy†

Spray: 32mcg/actuation

Adults and children ≥6yr: 1 spray in each nostril daily (starting dose). Adults up to 4sprays in 

each nostril daily. Children ≥6yr: Up to 2 sprays in each nostril daily.

Fluticasone Flonase Allergy Relief† Spray: 50mcg/actuation

Adults: 2 sprays in each nostril once daily (starting dose)

Children ≥4yr: 1 spray in each nostril once daily (starting dose)

Mometasone furoate Nasonex Spray: 50mcg/actuation

Adults and children ≥12yr: 2 sprays in each nostril once daily. Adults ≥18 may use 2 sprays in 

each nostril bid.

Children 2–11yr: 1 spray in each nostril once daily

Olopatadine hydrochloride/ 

mometasone furoate

Ryaltris Spray: 665mcg olopatadine/25 mcg mometasone/actuation

Adults and children ≥12yr: 2 sprays in each nostril bid.

Fluticasone furoate Flonase Sensimist Allergy 

Relief†

Spray: 27.5mcg/actuation

Adults and children ≥12yr: 2 sprays in each nostril once daily

Children 2–11yr: 1 spray in each nostril once daily

Ciclesonide Omnaris Spray: 50mcg/actuation

Adults and children ≥6yr: 2 sprays in each nostril once daily

Zetonna Spray: 37mcg/actuation

Adults and children ≥12yr: 1 spray in each nostril once daily

*Detailed information about each agent should be obtained from the manufacturer’s drug insert.
†Only available over the counter.

bid, Twice daily; tid, three times daily.
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re highes in he rning run :00 am. ese high s 
eves inhii furher ruin n reese f guriis 
n ACTH y he HPA xis euse f he feek ehnis 
reviusy esrie. During he y, s eves f ACTH (see 
Fig. 11.3, dotted line) n ris (see Fig. 11.3, solid line) gruy 
erese. As he gurii eve ereses, he nerir iuiry 
is reive  egin reesing ACTH, whih siues ru-
in f ris y he ren rex. is g eween inrese 
ACTH n ris eves is iusre in Fig. 11.3. One f he re-
sns fr je g n he ey in jusing  nigh shif fr y 
shif is h his iurn n regur rhyh f riseri eves 
ees u f synhrnizin wih he ie zne n he wrk 
ie. Ahugh  wrker nees  see  :00 am fer wrking  
nigh, he y is wie wke, wih energy sres eing reese.

AlternateDay Steroid Therapy

Aerne-y hery iis he nur iurn rhyh y 
inisrin f  seri rug ery in he rning, when nr-
 issue eves re high. Suressin f he HPA syse urs 
 he se ie i nry wu wih he ys wn seri, 
n n he erne y he regur iurn serein in he HPA 
syse n resue. Tissue sie ees re iniize euse he 
rug is inisere  he ie when issues re nry exse 
 eeve riseri eves y he ys rhyh. Use f n 
inereie-ing riseri rug, wih  urin f 12  
36 hurs, ws rug hery  e resrie  erne ys.

Nature of Inammatory Response

A jr hereui ee seen wih ngs f he nur (eng-
enus) ren ri hrne hyrrisne is n niin-
ry in. Gurii ngs f engenus hyrrisne re 
use fr his ee in reing sh, whih is n inry r-
ess in he ungs. T unersn he niinry iviy f he 
gurii rugs use in sh, he nure f inin in 
gener n f irwy inin, in riur, re reviewe riey.

K E Y  P O I N T

Inammation produces general symptoms of redness, swelling, heat, and pain.

A gener eniin f inammation is he resnse f vsur-
ize issue  injury. An exeen n si ie esriin 
f inin ws given in he rs enury ad y Cesus: “rubor 
et tumor cum calore et dolore,” whih is rnse s “reness n 
sweing wih he n in. is is he s gener esriin 
f n inry rein  injury, suh s  u, wun infe-
in, siner, urn, sre, r ee sing.

• Fig. 11.3 Diurnal variations in adrenocorticotropic hormone (dotted line)

and cortisol (solid line) (see text for detailed description).

An ue f Cesus esriin urre in he 1920s wih 
Lewis hrerizin knwn s he triple response:
1. Redness: L iin f  vesses, urring in sens
2. Flare: Reish rin sever enieers fr he sie, 

urring 15  30 sens fer injury
3. Wheal: L sweing, urring in inues

e ress f inin ruing he visie resus 
esrie y Cesus, Lewis, n hers is use y he fwing 
fur jr egries f iviy:
1. Increased vascular permeability: An exue is fre in he sur-

runing issues.
2. Leukocytic inltration: Whie  es (WBCs) eigre 

hrugh iry ws (ieesis) in resnse  rn 
heis (hexis).

3. Phagocytosis: WBCs n rhges (in he ungs) inges n 
ress freign eri, suh s eri.

4. Mediator cascade: Hisine n hern frs re 
reese  he sie f injury, n vrius inry ei-
rs, suh s een n rhini i rus, re 
genere.

Inammation in the Airway

K E Y  P O I N T

In the airway, inammation is mediated by various cells, such as eosinophils, 

basophils, macrophages, mast cells, T lymphocytes, and epithelial or endo-

thelial cells, in response to the release of mediators of inammation. This 

process is complex and involves several mediators, including the arachidonic 

acid cascade (prostaglandins and leukotrienes); histamine; and various 

cytokines, such as interleukins. These mediators further amplify the inam-

matory response by attracting the cells mentioned previously to the airway 

and inducing the release of adhesion factors (e.g., intercellular adhesion 

molecule [ICAM]) to bind inammatory cells to the airway surface.

Inin n ur in he ungs in resnse  vrius uses, 
inuing ire ru (gunsh wun, sing), inire 
ru (un injury  he hes), inhin f nxius r xi 
susnes (hrine gs, ske), resirry infeins n sys-
ei infeins ruing seiei n sei shk in ue 
resirry isress synre (ARDS), n ergeni r nn-
ergeni siuin in sh. e w s n in-
ry iseses f he irwy seen in resirry re re hrni 
rnhiis, whih is usuy use y  sking, n 
sh, whih n e use y  rnge f riggers n invves  
ex hhysigy.

Beuse guriis re  insy fr reing sh, he 
uie hwys n eirs fr he genesis f irwy in-
in seen in sh re riey esrie. Ash is urreny 
uners s  isese in whih here is hrni inin f 
he irwy w, using irw iiin n  hyerresnsive-
ness  vrius siui4,5 (Bx 11.1). e irwy inin is 
eie y inry es, suh s s es, esinhis, T 
yhyes, n rhges. e s e n he esinhi 
re nsiere  e he jr eer es f he inry 
resnse, regress f wheher he sh is f he ergi r 
nnergi ye.6 T yhyes y e iv in rining 
he inry resnse y reesing nuerus rin-
ry ykines (reins h regue iune n inry 
resnses), whih  n shis, eihei es, n enhe-
i es in he irwy  furher he inry ress. e 
en eirs reese uring n shi rein use 
irwy sh use nrin (rnhss), inrese 
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irvsur ekge n irwy w sweing, uus serein, 
n reeing f he irwy w ver he nger er. In n 
ue se, ee wih sh exhii wheezing, rehessness, 
hes ighness, n ugh, eseiy  nigh r ery rning. 
e ue sys rue y he irwy inin re 
 es ry reversie eiher snneusy r wih hr-
gi reen. Treen wih niinry gens, suh s 
guriis, is irn  reue he s eve f irwy 
inin, irwy hyerresnsiveness, n he reissiin 
 ue eises f sruin.

Ashi reins re ihsi, wih n ery hse n  e 
hse. Fig. 11.4 shws  neu reresenin f he ver 
ress. Afer n insu  he shi irwy y n ergen, 
 ir, vir infein, r nxius gs, here is eviene h he 

Operational Denition of Asthma

Asthma is a chronic inammatory disorder of the airways in which many 

cells and cellular elements play a role, in particular, mast cells, eosinophils, 

T lymphocytes, macrophages, neutrophils, and epithelial cells. In susceptible 

individuals, this inammation causes recurrent episodes of wheezing, 

breathlessness, chest tightness, and coughing, particularly at night or in the 

early morning. These episodes are usually associated with widespread but 

variable airow obstruction that is often reversible either spontaneously or with 

treatment. The inammation also causes an associated increase in the existing 

bronchial hyperresponsiveness to various stimuli.

National Asthma Education and Prevention Program, National Heart, Lung, 

and Blood Institute, National Institutes of Health. (2007). Expert Panel Report 3: 

Guidelines for the Diagnosis and Management of Asthma, NIH Publication No. 

08-4051, Bethesda, Maryland:, National Institutes of Health.

• BOX 11.1

• Fig. 11.4 Conceptual illustration of inammatory asthmatic response in the airway, producing a biphasic deterio-

ration in expiratory ow rates described as an early-phase and late-phase response to triggering stimuli. ECF-A,

Eosinophilic chemotactic factor; FEV
1
, forced expiratory volume in 1 second; LTB

4
, leukotriene B

4
; LTC

4
, leukotriene 

C
4
; LTD

4
, leukotriene D

4
; LTE

4
, leukotriene E

4
; NCF, neutrophil chemotactic factor; PGE, prostaglandin E; PGF

2
α,

prostaglandin F
2

α; PGI, prostaglandin I; SRS-A, slow-reacting substance of anaphylaxis; TXA
2
, thromboxane A

2
.

ery shi resnse is use y immunoglobulin E (IgE)-
eenen ivin f irwy s es, whih n reese 
inry eirs, suh s hisine, rsgnin D

2

(PGD
2
), n eukriene C

4
.5 e ieie resnse f he 

irwy  heis, suh s hisine, is rnhss. is 
resnse eks  u 15 inues n hen eines ver he 
nex hur; his rues he ery hse erese in exirry 
w res iusre in Fig. 11.4.

Ahugh ery rnhnsriin f sh use y e 
sef-iiing r resn  β gniss, eur evens n ninue 
 rgress. Ms e eirs n he reese f ykines rerui 
her inry es (esinhis, shis, nyes/
rhges, n yhyes) y iving eihei es n 
enhei es  reese hesin eues (e.g., ICAM) n 
her ykines  use he e-hse rein. During he e-
hse resnse, s es n reruie esinhis, yhyes, 
r rhges h hve inre he irwy reese  rnge f 
inry eirs. Neurhis re n genery ssie 
wih sh n ergi reins in he sene f infein. e 
e shi resnse urs 6   hurs fer  henge, n 
i y s fr 24 hurs. e e-hse rein is hugh  
e reeive f he hrni inin hrerizing sh 
eween ue eises.6

Phshiis in he e erne f s es n her es 
re nvere y hshise A

2
 (PLA

2
)  rhini i n 

hen  vrius rnhive n vsive susnes y he 
w ei hs shwn in Fig. 11.4: he yxygense n 
ixygense hwys. e er eicosanoid is use  refer  he 
rus f he w hwys. e igrin f esinhis n 
yhyes n furher eveen f inin-ruing 
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heis, suh s he rhini i eies n ykines, 
 nriue  ui n inry resnse in he ung.7 In 
iin  sh use ss, uus serein urs, ng 
wih us sweing resuing fr inrese vsur ere-
iiy. Sheing f irwy es (desquamation) n ge e 
hyersi re seen. e resu is uus ugging f he irwy, 
ie y he eur eris in he rnhi uen. e 
hgy f rnhi sh hs een esrie s “hrni es-
quing esinhii rnhiis. ese irwy hnges e  
furher rnhi hyerreiviy seen in sh. ere is eviene 
f irwy reeing, wih inrese ensin (n exreur 
rix rein fr e eveen), gens, n rnein, 
 f whih n use hikening f he seen erne in 
he irwy w. is irwy reeing eregues uni-
in eween es, ring eihei ge n enhning 
he inry resnse.9

Aerosolized Corticosteroids

Sever riseri rerins, suh s hyrrisne, r-
isne, renisne, renisne, n ehyrenisne, re 
vie, n  hve niinry iviy. Hwever, hese 
gens rue unesire sysei sie ees when use  re 
sh, COPD, n inin f he ung. As wih  inhe 
gens, i iin f riseris is inene  r-
vie ire iin f he rug  he ung r ns ssges 
n reue sysei sie ees.

Aerosolized Corticosteroid Agents

C L I N I C A L  C O N N E C T I O N

The use of aerosolized corticosteroids targets inammation in the airway, 

with a smaller dose reducing systemic side effects.

Sever ers seri gens,  f whih re guriis, re 
vie fr inhin use in he Unie Ses  he ie f his 
eiin. ese re ise in Te 11.1, whih surizes seris use 
fr r inhin; riseris in inin wih her gens 
re ise in Te 11.2, n Te 11.3 iss gens fr inrns eiv-
ery, wih heir srenghs n reene ses. Originy, in he 
Unie Ses,  f he ry inhe riseris were vie s 
eere se inher (MDI) fruins. Hwever, ry wer inh-
ers (DPIs)—Diskus (uisne), Arnuiy Ei (uisne), Pui-
r Fexher (uesnie), n Asnex Twisher (esne 
fure)—hve s een inrue, ng wih he ny rve 
s vue neuizer (SVN) fruin (uesnie [Puir 
Resues]). A he ie f his eiin,  he MDI fruins re 
vie wih hyrurkne (HFA) ren (eehsne, 
uisne, esne, n iesnie).

ese gens ssess  high i--sysei eny ri, 
whih kes he suie fr nr f sh r COPD wih 
ini sysei sie ees. e hei sruures f he 
ers gens vie fr r n ns inhin re shwn 
in Fig. 11.5. Eh f he ers gens is riey esrie nex.

Beclomethasone Dipropionate (Qvar RediHaler)

Beehsne irine (Qvr ReiHer) hs een knwn 
y sever nes, inuing Vneri n Beven; hwever, wih 
he rnsiin fr hrurrn (CFC)-ree MDI 
fruins, eehsne irine hs een refru-
e wih n HFA ren in  40- n 0-g MDI srengh 
s Qvr (see Te 11.1). Qvr Reiher is nw vie s  
reh-ue MDI. e esign hs rieess niser h es 
n nee  e shken, n hus riing is n require. Beuse 
f he reh-ue esign,  ser r vve hing her 
shu e use. e ien wi nee  iniu f 20L/in 
 ive  se. Lung esiin wih Qvr hs een esure 
 50%  60% f he eie se (see isussin f MDIs in 

• Fig. 11.5 Structures of aerosolized corticosteroids, showing the common steroid nucleus, and modications to 

enhance topical antiinammatory action.
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Cher 3). e usu sring se f Qvr is 40  0g wie 
iy (see Te 11.1).

An ers se f 400g is rxiey equiven  5  
10g f r renisne. When inhe y ers, he swwe 
rug is swy sre fr he gsrinesin r, n s 
f wh is sre is quiky (hf-ife in he iver is 10 inues) 
rken wn in is rs ssge hrugh he iver, revening high 
s eves.

Asrin f he rug rss he unry eiheiu is 
g, u ri inivin revens sysei uuin. 
Afer inhin f  2-g se, s eves f eehsne 
irine re very w, u he ive eie, eeh-
sne nrine (fen esigne 17-BMP), rehes signi-
n s eves f 1.  2.5ng/L.10

Fluticasone Propionate (Flovent HFA, Flovent Diskus, and 
ArmonAir Respiclick/Digiclick)

Fuisne rine (Fven HFA, Fven Diskus, n 
ArnAir Resiik/Digiik) is  synhei, riurine gu-
rii wih high i niinry eny n is 
vie in MDI n DPI frs. e MDI is vie in hree 
ieren srenghs: 44, 110, n 220g. Fuisne rrin-
e is vie s  generi MDI. DPI Resiik/Digiik is s 
vie in hree ieren srenghs: 50, 100, n 250g n 
55, 113, n 2232g, reseivey. ArnAir Resiik/Digi-
ik is  DPI n  ser shu n e use wih i, even hugh 
i y k ike n MDI. e rug is  furher ng f revius 
gens wih high i eny, synhesize  vi sysei 
sie ees. Fuisne is erive fr he 17β-rhie 
series f nrsne ngs,  gru h hs very wek HPA xis 
inhiiry iviy u high niinry ee.11 Using u-
inne enie s  referene snr, uisne rine 
ws fun  hve n niinry eny f 91 in ie,12

wih n HPA xis inhiiry iviy f ny 1, giving  hereu-
i inex (niinry eny/HPA xis eny) f 91. By 
risn, eehsne irine hs n niin-
ry eny f 21, wih n HPA xis inhiiry eny f 49 
in ie.13 If given y suuneus injein  ie, uisne 
rine exhiis HPA inhiiin; hwever, he r rue gives 
ny wek HPA xis suressin; his is usefu wih inhe er-
ss euse  rin f he ers y e swwe n n-
riue  sysei iviy f  rug. An exnin fr he wek 
HPA xis suressin when given ry y e is high rs-ss 
ee, resuing in ess hn 1% f ive rug se in he iru-
in euse uisne is riy eize in he iver in he 
inive ru 17β-rxyi i.12

Fluticasone Furoate (Arnuity Ellipta)

Fuisne fure (Arnuiy Ei) is vie s  DPI eivering 
100 n 200g/inhin fr ne-iy inenne reen 
f sh in iens ge 12 yers n er. Fuisne fure 
n uisne rine ier in h hey re ieren ss r 
esers fr ieren is. e ierene ers  e h he 
fure s hs eer niy fr he gurii reer, hus 
rviing  nger urin f in. Beuse f his niy, ui-
sne fure ens isef  ne iy sing. Insirry w f 
iens wi eerine he se f eh inhin. An insirry 
w f 60L/in wi rvie  es 90% f he se.

Budesonide (Pulmicort Flexhaler, Pulmicort Respules)

Buesnie (Puir, Puir Resues) is vie s  DPI 
(Puir Fexher) r s n inhin suin (Puir 

Resues). e DPI eivers w srenghs 0 n 160 g/
eere se—n Puir Resues is vie in ses f 
0.25, 0.5, n 1g. e ene f using Resues is h i n e 
ixe wih her gens, suh s rnhirs (e.g., uer, 
evuer, n irriu). Nuerus suies hve shwn 
h ixing he gens h n ee n he rugs ixe.13

Buesnie is  iy ive inhe riseri wih  
eny greer hn h f eehsne irine, ri-
inne, r unisie, u i is ess en hn uisne, 
s esie y skin vsnsriin ssy. Wih r inis-
rin, ny 10% f uesnie eners he sysei iruin 
euse f high (rxiey 9%) rs-ss eis in he 
iver. Afer inhin wih  ser evie, ek s nen-
rins ur eween 15 n 45 inues. e s hf-ife 
is 2 hurs. ere ers  e ini eis in he ung, 
wih rxiey 70% f he inhe se rehing he iru-
in.14 Buesnie ws fun  exhii u hf he ren 
suressin f uisne n  irgr equiven sis in 
iens wih sh.15

Mometasone Furoate (Asmanex Twisthaler, 
AsmanexHFA)

Mesne fure is vie s  MDI n DPI. MCr-
k n Psker16 reviewe is use in sh. Asnex n e 
given ne r wie iy. Singe-y sing y e enei 
 inrese nsiseny in he usge f n inhe riseri. 
Kre e.17 fun h unry funin resus inrese in 
iens reeiving ne-iy Asnex re wih e in 
iens reviusy using wie-iy ses f inhe rise-
ris. Asnex is rve fr iens s yung s 4 yers f ge.

Ciclesonide (Alvesco)

Ciesnie (Aves) is  rrug; ne i eners he y, i is 
enzyiy nvere  es-iesnie. Ciesnie hs een 
shwn  erese he iniene f Candida albicans infein in 
he uh. Ahugh i is ise  e isense wie iy, he 
ierure esries ne-iy sing  e s eeive s wie-
iy sing wih her inhe riseris. Des-iesnie 
hs  120 ies greer niy fr he gurii reer. 
Ciesnie is rve y he US F n Drug Ainisrin 
(FDA) ny fr inivius er hn 12 yers; hwever, sever 
eiri suies exis, whih y er eni  resrie 
-e.

Albuterol/Budesonide (AIRSUPRA)

Auer/uesnie (AIRSUPRA) is  inin gen fr 
PRN reen f sh in iens 1 yers n er. is 
inin f  shr-ing β

2
-gnis n  riseri is 

ny use s  resue inher  re rnhsss. e gens 
re isense s n MDI. e sge n viiiy f hese 
gens n hers n e fun in Te 11.2.

Fluticasone Propionate/Salmeterol (AdvairDiskus, Advair 
HFA, Wixela Inhub AirDuo Respiclick/Digiclick)

Fuisne rine/seer (Avir Diskus, Avir HFA, 
Wixe Inhu, AirDu Resiik/Digiik) is  inin 
ru f he riseri uisne wih he ng-ing 
β

2
-gnis rnhir seer. Fuisne rrine/

seer is vie s  generi DPI, siir  he resi-
ik. e Resiik/Digiik,  DPI, ks siir   MDI 
u shu n e use wih  ser r vve hing her. 
e inin f inhe seri n ng-ing β

2
-gnis 
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in  nvenien se kge is usefu in iens wih sh 
requiring he nee fr h yes f rug. In  rge uiener 
ini suy y Shir e.,1 iens wih sh wh were 
king eiu ses f inhe riseris were ree wih 
250g f uisne in inin wih 50g f seer 
fr he DPI Diskus evie fr 12 weeks. Piens in he re-
en gru h signiny eer FEV

1
 res ver 12 hurs, 

 signiny greer riiy f reining in he suy n 
n wihrwing euse f wrsening sys,  signiny 
inrese rning PEF, reue sh sy sres, reue 
resue uer use, n signiny fewer nighs wih n wk-
enings re wih iens king seer r uisne 
ne r  e.

Mometasone Furoate/Formoterol (Dulera)

Mesne fure/frer (Duer) is  inin r-
u f he riseri esne wih he ng-ing β

2

gnis rnhir frer (see Cher 6 fr  isussin 
f frer). Duer is vie s n MDI in hree srenghs 
(esne/frer): 50g/5g, 100g/5g, n 
200g/5g. In w rnize, ue-in, e-n-
re suies invving re hn 1500 iens, Duer ws 
e  inrese ung funin s  inin rug eer hn 
frer ne r  e. Fewer iens rere  eerir-
in n Duer hn frer ne (nufurers ierure).

Budesonide/Formoterol (Symbicort, Breyna)

Buesnie/frer (Syir, Breyn) is  inin 
ru f he riseri uesnie wih he ng-ing 
β

2
-gnis rnhir frer (see Cher 6 fr  is-

ussin f frer). Syir is vie s n MDI in 
w srenghs (uesnie/frer): 0 g/4.5 g n 
160 g/4.5 g. In w rge, ue-in, e-n-
re suies invving re hn 100 iens, Syir 
ws e  inrese ung funin s  inin rug e-
er hn eiher rug serey r  e, n i ws fun 
h he inin hery ws e  inrese ung funin 
15 inues fer inisrin (nufurers ierure). In 
Mrh 2022, Myn reeive FDA rv  er Syir 
s  generi, knws s Breyn.

Ahugh inin rus hve he isvnge f n 
wing hnges in se fr eh rug serey n his use 
hs een isurge, here is eviene f  enei, e-
enry inerin eween guriis n β-renergi 
gniss. e iin f ng-ing rnhirs  inhe 
riseris hs n negive ee n shws irveens in 
ung funin n sy nr, s shwn in he ini ri 
y Shir e.,1 y Chung19 fr Avir, n y Jenkins e.20

fr Syir.
e inerin resus fr he fwing knwn r invesig-

in ins f seris n β gniss:
• Seris inrese β

2
-renergi reer rnsriin (uregu-

in f β reers).19 21

• Inhe riseri hery n rvie ri re-
in gins he eveen f erne  β

2
-renergi 

gniss.19

• Seer hs een shwn  re ining f he gu-
rii reer  he resnse eeen f he es nuer 
DNA, without the glucocorticoid present, in vsur es, inii-
ing he niinry ee  es riy.21

If ngeen f sh requires  ng-ing β gnis n 
n inhe riseri, he inin rus uisne 

rine/seer n uesnie/frer er he vn-
ge f re nvenien, singe-fruin sing. GINA2 n 
he Exer Pne4 n Ash hve fun he use f uesnie/
frer s  referre gen in inenne, u s in us 
s  resue gen.

Fluticasone Furoate/Vilanterol (Breo Ellipta)

Bre Ei is  inin ru f he riseri ui-
sne fure wih he ng-ing β

2
-gnis rnhir 

viner (see Cher 6 fr  isussin f viner). Bre Ei 
is  DPI nining w ue-fi iser sris f wer fr-
uin fr r inhin. One sri nins 100 r 200g 
f uisne fure er iser, n he her nins 25g 
f viner er iser. e inin ru is rve fr 
ne-iy reen f COPD n fr iens wih sh wh 
re 1 yers  r er.

C L I N I C A L  C O N N E C T I O N

Trelegy Ellipta and Breztri Aerosphere are xed-drug combinations that 

include three different agents into one inhaler. This is termed “triple 

therapy” in the maintenance of chronic obstructive pulmonary disease 

(COPD) and asthma.

Fluticasone Furoate/Umeclidinium/Vilanterol 
(Trelegy Ellipta)

Treegy Ei is  xe-rug inin n he rke n 
ere “rie hery euse i is he rs  inrre  
hree gens use  re COPD in ne inher. e DPI rvies 
100g uisne fure, 62.5g ueiiniu rie, 
n 25g f viner er iser, reseivey. is gen is use 
in he inenne reen f COPD. Le in 2020, Treegy 
ws rvie n iniin  re sh in iens 1 yers 
n er. In  sysei review22 i ws ne h rie hery 
ssise in reuing sh exerins n ver sh n-
r in us n hiren s yung s 6 yers f ge.

Budesonide/Glycopyrrolate/Formoterol 
(Breztri Aerosphere)

Brezri Aershere is he newes xe-rug inin wih 
hree gens, knwn s “rie hery. e inin f gens 
uiizes  ressurize MDI n is inie in he inenne 
reen f COPD. e MDI eivers 160 g f uesnie, 
9 g f gyyrre, n 4. g f frer er uin. 
He23 reviewe Brezri  her rie heries n fun n if-
ferene in reen f COPD.

Intranasal Corticosteroids

A he seris vie re ry inhe gens, n ny re 
s vie in n inrns fruin. Ex iniins fr 
he inrns rerins vry y sei gen, u inrns 
seris genery re use  re ergi r inry ns 
niins n sesn r erenni ergi r nnergi rhi-
niis n  reven reurrene f ns ys. Avie rer-
ins re ise in Te 11.3, wih srenghs n reene 
ses. Oher gens h re use  re sesn ergi rhini-
is inue H

1
-reer ngniss (e.g., rine), ryn 

siu (see Cher 12), i vsnsrirs, suh s xy-
ezine r eherine, n nihinergis, suh s irr-
iu rie.
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K E Y  P O I N T

Aerosolized glucocorticoids all are topically active drugs and include beclo-

methasone dipropionate, triamcinolone acetonide, unisolide, budesonide, 

uticasone propionate, uticasone furoate, and mometasone furoate. Aerosol 

agents are available for oral inhalation in the control of asthma and chronic 

obstructive pulmonary disease (COPD) and intranasal administration for 

rhinitis

Pharmacology of Corticosteroids

K E Y  P O I N T

Glucocorticoids are lipid soluble and act on intracellular receptors to produce 

antiinammatory effects.

e inry ress n e reue r ke y he ni-
inry ees f guriis. e enei ee f 
guriis in sh n her inry iseses resus 
fr heir iiy  inhii he iviy f inry es n 
eirs f inin.

Mechanism of Action

K E Y  P O I N T

The mechanism of action of glucocorticoids is through the upregulation of 

antiinammatory proteins (e.g., β receptors and lipocortin) and the down-

regulation of proinammatory proteins (e.g., cytokines and substance P).

Guriis re highy ihii n ener irwy es  
in  inreur reers.24 is ehnis f rug sign-
ing in ws esrie riey in Cher 2 in he isussin 
f he hrynis f ii-sue rugs h iner 
wih inreur reers. Originy, invesigrs hugh 
h riseris r, re siy, seris exere niin-
ry iviy y siizing ysses wihin neurhis; his 
revene egrnuin n n inry resnse. In he 
i-1960s, seri reers were isvere, n i ws reize 
h seris ify he inry resnse y inuing gene 
exressin wihin he e. By he 190s, i ws shwn h gu-
riis inue gene exressin fr he niinry r-
ein irin, whih inhiis he enzye PLA

2
, revening he 

rhini i se, whih es  rsgnin synhesis 
n ixygense rus.6 Hwever, nw i is uners h 
PLA

2
 inhiiin is ny ne f uie ehniss y whih 

seris enue he inry resnse.25–27

Seris suress   r sysei inry resnse 
y  es hree gener ins; hese ins re iusre in 
Fig. 11.6. Genery, seris iuse in he e n in   
gurii reer. Befre ining y  seri, he gu-
rii reer is in n inive se n is un   rein 
ex ere heat shock protein 90 (hsp90), whih revens he 
unuie reer fr rnsing  he nueus f he e. 
When he seri ins  he reer, hs90 issies, n 
he seri–reer ex rnses  he e nueus. One 
gener in (n wys he rs ery) f  guri-
i is  uregue he rnsriin f niinry genes 
fr susnes, suh s irin, s reviusy esrie.25–27 In 
he nueus, he seri rues his r f is ee n he e 
y ining  rins f he nuer DNA ere glucocorti-
coid response elements. Bining f he rug–reer ex  

gurii resnse eeens uregues, r inues, rn-
sriin f niinry susnes, suh s irin, neu-
r eneise, serery eukye rese inhiir (sLPI), 
r inhiirs f singen ivr.6 ese re  niin-
ry susnes. A sen gener in f guriis is 
he suressin f frs suh s ivr rein-1 (AP-1) n 
nuer fr-κB (NF-κB), whih use rnsriin f genes 
invve in inin. is suressin y e y ens f 
 ire inerin wih hese rnsriin frs, y whih he 
rnsriin fr is inive efre i inues gene exressin 
in he nueus.25 Dire inivin f AP-1 n NF-κB es  
wnreguin f gene exressin fr rinry ei-
rs, suh s ykines. NF-κB regues genes h hve inrese 
exressin in sh, inuing genes fr ykines, suh s 
inereukins (e.g., inereukin-1 [IL-1] n inereukin-3 [IL-3]); 
hekines; ur nersis fr-α (TNF-α); niri xie syn-
hse, whih rues niri xie in he irwy; n hesin 
eues, whih re reruien n hen f eu-
kyes (esinhis n shis) fr he iruin  he 
irwy enheiu.14 25 26 A ire inivin f inry 
rnsriin frs, suh s AP-1 r NF-κB, y un fr he 
riiy wih whih se eur ees f seris re seen n 
h re n we exine y he ie neee fr iin 
f gene exressin wihin  e. A hir in f guriis 
is  uregue he exressin f inhiirs f NF-κB, suh s 
he inhiir f nuer fr rein (IκBα). is inhiir f 
NF-κB furher suresses gene exressin fr rinry 
reins, suh s ykines.26–2

e gener resu f hese ins is  induce gene exressin 
fr niinry reins n reers n  suppress gene 
exressin fr rinry reins. Over, guriis 
inhii he ykine ruin resnsie fr reruien n 

• Fig. 11.6 Proposed mechanism of action by which glucocorticoids exert 

an antiinammatory effect. AP-1, Activator protein-1; CS, corticosteroid; 

DNA, deoxyribonucleic acid; GR, glucocorticoid receptor; GRE, glucocor-

ticoid response element; hsp90, heat shock protein 90; IκBα, inhibitor of 

nuclear factor-κBα; NF-κB, nuclear factor-κB; SLPI, secretory leukocyte 

protease inhibitor.
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igrin f inry es, suh s esinhis n yh-
yes, in he irwy. Exes f ykines h re suresse 
hrugh gene suressin iviy f seris re ise in Bx 11.2

Guriis inhii ny f he es invve in irwy 
inin, inuing rhges, T yhyes, esin-
his, n s es, in he rnhi irwy eiheiu n su-
us, n reverse he sheing f eihei es n ge e 
hyersi seen in sh.25 29 By eresing ykine-eie 
surviv f esinhis, sis f esinhis urs, reuing 
he nuer f esinhis in he iruin n in he irwy f 
sujes wih sh. Guriis s reue he nuer f 
s es wihin he irwys; s es re sures f hisine 
n her eirs f inin n inhii s exu-
in n uus serein in ine irwys.24 29 30

Eect on White Blood Cell Count

C L I N I C A L  C O N N E C T I O N

An increase in overall white blood cell (WBC) count will be seen in patients 

receiving systemic corticosteroids (orally, intravenously, or intramuscularly); 

however, depending on dose of inhaled corticosteroid, the WBC count may 

remain unchanged.

Leukyes, suh s nyes, rhges, neurhis, n 
shis, re s esseni  he inry resnse n re 
re  n re f injury y he hei frs ienie 
ng he eirs f inin. Neurhis usuy here 
(“rgine)  he iry enheiu f srge sies in he 
ung. Guriis use eein f hese sres n reue 
heir uuin  inry sies n in exues. is is 
ere demargination n n inrese he nuer f neurhis 
in iruin when he es eve heir srge sies. An ver-
 inrese in he WBC un n e seen in iens reeiving 

Cytokines* Involved in Airway 

Inammation That Are Suppressed by 

Glucocorticoids

Tumor necrosis factor-α

(TNF-α), interleukin-1 

(IL-1)

Are released from macrophages, monocytes, and 

other cells to activate endothelial cells to recruit 

neutrophils, eosinophils, and basophils from 

circulation

IL-4 IL-13 Are released from lymphocytes and basophils and 

associated with allergic diseases; cause endothelium 

to bind basophils, eosinophils, monocytes, and 

lymphocytes

IL-3, IL-5, granulocyte 

macrophage–colony-

stimulating factor 

(GM-CSF), interferon-γ

(IFN-γ)

Cause eosinophil priming, resulting in prolonged 

eosinophil survival and potentiated degranulation to 

release inammatory substances

Chemokines Family of small cytokines (molecules with masses 

of8–10kDa) having many chemotactic properties 

to attract cells to a site. Example: Regulated on 

activation, normal T-cell expressed and secreted 

(RANTES), one of the most potent chemokines, 

which induces eosinophil and lymphocyte migration 

and attraction

*Cytokines are proteins secreted by various cells, such as lymphocytes, that regulate local and 

systemic inammatory responses.

• BOX 11.2 guriis. Guriis e her eukyes y inhi-
iing he nuer f nyes, shis, n esinhis; his 
n s e seen in he iereni un f hese es. A ersn 
wih ergi sh wh wu herwise hve  higher hn nr-
 esinhi un wu shw  w un fer iniiin f 
rug hery. Finy, guriis nsri he irvsu-
ure  reue ekge f he reviusy ie es n uis in 
inry sies.

C L I N I C A L  C O N N E C T I O N

The use of systemic and inhaled corticosteroids increases afnity and 

number of β receptors assisting in the use of bronchodilators, this is termed 

upregulation.

Eect on β Receptors

β-renergi gens re ng he s en inhiirs f s 
e reese; ye n iniviu wih sh in n ue eise 
y e unresnsive  hese rugs. A enei ee f gu-
riis is heir iiy  resre resnsiveness  β-renergi 
siuin.21,30 is ee n e seen wihin 1  4 hurs fer 
inrvenus inisrin f guriis n is he rine 
fr inisering  us f seri in sus shius s r f 
ue reen. Ahugh seri in is sw, he sner seris 
re given, he sner he ien wih sh egins  resn 
 β-renergi rugs, n sure veniin y e vie. 
Guriis enhne β-reer siuin y inresing he 
nuer n viiiy f β reers n he e surfes n 
y inresing niy f he reers fr β gniss. ere is s 
eviene h guriis rng engenus irury -
ehine in y inhiiing he uke-2 ehnis. e 
ehniss fr  siive inerin eween β

2
 gniss n r-

iseris re esrie in he isussin n ersize ri-
seri gens  he en f he sein.

Hazards and Side Eects of Steroids

Systemic Administration of Steroids

K E Y  P O I N T

Hazards associated with systemically administered steroids include hypotha-

lamic–pituitary–adrenal (HPA) axis suppression, immunosuppression, uid 

retention, muscle wasting, and others.

e iing sie ees f sysei seri reen re 
we knwn n rvie he ivin  swih  ersize, 
inhe seris, when ssie. ese iins rise fr 
he hysigi ees f seris n he y. ese hysigi 
ees re fen exggere wih sysei rug hery euse 
eny n s eves re higher hn hse wih he ys 
wn seris. Ciins f sysei hery re reviewe y 
Truhn n Ahe.31 ese iins re surize in 
Bx 11.3 n re riey esrie here:
• Suressin f he HPA xis y ur, using inhiiin f 

ACTH reese n ris serein fr he ren gn. 
e engh f ie  rever fr his suressin vries wih 
ien, se, n urin f reen.

• Wih suien se n urin, iunsuressin n e 
use; his n e  inrese suseiiiy  infein y 
eri, vir, r fung gens.
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• Psyhiri reins n ur, inuing insni,  
hnges, n ir r shizhreni syhses.

• Cr frin hs een ne, n rrey, inrur 
ressure y inrese.

• Myhy f srie skee use n ur.
• Seri-inue sersis is ee u is hugh  e  

iiin f exene seri hery. Asei nersis f he 
ne is s use y seri hery.

• Pei uer is hugh  e  iin, u eviene fr 
his is ee. Piens y fen e reeiving her uer-
geni eiins, suh s sirin r nnseri niin-
ry rugs (NSAIDs).

• Fui reenin n ur euse f he siu-sring ees 
f guriis, giving  uy erne.

• Hyerensin y ny he ui reenin r e ggr-
ve y i.

• Criseris given syseiy n inrese he WBC 
un, wih n inrese in neurhis n  erese in y-
hyes n esinhis.

• Dergi hnges n ur, inuing  reisriuin f 
suuneus f using he ushingi erne f enr 
esiy, huk, n n fe.

• Grwh f hiren n e swe y rnge sysei her-
y euse riseris rer ne grwh n eihyse 
urin.

• Criseris e  gunegenesis n ngnize gu-
se uke, using hyergyei. is n e  reversie 
seri-inue iees.

Systemic Side Eects With 
AerosolAdministration

K E Y  P O I N T

Hypothalamic–pituitary–adrenal (HPA) axis suppression is minimal or absent 

with inhaled agents, although high doses can cause adrenal suppression in a 

dose-dependent fashion.

e rine fr he inruin f inhe ers seris ws 
 eiine r reue he sie ees seen wih sysei hery. 
Ahugh ers seris re inisere in w ses euse 
f heir high i iviy,  sie ees y ur, n er-
in sysei sie ees, ise in Bx 11.4, re s  nern. 
Se sie ees y ur wih rnsfer fr r hery  
he inhe rue. ree sysei ees f nern wih inhe 

Side Eects Seen With Systemic 

Administration of Corticosteroids

• Hypothalamic–pituitary–adrenal (HPA) axis suppression

• Immunosuppression

• Psychiatric reactions

• Cataract formation

• Myopathy of skeletal muscle

• Osteoporosis

• Peptic ulcers

• Fluid retention

• Hypertension

• Increased white blood cell count

• Dermatologic changes

• Growth restriction

• Increased glucose levels

• BOX 11.3 Potential Hazards and Side Eects With 

Inhaled Aerosol Corticosteroids

Systemic
• Adrenal insufciency*

• Extrapulmonary allergy*

• Acute asthma*

• HPA axis suppression (minimal, dose dependent)

• Growth restriction (dose dependent)

Local (Topical)
• Oropharyngeal fungal infections

• Dysphonia

• Cough, bronchoconstriction

• Incorrect use of MDI (inadequate dose)

HPA, Hypothalamic–pituitary–adrenal; MDI, metered dose inhaler.

*After transfer from systemic corticosteroid therapy.

• BOX 11.4

seris re HPA xis suressin, ss f ne ensiy, n grwh 
resriin in hiren. Pssie sysei sie ees wih inhe 
seris re s fws:
• Aren insuieny y ur fer rnsfer fr sysei 

 inhe ers seris. Wening fr sysei seris  
w revery f ren rex n HPA xis funin n 
refu niring f unry funin n he nr 
his re.

• ere y e  reurrene f ergi inin in her 
rgns, suh s ns ys r i eriis, fer essin 
f sysei seris.

• Aue severe eises f sh y ur fer wihrw 
fr r seris n rnsfer  inhe frs. Aersize 
seris y e ineque  nr sh, eseiy ur-
ing eris f sress, n shr urses f r rug y e 
neessry (“urs hery).

• Suressin f HPA xis funin is nnexisen r w  s 
ses f inhe ers seris n inreses wih higher 
ses. Ciniy signin suressin is rre  inhe ses 
ess hn 00 g/y in us n ess hn 400 g/y 
in hiren.32 Gerg e.33 invesige MDI eeh-
sne inisrin, wih n wihu  reservir, in hiren. 
ey fun h 7 f 15 sujes using he MDI ne (ver-
ge se 474 ± 220g/y) shwe ren suressin s 
esure y 24-hur urinry free ris exrein. Ony 2 f 
24 sujes using n MDI-reservir syse (verge se 563 
± 249g/y) shwe suh suressin. ese resus ini-
e h inhin f w  ere ses n use se 
ren suressin n h use f  reservir n reue his, 
ry y reuing he un f rug swwe. Ahugh 
higher inhe ses f seri hve  greer risk f ren 
suressin, he se  whih he risk fr xiiy uweighs 
he enei ee f n inhe seri reins unknwn.32

• Quesins hve een rise u he ee f inhe se-
ris n grwh when use in reuer hiren. A suy 
y Whers n Peersen34 fun  reuin in re f wer 
eg grwh wih inhe uesnie re wih  e. 
Grwh resriin ws seen in se suies wih eeh-
sne irine, u her suies hve fun n ee n 
grwh wih he se rug y inhin. Resus y e 
nfune y he ere grwh resriin n ey in 
uery seen s  resu f sh.3 ese uhrs ie  e-
nysis h fun n ssiin eween grwh iiren 
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n inhe eehsne irine, even  higher 
ses.35 In  suy y Rihrsn n hers,36 i ws fun h 
he use f eehsne n uisne resus in grwh 
rerin. e enes f inhe riseris in he re-
en f sh uweigh he ssie nsequene f grwh 
rerin, hwever.

• N  hve shwn ery he ee f inhe guriis 
in sh n ne ensiy n sersis. Hwever, Suer 
n Sein37 isvere h he higher he se f inhe r-
iseri, he greer ws he ee n ne ensiy seen in 
reenus wen wih sh.
I is gi h he risks f seri-inue verse ees re 

wer wih he reivey w ses f inhe seris re 
wih sysei inisrin. Hwever, he hresh ses y 
inhin using ren suressin r her ees rein 
unknwn. ese ees genery re rre wih ses f 00g/
y r ess in us n 400g/y r ess in hiren. Asr-
in f inhe seri es  sysei iviiiy fr h 
he swwe rin n he inhe rin rehing he ung. 
Te 11.4 surizes he  n he iviiiy f fur 
gens. When inisere ry, iviiiy rnges fr ess 
hn 1%  greer hn 20% f he  se; his resus fr 
he high rs-ss eis f he swwe rug. In nrs, 
 f he inhe se rehing he ung is sre n eners he 
sysei iruin, where i is uiey eize in he iver 
r exrunry issues.11 e eieny f he eivery evie 
in esiing rug in he ungs eerines he un f rug 
enering he sysei iruin fr he irwy. rssn e.3

rere h n MDI f uesnie eivere 1% f he se 
 he ungs, wheres  DPI rerin (Turuher) eivere 
nery wie s uh (32%). Leh e.39 fun h HFA fr-
uins gve re hn CFC fruins, wih 53% f HFA 
eehsne esie in he ung.

e higher esiin is ree  he rie size isriuin 
f he evie. HFA inhers give  uh eer rie size isri-
uin hn CFC evies. Uness wer ses re use wih HFA 
evies n DPIs, greer sysei rug eves resu re 
wih hse rue wih n equ se fr MDIs. T i-
viiiy—n he un f rug h n use sysei sie 
ees, suh s HPA xis suressin—is  funin f he sw-
we un, wih is iviiiy, n he inhe un, 
 f whih is sre in he iruin. Mny HFA ri-
seri ses re wer hn CFC riseri ses. Use f  
reservir evie n uh rinsing n iniize he rhryn-
ge ss n un f swwe rug nriuing  sysei 

TABLE 

11.4

Bioavailability of Oral and Inhaled 

Corticosteroid Agents

Oral (%)* Inhaled (%)†

Beclomethasone dipropionate <20 ≈20

Triamcinolone acetonide 22.5 21.5

Budesonide 1.0 25.0

Fluticasone propionate <1 20.0

*Figures represent percentages of a 100% oral dose.
†Figures represent the 20% of an inhaled dose that reaches the lungs and indicate complete 

absorption of that fraction.

Modied from Johnson, M. (1996). Pharmacodynamics and pharmacokinetics of inhaled glu-

cocorticoids, Journal of Allergy and Clinical Immunology, 97(Suppl),  169.

iviiiy n eni sie ees. I is neessry  jus 
ses n he sis f he eieny f he eivery syse n he 
un rehing he irwy.

Topical Local Side Eects With 

AerosolAdministration

C L I N I C A L  C O N N E C T I O N

Inhaled agents may cause local oral candidiasis, hoarseness, cough, and 

bronchoconstriction in some cases.

Tw f he s n sie ees use y i i-
in f inhe seris in he resirry r re rh-
rynge niisis (r hrush) n yshni. Sever her 
iins n reuins wih he inhe rue re su-
rize ew.

Oropharyngeal Fungal Infections

Infeins wih C. albicans r Aspergillus niger y ur in he 
uh, hrynx, r rynx euse f ersize seri re-
en. Se fr f his y e seen in ne hir f iens 
king he ers fruins; hwever, hese infeins resn 
 i nifung gens n see  iinish wih ninue 
ers seri use. Ourrene n severiy re se ree n 
re re ikey  ur in iens wh re s king r se-
ris. e use f  ser evie n grging fer reen n 
reue rhrynge esiin f he seri n he iniene 
r severiy f rhrynge fung infeins.

Dysphonia

Hrseness n hnges in vie quiy y s ur wih 
inhe seris in ne hir f iens. is yshni n e 
iniize y use f  ser n y grging. e ee is use 
ririy y ur v r resis, whih is hugh  e  
 seri-inue yhy.40

Other Complications or Precautions

• Cough and bronchoconstriction: Osiny, ugh r rnh-
nsriin y ur fer inhin f n ers seri.

• Incorrect use: Inrre use f he MDI eivery vehie rere-
sens  ssie risk fr euse ineque uns f he 
i inhe seri re eivere.

• Wih inhe seris, he fwing n iniize he risk f 
 n sysei verse ees:

• Use f ini ses (400g/y in hiren n 00g/
y in us), r he wes eeive se

• Use f  reservir evie
• Muh rinsing fer reens

C L I N I C A L  C O N N E C T I O N

Side effects with inhaled steroids can be minimized by use of a reservoir 

device, rinsing of the mouth after treatments, and use of minimal doses.

Clinical Application of Aerosol Steroids

Criseris re use fr  wie vriey f niins wih he 
hereui g f reuing inin. ese iins 
inue ini niins, suh s n eriis, rheu-
i rhriis, n sysei uus eryhesus, s we s sh 
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n COPD, n inue i re iin n r, r-
ener, n inhe fruins.

Use in Asthma

K E Y  P O I N T

Inhaled steroids are used in asthma as a rst-line therapy for mild to moderate 

asthma.

e 2022 G Iniiive fr Ash (GINA)4 n he Exer 
Pne1 n Ash, ienify riseris s ng-er nr 
gens rher hn quik-reief gens. Hwever, he use f -
inin gens suh s uesnie/frer hve een shwn 
 e eeive s  resue gen in us. Criseris ri-
iny hve een use in sh y he r rue fr ine-
nne hery f severe sh, y he r r inrvenus rue 
fr reen f sus shius, n y inhin fr ine-
nne f sh nr. Hwever, inrese ehsis n sh 
s  isese f inin eing  rnhi hyerresnsive-
ness hs shife he use f inhe ers seris fr sen-
ine r hir-ine hery  rs-ine, riry hery. e use f 
riseris n nr sh n irve sh sys 
y reuing exerins n irving ung funin.1

e rinies f riseri use in sh, se n he 
reviusy enine guieines, re surize ew:
• Brnhi hyerresnsiveness is hrerisi f sh n 

is ree  he egree f irwy inin.
• e si hgy f sh, reviusy ehsize s rn-

hss, is nw uners  e  hrni inry 
isrer f he irwys resuing fr  ex inerin 
ng inry es, eirs, n irwy issue.1 e 
hrse “hrni esquing esinhii rnhiis hs 
een use  esrie sh.

• Inhe riseris re he s eeive ng-er her-
y fr i, ere, r severe ersisen sh, n hey 
re we ere n sfe  reene sges.1,4 Sever 
ins re ree  he use f inhe seris:
• Brnes41 suggese sring inhe riseris   high-

enugh se  e eeive n hen reuing he se. 
Aernivey,  shr urse f sysei riseris n 
e use  gin nr f sys fwe y  se-
wn in hery.1 Lss f ien nene n i-
ne wih resrie use f inhe riseris y e 
vie in his wy, eseiy euse seris  n give n 
ieie ee s  rnhir es. Any reuin in 
hrgi ngeen shu e nire y sy-
s, nin nee fr β

2
 gniss, n ek w res.

• An inrese in se f inhe riseris, suh s uing 
f he urren se, if PEF res eine 25%  30% y 
vi he nee fr r seris. Hwever, nre suies 
re neee  nr he eeiveness f suh ries.41

• If sh is n nre y inhe riseris n 
her yes f rug hery,  shr urs f r seris 
y e require  regin nr f he sh n  he 
er he irwys.1,9

Early Use of Corticosteroids in Asthma

ere is eviene h he iin f n inhe riseri  
rs-ine β-gnis inenne reen f sh reues r-
iiy n irwy hyerresnsiveness.1,42 Hhe e.43 shwe 
h sujes wih i sh inine n inhe uesnie 
(1200g/y fr 2 yers n hen 400g/y) h erese 

rnhi resnse  hisine henge re wih sujes 
king inhe eruine (375 g wie iy) ver  2-yer 
eri. Perhs he s signin ning ws h he er 
iin f inhe uesnie fer use f  β

2
 gnis ws une 

 give s high  eve f rnhrein s hieve y sujes 
wh h sre wih n ninue king he inhe seri. 
is ning suggess h irreversie hnges h urre ur-
ing he 2 yers f β

2
-gnis hery n surs erier use f 

inhe seris.
Puwes e .44 fun h ery reen in i ersisen 

sh wih w-se riseris erese exerins, 
inrese sy-free ys, irve FEV

1
, n erese he 

nee fr sysei riseris. In  e-nysis, Msi e.45

rere h inhe riseris re es in reing sh 
when ke   hereui rnge f 400g/y. Ahugh inhe 
riseris re rs-ine niinry gens n ee 
fr riry hery f ere sh in hiren, he nish 
rhyi gens ryn siu, neri siu, n 
eukriene iers y e use s n inii hie fr ng-er 
nr hery f i ersisen sh (se 2 hery) in hi-
ren euse hese eiins hve exeen sfey res.1

Inhaled Corticosteroids for Acute Severe Asthma

Inhe riseris hve n een nsiere usefu fr re-
en f ue, severe sh eises, n rug eing n-
rinies his use euse here is n rnhir ee. In 
iin, he se f inhe seris is w re wih r 
inisrin. A suy y Rrig n Rrig46 exine he 
iin f high, uuive ses f inhe unisie e 
 uer in eergeny eren reen f ue u 
sh. Bh rugs were given vi n MDI wih  ser. Funis-
ie ws given s fur us (250g/uin) every 10 inues. 
eir r we 3 hurs f his reen, wih  uu-
ive se f 6 g f unisie eh hur, n equy ggres-
sive uer sing. e use f unisie resue in eer ung 
funin  90 inues n ferwr re wih he use f 
uer ne. Ahugh reiinry, hese resus sugges h 
he nriniin  he use f inhe riseris fr re-
ing ue severe sh y nee  e rensiere.

Clinical Use of Inhaled Corticosteroids

Oher nsierins in he ini iin f inhe ri-
seris re s fws:
• High-se inhe seris n e rie in ses f severe, er-

sisen sh  ree r reue r riseri een-
ene. High ses f inhe seris re w  fur ies he 
usu reene se. Or seri hery n e reue 
swy whie niring he iens unry funin.1

Ahugh re nr y e hieve wih high ses f 
inhe seris, sie ees, inuing sysei ees, re s 
ikey  inrese wih inhe ses greer hn 1 g/y. 
Hwever, if r seris n e ree r even reue, his 
n e n ver irveen in he risk--ene ri.

• MDI-frue riseris shu e inisere fr 
r inhin using  reservir evie (refery  hing 
her rher hn  ser), n  fruins shu 
inue uh rinsing  reue he risk f rhrynge 
niisis r her fung infeins n  reue sysei 
srin fr swwe rug.

• Use f  ng-ing β
2
 gnis, suh s seer, in sujes 

wh hve ineque sy nr n re rey reeiv-
ing w  ere ses f inhe riseris y re-
ven he nee  inrese he inhe riseri se.1
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• e use f ng-er β-gnis hery wih  riseri 
n irve ung funin.1

• Cine wih resrie seri hery y inhin 
sees  e r n n e  iing fr in he n-
geen f sh n COPD. e iiy  reue gens r 
ve  ne--y sing y e hefu.

Use in Chronic Obstructive Pulmonary Disease

K E Y  P O I N T

Glucocorticoids may be useful in chronic obstructive pulmonary disease 

(COPD) and are often administered systemically for acute exacerbations. 

Inhaled glucocorticoids are prescribed for long-term results.

C L I N I C A L  C O N N E C T I O N

Corticosteroid use in chronic obstructive pulmonary disease (COPD) predis-

poses patients to infections, such as pneumonia.

e use f seris in COPD is regnize s hving eni 
in in reieving sys n exerins, u seri 
use hs ie  n ee n FEV

1
. e use f riseris is 

esrie in he 2020 ATS guieines2 n in he 2022 GOLD 
guieines.3 A review n ue n COPD hve een rvie 
y Hiğu n Aussun.47

COPD is hrerize y  ieren ern f in-
ry es hn is seen in sh.4 49 Esinhis reine in 
sh, wheres neurhis reine in COPD. Or n 
inhe riseris  n inuene he inry hnges 
riven y neurhis.26 4 49

Avie suies shw h riseri use in COPD reues 
exerins, sys, n riy50 u hs ie ee n 
unry funin resus.51–53 Oher suies hve fun h 
inhe riseris y n re s we gins exer-
ins, u sw he eine f FEV

1
54 55

In ue exerins f COPD, r r rener seris re 
fen given. Shr-er riseri hery hs shwn enes 
in hsiize iens.3 4 Mis e.56 fun h 2g f iq-
ui neuize uesnie irve FEV

1
 re wih  -

e n h siir resus  30g f r renisne. Use f 
inhe riseris is uh sfer hn r seri use. Piens 
wih se COPD shu n e given sysei riseris.2

RESPIRATORY CARE ASSESSMENT OF 

INHALED CORTICOSTEROID THERAPY

Before Treatment

• Insru ien in rre use f he ers eivery syse 
(MDI, hing her, SVN, r DPI), n hen verify.

• Assess rehing re n ern.
• Assess reh suns y usuin efre n fer reen.
• Assess use efre n fer reen.
• Assess iens sujeive rein  reen fr ny hnge 

in rehing er r ern.

During Treatment and Short Term

• Verify h ien unersns h  riseri is  nr-
er gen n is wre f is ierene fr  resue rnhi-
r (reieving gen); ssess iens unersning f he nee 

fr nsisen use f n inhe riseri (ine wih 
hery).

• In sh, insru ien in use f  ek w eer  ni-
r seine PEF n hnges. Verify h here is  sei 
in n, se n sys n ek w eer resus. 
Pien shu e er n when  n  hysiin wih 
eeririn in PEF r exerin f sys.

Long Term

• Assess severiy f sys (ughing, wheezing, nurn 
wkenings); sys uring exerin; use f resue rn-
hir; nuer f exerins; isse wrk r sh 
ys; n unry funin. Mify eve f hery wih 
referene  NAEPP r GINA guieines fr sh n ATS 
r GOLD guieines fr COPD.

• Assess fr resene f sie ees wih inhe seri hery 
(r hrush, hrseness r vie hnges, ugh r wheezing 
wih MDI use); hve ien use  reservir (refery  h-
ing her) wih MDI use n verify rre use.

General Contraindications

• In gener, riseris re sfe. Hwever, es rie is 
use f wes eeive se.

• Piens shu rinse uh fer inhin f  riseri.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. Identify all corticosteroids, using generic names approved in the United 

States for clinical use by oral inhalation.

2. What is the major therapeutic effect of corticosteroids?

3. Name two common respiratory diseases in which inhaled 

corticosteroids are prescribed.

4. What is the rationale for administering corticosteroids by the inhalation 

route, rather than by the oral route, in asthma?

5. Contrast the effects of β agonists with the effects of corticosteroids on 

the early phase and late phase of asthma.

6. What is the effect of orally administered corticosteroids on growth, 

bone density, and adrenal function?

7. What is the purpose of alternate-day steroid therapy?

8. Can you switch from oral steroid use to inhaled steroid use in a patient 

with asthma? Explain the precautions or reasons, as appropriate.

9. State two common side effects with inhaled steroids.

10. Identify two methods of minimizing the side effects identied in 

Question 9.

11. Have inhaled corticosteroids traditionally been used with an asthmatic 

during an acute episode?

CLINICAL SCENARIO

Answers can be found in Appendix A.

A 55-year-old White woman presents to the emergency department with 

a chief complaint of cough, wheezing, shortness of breath, and chest pain. 

She is well nourished and educated. She is known to have asthma, with one 

hospitalization in the previous year for asthma exacerbation. She reported 

experiencing rhinorrhea, sore throat, sinus congestion, and subsequent 

increase in dyspnea and wheeze 2 days earlier.

Physical examination on admission to the emergency department 

revealed wheezing on auscultation, use of accessory muscles, no cyanosis 

or diaphoresis, and mild respiratory distress. Vital signs were as follows: 
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Nonsteroidal Antiasthma Agents
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C H A P T E R  O U T L I N E

Clinical Indications for Nonsteroidal Antiasthma Agents

Identication of Nonsteroidal Antiasthma Agents

Mechanisms of Inammation in Asthma

Immunologic (Allergic) Response

CromolynLike Mast Cell–Stabilizing Agents

Cromolyn Sodium (Disodium Cromoglycate)

Dosage and Administration

Mechanism of Action

Pharmacokinetics

Clinical Ecacy of Cromolyn Sodium

Clinical Application of Cromolyn Sodium

Antileukotriene Agents

Leukotrienes and Inammation

Cell Sources of Leukotrienes

Biochemical Pathways

Leukotriene Production

Cysteinyl Leukotriene Receptors and Eects of Leukotrienes

Zileuton (Zyo)

Dosage and Administration

Mechanism of Action

Pharmacokinetics

Hazards and Side Eects

Zarlukast (Accolate)

Dosage and Administration

Mechanism of Action

Pharmacokinetics

Hazards and Side Eects

Montelukast (Singulair)

Dosage and Administration

Mechanism of Action

Pharmacokinetics

Hazards and Side Eects

Role of Antileukotriene Drugs in Asthma Management

Protection Against Specic Asthma Triggers

Chronic Persistent Asthma

Antileukotrienes in Relation to Corticosteroids

Churg-Strauss Syndrome

Summary of Clinical Use of Antileukotriene Therapy

Monoclonal Antibodies

Dosage and Administration

Mechanism of Action

Hazards and Side Eects

Summary of Clinical Use of Monoclonal Antibodies

Respiratory Care Assessment of Nonsteroidal Antiasthma Agents

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Discuss the indications for nonsteroidal antiasthma agents

2. List available nonsteroidal antiasthma agents used in respiratory 

therapy

3. Dierentiate between the specic nonsteroidal antiasthma agents

4. Describe routes of administration available for various 

nonsteroidal antiasthma agents

5. Describe the mechanism of action for various nonsteroidal 

antiasthma agents

6. Discuss the use of nonsteroidal antiasthma agents in the 

treatment of asthma

K E Y  T E R M S  A N D  D E F I N I T I O N S

Antileukotrienes Agents that block the inammatory response in 

asthma.

Immunoglobulin E (IgE) Gamma globulin that is produced by 

cells in the respiratory tract.

Leukotrienes Chemical mediators that cause inammation.

Mast cells Connective tissue cells that contain heparin and 

histamine.

Mast cell stabilizers Also known as cromolyn-like agents, agents 

used prophylactically to treat the inammatory response in 

asthma.

187
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In Cher 11, he ne f irwy inin ws inrue 
 resen he niinry ins f guriis, n 
se f he nuerus es n heis invve in n in-
ry resnse were esrie. is her resens rug grus 
h s hve n niinry ee hrugh ehniss if-
feren fr hse f he riseris. ree sugrus f gens 
re inue in he nnseri nish gru: ryn-ike 
rugs (mast cell stabilizers), antileukotrienes, n nn 
niies. A sury f he iune ehniss invve in 
ergi resnses is given s n inruin  he sei eh-
niss f in fr he rug grus isusse in his her.

Clinical Indications for Nonsteroidal 

Antiasthma Agents

e gener iniin fr ini use f nnseri ni-
sh gens esrie in his her is prophylactic nge-
en (nr) f i ersisen sh (sh requiring se 
2 re, ring  he ssiin resene in he 2007 
Nin Ash Euin n Prevenin Prgr [NAEPP] 
guieines1).

e fwing re quiins  he gener iniin fr 
use f hese gens:
• Cryn n nieukrienes re ernives  w-se 

inhe riseris in sh requiring se 2 re.1

• Cryn is fen use wih infns n yung hiren s n 
ernive  inhe riseris in sh requiring se 
2 re euse f he sfey res f inhe riseris.1

• Anieukrienes n e enei when use in in-
in wih inhe riseris  reue he se f he 
seri.
A he nnseri nish rugs esrie in his h-

er re nrers, n reievers, n re use in sh requiring 
niinry rug hery. Bx 12.1 surizes reiever n 
nrer gens use in rug hery fr sh, ising r-
yn siu, nieukrienes, n nn niies s n-
rers. Use f resue β

2
-gnis gens re hn wie  week 

(i.e., sh requiring se 2 re) is n inir f he nee  
iniie nrer rug hery.

Identication of Nonsteroidal 

Antiasthma Agents

Iniviu gens in he ryn-ike gen gru, nieuk-
riene gru, n nn niy gru re resene in 

Drug Groups Used in Pharmacologic 

Management of Asthma (Categorized as 

Controllers or Relievers)

Controllers Relievers

Inhaled corticosteroids

Oral corticosteroids

Cromolyn sodium

Long-acting inhaled β
2

agonists

Long-acting oral β
2

agonists

Leukotriene modiers

Sustained-release theophylline

Monoclonal antibodies (omalizumab)

Short-acting inhaled β
2
 agonists

Systemic corticosteroids (oral burst 

therapy, intravenous)

Inhaled anticholinergic bronchodilators

• BOX 12.1

Te 12.1, wih generi n rn nes, fruins n 
srenghs, n usu reene sges.

Mechanisms of Inammation in Asthma

K E Y  P O I N T

Asthma is an inammatory disorder of the airways in which allergic stimuli 

often trigger immunoglobulin E (IgE)-mediated mast cell release of media-

tors of inammation. Airway reactivity can also be triggered by nonspecic 

stimuli, such as cold air or dust.

Ash is  hrni inry isrer f he irwys.1 Ash 
hs een ivie in exrinsi n inrinsi frs se n he 
riggers fr sh. Extrinsic sh is eenen n ergy, r 
atopy, wheres intrinsic sh shws n eviene f sensiizin 
 n inhe ergens.2 e ergi fr f sh, whih 
is immunoglobulin E (IgE) eie, is ssie wih yunger 
sujes, n he inrinsi, r nnergi, fr is ssie wih 
er nse in us in wh hih sh y n hve 
een resen. Crren3 esrie sh s n “evving r-
ig isese in hih, when viruses re n irn rigger, 
wheres in sh-ge n eenge yers, ergens siue n 
iune resnse. As sh rgresses n in us, he isese 
ees inrinsi n y e riven y T es (yhyes) h 
reese vrius ykines, s esrie in Cher 11. Ash is 
hrni n ersisen, wih ninuus inin n ei-
ses f ue sruin.

In h frs f sh, ergi n nnergi eirs 
n enzyes re reese   n rge issues in he irwy, 
n es invve in inin re reruie n ive in 
he irwy. Airwy inin nifess s rnhnsri-
in, irwy sweing, uus serein n sruin n suse-
quen irwy w reeing h furhers he resnsiveness f 
he irwy.4

K E Y  P O I N T

The clinical result of asthma is chronic persistent airway inammation and 

occasional acute episodes of wheezing and airway obstruction caused by 

bronchoconstriction, mucosal swelling, and mucus secretion.

Immunologic Allergic Response

Ms insnes f sh re ririy n ergi resnse, whih 
invves mast cells n IgE.1 e iungi resnse is u-
ine in Bx 12.2. An unersning f he iune resnse is 
funen  isussing sh n he eir ngniss 
resene in his her euse ergy is esseniy  isken 
iune resnse.

Generin f n iune resnse n seiy n ergi 
shi resnse is nsiere  e initiated y he inerin 
f T yhyes wih n nigen resene y her es, suh 
s rhges r B yhyes.4 Aivin f T yhyes 
resus in ruin f IgE y B yhyes. Anigen-sei IgE 
ins  eer es suh s s es n is ere  cytophilic
niy euse f his. When ive y susequen exsure 
 n nigen r ergen, s es reese hysigiy ive 
eirs f inin, suh s rsgnins, leukotrienes, 
reses, hisine, ee-iving fr (PAF), n erin 
ykines.4 e ykines reese, whih inue ur nersis 
fr-h (TNF-α) n inereukin-4 (IL-4), n uregue 
enhei hesin eues.3
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TABLE 

12.1

Nonsteroidal Antiasthma Medications: Generic and Brand Names, Formulations, and Usual Recommended 

Dosages*

Generic Drug Brand Name Formulation and Dosage

Cromolyn-Like Agents (Mast Cell Stabilizers)

Cromolyn sodium Generic only Small volume nebulizer (SVN): 20mg/ampule or 20mg/2mL (1%)

Adults and children ≥ 2yr: 20mg inhaled 4 times daily

Spray: 5.2mg per actuation. Available over the counter (OTC)

Adults and children ≥ 2yr: 1 spray in each nostril, 3–6 times daily, every 4–6hr

Oral concentrate: 100mg/5mL

Adults and children ≥ 13yr: 2 ampules 4 times daily, 30min before meals and at bedtime

Children 2–12yr: 1 ampule 4 times daily, 30min before meals and at bedtime

Antileukotrienes

Zarlukast Generic; Accolate Tablets: 10 and 20mg

Adults and children ≥ 12yr: 20mg twice daily, without food

Children 5–11yr: 10mg twice daily

Montelukast Generic; Singulair Tablets: 10mg and 4- and 5-mg cherry-avored chewable; 4-mg packet of granules

Adults and children ≥ 15yr: One 10-mg tablet daily

Children 6–14yr: One 5-mg chewable tablet daily

Children 2–5yr: One 4-mg chewable tablet or one 4-mg packet of granules daily

Children 6–23mo: One 4-mg packet of granules daily

Zileuton Generic; Zyo; Zyo CR Tablets: 600mg

Adults and children ≥ 12yr: One 600-mg tablet 4 times per day; CR, two tablets twice daily, 

within 1hr of morning and evening meals

Monoclonal Antibody

Omalizumab Xolair Adults and children ≥ 6yr: SQ every 4wk; dose depends on weight and serum IgE level

Benralizumab Faserna Adults and children ≥12yr:

SQ: 30mg, Q4 wk

Mepolizumab Nucala Adults and children ≥6yr:

SQ: 40-100mg, Q4 wk

Reslizumab Cinqair Adults and children ≥18yr:

IV: 3mg/kg, Q4 wk

Dupilumab Dupixent Adults and children ≥6yr:

SQ: Initial 200–600mg, then 200–300mg every 2–4 weeks

Tezeplelumab-ekko Trespire Adults and children >12yr:

SQ: 210 mg every 4 weeks

*Detailed prescribing information should be obtained from manufacturer’s package insert.

IgE, Immunoglobulin E; IV, intravenous injection; SQ, subcutaneous injection.

Overview of Immune Mechanisms Involved in Allergy and Inammation

Cell-Mediated
T lymphocytes (from bone marrow stem cells, processed in the thymus) mediate 

the immune response by several mechanisms, including cytotoxicity and 

secretion of cytokines. Members of the family of T lymphocytes are the basis of 

cellular immunity:

• Helper/T4 (CD4+) cells, which are subdivided into the following:

• Type 1 (Th1) cells: Regulate classic delayed-type hypersensitivity reactions 

and other actions related to macrophage activation and T cell–mediated 

immunity by the production of interferon-γ and interleukin-2 (IL-2)

• Type 2 (Th2) cells: Translate mRNAs for IL-4 and IL-5 and are involved in 

atopic allergy. IL-4 is essential for production of immunoglobulin E (IgE) 

by B cells; IL-5 and granulocyte macrophage–colony-stimulating factor 

(GM-CSF) and IL-3 promote eosinophil maturation, activation, and survival

• Suppressor/T8 (CD8+) cells: Inhibit immune response to an antigen after the 

immune response has begun

• Cytotoxic T cells: Bind to viral antigen on the surface of infected cells to 

destroy the cells

• Natural killer cells: Lymphocytes related to cytotoxic T cells; their targets are 

thought to be tumor cells or cells infected with organisms other than viruses

Antibody-Mediated
Antibodies are serum globulins (proteins) modied specically to combine and 

react with an antigen (substance capable of provoking antibodies or cellular 

immunity).

• B lymphocytes: Antibody-producing plasma cells; memory cells for later 

antibody production

• Classes of antibody: Classes of immunoglobulins are as follows:

• Immunoglobulin G (IgG)

• Immunoglobulin A (IgA)

• Immunoglobulin M (IgM)

• Immunoglobulin D (IgD)

• Immunoglobulin E (IgE): Cytophilic antibody (binds to effector cells, such 

as mast cells); termed reaginic antibody; involved in allergic responses 

and atopy

• BOX 12.2
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is se f eirs uses n inry resnse 
nifesing s vsur ekge, rnhnsriin, uus 
serein, n us sweing,  f whih sru irw in 
he rnhies. T yhyes s reese ykines (e.g., iner-
eukins), using uuin n ivin f esinhis, 
whih s reese heis  ge he irwy. e ress f 
iniiing he inry resnse n ninuing i hrugh 
iin, s isusse nex, is iusre in Fig. 12.1

Afer eing iniie y exsure  nigen, he inry 
resnse in he irwy is amplied y herin f re 
yhyes, esinhis, shis, n neurhis n y n 
inrese in s es. Ahesin eues inrese fer siuin 
f yhyes n s es y nigen r ergen. ese -
eues, fun in eihei es (inereur hesin eue-1 
[ICAM-1]) n vsur enhei es (vsur e hesin 
eue-1 [VCAM-1]) in he irwy, re resnsie fr esin-
hi, neurhi, n yhye reruien fr he irvs-
ur iruin in he irwys. e hesin eues ene 
eukyes  rgine, rss he  vesse w, n igre  
he irwy us, ninuing n furher ifying he in-
in h hs egun.5 e inrese n ivin f esinhis 
re ssie wih inrese inin n severiy in sh.3

Nnsei siui, suh s fg, sufur ixie, us, n 
 ir, n siue sensry reers n use reex rn-
hnsriin4 (see Cher 7). Piens wih sh re re 
sensiive  suh siui, n his rees ere neur nr, 
hrni inin sensiizing he irwy, r h. Nerve ers 
f he nnhinergi, nnrenergi exiry syse, n-
ining en eie eirs, nriue   ees n 
sh use n uus gns n reexivey siue h-
inergi iviy. Se f hese eies inue susne P (SP), 

neurkinin A (NKA), n neurkinin B (NKB); hey re reese 
fr sensry C-er nerve enings. ese neureies n s 
nriue  inin n he feures f sh reviusy 
esrie, suh s uus hyerserein, sh use nr-
in, s ekge, inry e ivin, n hesin. 
Neur eneise (NEP) is n enzye h inives neu-
reies  ii heir iviy; NEP is fun n he surfe f 
es h nin reers fr neureies (sh use, ir-
wy eiheiu, n vsur enheiu). An inrese reese 
f exiry neureies y e invve in sh.4

Niri xie is fre in irwy issue hrugh he in f 
he enzye niri xie synhse (NOS). ere is eviene h in 
sh NOS is uregue in irwy eiheiu.4 Niri xie, 
 en vsir n rnhir, y e he neurrns-
ier fr he nnrenergi, nnhinergi inhiiry nervus 
syse (see Cher 5). Niri xie, whih n ge es, s-
siy is inue y rinry ykines in sh n n-
riues  he serve eihei ge,5 6 s shwn in Fig. 12.1

A eer unersning f he inry ress jus 
esrie hs surre he eveen f rugs rgee  iner-
ruing he inry resses n king he shi 
resnse. ese rugs inue ryn siu,  s e si-
izer; neuks, zruks, n zieun, whih re nieuk-
rienes; n izu,  nn niy.

K E Y  P O I N T

Allergic inammation of the airway is the product of an immune response, 

and the T lymphocyte plays a central role in attracting mast cells and eosino-

phils, which, in turn, release mediators that attract other cells and damage 

epithelial cells.

• Fig. 12.1 Illustration of complex interaction of cells and mediators that are thought to initiate and amplify 

inammation of the airway in asthma, resulting in acute episodes of bronchoconstriction and persis-

tent airway damage. Ach, Acetylcholine; GM-CSF, granulocyte-macrophage colony-stimulating factor; 

ICAM-1, intercellular adhesion molecule-1; IgE, immunoglobulin E; IL-3, IL-4, IL-5, interleukin-3, interleu-

kin-4, interleukin-5; LTs, leukotrienes; NOS, nitric oxide synthase; PGs, prostaglandins; SO
2
, sulfur dioxide; 

SP, substance P; Th2, helper T cell type 2; VCAM-1, vascular cell adhesion molecule-1.
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CromolynLike Mast Cell–Stabilizing 

Agents

Cryn siu, s ere disodium cromoglycate, is use s 
n inhe rhyi ers rug  reven he in-
ry resnse in sh. ese rugs ier in sruure n iv-
iy fr he rug grus nsiere in revius hers. eir 
hei sruures re iusre in Fig. 12.2. e si eh-
ine xnhine n seri sruures re given fr risn. 
Cryn is n ree  he β gniss, xnhines, hehyine, 
r niinry guriis. Cryn hs n inrinsi 
rnhiing iiy.

Cromolyn Sodium Disodium Cromoglycate

Cryn siu is use s  rhyi gen in he reen 
f sh. Ahugh i y n e use s fen in ini r-
ie y s i ws reviusy, his gen is n ernive in i 
ersisen sh.1 e niinry, s e–siizing 
ee f ryn hs e  uses her hn sh rhyxis, 
inuing he fwing:
• Aergi rhiniis (ns suin)
• Msysis— irve irrhe, in in, he-

hes, nuse, n ihing (r)
Ainisrin n sge fr hese ernive iins 

re resene riey in he nex sein, ng wih inhe fr-
uins fr sh n ergi rhiniis.

Dosage and Administration

Te 12.1 iss he inhe, r, n ns fruins f r-
yn siu n he reene ses.

• Fig. 12.2 Chemical structures of cromolyn sodium (disodium cromoglycate) compared with basic 

catecholamine, xanthine, and corticosteroid structures.

Solution for Nebulization. e ue r vi nins 
20g in 2L f queus suin ( 1% srengh). is su-
in n e neuize in ny s reservir evie were y 
resse ir  rue suiy s ries f 3  5µ 
in size. Aiin iuen y e neee fr s neuizers  
funin we. Sw i rehing reues he nee fr insir-
ry neuvers s seen wih he eere se inher (MDI), 
hugh nger inisrin ies n k f riiy 
ee  isvnge.

Metered Dose Inhaler. e hrurrn (CFC) ver-
sin f ryn siu ws reve fr he rke s f 
Deeer 31, 2010.

Nasal Solution NasalCrom. Cryn is vie s 5.2g 
er uin fr reen f sesn n erenni ergi 
rhiniis. As wih he inhe suin, rein requires rir 
inisrin, hugh he rug es n nee  e ken u-
sie f sesn exsure  ergens. e suin is eivere y 
ens f  eere u sry evie h is vie ver he 
uner (OTC).

Mechanism of Action

Cryn siu is nsiere n nish gen, n ni-
ergy gen, n  s e siizer. Prereen wih inhe 
ryn siu resus in inhiiin f s e egrnuin, 
king reese f he hei eirs f inin (Fig. 
12.3). By is in, ryn is eeive in king he e-
hse rein in sh. (e e-hse rein in sh is 
isusse in he review f riseris in Cher 11.)

Cryn revens he exrusin f grnues nining he 
eirs f inin  he e exerir. Fr his resn, r-
yn is fen ssie s  s e siizer. e ex eh-
nis y whih his inhiiin is ishe is n eey 
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uners, u he fwing eis f ryn iviy n 
s e funin re knwn:
• e ehnis f in f ryn siu is prophy-

lactic; rereen is neessry fr inhiiin f s e 
egrnuin.

• Cryn siu y inhii eir reese y revening 
iu inux neessry fr iren nrin n 
exrusin f s e grnues.

• Cryn siu es n hve n ngnis ee n ny f 
he hei eirs heseves.

• Cryn siu es n ere hrugh he yi ens-
ine 3′,5′-nhshe (AMP) syse n es n e 
α r β reers.

• Aniy frin, hen f niies (IgE)  he 
s e, n nigen–niy unin re not revene y 
ryn; ryn es reven reese f eirs.

• Cryn siu n reven r enue he e-hse 
resnse in n sh eise, whih n herwise use 
re severe irwy sruin 6   hurs fer inii 
rnhnsriin.

e reive ee f ryn in inhiiing s e 
egrnuin hs een ure y snning eern irsy 
n is shwn in he sequene in Fig. 12.4. Inii unersning 
f he iviy f ryn fuse n ergy-riggere s e 
reese f eirs, n he rug e  e nsiere usefu 
ririy in ergi sh. ere is eviene h he iviy f 
ryn is n iie  revening ergen-siue sh. 
Cryn inhiis s e eir reese use y nn-
ergi siui n y reue reex-inue sh. e er 
requires u wie he usu se f ryn. Unersning 
f he rer rein given y ryn hs sure is 
suessfu use in ergi n nnergi sh n seiy in 
exerise-inue sh.

Pharmacokinetics

As wih her inhe erss, ryn siu is isriue  
he irwy n  he sh vi  swwe rin. Disriu-
in  he sh (swwe rin) n e ie y use 
f reservir evies wih he MDI fruin. e se reh-
ing he irwy is sre fr he ung n quiky exree 
unhnge in ie n urine. e ung rin es n see  
e eize in he irwy. e swwe rin is rgey 
unsre fr he gsrinesin r n exree in fees.

Cryn siu is  sfe rug. I hs n eeiveness siir 
 hehyine in nring sh, wih  eer hereui 
rgin re wih hehyine.1 Ns ngesin y e 
seen fer eginning ryn siu use. Deriis, ysi-
is (use issue inin), n gsreneriis hve een 
serve  ur in  very few iens.

Use f he nebulizer solution hs een ssie wih ugh, 
ns ngesin, wheezing, sneezing, ns ihing, eisxis, r 
nse urning. Use f he nasal solution hs s ny een 
ssie wih sneezing, ns singing r urning, n   
se. Sie ees f he oral capsules fr sysis re iu 
 ierenie fr he ees f he isese isef. Averse evens 
wih his use f ryn siu were rnsien n inue 
hehe n irrhe.

Clinical Ecacy of Cromolyn Sodium

e NAEPP guieines rvie sever suies esriing he 
eeiveness f ryn siu.1 Hwever, he guieines 
 in u h her suies hve n fun i  e ee-
ive in he reen f sh. In heir review f 23 suies, 

• Fig. 12.3 Mechanism of action of cromolyn sodium in preventing mast 

cell degranulation. SRS-A, Slow-reacting substance of anaphylaxis, con-

sisting of leukotrienes C
4
, D

4
, and E

4

• Fig. 12.4 Degranulation of a mast cell. A, Mast cell undergoing gross degranulation shows free granules. 

B, The pores occupy a large area of the cytoplasm. C, Sensitized mast cell fails to degranulate after chal-

lenge when pretreated with cromolyn sodium. (Courtesy Rhone-Poulenc Rorer Pharmaceuticals, Inc., 

Collegeville, Pennsylvania.)
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vn er Wuen e.7 fun h s f he suies ne h 
s ses h rvie negive resus; hwever, iniy 
reevn ees f siu rgye u n e exue. 
Wh y e re eing is h he G Iniiive fr Ash 
(GINA) guieines  n inue ryn s n gen  e 
use in he reen f sh.4

Use for Cough Associated With AngiotensinConverting 
Enzyme Inhibitor. Hrgreves n Bensn rere h r-
yn siu in  5-g MDI fruin, inisere s 
w uins fur ies iy, rvie rein gins he 
ugh fen seen s  sie ee wih use f ngiensin-n-
vering enzye (ACE) inhiirs. Cryn siu signi-
ny irve ugh sres (frequeny n severiy) in 9 f he 
10 iens in he suy fer 2 weeks. Cugh ws n eey 
suresse in ny f he 10 iens.

C L I N I C A L  C O N N E C T I O N

Cromolyn sodium can assist in suppressing a cough associated with an 

angiotensin-converting enzyme (ACE) inhibitor.

Anti–Sickle Cell Eects. Bh he inrns suin n he 
20-g inhe wer sue f ryn given s  singe se 
were serve  use  signin erese in sike e er-
enge in nine Afrin hiren wih severe sike e isese. 
Irveen ws seen 24 hurs fer inisrin f he singe 
se. e reuin in siking is hyhesize  resu fr he 
king f iu-ive ssiu hnnes, whih y  
jr r in wer ss n eryhrye ehyrin.9

Clinical Application of Cromolyn Sodium

ree ins shu e ehsize u he ini iin 
f ryn siu in sh n hyerreive irwy ses:
1. e rug is rhyi ny n shu n e use uring 

ue rnhss. is is se n is ehnis f in 
euse he rug us rey e resen  reven s e 
egrnuin. It has no bronchodilating action n y use 
furher rnhi irriin s n ers.

2. Aru wihrw f r riseris n susiuin f 
ryn siu in iens wih sh n resu in ine-
que ren funin. Cryn hs n ee n he ren 
syse, n ere wihrw f riseris is neessry 
whie iniiing ryn use in iens.

3. I y ke 2  4 weeks fr sy irveen h 
enes  erese in nin hery, suh s rnhi-
r r seri use.
Guieines fr he ngeen f sh inie h r-

yn siu is use in sujes requiring regur use f β gniss 
fr nr f sys. Use f ryn siu is nsiere 
n ernive  he use f inhe riseris, eseiy in 
hiren.1

Dosage Regulation. e reive ee f ryn in 
ergi, nnergi, r reex-inue sh is se eenen. 
e usu sge f 20g fur ies iy (0g/y) wih he 
neuize suin in se ses n e reue   inenne 
sge f 40  60g/y fer he iens sh reins si-
ize fr 1 r 2 nhs. Likewise, if he siui f sh inrese 
in severiy (e.g., hevy exerise in  weher [skiing] s se 
 wking in wr weher), higher sges r iin f  β 
gnis y e require. Fr sesn ergy, ryn shu 
e sre  es 1 week efre ergen exsure. e rug is 

reive if given 30 inues efre  sei ergen exsure 
(e.g.,  fur), n  singe se 15 inues efre exerise n n 
sin, rher hn  ninuus, sis is eeive. As se 
reviusy, he egree f exerise n he niins us e n-
siere in esiing he rein require. Lng-er ninu-
us inenne wih ryn y e neee fr iens wih 
reex-inue sh r fr iens wih e-hse reins r 
severe rnhi reiviy n iiy.10

C L I N I C A L  C O N N E C T I O N

Cromolyn is an alternative treatment for asthma in children. However, low-

dose inhaled corticosteroids are preferred.

Antileukotriene Agents

e er leukotriene is se n he f h hese eues were 
riginy ise fr eukyes, n he rn kne hs 
hree ue ns in series, ere  triene. Chei sruures 
f he hree nieukriene rugs urreny vie in he Unie 
Ses re shwn in Fig. 12.5. ree nieukriene gens (zf-
iruks, neuks, n rnuks) h  n k he 
reer fr leukotrienes; hwever, ny zruks n ne-
uks re rve fr use in he Unie Ses. A furh gen, 
zieun, inhiis he synhesis f eukrienes.

Leukotrienes and Inammation

e leukotrienes re eers f  gru f igiy ive 
fy is, inuing rsgnins, hrxnes, n ixins, 
h re knwn s eicosanoids. ese eues re ii eirs 
f inin h re synhesize fr he fy i reur-
sr rhini i (5,,11,14-eisereni i). Arhi-
ni i (AA) is fun in e nuer erne hshiis. 
e eukrienes eie irey r inirey  es se f 
he inry ress seen in sh. ey re en rn-
hnsrirs n siue her es  use irwy ee, 
uus serein, iiry e inhiiin, n reruien f her 
inry es in he irwy.11

Cell Sources of Leukotrienes

e eukrienes n her ii eirs re n refre 
n sre in es u, rher, re synhesize fer  ehni-
, hei, r hysi siuus h ives hshise 
A

2
 (PLA

2
), n enzye. ese siui inue nigen henge f 

sensiize issues n exsure  PAF r her ykines. Cerin 
es, inuing esinhis, s es, nyes, rhges, 
shis, neurhis, n B yhyes,12 hve he neessry 
enzyes  synhesize eukrienes n her eirs. Esin-
his, s es, n rhges re resen n reruie  he 
ung in sh.13

Biochemical Pathways

A siie igri view f he AA se, whih resus 
in he vrius ii eirs, is resene in Fig. 12.6. Esseniy, 
free AA is nvere  vrius ii eirs y w rues: he 
yxygense (COX) n 5-ixygense (5-LO) hwys. 
e COX hwy resus in he rsgnins n hrx-
ne, n he 5-LO hwy resus in he eukrienes. Asirin 
n her nnseri niinry rugs (NSAIDs), suh 
s iurfen, inhii he COX enzye, king rsgnin 
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n hrxne ruin. ere re w frs f he COX 
enzye: COX-1 n COX-2. Mny NSAIDs, suh s sirin, 
kerfen, n inehin, re iny COX-1 seeive; 
hers, suh s iurfen n nrxen, re sighy COX-1 see-
ive. Se gens use  re rhriis, suh s eexi n rfe-
xi, hve ririy seeive inhiiin f COX-2. e 5-LO 
hwy resus in he synhesis f eukrienes; his hwy is he 
rge fr rugs in he nieukriene gru.

Leukotriene Production

e ixygense hwy resuing in eukriene ruin is 
iusre in Fig. 12.7. Afer siuin f n rrie e, 
he enzye PLA

2
, whih is e in he e ys, ves 

 he e nuer erne. In he nuer erne, PLA
2

hyryzes hshiis  iere free AA. AA ins  5-LO–
iving rein (FLAP) (AA-FLAP). Anher enzye, 5-LO, 
ves fr h he nueus n he e ys  he nuer 
erne n iners wih he AA-FLAP ex  xygen-
e he AA. is resus in 5-hyrerxyeisereni i 
(5-HPETE), whih is nvere  he unse inereie eu-
kriene A

4
 (LTA

4
). LTA

4
 is he sure f  he her eukrienes. 

LTA
4
 is nvere eiher in eukriene B

4
 (LTB

4
) r he yse-

iny eukriene C
4
 (LTC

4
). LTB

4
 n LTC

4
 re exre fr he 

e  he exreur se; LTC
4
 is nvere  eukrienes 

D
4
 n E

4
 (LTD

4
 n LTE

4
). ese hree eukrienes re ere 

cysteinyl leukotrienes (CysLTs) euse hey eh hve he in 
i yseine in heir hei sruure. e hree CysLTs—LTC

4
, 

LTD
4
, n LTE

4
—hve een ienie s he nens f he 

reviusy ere slow-reacting substance of anaphylaxis (SRS-A)

Cysteinyl Leukotriene Receptors and Eects 
of Leukotrienes

Leukrienes in  eukriene reers  exer heir in-
ry ees. T e, sever ieren reer yes hve een 
ienie. LTB

4
 ins   seven rnserne–snning ree-

r, ere he B leukotriene (BLT) receptor. e BLT reer is 
invve in eur reruien (hexis), ry f neur-
his, n y e invve in ue resirry isress synre 
(ARDS).

CysLTs h  w suyes f reers: CysLT1 n 
CysLT2 receptors. e rshi ins f CysLTs re ei-
e y he CysLT

1
 reer, whih is e n sh us-

e es in he irwy n her e yes. e hun CysLT
1

reer hs een ne n hrerize.14 Siuin f he 
CysLT

1
 reer uses rnhnsriin, n CysLTs re 

re en irwy nsrirs re wih hisine.15

• Fig. 12.5 Chemical structures of the three antileukotriene 

agents: zileuton, zarlukast, and montelukast.
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In iin  ire rnhnsriin, here is n inrese 
in rnhi hyerresnsiveness  her irrins, suh s his-
ine. Oher ees inue uus serein in he irwy, 
inrese vsur ereiiy using irwy w ee, n 
s exuin in he irwy uen. e resuing rein 
n eur eris in he irwy, geher wih he uus sere-
in, inreses serein vissiy n y e  irwy u-
sin, suh s h seen in sh. CysLTs y s hve n esin-
hii hern ee. Drugs h k he ining f 
eukrienes  CysLT

1
 reers re ne wih he generi suf-

x -lukast (e.g., zruks, neuks, n rnuks). e 
CysLT

2
 reer suye eies nsriin f unry 

vsur sh use.15

CysLTs re rue rgey y esinhis, s es, n 
rhges,  f whih re e yes seen in he irwys f 
iens wih sh. Eeve eves f CysLTs y e rkers 
f sh. Leukyes f ee wih sh reese re CysLTs 
hn he eukyes f hse wh  n hve sh. Ps ev-
es f LTE

4
 rree wih sh severiy n re eeve in urine 

uring n sh k, uring exerise-inue sh, n in 
he resene f nurn sh sys.13 Urinry LTE

4
 eves 

re s eeve fer henge wih n ergen in i sh 
r wih sirin in sirin-sensiive iens wih sh.11

Zileuton Zyo

Zieun, vie s Zy r Zy CR, is n ry ive inhii-
r f 5-LO. Is sruure is shwn in Fig. 12.5. is rug is ini-
e fr rhyxis n ng-er reen f sh n is 
rve fr use in us n in hiren 12 yers f ge r er. 
I is nsiere  nrer rher hn  reiever n hs n ini-
in fr use in n ue sh eise.

Dosage and Administration

e sge f zieun is rvie in Te 12.2. Zieun is ken 
 eies n  eie. Hei rnsinse enzyes 
shu e esure n evue efre iniiin f reen, 
ne  nh fr he rs 3 nhs n every 2  3 nhs 
herefer fr he rs yer, wih erii niring fr nger-
er hery. If ini signs f iver injury (righ uer qurn 
in, nuse, figue, ehrgy, rurius, junie, r uike sy-
s) eve, he rug shu e isninue.

Mechanism of Action

Tken ry, zieun inhiis he 5-LO enzye, whih wu 
herwise yze he frin f eukrienes fr AA. Sei-
y, 5-LO in he resene f FLAP yzes he nversin f 
AA  he inereie 5-HPETE, whih is nvere  LTA

4

n uiey  her eukrienes. By inerruing he synhe-
sis f hese igiy ive eukrienes, heir nriuin  
he inry resnses in sh is eeivey ke. Bh 
he (R)-enniers n he (S)-enniers re ive s 5-LO 
inhiirs. e ehnis f in f zieun, ng wih hse 
f her nieukrienes, is iusre in Fig. 12.

Pharmacokinetics

Zieun is riy sre when ken ry, wih n ren 
vue f isriuin f 1.2L/kg. e rug is u 93% un 
 s reins, inuing uin. e rug hs  hf-ife 
f 2.5 hurs, is eize  guurnie njuges n n 
N-ehyrxye eie in he iver y yhre P450 
enzyes, n is eiine in urine n fees.

• Fig. 12.6 Simplied diagrammatic overview of stimuli and cell types 

involved in the arachidonic acid cascade, resulting in cyclooxygenase 

products, such as prostaglandins, and lipoxygenase products (the leukot-

rienes). AA, Arachidonic acid; COX-1, COX-2, isoenzyme forms of cyclo-

oxygenase; LTC
4
, LTD

4
, LTE

4
, leukotrienes C

4
, D

4
, E

4
; NSAIDs, nonsteroi-

dal antiinammatory drugs; PLA
2
, phospholipase A

2

• Fig. 12.7 Detailed model of synthesis of leukotrienes through the 5-lipox-

ygenase (5-LO) pathway and their effects on target cells. See text for a 

detailed description. AA, Arachidonic acid; BLT receptor, B leukotriene 

(LTB
4
) receptor; cPLA

2
, cytosolic phospholipase A

2
; CysLT

1
receptor, cys-

teinyl leukotriene receptor subtype 1; FLAP, 5-lipoxygenase-activating 

protein; 5-HPETE, 5-hydroperoxyeicosatetraenoic acid; LTA
4
, LTB

4
, LTC

4
, 

LTD
4
, LTE

4
, leukotrienes A

4
, B

4
, C

4
, D

4
, E

4
.
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Hazards and Side Eects

Sie ees wih r zieun re re severe hn sie ees 
wih  e n inue hehe, gener in, in 
in, ss f srengh, n ysesi. Eevins f ne r re 
iver funin es vues wih zieun hve een serve, n i 
is reene h hei rnsinses e nire efre 
n uring reen. Liver enzye eves y erese r reurn 

 nr eiher uring hery r fer isninuin. Seru 
nine rnsinse (ALT), s knwn s serum glutamate pyru-
vate transaminase (SGPT), is  g inir f iver injury. 
Zieun is nrinie in sujes wih ue iver isese r 
rnsinse eevins greer hn hree ies he uer ii 
f nr.

Zieun iners wih w irn rugs in resirry 
re: hehyine n wrfrin. Zieun n inrese seru 
hehyine nenrins n n inrese rhrin ie 
when given niny wih wrfrin. Dsge jusens f 
hehyine n r wrfrin y e neee.

Zarlukast Accolate

Zruks (Ae) is  synhei sh rhyi gen (is 
sruure is iusre in Fig. 12.5). I is inie fr rhyxis 
n ng-er reen f sh n hs een rve fr use 
in hiren 5 yers f ge r er. is rug inhiis sh re-
ins inue y exerise,  ir, ergens, n sirin.

Dosage and Administration

Dsge f zruks n e fun in Te 12.2. Zrukss 
iviiiy n e reue wih he nsuin f f; 
herefre i shu e ken  es 1 hur efre r 2 hurs fer 
eing.

Mechanism of Action

Zruks n neuks re h eukriene reer 
ngniss n k he inry ees f eukrienes 
(Fig. 12.9). Seiy, zruks ins  he CysLT

1
 reers, 

wih n gnis ee. is iviy uses eiive inhiiin 
f LTC

4
, LTD

4
, n LTE

4
 n susequen ke f he in-

ry ees esrie reviusy in he sein n eukrienes 
n inin.

Pharmacokinetics

Zruks is riy sre when ken ry. Pek s ev-
es re rehe 3 hurs fer inisrin, wih n eiinin 

• Fig. 12.8 Illustration of the mechanism and site of action of the antileu-

kotriene agents zileuton, zarlukast, and montelukast. Zileuton inhibits 

the 5-lipoxygenase (5-LO) enzyme to prevent leukotriene production, and 

zarlukast and montelukast antagonize the action of the cysteinyl leukot-

rienes (CysLTs) at the leukotriene receptor, CysLT
1
. FLAP-AA, 5-Lipoxy-

genase-activating protein complexed with arachidonic acid; 5-HPETE,

5-hydroperoxyeicosatetraenoic acid; LTA
4
, LTC

4
, LTD

4
, LTE

4
 leukotrienes 

A
4
, C

4
, D

4
, E

4

TABLE 

12.2
Summary of Comparative Features of the Three Currently Available Antileukotriene Agents

Zileuton (Zyo) Zarlukast (Accolate) Montelukast (Singulair)

Action 5-LO inhibitor CysLT1 receptor block CysLT1 receptor block

Age range ≥12yr ≥5yr ≥6mo

Dosage 600-mg tablet qid or bid if 

extended release

10-mg or 20-mg tablet bid Adult: 10-mg tablet every evening

Children 6–14yr: 5-mg tablet every evening

Children 2–5yr: 4-mg tablet every evening

Administration Can be taken with food 1hr before or 2hr after meal Taken with or without food

Drug interactions Yes; theophylline, warfarin, 

propranolol

Yes; warfarin, theophylline, aspirin No

Common side effects Headache, dyspepsia, unspecied 

pain, liver enzyme elevations

Headache, infection, nausea, 

possible liver enzyme changes

Headache, u-like symptoms, abdominal 

pain

Contraindications Active liver disease or elevated 

liver enzymes; hypersensitivity 

to components

Hypersensitivity to components Hypersensitivity to components

5-LO, Lipoxygenase; Bid, twice daily; CysLT
1
, cysteinyl leukotriene receptor subtype 1; qid, four times daily.
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hf-ife f rxiey 10 hurs. Zruks is eize 
in he iver, wih 10% exree in he urine n he reiner 
exree in fees. Ainisrin f zruks wih f reues 
en iviiiy y u 40%.

Hazards and Side Eects

e s n sie ees rere in hehy vuneers n 
iens were hehe, infein, nuse, irrhe, n gener-
ize n in in. Resirry infeins were he re-
inn nes. Beuse zruks is eize y iver enzyes, 
hei iiren (e.g., in irrhsis) inreses rug s ev-
es. Ahugh n ne in 6-nh ris f zruks, sr-
keing surveine inie h ses greer hn he 40-g 
iy se n use eevins in seru inrnsferse n-
enrins.15 A se f heiis n hyeriiruinei wih n 
her riue use hs een rere in  ien reeiving 
40g/y fr 100 ys, iniing he ssiiiy f iver enzye 
ysfunin wih he rug (his se ws rere in he nuf-
urers rug ierure).

Montelukast Singulair

Mneuks (Singuir) is n ry ive eukriene reer 
ngnis (is sruure is iusre in Fig. 12.5). I is inie 
fr rhyxis n ng-er reen f sh (s  nr-
er) n hs n rnhiing ee fr use in ue sh re-
en. Mneuks is s rve fr ergi rhiniis. Mneu-
ks is he ny ne f he hree urreny vie nieukriene 
gens h is rve fr use in infns 6 nhs f ge. Mn-
euks hs een shwn  hve ini ey in reing i 
 ere sh n exerise-inue rnhnsriin. 
Cre wih  e, neuks signiny irve 

sh nr in hiren ges 12  23 nhs, hiren ges 
2  14 yers, esens ges 15 yers r greer, n us.16–20

T e, n sfey issues wih eiri use hve een rere. 
e nufurer ses h he rug hs n een rven sfe 
n eeive in infns yunger hn 6 nhs f ge. Hwever, 
Knrr e.21 fun h he 4-g se f grnues ws jus s sfe 
n eeive in infns ges 3  6 nhs s in hiren ges 6 
 24 nhs.

Dosage and Administration

e sge f neuks is rvie in Te 12.2
Mneuks n e ken wih r wihu es. Bivii-

iy when ken ry is n ere y  snr e.
e r grnues n e irey ure in he uh f he 

hi r n e ixe wih iqui r sf f. Infn fru, 
res ik, esue, ie re, n sf fs, suh s rrs 
n rie, hve een use in suies. e nufurer s sug-
gess h ny hese fs shu e use.

Mechanism of Action

Siir  zruks, neuks is  eiive ngnis fr 
he CysLTs LTC

4
, LTD

4
, n LTE

4
. I ins wih high niy n 

seeiviy  he CysLT
1
 reer suye (see Fig. 12.). Bk-

e f he CysLT
1
 reer revens eukriene siuin f 

he reer n rge es, suh s irwy sh use n 
serery gns. Mneuks hs een shwn  inhii h 
ery-hse n e-hse rnhnsriin use y nigen 
henge.

Pharmacokinetics

Mneuks is riy sre fer r inisrin. Wih 
 10-g se, ek s nenrin urs in 3  4 hurs, 
wih  en r iviiiy f 64%. is iviiiy hs 
n een serve  e inuene y  snr e in he 
rning. Cnenrin eves were sighy higher wih he 5-g 
hewe e ken whie fsing in us. Fr he 4-g hew-
e e, he ek s nenrin ws rehe in 2 hurs. 
e rug is eize exensivey in he iver n exree in 
ie, wih ie urinry exrein. Men s hf-ife in us 
rnges fr 2.7  5.5 hurs. Mi  ere hei insuf-
ieny inreses s eves, u n sge jusen is 
require. Severe hei iiren hs n een evue.

Hazards and Side Eects

e sfey re f neuks ws siir   e in rug 
esing. Averse evens h urre in 2% r re ses inue 
irrhe, ryngiis, hryngiis, nuse, iis, sinusiis, n vir 
infein. Hyersensiiviy reins hve een rere. Liver 
enzyes hve n een serve  e ere re wih  
e. Phenri ereses he s eve f neuks, 
u he nufurer suggess n sge jusen. If en 
yhre P450 enzye inuers, suh s henri r 
rifin, re use, rrie ini niring is suggese.

Role of Antileukotriene Drugs in 

Asthma Management

Anieukriene gens re reene in he NAEPP guie-
ines fr he reen f i  ere sh.1 Te 12.2
surizes rive feures f he hree urreny vie 
nieukriene gens. Drzen e .15 uishe n exeen 
review f sh ngeen wih hese gens.

• Fig. 12.9 Mean (± standard error [SE]) percent change from baseline in 

four treatment groups receiving combined inhaled beclomethasone and 

oral montelukast, beclomethasone alone, montelukast alone, or a pla-

cebo. The a.m. and p.m. beclomethasone inhalers were replaced with a 

placebo in the montelukast and placebo groups during the run-in period. 

(From Laviolette, M., Malmstrom, K., Lu, S., et al. [1999]. Montelukast 

added to inhaled beclomethasone in treatment of asthma. American Jour-

nal of Respiratory and Critical Care Medicine, 160,1862.)
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C L I N I C A L  C O N N E C T I O N

Antileukotriene agents are used as alternative treatment for asthma, but 

corticosteroids are preferred.

Protection Against Specic Asthma Triggers

Anieukrienes re riury usefu in nring sh use 
y erin riggers, inuing exerise-inue sh, sirin-
inue sh, n,   esser exen, ergen-inue sh.15 22

• Exercise-induced asthma: In exerise-inue sh, ing 
n rying f he irwy res he generin f euk-
rienes, resuing in rnhnsriin. Ahugh rein 
vries fr ee  very ie, he nieukrienes eve 
n erne n y ene iens wh wn  exerise 
r whse js require exerise uner  n ry niins, 
wihu he use f shr-ing resue β gniss.

• Aspirin-induced asthma: In 3%  % f sh ses, si-
rin r NSAIDs n use rnhnsriin s  resu f n 
inrese in LTC

4
 synhse iviy. On he sis f suh h-

hysigy, whih invves eukriene ruin, eukriene 
iers re he reen f hie f iens wih sirin-
inue sh.

• Allergen-induced asthma: Anieukrienes s k he ery 
sh resnse  ergen henge n enue irwy 
sruin in he e-hse resnse. ey re n -
eey eeive in ishing he e resnse h is s 
use y hisine reese.

Chronic Persistent Asthma

e eviene  e surs he use f nieukriene gens 
in he ngeen f i, ere, r severe hrni s
h.15 23 24 In i  ere sh, nieukrienes irve 
ung funin, reue he nee fr resue β-gnis use, n 
erese sh sys, inuing nurn sys. In 
ere  severe sh, he iive ee eween nieuk-
rienes n inhe riseris is he sis fr sh nr 
wih wer seri ses r wihu n inrese in seri sing 
(inhe r r). e vnges n isvnges f nieuk-
riene rug hery in sh re surize in Bx 12.3

Advantages and Disadvantages of 

Antileukotriene Drug Therapy in 

Managing Asthma

Advantages

• Oral administration, possible once-daily dosing

• Safe, with few side effects reported to date

• Effective in aspirin sensitivity and often in exercise-induced asthma

• Systemic distribution reaches entire lung through the circulation

• Additive effect with inhaled steroids

• May reduce steroid dose or prevent an increase in steroid dose

• Formulation approved for pediatric dosing (montelukast)

Disadvantages

• Antiinammatory action limited to one mediator pathway

• Unknown long-term toxicity

• Variable response; effective in about 50% to 70% of patients

• No predictor to identify which patients will respond

• Systemic drug exposure, not limited to lung

• Generally not useful as monotherapy

• BOX 12.3

Anieukriene rug hery is eeive in rxiey 50% 
f iens (hugh his rrin is greer fr sirin-sensi-
ive inivius), u here is n eh  rei whih iens 
wi e resners.25,26 Cnsiere inersuje vriiiy in 
resnse hs een seen. In  suy f exerise henge, 20g 
f zruks gve ee rein in hree sujes, ri 
rein in fur sujes, n n rein in ne suje.27

Antileukotrienes in Relation to Corticosteroids

Ash guieines gree h riseris re he s ee-
ive niinry rugs fr use in sh, n hey hve 
rer niinry iviy re wih he re i-
ie ee f nieukrienes. Leukriene iers e ny 
ne ihei hwy—he ixygense h n resuing 
eukriene ees. Tw ses f nieukriene hery shu 
e nsiere in rein  he use f riseris in sh:
1. Chsing eween n inhe seri n n nieukriene 

in i ersisen sh is se n seing vnges: he 
suerir ey f inhe seris wih ssiy r i-
ne versus he niie suerir ine f he ry 
inisere nieukrienes wih heir re iie niin-
ry in.15

2. ere is n iive ee wih nieukriene n inhe 
riseri heries in i  ere sh. A suy 
y Lviee e .2 shwe  greer resnse  inhe 
eehsne ne re wih r neuks ne; 
hwever, he inin f he w reens resue in he 
grees irveen in ung funin, s shwn in Fig. 12.9. 
In nher suy, use f neuks y us wih sh 
king inhe seris ng er resue in  47% reuin 
in seri se re wih  30% reuin in he e 
gru.29

Churg-Strauss Syndrome

Churg-Sruss synre hs een rere in  few iens 
ree wih zruks30 r neuks (srkeing eer).31

Churg-Sruss synre is  vsuiis f unknwn eigy, usu-
y urring in us 20  40 yers f ge, rke y eriher 
esinhii, esinhii inrin f issues, n nerizing 
vsuiis h n resu in jr rgn ge n eh, if ef 
unree. e synre is rre, wih  revene f u ne 
se er 15,000  20,000 ien-yers f reen. T e, 
iens wh evee his synre hve h iu--n-
r sh n hve een king r r high ses f inhe 
riseris.

I is uner wheher he eveen f Churg-Sruss syn-
re is n ee f nieukriene reen r wheher he 
synre is unske y  reuin in riseri her-
y we y he nieukriene hery.15 In heir review f 
eigh iens, Wehser e.31 nue h he urrene f 
Churg-Sruss synre in iens wih sh reeiving ni-
eukriene reen seee  resu fr he unsking f n 
unerying vsuii synre ignse s ere  severe 
sh n ree wih riseris. Neverheess, exeriene 
in huns wih nieukriene rugs, seiy CysLT

1
 ree-

r ngniss, is si new, n n  f he resses ssie 
wih 5-LO rus re eey uners. Fr exe, 
CysLT

2
, whih is not ke y he CysLT

1
 ngniss, suh s 

zruks r neuks, hs een ienie n hun u-
nry vsuure.13 e ee f inruing  eni i-
ne wih CysLT

1
 nieukriene hery is n we uners. 

Ahugh nieukriene rugs see  e sfe n eeive, 
iin ini exeriene is neee.
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Summary of Clinical Use of Antileukotriene Therapy

e fwing ins surize he urren unersning f he 
re f nieukriene rug hery in sh:
• Anieukriene gens re rhyi, nrer rugs use 

in ersisen sh, inuing i, ere, n severe 
ses; hey re n inie fr ue reief r resue hery.

• Anieukrienes n e rie s n ernive  inhe r-
iseris r ryn-ike gens in i ersisen sh 
requiring re hn s-neee β

2
 gniss.

• Anieukrienes y n e i s nhery in ersis-
en sh.

• Anieukrienes y w reuin f high-se inhe ri-
seris r reven n inrese in he se f inhe rise-
ris, n hey reue r reven he nee fr r riseris.

• Eviene  e shws hese gens re sfe n fen eeive 
hies in nging  wie rnge f sh severiy.

Monoclonal Antibodies

C L I N I C A L  C O N N E C T I O N

Monoclonal antibodies are used to treat severe asthma. These agents are 

valuable add-on treatments for patients with specic triggers.

Mnn niies re DNA-erive hunize IgG ni-
ies. Seiy, izu ks he hen f IgE 
 s es reuing inry eirs.32 Benrizu, 
eizu, n resizu k IL-5 in reing esinhii 
sh.33–35 Duiu is  hun IgG4 nn niy use 
 re ere  severe sh in iens eenen n r 
riseris. Aiiny, Duixen (uiu) hs een shwn 
 reue exerins in COPD iens. e newes nn 
niy is Tresire (ezeeu-ekk) use  re severe sh 
y king  ykine knwn s TSLP. In  sysei review i ws 
ne h  he nn niies isusse reue he re f 
sh exerins n he use f r riseris.36

Dosage and Administration

Mnn niies re gens h require injein r infu-
sin. Dsing is every 2 r 4 weeks, eening n he gen. Re-
ene sing is rvie in Te 12.1. Refer  he nu-
furers kge inser fr sei sing insruins.

Mechanism of Action

Oizu seeivey ins  hun IgE. e rug ks he 
ining f IgE  he IgE reer n he surfe f s es n 
shis (Fig. 12.10). is king ws reuin f ei-
rs h n e reese in n ergi resnse. Benrizu, 
eizu, n resizu k IL-5, hnging he signing 
f IL-5 reuing esinhis. Duiu ks IL-4 n IL-13, 
reuing inry resnse.

Hazards and Side Eects

e s severe reins urring in ini ris wih nn 
niies were nhyxis. Oher, re ny serve re-
ins inue injein sie reins, fever, hehe, n sre hr.

Summary of Clinical Use of Monoclonal Antibodies

e fwing ins surize he urren unersning f he 
re f nn niies in sh:
• Mnn niies re rhyi gens use in unn-

re severe ersisen sh; hey re n inie fr 
ue reief r resue hery.

• Mnn niies re n  reeen fr inhe 
riseris.

• Mnn niies re n i s nhery in er-
sisen sh.

• Mnn niies y w reuin f high-se 
inhe riseris r reven n inrese in he se f 
inhe r r riseris.

• Mnn niies y w reuin f shi res-
ue gens.

RESPIRATORY CARE ASSESSMENT OF 

NONSTEROIDAL ANTIASTHMA AGENTS

Before Treatment

• Evue ien fr i ers eivery fruin fr 
inhe eiins, if re hn ne eivery syse is vi-
e (e.g., s vue neuizer [SVN] r MDI). Ne ge, 
iiy  unersn insruins, n nee fr reservir wih 
MDI.

During Treatment and Short Term

• Iniiy fr ers eiins: Insru ien in use f er-
s eivery syse seee (MDI, reservir, SVN) n hen 
verify rre use.

• Assess rehing re n ern.
• Assess reh suns y usuin efre n fer reen.
• Assess use efre n fer reen.
• Assess iens sujeive rein  reen fr ny hnge 

in rehing er r ern.
• Verify h ien unersns h nnseri nish 

gens re nrer rugs n unersns heir ierene 
fr  resue rnhir (reieving gen); ssess iens 
unersning f he nee fr nsisen use f hese gens 
(ine wih hery).

• Insru ien in use f  ek w eer  nir se-
ine ek exirry w (PEF) n hnges. Verify h 
here is  sei in n se n sys n ek 
w resus. e ien shu e er n when  n 
 hysiin wih eeririn in PEF r exerin f 
sys.

• Fig. 12.10 Model of omalizumab complexing to free immunoglobulin E 

(IgE) to stop attachment to a mast cell, stopping mast cell degranulation. 

(Modied from Rosenwasser LJ, Nash DB. [2003]. Incorporating omali-

zumab into asthma treatment guidelines: consensus panel recommenda-

tions. Pharmacy and Therapeutics, 28, 400–414.)
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Long Term

• Assess severiy f sys (ughing, wheezing, nurn 
wkenings, n sys uring exerin); use f resue 
eiin; nuer f exerins n isse wrk r 
sh ys; n unry funin. Mify eve f sh 
hery (u r wn, s esrie in NAEPP Exer Pne 
Rer 3 [EPR-3] guieines fr se hery).

• Assess fr resene f sie ees wih nnseri nish 
gens (refer  riur gen n is sie ees, s ise 
reviusy).

General Contraindications

• In gener, nish gens re sfe. Hwever, eh ye f 
gen y e eh ien iereny.

• Piens shu unersn h hese gens re ng--
ing gens; if  risis urs, hey shu use shr-ing 
eiin.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. Identify four nonsteroidal antiasthma drugs used in the management 

of chronic asthma; give generic and brand names.

2. Which immunoglobulin is implicated in allergy and is termed cytophilic?

3. Which type of asthma involves allergic reaction to an antigenic 

stimulus?

4. Which type of helper T cell, Th1 or Th2, is involved primarily in the 

atopic allergic response?

5. A resident wishes to order nebulized cromolyn sodium for a young 

patient with asthma in the emergency department who is wheezing and 

in moderate distress. Would you agree?

6. Which of the following could be recommended as possible choices 

for the patient with asthma in question 5: inhaled albuterol, inhaled 

salmeterol, inhaled ipratropium bromide, theophylline (either orally or 

intravenously)?

7. A patient with asthma has been taking 40mg of oral prednisone for 

1 week after an acute asthma attack and an emergency department 

visit. His physician now wants to switch him to inhaled cromolyn and 

discontinue the oral prednisone. What is the risk in doing this, and what 

would you recommend?

8. How does the mechanism of action of zarlukast and montelukast differ 

from that of zileuton?

9. What is the recommended dosage and route of administration for 

zarlukast, montelukast, and zileuton?

10. Which of the three antileukotriene agents in question 9 offers the most 

convenient dosing and the fewest drug interactions?

11. When would you recommend using omalizumab?

12. A 17-year-old patient with asthma has been treated for symptoms for 

the last 12 months. His symptoms have not improved despite the use of 

the highest dosage of an inhaled corticosteroid agent and regular use 

of salmeterol; in addition, trials on montelukast, cromolyn sodium, and 

oral theophylline have been unsuccessful. What would you recommend 

for this patient?

CLINICAL SCENARIO

Answers can be found in Appendix A

A 45-year-old White woman is seen in the emergency department with 

a complaint of chest tightness, shortness of breath, and wheezing for the 

past 1.5 days. She also complains of a cough, with only occasional thin, 

whitish sputum during that period. She denies any fever or chills. She was 

diagnosed with adult-onset asthma 3 years ago and is sensitive to aspirin. 

She has no history of tobacco use. She had a nasal polypectomy 2 years 

ago. She has been taking over-the-counter (OTC) racemic epinephrine for 

the past 4 months, as needed, because her albuterol prescription ran out. 

She was taking oral theophylline 300mg twice daily from about 4 months 

ago. She is alert but mildly anxious.

Her vital signs are as follows: temperature (T) 97°F, pulse (P) 112 beats 

per minute, regular blood pressure (BP) 135/90mm Hg, and respiratory 

rate (RR) 22 breaths per minute with no laboring. Expiration is slightly 

prolonged, but there is no use of accessory muscles. No cyanosis is evident. 

Auscultation reveals diffuse wheezes, greater on expiration than inspiration, 

and rhonchi bilaterally. Routine blood work later showed the following: 

hemoglobin at 13.5g/dL and white blood cell (WBC) count at 6.1 × 103/

mm3, with 13% eosinophils. Electrolytes were also normal except for a 

plasma glucose level of 281mg/dL. A chest radiograph showed some 

hyperination bilaterally, with no inltrates, no pneumothorax, and normal 

heart size. Results of an arterial blood gas measurement on room air 

were pH 7.38, arterial carbon dioxide pressure (PaCO
2
) 42mm Hg, partial 

pressure of arterial oxygen (PaO
2
) 72mm Hg, base excess + 0.3mEq/L, and 

arterial oxygen saturation (SaO
2
) of 96%.

On questioning, the patient states that she has been using her OTC 

racemic epinephrine almost every 2 hours over the past 24 hours, with little 

improvement. She states that she has been experiencing many headaches, 

upset stomach, some lack of appetite, and insomnia often during the week. 

It has been 2 to 3 hours since she last used her OTC racemic epinephrine.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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Aerosolized Antiinfective Agents
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C H A P T E R  O U T L I N E

Clinical Indications for Aerosolized Antiinfective Agents

Indication for Aerosolized Pentamidine

Indication for Aerosolized Ribavirin

Indication for Aerosolized Tobramycin

Indication for Aerosolized Aztreonam

Indication for Inhaled Zanamivir

Identication of Aerosolized Antiinfective Agents

Aerosolized Pentamidine (NebuPent)

Introduction of Aerosolized Pentamidine

Rationale for Aerosol Administration

Description of Pneumocystis Pneumonia

Dosage and Administration

Mechanism of Action

Side Eects

Environmental Contamination by Nebulized Pentamidine

Aerosol Therapy for Prophylaxis of Pneumocystis Pneumonia: 

Clinical Application

Ribavirin (Virazole)

Clinical Use

Nature of Viral Infection

Dosage and Administration

Mechanism of Action

Side Eects

Environmental Contamination With Aerosolized Ribavirin

Palivizumab (Synagis)

Clinical Use

Dosage and Administration

Mechanism of Action

Adverse Reactions

Clinical Ecacy

Aerosolized Tobramycin (TOBI; Bethkis; Kitabis Pak)

Clinical Use

Dosage and Administration

Mechanism of Action

Side Eects

Precautions in Use of Aerosolized Tobramycin

Clinical Ecacy

Aerosolized Aztreonam (Cayston)

Clinical Use

Dosage and Administration

Mechanism of Action

Precautions in Use of Nebulized Aztreonam

General Considerations in Aerosolizing Antibiotics

Inhaled Zanamivir (Relenza)

Clinical Use

Dosage and Administration

Mechanism of Action

Adverse Eects

Clinical Ecacy and Safety

Respiratory Care Assessment of Aerosolized Antiinfective Agents

Before Treatment

During Treatment and Short Term

Pentamidine

Ribavirin

Tobramycin

Aztreonam

Zanamivir

Long Term

General Contraindications

Pentamidine

Ribavirin

Tobramycin

Aztreonam

Zanamivir

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to aerosolized antiinfective agents

2. Discuss the indications for inhaled antiinfective agents

3. List all available inhaled antiinfective agents used in respiratory 

therapy

4. Dierentiate between specic antiinfective agent formulations

5. Discuss the route of administration available for the various 

antiinfective agents

6. Describe the mechanism of action for the various antiinfective 

agents

7. Recognize side eects for the various antiinfective agents

8. Discuss the use of each antiinfective agent in the treatment of 

lung disease
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K E Y  T E R M S  A N D  D E F I N I T I O N S

Cystic brosis (CF) Inherited disease of the exocrine glands aecting 

the pancreas, respiratory system, and apocrine glands. Symptoms 

usually begin in infancy and are characterized by increased 

electrolytes in the sweat, chronic respiratory infection, pancreatic 

insuciency, and reduced fertility (females) and sterility (males).

Pneumocystis pneumonia (PCP) Interstitial plasma cell 

pneumonia caused by the organism Pneumocystis jiroveci. 

Pneumocystis jiroveci pneumonia (PJP) is common among 

patients with lowered immune system response.

Respiratory syncytial virus (RSV) Virus that causes formation of 

syncytial masses in infected cell structures.

Virostatic Stopping a virus from replicating.

Virucidal Killing a virus.

Virus Obligate intracellular parasite, containing either DNA or 

RNA, which reproduces by synthesis of subunits within the host 

cell and causes disease because of this replication.

is her isusses niinfeive gens urreny rve 
fr inisrin s inhe erss: eniine isehine 
(NeuPen), rivirin (Virze), ryin (TOBI), zre-
n (Cysn), n znivir (Reenz). Peniine is use  
reven n re Pneumocystis pneumonia (PCP) in iens 
wih quire iuneieny synre (AIDS), n rivirin 
is use  re respiratory syncytial virus (RSV). A singe r 
nn niy rerin, ivizu (Syngis), ers 
rhyxis n reen fr RSV infein. Inhe ryin 
n zren re vie fr he ngeen f Pseudomonas 
aeruginosa infeins in iens wih cystic brosis (CF). Zn-
ivir is n inhe nivir gen use  re inuenz.

Clinical Indications for Aerosolized 

Antiinfective Agents

Cini iniins fr eh f he ersize niinfeive gens 
vie  he ie f his eiin re given. Eh gen is is-
usse serey in ei.

Indication for Aerosolized Pentamidine

Peniine y inhin is inie fr he prevention f PJP in 
high-risk hun iuneieny virus (HIV)–infee iens 
wh hve  hisry f ne r re eises f PCP r  eriher 
CD4+ (T4 heer e) yhye un f 200/3 r ess.

Indication for Aerosolized Ribavirin

Aersize rivirin is inie fr he treatment f hsiize 
infns wih severe wer resirry r infein use y RSV.

Indication for Aerosolized Tobramycin

Aersize ryin is inie fr he management (nr) 
f hrni P. aeruginosa infein in CF.

Indication for Aerosolized Aztreonam

Aersize zren is inie  irve unry sy-
s in iens wih CF n P. aeruginosa infein.

Indication for Inhaled Zanamivir

Inhe znivir is inie fr he treatment f unie 
ue iness use y he inuenz virus in us n hiren • Fig. 13.1 Chemical structure of pentamidine isethionate (NebuPent).

wh re 7 yers f ge n er n hve een syi fr 
n re hn 2 ys. I y s e use rhyiy gins 
he inuenz virus in hiren 5 yers f ge n er.

Identication of Aerosolized 

AntiinfectiveAgents

e niinfeive gens vie fr inhin re ise in 
Te 13.1 wih eis f fruin, usu reene sge, 
n ini use. Eh f hese gens is isusse in re ei.

Aerosolized Pentamidine NebuPent

Peniine isehine (NeuPen) is n nifung gen h 
is ive gins Pneumocystis jiroveci, he usive rgnis fr 
Pneumocystis jiroveci neuni (PJP). e hei sruure 
f eniine is shwn in Fig. 13.1. Peniine n e given 
eiher renery r s n inhe ers, u i is n sre 
wih r inisrin. When given renery, eiher inr-
venusy r inrusury, he rug isriues quiky  he 
jr rgns (iver, kineys, ung, n nres).

Introduction of Aerosolized Pentamidine

K E Y  P O I N T

Aerosolized pentamidine isethionate is approved for use as second-line 

prophylactic therapy in patients with acquired immunodeciency syndrome 

(AIDS) to prevent Pneumocystis pneumonia (PCP). Clinical experience with the 

aerosolized drug has resulted in signicant side effects and less efcacy than 

with the oral agent trimethoprim-sulfamethoxazole (TMP-SMX). TMP-SMX 

is indicated for prophylaxis of PCP unless side effects are not tolerated, in 

which case the aerosol drug should be considered.

C L I N I C A L  C O N N E C T I O N

For administration of aerosolized pentamidine, a Respirgard II nebulizer 

system should be used. Precautions should be taken against the spread of 

tuberculosis (TB) with patients with human immunodeciency virus (HIV) 

infection, such as containment booths or isolation rooms. Patients with a 

history of lung disease should not use this agent in the aerosolized form.
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TABLE 

13.1

Currently Available Inhaled Antiinfective Agents With Formulations, Usual Recommended Dosage, and 

Clinical Use*

Drug Brand Name Formulation and Dosage Clinical Use

Pentamidine isethionate NebuPent 300mg of powder in 6mL of sterile water; 300mg once every 4wk PCP prophylaxis

Ribavirin Virazole 6mg of powder in 300mL of sterile water (20-mg/mL solution); given 

12–18hr/day for 3–7 days by SPAG-2 nebulizer

RSV

Tobramycin TOBI; Bethkis;

TOBI Podhaler;

Kitabis Pak

TOBI: 300mg/5mL ampule Bethkis: 300mg/4mL ampule

TOBI Podhaler: DPI: 28mg/capsule

Adults and children ≥6yr: 300mg bid, 28 days on/28 days off drug

Pseudomonas aeruginosa in CF

Aztreonam Cayston 75mg/1mL

Adults and children ≥7yr: 75mg tid, 28 days on/28 days off drug

Pseudomonas aeruginosa in CF

Zanamivir Relenza DPI: 5mg/inhalation

Adults and children ≥5yr: 2 inhalations (one 5-mg blister per inhalation) bid 

<12hr apart for 5 days

Inuenza

*Details on use and administration should be obtained from manufacturer’s drug insert material before use.

bid, Twice daily; CF, cystic brosis; DPI, dry powder inhaler; PCP, Pneumocystis pneumonia; RSV, respiratory syncytial virus; SPAG, small particle aerosol generator; tid, three times daily.

Bh sysei inisrin n ers inisrin f en-
iine hve een use fr he reen f PCP, whih urs 
s  n runisi resirry infein in iens wih 
AIDS. In iin  he rhyi use f ersize eni-
ine, he ers fr hs een use fr he reen f ue 
eises. e rs rer y Mngery e.1 ws fr hery f 
ue eises f PCP.

Rationale for Aerosol Administration

e rine fr ers inisrin f eniine  re 
r reven PCP is se n he se rine fr her inhe 
ers rugs use  re he unry syse:  rgee 
ung eivery, wih fewer r ess severe sie ees re wih 
sysei inisrin. Aersize eniine rues sig-
niny higher ung nenrins re wih inrvenus 
inisrin.2 e Sn Frnis rhyxis ri shwe h 
300g f ersize eniine every 4 weeks ws eeive 
in revening PCP in iens wih HIV infein.3 Susequen 
ini exeriene wih ersize eniine i n shw 
irve ini ey re wih r rugs, suh s TMP-
SMX (Ser n Bri), n xi sie ees si urre.

Description of Pneumocystis Pneumonia

e rgnis Pneumocystis carinii (nw ere Pneumocystis jir-
oveci) ws rs ne in he ungs f guine igs y Chgs in 
1909 n Crini in 1910. I ws ne s  new rgnis y 
Denöe n Denöe in 1912 s Pneumocystis carinii  esrie 
he ysi fr in he ungs n is erier isverer. Ms re 
ny infee wih he rgnis  n ery ge, ry 
hrugh n irrne ver. Disese urs when here is sures-
sin f he iune syse. When n nine y  een 
iune syse, P. jiroveci uses PCP. Befre he AIDS n-
ei, PCP ws rere in nurishe infns in he 1940s 
n 1950s n in he 1970s in reure infns wh survive.4

PCP rues  fy inrver exue h nins yss f 
P. jiroveci. e ife ye f P. jiroveci n he resuing neuni 
re iusre in Fig. 13.2.

Cniing nes fr P. carinii y e fun in he i-
erure. Sringer e.5 esrie h he ne ws hnge  

Pneumocystis jiroveci in hnr f O Jírve,  Czeh rsi-
gis. Hwever, in  eer  he eir, Hughes6 ine u 
h he ne hnge is n vi r n euse i hs n een 
regisere in he Inernin Ce f Bni Nenure. 
Hughes6 s ine u h he ne hnge wu use n-
fusin in isussins f P. carinii euse ny iniins si use 
his ne. In  eer, Gigii7 sure he sne ken y 
Hughes h n er eviene exiss fr he urrene f n -
i ne hnge.

Wh is knwn is h P. carinii, r P. jiroveci, is  fungus. e 
rny PCP fr Pneumocystis neuni reins he se5; 
hwever, s uhrs uiize he er PJP.

Dosage and Administration

Deis f se n inisrin f NeuPen, he ersize 
rn ne f eniine, n e fun in he nufurers 
ierure. e fwing sury is n inene  ree he 
re eie insruins h ny he rug.

Dosage. e rve se f ersize eniine 
(NeuPen) fr rhyxis f PJP in iens wih AIDS is 
300g given y inhin ne every 4 weeks. is se y e 
ere y hysiins in reing iniviu iens.

NeuPen is suie s  ry wer wih 300g in  singe 
vi. is wer us e rensiue wih 6L f serie wer 
fr injein, Unie Ses Phrei (USP) (n sine, 
whih n use reiiin), e  he vi. e enire 6L 
f rensiue suin is e in  neuizer.

Administration. Arv f ersize eniine y he 
US F n Drug Ainisrin (FDA) ws fr inisr-
in wih he Resirgr II neuizer (Vi Signs, In., Tw, 
New Jersey). is is  s vue neuizer (SVN) syse, w-
ere y resse gs, e wih  series f ne-wy vves n 
n exirry er (Fig. 13.3). is neuizer syse hs een 
esrie y Mngery n ssies.2 e Resirgr II ne-
uizer shu e were wih  w re f 5  7L/in fr  
50-uns er squre inh (si) sure r, ernivey, y n-
ring he w wih  22-  25-si ressure sure nnee 
 he s-re uing f he neuizer. Pressures ew 20si 
re insuien  rue he esire rie size neessry fr 
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eriher eivery f he rug. ese requireens wih Resir-
gr II re fun in he nufurers ierure n isusse 
furher y Crkery e. I y s e ne h eniine 
y s e inisere in  r r en h s s  “vuu 

• Fig. 13.2 Pathogenesis of Pneumocystis jiroveci, the organism that 

causes Pneumocystis pneumonia (PCP). A, Life cycle of P. jiroveci. B, PCP 

pathology.

• Fig. 13.3 Diagrammatic illustration of Respirgard II nebulizer system, showing one-way valves and expiratory 

lter to scavenge exhaust aerosol.

 rw ny ries h hve ese   er. Curing f 
hese ries resus in ess exsure  he resirry heris.

Nebulizer Performance. Ahugh neuize eniine 
ws rve fr gener ini use wih he Resirgr II 
neuizer syse, her neuizers hve een use  iniser 
he rug. A resen, he nufurer reens use wih  
Resirgr II neuizer syse.

e gener requireen fr eeive neuizin f eni-
ine is  rie size r isriuin f sizes wih  ss ein 
ieer (MMD) f 1  2µ. is rie size is neee fr he 
fwing w resns5:
1. T hieve eriher inrver esiin rgee  he 

in f he irrgnis
2. T reue r reven irwy irriin seen wih rger rie 

sizes, whih esi re in rger irwys
Suies y Viniguerr n Sne9 n y Sne e.10

hve exine neuizer erfrne n re reen 
ie n ien erne f ersize eniine wih Resir-
gr II versus her neuizers. Treen ies n eieny in 
rug viiiy were greer wih he AerTeh II (CIS-US, Be-
fr, Msshuses) re wih he rve Resirgr II.

Mechanism of Action

e ex ehnis f in f eniine is unknwn. 
e xi ee f he rug n P. jiroveci y resu fr u-
ie ins. Peniine ks RNA n DNA synhesis, 
inhiis xiive hshryin, n inerferes wih fe 
rnsfrin.4,11,12

When given y inhe ers, eniine rehes signi-
ny higher nenrins in he ung hn when given inr-
venusy.2 e inhe rug rs ins  ung issue. Ahugh 
s eves re uh ess hn wih rener inisrin, 
he rug is swy sre in he iruin n isriue 
 y issues, s wih rener inisrin. As  resu, 
rnge ers inisrin n resu in sysei uu-
in. Arxiey 75% f he rug is exree in urine n 
25% in fees ver he nhs fer inisrin.
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Side Eects

e sie ees seen wih sysei hery f PCP wih use f 
eiher eniine r TMP-SMX hve rvie r f he ri-
ne fr ers inisrin f eniine. Ahugh h f 
hese rugs re eeive in s iens wih PCP when given 
syseiy, greer hn 50% f iens exeriene verse sie 
ees.

Side Eects With Parenteral Pentamidine. Sie ees wih 
rener inisrin f eniine hve een surize 
in sever reviews, wih nuerus referenes.,11 Parenteral use f 
eniine hs resue in he fwing:
• Pin, sweing, n sess frin  he sie f injein 

wih inrusur inisrin
• rheiis n uriri eruins wih inrvenus 

inisrin
• Hygyei (u  62% f iens), wih  uuive 

yxi ee n nrei e es
• Iire ren funin n zei
• Hyensin
• Leukeni
• Hei ysfunin

Side Eects With Aerosol Administration. Sie ees 
wih ers inisrin n e ierenie in  ir-
wy ees n sysei ees. Local airway eects wih ers 
inisrin hve inue he fwing:
• Cugh n rnhi irriin in 36% f iens in ne 

suy3

• Shrness f reh
• B se (ier r urning) fr he ers iing in he 

rhrynx
• Brnhss n wheezing in 11% f iens3

• Snneus neuhres13

In iin, he fwing systemic reactions hve urre wih 
ersize eniine:
• Cnjuniviis
• Rsh
• Neureni
• Pnreiis14

• Ren insuieny
• Dysgyei (hygyei n iees)
• Digi nersis in h fee15

• Aerne f exrunry P. jiroveci infein
Beuse f he hrkineis f eniine, ng-er 

reen wih he ers n e  issue uuin in he 
y, using se f he se sie ees s wih rener 
inisrin. Suressin f P. jiroveci wih  rgeing f 
he ung hs resue in he erne f infein esewhere in 
he y.

Preventing Airway Eects. Use f  β-renergi rnh-
ir efre inhing ersize eniine n reue r 
reven  irwy rein, inuing reuin f ugh-
ing r wheezing. Irriu hs s een shwn y Quief-
n e.16  reven rnhnsriin. e irwy rein 
y e use y he sue iey in isehine (see Fig. 
13.1), whih is knwn  use irwy irriin, r y he rug 
isef.17,1 is ee n e reue y use f  neuizing syse 
ruing very s rie sizes, whih essen irwy esi-
in n inrese ver rgeing.

Environmental Contamination by Nebulized Pentamidine

e fwing nerns exis regring envirnen nin-
in fr neuize eniine:

• Exsure  he rug isef fr he exhus ers
• Risk f infein wih uerusis (TB),  isese ssi-

e wih AIDS, fr iens eing ree wih ersize 
eniine
Peniine is n knwn  e ergeni, se n is use 

in regnn wen wih Afrin seeing sikness (ryns-
isis), hugh eie ini  were n ke. e rug 
is n ugeni, n is ringeni eni is nsiere 
ini.11 Suies hve shwn h w eves f eniine n 
e eee in heh re wrkers exse  he rug uring 
reens.19,20 e invesigrs nue h exsure r-
y urre uring reen inerruins, usuy use y 
ughing eises. Heh re wrkers hve s ine f 
njuniviis n rnhss when ersizing he rug.11

On he sis f hese rers n he ng issue hf-ife f en-
iine, n wih he rug shu e ke   iniu r 
vie, if ssie.

e risk f nring TB when reing iens wih AIDS 
wih neuize eniine is se n he ssiin f TB n 
AIDS, he irrne e f rnsissin f TB, n he f h 
eniine ers n use ughing n exusin f re 
nuei nining TB ii uring ers reens.

Environmental Precautions. e fwing reuinry 
esures re suggese when inisering ersize eni-
ine  reue he risk f rug exsure n TB infein21–24:
• Use  neuizer syse wih ne-wy vves n n exirry 

er.
• S neuizin if he ien kes he uhiee u f 

he uh ( hu nr n he wer gs uing gives 
re nr).

• Use neuizers ruing n MMD f 1  2µ  inrese 
ver rgeing n essen rge irwy esiin n ugh 
ruin.

• Awys use  suie exirry er n ne-wy vves wih 
he neuizer. Insru iens  urn  he neuizer when 
king r when king i u f he uh.

• Sreen iens fr ugh hisry n rere wih  β gnis, 
wih suien e ie fr ee in reuing he rnhi 
reiviy.

• Ainiser ers in  negive-ressure r, wih six ir 
hnges er hur, r nsier using n isin h/h 
ssey wih n exhus fn n ir iree hrugh  high-
eieny er.

• Heh re wrkers shu use rrier rein (gves, 
sk, n eyewer).

• Sreen iens wih HIV infein fr TB, n re where 
eviene f infein exiss.

• D n w reen iens  iner wih hers uni 
ughing susies.

• Heh re wrkers shu eriiy sreen heseves fr 
TB.

• Pregnn wen n nursing hers shu vi exsure 
 he rug, n  riiners shu ii exsure  he 
exen ssie.
Ahugh esures exis  riy ii envirnen 

ninin wih ersize eniine, ny f hese 
re exensive, suh s negive-ressure rs n irve 
veniin exhnge in er uiings. Oher esures re 
iu, suh s he wering f eeive high-eieny sks 
in  usy ini seing fr  rnge eri. e use f 
r isinfein wih urvie igh hs een reviewe25 u 
is ee.22
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C L I N I C A L  C O N N E C T I O N

Aerosolized pentamidine is only used in prophylaxis. Trimethoprim-

sulfamethoxazole (TMP-SMX) is the used to treat active Pneumocystis

pneumonia (PCP).

Aerosol Therapy for Prophylaxis of Pneumocystis 
Pneumonia: Clinical Application

Crisns f he ey f ersize eniine wih r 
TMP-SMX, geher wih rers f serius verse ees wih 
ersize eniine, e   reevuin f ers hery 
wih eniine fr rhyxis f PCP. Gener reen-
ins fr rhyxis f PCP hve een uishe y he US 
Ceners fr Disese Cnr n Prevenin (CDC) in MMWR 
Recommendations and Reports fr HIV-siive hiren26 n 
guieines fr us.27 In he 201 CDC reenins, r 
TMP-SMX is referre fr reen n rhyxis f PCP s 
ng s verse sie ees fr TMP-SMX were sen r e-
e.27 Aersize eniine is reene s n ernive 
hery fr riry n senry rhyxis f PCP, i is n 
reene s  reen.27

Ribavirin Virazole

K E Y  P O I N T

Ribavirin is an aerosolized antiviral drug used to treat respiratory syncytial 

viral (RSV) infection in children and infants at risk for severe or complicated 

disease.

C L I N I C A L  C O N N E C T I O N

Ribavirin is administered with a small-particle aerosol generator, model 2 

(SPAG-2) unit. Side effects with ribavirin include pulmonary deterioration 

and equipment malfunction (ventilator occlusion and endotracheal tube 

occlusion). Environmental containment systems are available to protect 

caregivers.

Rivirin (Virze) is ssie s n nivir rug; i is ive 
gins RSV, inuenz viruses, n heres siex virus. Chei-
y, i is  nuesie ng n resees gunsine n in-
sine.2 Rivirin is virostatic, n virucidal, n inhiis DNA 
n RNA (rervirus) viruses.

Rivirin hs een use hrughu he wr fr vrius vir 
infeins, inuing RSV n inuenz yes A n B. Cini 
ris f ersize rivirin fr severe RSV infein nue 
y H e.29 hve shwn signin irveen wih rivirin 
reen re wih  e; hwever, Guerguerin e.30

hve ne is ineeiveness.

Clinical Use

Infein wih RSV in hiren resus in eiher rnhiiis r 
neuni. Guieines nerning he use f rivirin were u-
ishe y he Ciee n Infeius Diseses f he Aerin 
Aey f Peiris in 201. Genery, he rug is n re-
ene fr ruine RSV infein, u i y e nsiere fr 
reing ife-hreening infeins.31 e Ageny fr Hehre 
Reserh n Quiy (AHRQ) hs esigne rivirin s “s-
siy ineeive.32

Rivirin reen y ers is exensive n risks envirn-
en exsure  he rug y ersnne. Suies hve given n-
iing resus n wheher he use f rivirin signiny reues 

• Fig. 13.4 Structure of a virus, showing nuclear material (DNA or RNA), 

protein coat, and envelope.

• Fig. 13.5 Sequence of viral infection, illustrating intracellular replication 

before dissemination in the body.

ues, suh s venir ys, xygen nees, inensive re 
uni ys, hsi ys, r riy.33,34

Nature of Viral Infection

A sury f viruses n vir infein is resene  esish key 
rinies n nes neee fr unersning he iuies in 
reing vir iseses n he ehnis f in f rivirin. A 
virus n e ene s n ige inreur rsie, nining 
eiher DNA r RNA, whih rerues y synhesis f suunis 
wihin he hs e n uses isese euse f his reiin.

Fig. 13.4 iusres he sie sruure f  virus. ese re 
riiive eers f he ni king, suirni in size, 
h nsis f  srn f DNA r RNA h is surrune y  
rein . A virus y r y n e surrune y n envee, 
whse gyrein sikes re riy ine fr he hs e.

e ne n sequene f  vir infein re shwn in 
Fig. 13.5. A virus eners he y hrugh vrius rues (r, 
inhe, uus ernes) n inves  hs e. is is  
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uise ress nsising f hses in whih he virus srs 
 he e; eneres he e; uns isef; ges hrugh  r-
ess f reing e DNA (rnsriin, rnsin, synhesis); 
ssees isef; n shes fr he e. e hs e usuy ies 
in he ress. Ciniy, signs f  vir infein  n ur 
uni fer he inii en eri, when he virus eves he e 
(see Fig. 13.5). A his in, infein is we esishe. e 
ignsis f vir iness is usuy se n ini signs, inu-
ing he sys, ge f he ien, n ie f yer. Deniive 
ignsis requires ising he virus r shwing n niy ier 
inrese. Diseses rue y viruses inue hikenx, s-
x, fever isers (heres siex virus), geni heres, iy-
eiis, he n , AIDS, inuenz, us, n eses.

Beuse f he nure f vir infein, s jus uine, ni-
vir rug reen, wheher fr he n  r fr HIV 
infein, is iu. In riur, here re hree iins 
in reing vir isese wih rugs, s fws:
1. Aking he inreur virus y hr he hs e.
2. Vir reiin is xi efre he erne f sys.
3. Viruses hve he rery f nigeni uiiy; h is, hey 

hnge heir erne  he iune syse.
Respiratory Syncytial Virus Infection. RSV n use rn-

hiiis n neuni. As  hiren re exse  RSV 
y he sen yer f ife, n in s he infein is i n 
sef-iiing. Oureks f RSV neuni re sesn n ek 
uring winer nhs (Nveer  Mrh), wih se vriin 
ring  gegrhi regin.

e ne f he virus rees is ees n es, whih is  
use he frin f rge, uinuee es, r  syncytium.
e virus sres esiy vi ersn n r hn nin-
in fr surfes. N eeive vine exiss  reven RSV 
resirry isese. Prere niy  RSV is vie n is 
isusse er in he her.

Dosage and Administration

Fwing is  sury f rivirin sge n inisrin. 
I is n inene  ree eie insruins nine in 
he nufurers ierure, whih shu e reviewe efre 

inisering his rug. is inues he ering nu fr 
he s-rie ers generr, e 2 (SPAG-2) neuizing 
syse.

Dosage. Rivirin is given s  20-g/L suin, whih is 
inisere y neuizer (SPAG-2) fr 12  1 hurs er y, 
fr  iniu f 3 ys n n greer hn 7 ys. e rug is 
suie s 6g f wer in  100-L vi. e wer is ren-
siue in he vi wih serie wer fr injein r inhin, 
rnsferre  he rge vue (500-L) reservir f he neu-
izer, n iue furher    vue f 300L wih serie 
wer. is gives  nenrin f 6g/300L, r 20g/L,  
2% srengh suin.

Administration. Cini ris f rivirin ers were r-
rie u wih  rge-vue neuizing syse, he SPAG-2. e 
rug ws rve fr gener use wih his ers generr. 
A igr f he SPAG-2 uni is shwn in Fig. 13.6. I is  
rge-vue, neuiy were neuizer ering n  je 
shering rinie, wih ing f ers ries n  rying 
her  reue rie size furher   eve f rxiey 
1.3 µ MMD. Suins in he SPAG-2 reservir shu e 
ree fer 24 hurs. Resiu suin in he reservir shu 
e isre efre ing newy rensiue suin. e rug 
suin shu wys e visuy insee fr riue er 
r isrin efre use.

e neuizer is nnee   h s he ien inerfe. 
e nufurer seiy wrns gins inisrin f he 
rug  infns requiring ehni veniin euse f he 
risk f rug reiiin uing exirry vves n sensrs 
r he enrhe ue. e sikes infns wih RSV re ikey 
 nee veniry sur; hwever, here re rers f rug 
use wih ehni veniin. Deers e.35 rvie eie 
infrin nerning reuins wih venir use uring 
inisrin f he rug. A ini suy f ers inis-
rin wih ehni veniin f infns wih severe RSV 
infein ws rere y Sih e.33; hese uhrs shwe h 
reen reue urin f veniin, xygen sur, n 
hsi sy. Ahugh r inensive, ehni veniry 
inisrin f rivirin siies envirnen nr.

• Fig. 13.6 Diagrammatic illustration of small particle aerosol generator (SPAG-2) unit used for nebulizing 

ribavirin.
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Rivirin hs use he SPAG n een FDA ere fr use; 
hwever, new frs f ers generin hve ninue. Wsh 
n Liu36 uiize  viring esh neuizer  eiver rivirin n 
fun h he neuizer i n e he reries f rivirin.

Mechanism of Action

e ehnis f in y whih rivirin exers is virsi 
ee is n eey uners. Vir inhiiin is r-
y se n is sruur resene  he nuesies use 
 nsru he DNA hin.2 Fig. 13.7 shws he sruures f 
he nur nuesie gunsine wih rivirin, whih is  syn-
hei nuesie ng. During he frin n ssey f 
new vir rein wihin he e, rivirin is s ikey ken u 
inse f he nur nuesie  fr he DNA hin; his 
revens nsruin f vie vir ries n susequen 
sheing f virus in he sre. Fig. 13. is  neu 
iusrin f he ress. Rivirin es n reven he h-
en r he enerin f RSV in he e, whih y exin 
why i erey reues he severiy f iness rher hn revening 
r ishing i geher.2

When given vi inhe ers, rivirin eves re uh 
greer in resirry sereins hn in he sre. Wskin11

rvie  referene sury f rivirin kineis. Wih   
20 hurs f ers reen, ek s eves re 1  3g/
L, n resirry serein eves re greer hn 1000g/
L. e ini inhiiry nenrin (MIC) fr RSV is 4  
16g/L. e hf-ife f rivirin is u 9 hurs in s 
n u 1  2 hurs in resirry sereins, whih is he ri-
ne fr s-ninuus inisrin vi ers.

Side Eects

Sie ees seen wih ersize rivirin re ise in he ru 
ierure n hve een reviewe y Wskin.11 e fwing is 
surizes verse ees rere, inuing hse seen in us 
reeiving he rug:
• Pulmonary: Deeririn f unry funin n wrs-

ening f sh r hrni sruive unry isese 
• Fig. 13.7 Similarity of the ribavirin molecule to guanosine, the DNA pre-

cursor component, may be the basis for the virostatic effect of the drug.

• Fig. 13.8 Illustration of mechanism of action of ribavirin in blocking viral replication.

(COPD) ur; neuhrx, ne, n eri neu-
ni hve een esrie.

• Cardiovascular: Crivsur insiiy, inuing hyen-
sin, ri rres, n igiis xiiy, hs een ne.

• Hematologic: Ees n  es hve een rere wih 
r r rener inisrin u n wih ers use. 
Reiuysis (exess f yung eryhryes in he iru-
in) hs een rere wih ers use.

• Dermatologic/topical: Rsh, eyei eryhe, n njuniviis 
hve een ne.

• Equipment-related: Equien-ree verse ees wih 
rivirin reen inue usin n iiren f exi-
rry vves n sensrs wih venir use n enrhe 
ue kge fr rug reiie.
Ahugh  f he reviusy ise ees hve een rere, 

n ees iniy re unry funin eeririn, 
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equien funin use y rug reiie, n skin irri-
in resuing fr exess rug reiiin.

Environmental Contamination With Aerosolized Ribavirin

ere is nern ng heh re wrkers ver exsure  
rivirin. e rug hs eni fr ugeni n rin-
geni ees, s inie y in vir n ni suies.11 e 
ee n feriiy is unerin, u he rug hs use esiu-
r esins in rs. e ee n regnny is f nern euse 
he rug is ergeni r eryi in ni seies. Aue 
ees fr ersize rivirin rere y heh re wrkers 
hve inue reiiin n n enses n njuniviis, 
hehe (51%), rhiniis, nuse, rsh, izziness, hryngiis, n 
riin (10%–20%). Sever ses f rnhss r hes 
in hve een rere y inivius wih reive irwys is-
ese. e sys ne hve resve wihin hurs fer is-
ninuing exsure  he rug.37

Mini eves f rivirin exsure re iu  seify 
euse f he k f se–resnse  fr huns.3 Crkery 
e.39 se h he Cifrni Deren f Heh Servies 
reene n ee uin irrne nenr-
in fr  hurs f iie exsure  e  f he wes n-
serve-ee eve, whih wu e 2.5g/3

Ahugh here re n rers,  e, f serius ees fr 
rug exsure vi ers, reuins  ii r vi ex-
sure  he rug re we inie, s ve y Krek.40

Pregnn fees, r hse wishing  ee regnn, shu 
vi exsure  he rug, if ssie. In iin, envirnen-
 ninen is suerir  ersnne rrier rein ne. 
Snr surgi sks  n reven inhin f 1-  2-µ 
ries. Der srin f rivirin sees  e negigie.41

I y e hefu  use  ninen syse when he rug 
is ersize  n xygen h; sever syses hve een r-
se in he ierure.42–44 A hve n feures f ensure 
run he h, wih vuu exrin n ering f gs fr 
he ensure. Deis neee fr use n e fun in he refer-
enes given. I is reene h he rug e inisere in 
we-venie res—h is, six r re ir hnges er hur.

Palivizumab Synagis

Pivizu (Syngis) is n F rein inhiir nn ni-
y.45 e rug is rve fr he revenin f RSV in ei-
ri iens.

Clinical Use

Pivizu is inie fr he revenin f serius wer resi-
rry r isese use y RSV in hiren. Sfey n ey 
were esishe fr infns wih rnhunry yssi 
(BPD), infns rn reurey (<35 weeks), n hiren wih 
ngeni her isese.46

Dosage and Administration

e wer fr injein is yhiize r freeze rie n is vie 
 50 r 100g/L. A reixe injein f 100g/L is s 
vie. e reene se is 15g/kg given inrusury 
ne  nh efre he sr f n hrughu he RSV sesn.

Mechanism of Action

Pivizu is  hunize nn niy rue y 
reinn DNA ehniques, iree gins he F rein f 

RSV. As n niy gins RSV, ivizu rvies neur-
izing n fusin-inhiiing iviy, revening vir reiin.

Adverse Reactions

e s serius verse rein is nhyxis; hwever, his 
urs in ess hn 1 er 100,000 ses. Oher reins h 
urre in reen n e grus inue fever, uer 
resirry infein, iis ei, rhiniis, rsh, in, herni, n 
ughing n wheezing.37

Clinical Ecacy

In  rge uiener ri f infns  high risk f RSV infein, 
ivizu given inrvenusy  15g/kg reue he re f 
hsiizin resuing fr RSV infein  4.% re 
wih 10.6% in e reiiens.47 Averse evens were siir in 
e n reen grus.

Fees e.4 fun h ivizu is sfe n eeive fr 
RSV-siive hiren wih ngeni her isese. In his suy, 
53% f he hiren h reue hsi sys, n 73% h 
fewer ys f sueen xygen use.

Aerosolized Tobramycin TOBI; Bethkis; 

KitabisPak

K E Y  P O I N T

Nebulized tobramycin is used to manage chronic Pseudomonas aeruginosa

infection in patients with cystic brosis (CF) as an alternative to intravenous 

therapy.

C L I N I C A L  C O N N E C T I O N

Tobramycin is available as liquid nebulized solution and a dry powder 

inhaler, known as TOBI Podhaler.

Clinical Use

One isese se in whih ersize niiis hve een use 
re nsiseny fr unry infeins is CF. Piens wih 
CF re hrniy infee wih gr-negive rgniss, suh 
s P. aeruginosa, n he gr-siive eriu Staphylococcus 
aureus, s we s her irrgniss. Chrni Pseudomonas
infein es  reurring ue resirry infeins. Ar 
fr quinne erivives, suh s irxin, niiis h 
re eeive gins Pseudomonas  n give suien ung eves 
 inhii eri when ken ry. Aniiis wih r r 
iviiiy fr ung issue inue ingysies, eniiin 
erivives, n ehsrins. Cnsequeny, eiher he inrve-
nus r he inhe ers rue us e use.

Brn e.49 inisere 40g f geniin y ers  
eigh hiren wih CF n fun high eves f rug (>20g/
L) in he rnhi sereins f seven f he hiren. B 
eves wih he inhe rug were w, suring he se fr 
ini sysei xiiy y ers. Siir resus wih neu-
ize ryin (300g) were rere y Le Cne e.50 In 
nrs, inrusur injein f 1.5g/kg gve w eves f 
ess hn 2g/L in rnhi sereins n, in se ses, 
uneee eves.49

Aers inisrin is rive euse f reue s 
eni n ese f use  he re wih inrvenus 
hery. Furherre, urquinnes, suh s irxin 
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n nrxin, whih re ive when ken ry, re n s 
suie fr rnge inenne r revenive hery s he 
gens given y inhin euse f he risk f rug-resisn 
srins f eri. A rer f he ini ri esishing he 
sfey n ey f inhe ryin in nging P. aerugi-
nosa in iens wih CF ws uishe y Rsey e.51 Inhe 
ryin is use  nge hrni infein wih P. aeruginosa
in CF fr he fwing resns:
• T re r reven ery nizin wih P. aeruginosa
• T inin resen ung funin r reue he re f 

eeririn
Ey wih Burkholderia cepacia hs n een shwn using 

he inhe rue f inisrin.

Dosage and Administration

C L I N I C A L  C O N N E C T I O N

Aerosolized tobramycin should be nebulized as a single agent in an 

approved nebulizer.

Inhe ryin is reene fr hiren 6 yers f ge 
r er. e usu sge is 300g wie iy rxiey 12 
hurs r n n ess hn 6 hurs r fr 2 ys nseu-
ivey, wih he nex 2 ys  he rug. is ye is reee n 
 inenne sis. Inhe ryin hs een suie wih 
sei neuizers. Any neuizer her hn ne reene 
y he nufurer shu e ese  ensure eque rug u-
u n rie size.

Piens shu e insrue n  ix rnse f r ny 
her rug wih ryin in he neuizer euse f in-
iiiy wih her rugs. Tryin shu e inhe fer her 
heries usuy inisere in CF, suh s hes hysihery 
esures n her inhe eiins, inuing rnhi-
rs r rnse f,  w fr he grees esiin f rug  
he ver eve.

Tryin is s vie in ry wer fr. TOBI Pher 
is  singe-se reuse ry wer inher (DPI), uiizing 2g 
sues. Piens re resrie fur 2-g sues wie iy fr 
2 ys. Beuse f he uren f reen h iens wih CF 
exeriene, he ese f use n shr reen ie wih TOBI 
Pher hs fun fvre resus in iens regury resrie 
ryin, hus inresing herene.52 53 Aiiny, ry-
in is vie s  -kge, Kiis Pk. Kiis Pk is 300g 
f ryin wih  PARI neuizer kge s ne.

Mechanism of Action

Tryin is  eer f he ingysie fiy f nii-
is. ese niiis re eeive in reing gr-negive infe-
ins n hve  erii ee, king rein synhesis in 
he eri n using eur eh. Seru ryin eves 
re rxiey 1g/L 1 hur fer inhin in iens 
wih nr ren funin.

Side Eects

Sie ees fr rener n inhe inisrin f ry-
in re ise in Bx 13.1. Averse ees wih nebulized eivery 
re se n he nings fr he ini ri y Rsey e.51

n n 2 yers f ini iin fer he FDA rv f 
inhe ryin.

Side Eects With Parenteral Administration. Averse ees 
h n ur wih parenteral inisrin f ingysies 

Side Eects of Aminoglycosides and 

Tobramycin

Parenteral Administration
• Ototoxicity (auditory and vestibular)

• Nephrotoxicity

• Neuromuscular blockade

• Hypomagnesemia

• Cross-allergenicity

• Fetal harm (deafness)

Inhaled Nebulized Tobramycin
• Voice alteration

• Tinnitus

• Nonsignicant increase in bacterial resistance

• BOX 13.1

re reviewe riey euse he resene f iire ren fun-
in r her niins y inrese he risk f hese ees wih 
inhe inisrin.

Ototoxicity. Oxiiy is ssie wih rener use f 
ingysies. Oxiiy nifess s uiry (her) 
ge, wih s ss f hering  he higher frequenies r 
vesiur ysfunin wih verig, nuse, r nysgus (inv-
unry veen f eye).

Nephrotoxicity. Nehrxiiy is s ssie wih in-
gysies, whih re exree s unhnge rug hrugh g-
erur rin. Ahugh xiiy risk inreses wih se, i 
y ur even wih nvenin ses in iens wih reren 
zei r iire ren funin. Beuse exrein is y he 
ren syse, iire ren funin n s inrese risk f he 
her sie ees ne.

Neuromuscular Blockade. Neurusur ke is nher 
sie ee resuing fr he eni urre-ike ee f in-
gysies n he neurusur junin. Neurusur k-
e n ggrve use wekness, use furher wrsening f 
neurusur isrers, r rng n inensify neurusur 
ke y urre-ike ryzing gens (see Cher 1). Hypo-
magnesemia n ur in iens wh hve  r r resrie ie.

CrossAllergenicity. Crss-ergeniiy exiss ng he 
ingysies, n hyersensiiviy  ne gen in his gru 
nsiues  nriniin  he use f her gens. e sie 
ees ie re re ikey wih versge, r ren funin, 
n ehyrin (resuing fr higher ren nenrins wih 
ssie nehrxiiy).

Fetal Harm. Fe hr n ur wih ingysies 
euse hese rugs n rss he en. Irreversie ier 
ngeni efness hs een rere in hiren f hers wh 
reeive sreyin, nher ingysie.37

Side Eects With Aerosolized Tobramycin. e ny verse 
ees rere fer he 6-nh ini ri f Rsey e.51

were tinnitus n voice alteration. ere ws n hering ss ssi-
e wih neuize use f ryin r hnges in seru re-
inine iniive f ren xiiy. ere ws  es erese 
in suseiiiy f P. aeruginosa  ryin in he reen 
gru u n in he e gru in he suy y Rsey e.51

Hwever, his ws n ssie wih k f ini resnse  
inhe hery wih ryin. Use f n erning sheue 
f inisrin y reue he risk f rug resisne. Rsey 
e.51 ne h heir rine fr inerien inisrin 
f ryin ws he servin h “rug hiys w 
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suseie hgens  reue he irwy in iens wih 
CF. Beuse ryin is eivere y inhin, he irwy 
nenrin n e 100 ies higher hn he sysei eves. 
reshs f hgen suseiiiy wih rener inisr-
in  n y we  ire inhin ses.

Precautions in Use of Aerosolized Tobramycin

• Inhe ryin shu e inisere wih uin  
iens wih reexising ren, uiry, vesiur, r neur-
usur ysfunin.

• Aixure iniiiy exiss eween β- nii-
is (eniiins n ehsrins) n ingysies when 
ixe irey geher; ryin suin shu n e 
ixe wih niiis in his gru, n ixing wih her 
rugs genery is isurge.

• Frs h u inrese he risk f hering ge wih 
rnge ryin use re ren iiren; nin 
sge f rener ingysies; ehyrin; n n-
in use f ehryni i, furseie, r her xi 
rugs.

• Neuizin f niiis uring hsiizin shu e 
erfre uner niins f ninen, s reviusy 
esrie fr eniine n rivirin,  reven envirn-
en surin n eveen f resisn rgniss in 
hsis.

• Aingysies n use fe hr if inisere  
regnn wen; exsure  ien ers rug shu 
e vie y wen wh re regnn r rying  ee 
regnn.

• Local airway irritation resuing in ugh n rnhss 
wih erese veniry w res is  ssiiiy wih 
inhe niiis n sees  e ree  he siy f 
he suin.54–57 Pek w res n hes usuin shu 
e use efre n fer reens  evue irwy hnges. 
Prereen wih  β gnis y e neee.

• Allergies in he ien, s, r fiy shu e nsiere, if 
exsure  he ersize rug is n nre. e use f 
 neuizing syse wih svenging er, ne-wy vves, n 
hu nr u reue ien ninin wih he 
rug, s reviusy esrie.

Clinical Ecacy

Cini ey f inhe ryin y neuizin ws 
shwn in he rnize nre suy y Rsey e.51 In 
h suy, whih re inhe ryin wih e in 
521iens wih CF, 6 nhs f erning inhe ryin 
n snr hery fr CF resue in he fwing:
• Irve unry funin (Fig. 13.9)
• Derese ensiy f P. aeruginosa in exere suu
• Reue nee fr inrvenus niseun niiis 

n hsiizins
• N eveen f signin eri resisne

Oher suies, suh s h y Gisn e .,5 hve rere 
siir resus iniing h inhe ryin is sfe n ee-
ive in reing P. aeruginosa in iens wih CF.

Beuse inhe ryin is eeive in iens wih CF, is 
i eeive in her iens wih P. aeruginosa infein? LBue59

rere h eiher he suies,  e, hve een s r he 
rug hs n een use ver he ng er. Inhe ryin 
nn e reene fr reen her hn fr iens 
wih CF wih P. aeruginosa infein.

• Fig. 13.9 Mean change in forced expiratory volume in 1 second (FEV
1
) from 

baseline for patients receiving inhaled tobramycin versus placebo. Bars rep-

resent 95% condence intervals. (Modied from Ramsey, B. W., Pepe, M. S., 

Quan, J. M., etal. [1999]. Intermittent administration of inhaled tobramycin 

in patients with cystic brosis. New England Journal of Medicine, 340, 23.)

Aerosolized Aztreonam Cayston

C L I N I C A L  C O N N E C T I O N

Aerosolized aztreonam is used to improve Pseudomonas aeruginosa infec-

tion in patients with cystic brosis (CF). Patients should be pretreated with 

a bronchodilator before administration of aerosolized aztreonam.

Clinical Use

Azren ws rve in Deeer 196 y he FDA s  
n,  synhei erii niii; i is given s n 
inrvenus suin. Inhe zren (Cysn) ws rve in 
Ferury 2010  irve unry sys in iens wih 
CF nize y P. aeruginosa. Cysn is n inie fr iens 
yunger hn 7 yers f ge r fr hse wih B. cepacia. I hs een 
suie ny in iens wih  fre exirry vue in 1 sen 
(FEV

1
) greer hn 25% r ess hn 75% f reie.

Dosage and Administration

Cysn is suie in  fr h us e rensiue. In  
2-y ki, eh 2-L singe-use gss vi nins 75 g f 
yhiize zren n us e ixe wih he rvie 
1L f serie iuen (0.17% siu hrie). e rensi-
ue gen isef is eivere y using he Aer Neuizer Syse 
(PARI Resirry Equien, Mihin, Virgini).

Eh ien shu e reree wih  rnhir efre 
eh sing. Cysn is given hree ies  y fr 2 ys n n 
2 ys . e ki shu e refrigere; hwever, when he ki 
is rey  use, i n e sre  r eerure fr 2 ys.

Any resrie uyi shu s e given efre Cysn. 
In iin, ny rnhi hygiene shu e erfre efre 
inisrin f Cysn. Cysn hs eni use s r f n 
erning ye f hery wih her inhe heries, suh s 
inhe ryin.

Mechanism of Action

Azren isys in vir iviy gins gr-negive er-
i eri. I ins  eniiin-ining reins f hgens, 
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suh s P. aeruginosa, inhiiing eri e w synhesis n 
uiey using eh f he e.

Precautions in Use of Nebulized Aztreonam

As enine erier, Cysn n use rnhss n 
erese  iens FEV

1
. A iens shu e sreene fr se-

ine unry funin resus n e ree wih  rnhi-
r efre inisrin f Cysn.

I hs een rere h iens hve exeriene severe 
ergi reins wih injee zren. Crefu servin 
is wrrne when rs using Cysn euse i u use n 
ergi rein. If ny signs ur uring he eivery f Cysn, 
he reen shu e se ieiey n he heh re 
e shu e infre.

e use f niiis in he sene f infein y e  
he eveen f rug-resisn eri. Cysn shu n e 
use in iens wih CF n infee y P. aeruginosa.

General Considerations in Aerosolizing Antibiotics

Sever ins shu e ne when neuizing niii rugs, 
eseiy if n injee fruin is use, hugh his is not
reene fr ruine ini use.
• Aniii suins, suh s geniin, re re visus hn 

rnhir suins, n his y e neuizer er-
frne. Cressrs us e suiy werfu; high-w 
ressrs re suggese.60 Fw res f 10  12L/in hve 
s een suggese y Newn e.61 fr suiy s r-
ie sizes wih niii suins.

• Envirnen ninin in heh re genies n 
riiner exsure  he ersize rug n e reue 
y using exirry ers wih ne-wy vves n  hu 
nr, s wih ersize eniine.

• H n Fik62 ne hysi iniiiy eween se 
niiis. Aingysies, suh s geniin, re heiy 
inive y reniiin n ieriin when ixe geher. 
ese rugs shu e given in sere neuizer reens, n 
his hs he isvnge f requiring wie he reen ie. 
Any niii inin n her rug inins shu 
 es e insee fr visie hnges, suh s isrin r 
reiiin n shu n e use if suh hnges re serve. 

Iey, rug ixures fr neuizin shu e ese fr hei-
 iiiy in iin   visu insein.

Inhaled Zanamivir Relenza

C L I N I C A L  C O N N E C T I O N

Zanamivir is available for administration with a dry powder inhaler (DPI) to 

treat acute symptoms of inuenza. This agent may cause bronchospasm 

and should not be used in patients with preexisting lung disease.

Clinical Use

Znivir (Reenz) is n nivir gen rve fr use in he re-
en f unie inuenz iness in us n hiren er 
hn 7 yers f ge uring he ery nse (wihin he rs 2 ys) f 
infein. e eiin y e use rhyiy in hiren s 
yung s 5 yers f ge. e gen hs n -e use fr reen 
n rhyxis f H1N1 inuenz A (“swine u). An r niinu-
enz gen, seivir hshe (Tiu), is s vie s 30-g, 
45-g, n 75-g sues n 12g/L r iqui. I is inie in 
he reen n rhyxis f inuenz in iens 1 yer f ge n 
er. Tiu hs n -e use in H1N1 inuenz A. In iin, 
w er-generin rugs, nine n rinine, hve een 
use fr rhyxis n reen f ue sys f inuenz. 
Te 13.2 surizes he infrin n hese fur gens, ny ne 
f whih (znivir) is vie s n inhn. Prhyi vin-
in gins inuenz, eseiy in iens  high risk fr rivs-
ur r resirry isese, reins he unquie reenin 
esie he viiiy f rugs  re ue infein.

Dosage and Administration

Znivir is vie s  DPI, he Diskher evie, fr r 
inhin. Eh iser nins 5g f rug, rviing  se 
f 5g er inhin. ere re fur isers in  Risk, n 
he rug kge nins ve Risks wih ne Diskher 
evie. e se fr us n hiren 5 yers f ge r er is 
w inhins (w isers, fr   f 10g) ken wie  
y rxiey 12 hurs r fr 5 ys. e ee rug 
kge hs he equiven f 5 ys f reen euse eh 

TABLE 

13.2
Antiviral Agents Used to Treat or Prevent Inuenza

Drug Brand Name FDA Approval Activity Clinical Use

Route of 

Administration Adult Dosage

Peramivir Rapivab 2014 Inuenza A and B Prophylaxis, acute 

treatment

IV 600mg/day

Rimantadine Flumadine 1993 Inuenza A Prophylaxis, acute 

treatment

Oral: tablet 100mg bid

Oseltamivir Tamiu 1999 Inuenza A and B; 

H1N1 (“swine u”)

Prophylaxis, acute 

treatment

Oral: capsule, liquid 

suspension

12mg,* 75mg bid, 

for 5 days

Zanamivir Relenza 1999 Inuenza A and B; 

H1N1 (“swine u”)

Prophylaxis, acute 

treatment

DPI: Diskhaler 10mg (2 inhalations) 

bid, for 5 days

Baloxavir Marboxil Xouza 2018 Inuenza A and B Prophylaxis, acute 

treatment

Oral tablet, liquid 

suspension

40–80 mg based on 

weight

*Depends on weight of child; see manufacturer’s dosing schedule.

bid, Twice daily; DPI, dry powder inhaler; FDA, US Food and Drug Administration.
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Risk nins 1 ys sge. Piens shu nish he enire 
5-y urse f rug.

Mechanism of Action

e gener ehnis f vir infein ws esrie reviusy 
wih rivirin (see he isussin n he nure f vir infein). 
Znivir reresens  new ss f nivir gens, ere neur-
aminidase inhibitors, whih  y ining  he vir enzye 
neurinise (NA) n king he in f he enzye. e 
inuenz virus hs n envee n  rein  surruning he 
vir RNA n rges he resirry r. Briey, s iusre in 
Fig. 13.10, he virus envees fr h inuenza A n inuenza B
hve w surfe gyreins, hemagglutinin (HA) n NA.

HA ins   sugry eue, sialic acid (SA), n he surfe 
f  e  e infee. is ining es  fusin f virus n 
e ernes n ws srin n enerin f he virus 
in he e. Hwever, when he newy ine vir ries u 
fr he e n re rey  e reese, he vir envee quires 
SA fr he e, ng wih is wn HA n NA reers. Wih-
u NA, he vir HA wu ine wih he SA gin, “siking 
he vir ries  eh her n  he e surfe, revening 
furher infein. NA eves r f he SA  reven HA n 
SA inin n revens vir ggregin (uing). NA is 
esseni fr virus reese fr infee es, revens virus ggre-
gin, n y erese virus inivin y resirry uus. 
Znivir is e  in  NA n k he enzye in. By 
inhiiing NA, znivir inhiis vir rie serin n e-
ur reese neee fr sysei infein  ree.63

Znivir is given y inhin euse he ining i-
iy f he rug s revens g srin when given ry. 

• Fig. 13.10 Simplied illustration of mechanism of action by which inhaled 

zanamivir (Z) provides its antiviral effect in inuenza viral infection. As a 

sialic acid (SA) analog, zanamivir binds to the enzyme neuraminidase (NA) 

and inhibits its usual inactivation of SA. As a result, the viral hemagglutinin 

(HA) receptor continues to combine with both cell and viral SA, causing 

viral aggregation and preventing viral release and spread.

Inhin s eivers he rug  he ee rgn irey. 
Arxiey 4%  17% f n inhe se is sre sys-
eiy. Znivir hs iie s rein ining (<10%) 
n is exree unhnge in he ren syse. I is reny n 
eize  her rus in viv. Is seru hf-ife is 2.5  
5.1 hurs. Any unsre rug is exree in fees.

Adverse Eects

e sie ees isusse in he fwing seins hve een 
ne uring ini ris n fer reese f znivir.

Bronchospasm and Deterioration of Lung Function. Piens 
wih unerying resirry isese, suh s sh r COPD, y 
exeriene rnhss fer inhing znivir. Resirry if-
uy n wheezing hve een rere in  ien wih COPD64

n  ien wih sh inhing znivir.65 Areny neiher f 
hese iens h inuenz  he ie f reen. In  ini ri 
f znivir y Css e.,66 whih inue 11 iens wih i  
ere sh n n inuenz, n sys f rnhss 
r irwy resnsiveness were serve. Hwever, suh   n 
esish he sfey f znivir in iens wih sh wih inu-
enz infein, whih n use us ge n irwy re-
iviy fr he vir inin.67,6 In nging reen suies 
f iens wih COPD r sh wh h inuenz-ike iness, 
re iens reeiving znivir re wih iens reeiving 
 e h  greer hn 20% eine in FEV

1
 r ek exir-

ry w re.63 Znivir shu e isninue if rnhss 
r  eine in ung funin urs in ny ien, n he ng-
ing hysiin shu e nsue. e nufurer vises gins 
znivir use in ny ien wih unerying irwys isese.37

Undertreatment of Bacterial Infection. Beri resirry 
infeins n nifes wih inuenz-ike sys, n vir 
resirry infeins n rgress  serius eri senry 
infeins.6 Treen wih n nivir gen, suh s znivir, 
is ineeive gins eri infein n u ssiy w 
rgressin f he infein   serius iness, suh s neu-
ni. Tw ehs fr eri infein in sujes king zn-
ivir hve een rere,69 hugh he resns were n eer-
ine.70 Ineque reen f COPD exerin y resu 
in serius iins n hus hsiizin.6

Allergic Reactions. As wih ny rug, iens shu e 
nire fr ergi r ergi-ike reins wih znivir.

Other Adverse Eects. Averse reins urring in  s 
erenge f iens inue gsrinesin (irrhe, nuse, 
viing) n resirry ees (rnhiis; ugh; sinusiis; er, 
nse, n hr infeins), izziness, n hehes. ese re-
ins i n ier susniy fr reins wih es n 
y hve een use y he se se vehie use in he ive 
rug r in he e.

Clinical Ecacy and Safety

Cini ey f znivir hs een esishe in ris shw-
ing h inhe znivir n signiny shren he urin f 
inuenz sys.67,70,71 Wih unie inuenz-ike iness, 
reen wih 10g f znivir wie iy resue in rxi-
ey 1 y f shrening f he ein ie  irveen in 
sys re wih  e.67 e ie  irveen in 
jr sys ws ene s n fever n n r i hehe, 
ygi, ugh, n sre hr. Ang iens wh were ferie 
n egn reen 30 hurs r ess fer nse f sys, re-
en wih znivir resue in  shrening f 3 ys in he ein 
ie  eviin f sys.67 ere re n  n ey when 
znivir is sre fer re hn 2 ys f sys f inuenz.
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ere ws n nsisen ierene in reen ee eween 
iens wih inuenz A versus inuenz B. Hwever, he ini 
ris f znivir enre reinny iens wih inuenz 
A (9% inuenz A versus 11% inuenz B in ne ini ri). 
Piens wih wer eerure n ess severe sys in gen-
er erive ess ene fr reen wih znivir.

Cini ris f znivir were erfre iny wih re-
viusy hehy sujes.67,70,71 e nufurers ierure ses 
h sfey n ey f znivir fr reing inuenz hve n 
een shwn in iens wih COPD. Znivir y rry risk 
fr iens wih COPD r sh, s inie in he isussin 
f sie ees. Revise eing fr znivir s  wrning h 
znivir is not generally recommended for patients with underlying 
airways disease euse f he risk f serius verse ees.67

Znivir is n rve fr rhyxis  reven inuenz, 
n i es n reue he risk f rnsissin f he virus  hers. 
Hwever, se  sugges  rhyi ene wih znivir in 
inuenz A n inuenz B in universiy n nursing he uni-
ies.72 Resus f  nre suy f inhe znivir fr reen 
n revenin f inuenz in fiies in whih ne eer eve-
e inuenz-ike iness shwe h znivir i reue he re 
f eveing inuenz in her fiy eers. e rrin f 
fiies in whih n iniiy hehy eer evee inuenz ws 
4% wih znivir re wih 19% wih  e.73 In he ri, 
reen f he inex ses wih znivir in fiies reue he 
ein urin f sys fr 7.5  5 ys,  signin reu-
in. Oseivir (Tiu) ws rve fr revenin f inuenz A 
n inuenz B in hiren 1 yer f ge r er in se n wih 
inuenz ses. Averse reins were siir in h grus.37

e sfey n ey f znivir hve een ese in hiren. 
In  suy y Herik e.,74 znivir ws ese n hiren 5 
 12 yers f ge. In he suy f 471 hiren, 224 were given 
znivir, n he reining hiren, he nr gru, were 
given  e. e hiren king znivir h reue inu-
enz sys 1.25 ys efre hiren in he e gru. e 
znivir gru reurne  nr iviies in ess ie n k 
fewer reief eiins re wih he e gru.

A n issue wih he use f znivir r her niinuenz 
gens s ue reen is he k f  iniy esy n inex-
ensive ignsi   nr he resene f inuenz infe-
in. Znivir is n enei in iens wih infeins her 
hn inuenz. In he ini ri y Hyen e.,67 262 f 417 
iens (63%) wih inuenz-ike iness h nre inuenz 
virus infein. As  resu, sys ne n resu in inr-
rie use f niinuenz rugs, wih enn risks s uine in 
he isussin f verse ees. Inrrie use nriues  
inrese s.

e s versus ey f znivir hs een ee. ere 
is es reuin in sys fr he s f he rug; here is 
n reiy vie es  nr he resene f inuenz vir 
infein fr use f he rug, resuing in ssiy inrrie 
use; n he rug rries inrese risk fr he iens wh igh 
ene s—iens wih reive irwys isese.

RESPIRATORY CARE ASSESSMENT OF 

AEROSOLIZED ANTIINFECTIVE AGENTS

Before Treatment

e fwing ssessen ies   he ersize niinfe-
ive gens isusse:

• Assess fr resene f isese iniing rrie use f gen:
• Pentamidine: Risk f PJP
• Ribavirin: Presene f severe RSV infein in infns r 

hiren  risk
• Tobramycin: Chrni P. aeruginosa infein rising 

ung funin in iens wih CF
• Aztreonam: Chrni P. aeruginosa infein rising 

ung funin in iens wih CF
• Zanamivir: Sys f ue inuenz infein wihin 

rs 2 ys f nse
• Assess rre ngurin n funin f ers equien 

fr rivirin; insru n verify rre use f ers eivery 
evie fr her gens.

• On inii ers reen, ssess resirry re n ern, 
use, n reh suns; evue fr resene f irwy irri-
in resuing in wheezing n rnhss.

During Treatment and Short Term

Pentamidine

• Mnir fr ughing n rnhss, n if hese re 
resen, rvie  shr-ing β gnis r n nihinergi 
rnhir, suh s irriu wih inhe eniine.

• Mnir fr urrene re f PCP n re f hsiiz-
ins ver he ng er.

• Mnir fr resene f sie ees (shrness f reh, s-
sie neuhrx, njuniviis, rsh, neureni, ysgy-
ei) r erne f exrunry P. jiroveci infein.

Ribavirin

• Mnir fr signs f RSV infein severiy fr irveen, 
inuing vi signs, resirry ern n wrk f rehing 
(iniy), eve f frin f insire xygen (FiO

2
) neee, 

eve f veniry sur, reri  gses, y eer-
ure, n her inirs f unry gs exhnge.

• Mnir ien fr eviene f sie ees, suh s eeri-
rin in ung funin, rnhss, usin f enr-
he ue, if resen, rivsur insiiy, skin irriin 
fr he ers rug, n equien funin use y 
rug resiue.

Tobramycin

• Verify h ien unersns h neuize ryin 
shu e given fer her inhe eiins fr CF.

• Chek wheher ien hs ren, uiry, vesiur, r neu-
rusur res r is king her ingysies r 
xi rugs. Cnsier wheher ryin shu e given, 
se n severiy f reexising r nin risk frs.

• Mnir ung funin  ne irveen in FEV
1
.

• Assess re f hsiizin efre n fer insiuin f 
inhe ryin.

• Assess nee fr inrvenus niseun hery.
• Assess irveen in weigh.
• Mnir fr urrene f sie ees suh s innius r vie 

erin; hve ien rinse uh fer ers reens.
• Evue fr hnges in hering funin r ren funin ur-

ing use f inhe ryin.

Aztreonam

• Verify h ien unersns h neuize zren 
shu e given fer her inhe eiins fr CF.
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• Mnir ung funin  ne irveen in FEV
1

• Assess re f hsiizin efre n fer insiuin f 
inhe zren.

• Mnir fr urrene f sie ees, suh s n ergi re-
in; hve ien rinse uh fer ers reens.

Zanamivir

• Assess irveen in inuenz sys: fever reuin, 
ess ygi n hehe, reue ughing n sre hr, 
n ess sysei figue.

• Mnir fr irwy irriin n sys f rnhss, 
eseiy uring inii use f he ry wer ers. Prvie 
 shr-ing β gnis, if neee, r if ien is  risk fr 
irwy reiviy (COPD, sh).

Long Term

• Mnir unry funin suies f ung vues, i-
ies, n ws.

• Insru iens wih CF in use n inerrein f iss-
e ek w eers  ssess severiy f CF eises n  
ensure here is n in n fr reen iin.

• Insru n verify rre use f he ers eivery evie 
(SVN, MDI, reservir, DPI).

• Insru iens in he use, ssey, n eseiy ening f 
ers inhin evies.

General Contraindications

Pentamidine

• Brnhss n ugh re n; rere wih  
rnhir.

• Use wih  neuizer syse wih  ne-wy vve n exir-
ry er syse  erese regiver exsure.

Ribavirin

• Cregivers wh re regnn r wish  ee regnn 
shu vi exsure; he ee n feriiy is unerin.

Tobramycin

• Drug resisne is he grees risk wih use f his gen; using 
n erning sheue shu he.

Aztreonam

• Drug resisne is he grees risk wih use f his gen; using 
n erning sheue shu he.

• Azren shu n e use in iens wih CF n infee 
wih P. aeruginosa.

Zanamivir

• Piens wih reexising n unnre irwys isese 
shu n use his gen; rnhss n ung eerir-
in y ur.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. Identify the disease states for which each of these drugs is used 

when inhaled as an aerosol: pentamidine, ribavirin, tobramycin, 

aztreonam, and zanamivir.

2. Briey explain the rationale for aerosolizing an antibiotic, such as 

tobramycin or aztreonam, in CF.

3. What is the brand name of aerosolized pentamidine?

4. What is the dose and frequency for aerosolized pentamidine?

5. What device is approved for aerosolization of pentamidine?

6. Identify the common airway effects with aerosolized pentamidine and 

suggest a method for preventing or lessening these effects.

7. What is a major risk to the caregiver when aerosolizing pentamidine to 

a patient with AIDS?

8. What is the current CDC-recommended prophylactic treatment for PCP 

in patients with AIDS?

9. What is the brand name and dose for aerosol ribavirin?

10. What is the mechanism of action of ribavirin?

11. Name two serious hazards when ribavirin is given to a patient 

undergoing mechanical ventilation.

12. In general, how can you prevent environmental contamination when 

delivering ribavirin to an oxygen hood?

13. What is the recommended dosage for inhaled tobramycin?

14. Identify common side effects that have been observed with aerosolized 

tobramycin.

15. Name two potential hazards to family members with aerosolized 

tobramycin at home.

16. What is the recommended dosage for inhaled aztreonam?

17. What should be done before a patient is prescribed inhaled aztreonam?

18. Give the brand name and dosage for zanamivir.

19. In one sentence, describe the mechanism of action of zanamivir.

20. Identify common hazards in the use of inhaled zanamivir.

21. What factors cause debate over the use of zanamivir in treating 

inuenza?

CLINICAL SCENARIO

Answers can be found in Appendix A.

Brody Hendrix is a 29-year-old man with cystic brosis (CF). The 

history of his disease and its previous treatment are well known to his 

pulmonary physician. He has been admitted to the hospital with complaints 

of increasing cough, shortness of breath, and sputum production. He 

reports that his sputum is greenish. His recent history reveals that his last 

admission for exacerbation of CF was approximately 6 months ago. He has 

used albuterol by metered dose inhaler (MDI), with two puffs four times daily 

(qid), and recently began to use salmeterol, two puffs twice daily (bid). He 

maintains himself on a regular regimen of CF medications, including iron 

and vitamin supplements and pancrelipase (Pancrease). Approximately 3 

weeks ago, he complained of increasing pulmonary secretions and noted 

a mild elevation of his temperature (99.1°F). At that time, his physician 

prescribed ciprooxacin, 500mg orally bid, and he completed a course of 

14 days, ending 5 days ago.

He is alert, oriented, and in no acute distress at this time. His skin is 

warm and dry. Vital signs are as follows: blood pressure (BP) of 106/66mm 

Hg, pulse (P) of 88 beats per minute (beats/min), regular respiratory rate 

(RR) of 20 breaths per minute (breaths/min), and temperature (T) of 98.9°F. 

His respiratory pattern is normal, and there is no use of accessory muscles. 

Auscultation reveals scattered rales and wheezes bilaterally, both anteriorly 

and posteriorly. His cough is nonproductive during the examination.

A chest radiograph shows hyperexpanded lung elds, with linear 

brotic changes bilaterally over the lung elds. Cardiac silhouette shows 

mild right atrial hypertrophy. No consolidation or pleural effusion is seen. 

Complete blood count (CBC) results are as follows: hemoglobin of 13.2g/dL, 

hematocrit at 38.6%, and white blood cell (WBC) count of 13.5 × 103/mm3. 

Other blood values are normal. Pulse oximetry measures 89% saturation on 

room air. Pulmonary function testing, performed approximately 2 months 

ago and available in his chart, shows the following:
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Observed Predicted

Percent 

Predicted

Total lung capacity 

(TLC), L

7.66 6.67 115

Forced vital capacity 

(FVC), L

3.52 5.23 67

Forced expiratory volume 

in 1 second (FEV
1
), L

1.41 3.51 40

Mean forced expiratory 

ow during middle half 

of FVC (FEF
25-75

), L/sec

0.49 2.93 17

Expiratory reserve volume 

(ERV), L

0.94 1.69 56

Residual volume (RV), L 4.0 1.54 260

A sputum culture sample is taken and sent to the laboratory. Mr. Hendrix 

is admitted for acute exacerbation of his pulmonary symptoms.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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Mechanism of Action

Adverse Reactions and Precautions

Streptomycin

Mechanism of Action

Adverse Reactions and Precautions

Antifungals

Polyenes

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Azoles

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions
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Echinocandins

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Flucytosine

Mechanism of Action

Clinical Use

Adverse Reactions and Precautions

Antiviral Agents

Acyclovir and Valacyclovir

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Penciclovir and Famciclovir

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Ganciclovir and Valganciclovir

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Cidofovir

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Foscarnet

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Amantadine and Rimantadine

Mechanism of Action

Clinical Uses

Adverse Reactions

Oseltamivir, Zanamavir, and Peramivir

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Baloxavir Marboxil

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Mechanism of Action

Molnupiravir and Nirmatrelvir/Ritonavir

Biologics

COVID-19 and Monoclonal Antibodies

Raxibacumab and Obiltoxaximab

Mechanism of Action

Clinical Uses

Adverse Reactions and Precautions

Respiratory Care Assessment of Antibiotic Therapy

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to antimicrobial agents

2. Dene antibiotic

3. Describe the process involved in bacterial susceptibility testing

4. Discuss possible outcomes of antimicrobial combinations

5. List the various classes of penicillins

6. List the various classes of cephalosporins

7. Recognize similarities between members of macrolides, 

azalides, and ketolides

8. Recognize similarities between members of uoroquinolones

9. List four mechanisms of action of antibacterials

10. List ve commonly used antimycobacterials

11. Describe the commonly used azole antifungals and how they 

dier in spectrum of activity

12. Discuss similarities between members of echinocandins

13. Describe mechanisms of action of antiretrovirals

14. Describe agents used to treat COVID-19

K E Y  T E R M S  A N D  D E F I N I T I O N S

Antagonism Antibiotic combination in which the activity of one 

antibiotic interferes with the activity of the other (block receptor 

site, enzymatic inactivation), resulting in less activity with the 

combination than with the individual drugs.

Antibiotics Substance derived or produced from a microorganism 

that inhibits or kills other microorganisms.

Antimicrobials Natural and synthetic compounds that either 

inhibit or kill microorganisms.

Synergy The combined eect of two antimicrobials is greater than 

their added eect (i.e., increased permeability by one agent 

allows the second agent access to the bacterial target).

Antimicrobials re ng he s wiey use hereui 
gens in he wr. A vriey f niiri gens hve een 
evee fr nury urring uns r ree syn-
heiy. e eveen f new sses f niiris (i.e., 
hse wih  nve ehnis f in) hs eine in reen 
yers, wih s new gens ing fr hei iin 
f er gens. is resens  henge  iniins euse 

ires re eveing resisne  ny ny use ni-
iri gens.

Tehniques  ienify rgniss1 n  eerine heir sus-
eiiiy2,3 hve evve ver he yers n re vi fr seein 
f eeive niiri hery. In iin, her frs, suh 
s hs frs, niiri hrynis, niiri 
inins, n ehs f niring hery, re irn 



221  CHAPTER 14 Antimicrobial Agents

reers h nee nsierin efre seeing n nii-
ri gen.4–6 is her fuses n hese si rinies f 
niiri hery, rvies  synsis f ehnis f in 
n verse ees, n ehsizes he ini use f he vrius 
niiri sses fr he reen f resirry infeins.

Principles of Antimicrobial Therapy

Sever frs require refu nsierin efre hsing  
riur niiri gen.4–6 Ieniin f he rgnis 
r rgniss resnsie fr he infein is he rs se wr 
reen. Befre iniiing niiri hery, ignsi 
seiens shu e rery ee n ry suie 
 he irigy rry.1 4 6 Resus fr hese ess y 
n e vie fr 24  72 hurs, s inii hery is guie 
y he ini resenin f he ien.4–6 Eiri hery is 
fen se n eviene-se rie guieines. e Infeius 
Diseses Siey f Aeri (IDSA) n he Aerin ri 
Siey (ATS) hve uishe guieines fr he ngeen f 
uniy-quire neuni (CAP), hsi-quire neu-
ni (HAP), n venir-ssie neuni (VAP), wih 
eiinin f heh re–ssie neuni (HCAP) fr 
he 2016 IDSA HAP/VAP guieines.7  One n rgnis is 
ise, niiri suseiiiy is eerine ring  
snrize ehs h n e reie ng rries, 
suh s hse esishe y he Cini n Lrry Snrs 
Insiue (CLSI). e suseiiiy ern f he rgnis nr-
rws he hie f eni gens. e hie f  sei gen 
is s inuene y hs frs (rug ergies, rgn funin, 
infein sie) n rug frs (vie sge frs, s).

Identication of Pathogen

e rs se wr ieniin f eni hgens is he 
ein f seiens fr uure. Seiens ny -
ee inue , urine, suu, erersin ui, eur 
ui, synvi ui, erine ui, n s.6 Sever eh-
s re eye  ienify he hgens riy using vrius 
hei sins, iungi ssys, n irsi exin-
in.1 e sies n s n rerin is he Gr 
sin. is sin esignes eri in w jr sses: gr-
siive eri (whih sin ure) n gr-negive -
eri (whih sin re). Beri sin iereny, eening n 
he sruur nens f heir e ws. ese sruur 
nens s e heir suseiiiy  niiris. e 
Gr sin s isinguishes eri fr ne nher n he 
sis f heir rhgy. Sheri eri, suh s Staphylococcus
n Streptococcus seies, re i, n r-she eri, suh 
s Escherichia coli n Pseudomonas aeruginosa, re ii. Oher 
eri, suh s Mycobacterium tuberculosis, require he use f n 
i-fs sin  enere heir wx-ike e ws. Myeri 
genery require 10  14 ys fr grwh u y ke s ng 
s 6 weeks, n his kes i-fs sining vi fr he ri 
ignsis f uerusis.6 Cerin fungi n e quiky ienie 
y using Ini ink (fr Cryptococcus neoformans) n ssiu 
hyrxie (KOH) rerins. Urinry nigen ess y e er-
fre fr ri ieniin f Streptococcus pneumoniae n 
Legionella pneumophila. Ri nigen ess fr inuenz w 
eein, s we s  isinguish eween inuenz A n B.1 7 9

In ny ini ses, he ex ieniy f he infeing rgn-
is is unknwn. As  resu, iens re ree eiriy wih 
n niiri gen ive gins he rgnis r rgniss 

s ikey using he infein.6 Fr exe, 40% r greer 
f iens wih CAP fi  exere suu, revening ien-
iin f  sei hgen.7 Ceive  fr nuerus 
suies hve he s n hgens resnsie fr CAP 
inue S. pneumoniae; Haemophilus inuenzae; n yi 
(inreur) rgniss, suh s Mycoplasma pneumoniae, Chla-
mydophila (frery Chlamydia) pneumoniae, n L. pneumophila. 
As  resu, eiri hery fr CAP invves niiris ive 
gins his seru f rgniss.7,9 Cnversey, ieniin f 
n rgnis fr uure eri es n neessriy inie n 
infein.6 Fr exe, hsiize iens fen hve grwh f 
gr-negive ii in suu ses. Hwever, hese rgn-
iss y ny reresen nizin n n HAP (s knwn 
s nsi neuni). In iin, seiens ine fer 
iniiin f niiri hery y n e reie, s S. pneu-
moniae n her hgens y e ske y vergrwh f 
nr iri r.1,7,

Cn hgens n reen f sei resirry 
infeins re ise in Te 14.1.

Susceptibility Testing and Resistance

K E Y  P O I N T

The susceptibility of an organism to an antimicrobial is quantied as the min-

imal inhibitory concentration (MIC) and the minimal bactericidal concentration 

(MBC).2–4 The science of understanding the optimal effect of an antimicrobial 

as a function of its concentration to the MIC against the microorganism is 

known as pharmacodynamics.4–6

C L I N I C A L  C O N N E C T I O N

It is not uncommon for a patient to receive antibiotic therapy before suscep-

tibility and resistance testing results are obtained. The testing will assist in 

providing better antibiotic therapy coverage to the patient.

One n rgnis is ise, suseiiiy es resus n usu-
y e ine wihin 24 hurs. Sever ehs re ny 
use  eerine he suseiiiy f ise hgens.2,3 e 
Kiry-Buer isk iusin es invves he use f niii-
iregne isks h re e n n gr e heviy inu-
e (105 ny-fring unis er iiier [fu/L]) wih he 
ise eri. If he rgnis is suseie  he niii, 
 er zne f inhiiin (n grwh f he rgnis) eves 
run he isk. Puishe rekins fr he ieer f he 
er znes re use  eerine wheher he rgnis is sus-
eie r resisn  he niiri gen. Hwever, hey  
n rvie sei  n he nenrin neee  ki r 
inhii grwh f he rgnis. Anher isk iusin es is he 
eii es, r E-es. e E-es sri is e n n gr e 
heviy inue wih he ise rgnis. e sri rees n 
niiri grien, whih resus in  er eii zne f 
inhiiin. is eh ws fr he eerinin f he ini-
 inhiiry nenrin (MIC). MIC is ene s he es 
nenrin f niiri h revens visie grwh.2–4 e 
Kiry-Buer n E-es ehs re iusre in Fig. 14.1.

Oher ehs inue inuin f he rgnis in seri 
iuins f n niiri in gr r, re ny, in rh 
uure ei (Fig. 14.2). Aue syses, suh s Viek (i-
Mérieux, Durh, Nrh Crin), MirSn (Sieens Mei-
 Suins, Mvern, Pennsyvni), n BD Phenix (Ben 
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TABLE 

14.1
Common Pathogens and Treatment of Respiratory Infections in Adults–

Respiratory Infection Common Pathogens Potential Antibiotic Regimens

Rhinosinusitis70 71 *

Acute (community 

acquired)

Streptococcus pneumoniae, Haemophilus 

inuenzae, Moraxella catarrhalis, viruses 

(rhinovirus, adenovirus, coronavirus)

Amoxicillin-clavulanate is drug of choice; doxycycline or a 

respiratory uoroquinolone (levooxacin or moxioxacin) for 

penicillin-allergic patients

Acute (hospital acquired) Pseudomonas aeruginosa, Staphylococcus 

aureus, Enterobacteriaceae
Antipseudomonal β-lactam (ceftazidime, cefepime, or aztreonam) 

or an antipseudomonal carbapenem (imipenem or meropenem) 

and vancomycin

Chronic Predominantly anaerobes (Prevotella spp., 

Porphromonas spp., Peptostreptococcus spp., 

Fusobacterium spp.), S. aureus, P. aeruginosa

Antibiotics are usually not indicated; amoxicillin-clavulanate and 

azithromycin often used

Bronchitis72 73 *

Acute Predominantly respiratory viruses (inuenza 

A and B, parainuenza, RSV), Mycoplasma 

pneumoniae, Chlamydophila pneumoniae, 

Bordetella pertussis

Antibiotics are usually not indicated; however, doxycycline or 

azithromycin may be considered

Exacerbation of chronic 

bronchitis

S. pneumoniae, H. inuenzae, M. catarrhalis Value of antibiotics is controversial; doxycycline or azithromycin 

may be considered

Pneumonia74–78 *

Outpatient S. pneumoniae, M. pneumoniae, H. inuenzae, 

C. pneumoniae, and respiratory viruses
Azithromycin, doxycycline, respiratory uoroquinolone, or β-lactam 

(amoxicillin-clavulanate, cefuroxime) plus, azithromycin

Inpatient (non-ICU) As indicated for outpatient, plus Legionella 

pneumophilia
Respiratory uoroquinolone or β-lactam (cefotaxime, ceftriaxone, 

ampicillin-sulbactam) plus azithromycin

Inpatient (ICU) S. pneumoniae, S. aureus, L. pneumophilia, 

H. inuenzae, Enterobacteriaceae
β-Lactam (cefotaxime, ceftriaxone, ampicillin-sulbactam) plus 

azithromycin or respiratory uoroquinolone

If risk for P. aeruginosa Antipneumococcal, antipseudomonal β-lactam (piperacillin-

tazobactam, cefepime, ceftazidime, or antipseudomonal 

carbapenem) plus ciprooxacin, levooxacin, or aminoglycoside

If risk for S. aureus Add vancomycin or linezolid

Hospital acquired S. pneumoniae, S. aureus, including MRSA, 

P. aeruginosa, Enterobacteriaceae

Cefepime, ceftazidime, piperacillin-tazobactam, aztreonam, or 

antipseudomonal carbapenem ± aminoglycoside, ciprooxacin, 

or levooxacin ± vancomycin or linezolid

Hospital acquired 

(neutropenic patient)

As listed for patients with neutropenia, and 

fungi, such as Candida spp., Aspergillus spp., 

and if HIV positive, Pneumocystis jiroveci

(formerly P. carinii [PCP])

As listed for nonneutropenic ± amphotericin B (commonly 

lipid formulations), azoles (uconazole or voriconazole), or 

echinocandins (caspofungin, micafungin, anidulafungin) ± 

TMP-SMX

Aspiration suspected Anaerobes (Bacteroides spp., Fusobacterium

spp., Peptostreptococcus spp.) and aerobes 

(S. aureus, S. pneumoniae, H. inuenzae,

Enterobacteriaceae)

β-Lactam/β-lactamase inhibitor (amoxicillin-clavulanate, 

ampicillin-sulbactam, piperacillin-tazobactam), or clindamycin, 

carbapenem, or moxioxacin.

Patient with cystic 

brosis

P. aeruginosa, S. aureus, Burkholderia cepacia

complex, Achromobacter xylosoxidans, 

Stenotrophomonas maltophilia

Aminoglycoside or ciprooxacin plus piperacillin-tazobactam or 

ceftazidime, cefepime or antipseudomonal carbapenem ± 

TMP-SMX (B. cepacia complex, S. maltophilia) ± vancomycin

Empyema79 Streptococcus milleri group, Bacteroides fragilis

group, Prevotella spp., Fusobacterium spp., 

Peptostreptococcus spp., S. pneumoniae, 

S. aureus, Enterobacteriaceae

β-Lactam/β-lactamase inhibitor, carbapenem, or third-generation 

cephalosporin (ceftriaxone) plus clindamycin or metronidazole ± 

vancomycin

*The potential treatments listed here are not listed in order of superiority. Choice of antimicrobials depends on the individual susceptibility pattern of the suspected organisms within the specic institution 

or community and host factors.

See Table 14.7 for antimycobacterial regimens.

HIV, Human immunodeciency virus; MRSA, methicillin-resistant Staphylococcus aureus; RSV, respiratory syncytial virus; TMP-SMX, trimethoprim-sulfamethoxazole.
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Dikinsn, Frnkin Lkes, New Jersey), ke vnge f rh 
iriuin ehs fr eien n ri rvisin f sus-
eiiiy resus. When suseiiiy esing is erfre in 
rh ei,  s se n e reve fr he es ues 
r irwes wih n grwh n use  inue gr es. 
e wes nenrin f niiri gen h revens 
grwh f he rgnis n he gr e fer 24 hurs f inu-
in is ere he ini erii nenrin (MBC).3

Ms rries  n ruiney erfr MBC esing, whih 
is erfre in seiize rries. ey re fen eye 
in reserh suies f new r invesigin niiri gens 
 eerine wheher hese rugs re erisi r erii. 
Drugs h inhii he grwh f eri u  n ki he 
re ere bacteriostatic. A erii rug is ne h kis he 
eri.3 5 Exes f erisi n erii rugs re 
ise in Bx 14.1

Suseiiiy esing is  rui r f niiri hery 
euse he eiri regien y fi when use  re infeins 
wih resisn rgniss.2 Mirrgniss hve genei vriiiy 
h es heir suseiiiy  niiris. Seeive res-
sure fr exensive ini n griuur use f niiis is 
hugh  y n irn re in he eergene f resisn 
eri.6 Mehniss f eri resisne inue he ru-
in f enzyes h egre r ify niiis; he erin 
f eri e ws r ernes, resuing in erese ere-
iiy; ureguin f niiri eux us; n erin 
f he rge sie f niiri in.6 Te 14.2 iss ir-
n eerging resisn eri.

• Fig. 14.1 Disk diffusion test and E-test methods.

• Fig. 14.2 Minimal inhibitory concentration (MIC) and 

minimal bactericidal concentration (MBC) by broth 

macrodilution.

Host Factors

K E Y  P O I N T

The outcome of antimicrobial therapy depends on host factors, the 

pathogen’s susceptibility or resistance to the antimicrobial, and the 

pharmacodynamics of the antimicrobial.

Hs frs y  signin re in he seein f i ni-
iri heries. Cnsierin us e given  frs suh 
s hisry f ergy r inerne, ge, rgn ysfunin, reg-
nny n in, n sie f infein. Oher irn frs 
inue iune sus, rve hisry, reen exsure (rxi-
ey 3 nhs)  niiris, s we s nin rugs 

Examples of Bactericidal/Fungicidal and 

Bacteriostatic/Fungistatic Antimicrobials

“Cidal”

• Aminoglycosides

• Carbapenems

• Cephalosporins

• Colistin

• Daptomycin

• Isoniazid

• Metronidazole

• Penicillins

• Polyenes

• Fluoroquinolones

• Rifampin, rifabutin

• Vancomycin*

“Static”

• Azoles

• Chloramphenicol

• Clindamycin

• Linezolid*

• Macrolides, azalides, ketolides

• Nitrofurantoin

• Quinupristin/dalfopristin*

• Tetracyclines

• Tigecycline

• Trimethoprim-sulfamethoxazole

*Agents that are bactericidal against Staphylococcus aureus but bacteriostatic against Enterococcus

species.

• BOX 14.1
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n isese ses. In iin, rug frs, suh s vie s-
ge frs, ese f inisrin, hrkinei n hr-
yni reries, issue enerin, rug xiiies, n s, 
inuene he hie f  sei gen.4–6

e sfey n ey f n niiri gen vries, een-
ing n he uin f iens eing ree.4 6 Fr exe, 
ne rrw rnsn reiiens wih n ive infein y 
n irve esie use f he ie niiri gen euse f 
heir iire iune funin. Siiry, her iun-
rise hss, suh s iens wih quire iuneieny 
synre (AIDS), reiiens f ner hehery r seris, 
si rgn rnsn reiiens, n iens wih iees, re 
s  risk f fiing  irve n  regien f niiri 
hery.6 Piens wih infeins invving freign ies r 
neri issue fen require surgi rev f he freign evie 
r neri issue esie rrie niiri hery. Oher 
frs, suh s ere hrkineis f n niiri, n 
e resnse  hery. Fr exe, he srin f er-
in niiris, suh s irnze (n nifung gen), is 
inrese in he resene f gsri i; hers, suh s enzyen-
iiin (eniiin G), re egre in he resene f i. e H 
f he sh vries wih ge; er iens en  hve hr-
hyri, n yung hiren en  hve  higher gsri H. As 
 resu, hese w uins y hve enhne srin f 
eniiin n erese srin f irnze re wih 
he res f he uin.

e funin f he iver n he kiney s hnges wih 
ge. ese w rgns y  jr re in he eis n 
eiinin f rugs fr he y. Preure n newrn 
infns hve iinishe ren funin  irh. Drugs h re 
eiine unhnge in urine, suh s β-s n ingy-
sies, require ess frequen iin euse f heir reue 
erne. Siiry, ren funin eines wih ge, neessiing 
sge reuins in er iens  reven eni xiiies 
fr niiri uuin.4–6

Prevenin f xiiy  he feus r infn whie reing  reg-
nn r nursing her is s  rui nsierin.4 6 Genery 
s β-s n ries re eieve  e sfe in regnny. 
e ergeni eni f s her niiris is unknwn. 
Hwever, eryines hve een shwn  e fe eni-
in n  e regnn wen versey.4 Aniiris re 
fen eiine in res ik n s hve he eni  e 
nursing infns versey. Fr exe, reure infns fen 
hve junie  irh euse hey re une  njuge n 
eiine iiruin eieny. Even  s se f sufnies 
ingese hrugh res ik fr  ree her n ise he 
uin-un iiruin n reisse he infn  kernierus. 
Kernierus is rke y  ern f erer sy wih unri-
ne veens, efness, isure visin, n seeh iu-
ies resuing fr esiin f iiruin in he eveing rin.

Aniiris nenre in vrying egrees wihin rgn 
syses n n inuene he ue f hery.4 6 Cinyin 
hieves exeen ne nenrins n is very usefu fr re-
en f seyeiis resuing fr suseie rgniss. Sii-
ry, se rugs, suh s ingysies, s urquinnes, 
n eniiins, hieve very high nenrins in urine n re 
usefu fr he reen f urinry r infeins (UTIs). Cn-
versey, erin rugs, hugh ive gins he rgnis in vir, 
nn hieve eque nenrins  he sie f infein. Fr 
exe, ingysies nn enere he –rin rrier 
 re eningiis equey in us. e –rin rrier 
reresens igh junins eween he eihei es f he iry 
w h reven rugs fr enering he enr nervus syse.6

Se niiris re n iniy eeive  erin 
infein sies. Dyin, whih hs exeen in vir iviy 
gins ehiiin-resisn Staphylococcus aureus (MRSA), is n 
eeive fr reen f neuni euse i is inive y 
ung surfn.4 Aingysies re ess eeive in w-xygen, 
w-H envirnens, suh s sesses. Dringe reins he 
s eeive reen fr sesses.4

Pharmacodynamics

Pharmacodynamics refers  he siene f unersning he 
i ee f  rug s  funin f is nenrin n 
he in vir iviy (MIC) gins n rgnis. e hr-
yni reries f n niiri re esure in vir y 
using ie-ki suies. Tie-ki ess re n erfre in s 
irigy rries u re erfre in reserh fiiies 
h suy i sges f niiri gens. ese suies 
esure he re n exen f irrgnis kiing ver ie 
when exse  vrying nenrins f niiris.3 If he 
iri ki re inreses rriny wih rug nenr-
in, he niiri is si  hve  nenrin-eenen 
ee. If he iri ki re is inuene y he ie f rug 
nenrin ve he MIC, he niiri is ene s ie 
eenen (r nenrin ineenen).5 6 Anher hr-
yni henenn exhiie y niiris is knwn s 
he sniii ee (PAE). e PAE refers  he susine 
suressin f eri grwh even fer he nenrin f he 
niii eines ew eee eves. e engh f he PAE 
vries ring  he ye f rgnis r rug. Genery, ie-
eenen rugs, suh s β-s n vnyin, hve shr 
PAEs, wheres nenrin-eenen rugs, suh s ingy-
sies, ernize, n urquinnes, hve nger PAEs. 
Agens wih  shr PAE shu e given frequeny, n nger 
inervs shu e use fr niiris wih  ng PAE. ese 

TABLE 

14.2
Emerging Resistant Bacterial Pathogens

Class of 

Bacteria Name

Gram positive MRSA

VISA

VRSA

Penicillin-resistant Streptococcus pneumoniae

VRE

Gram negative MDR nonenteric bacilli (Pseudomonas aeruginosa, 

Stenotrophomonas maltophilia, Acinetobacter spp.)

Third-generation cephalosporin-resistant 

Enterobacter and Citrobacter spp.

ESBL-producing Escherichia coli and Klebsiella spp.

Ampicillin-resistant Haemophilus spp.

Carbapenemase-producing Enterobacteriaceae and 

Acinetobacter spp.

ESBL, Extended-spectrum β-lactamase; MDR, multidrug-resistant; MRSA, methicillin-resistant 

Staphylococcus aureus; VISA, vancomycin-intermediate S. aureus; VRE, vancomycin-resistant 

Enterococcus; VRSA, vancomycin-resistant S. aureus.
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hryni reries hve een shwn in vir n in 
nuerus ni suies.6 Cini ris viing hese rin-
ies re nging, n ri guieines  inrre hr-
ynis in ini rie hve een uishe, resuing 
in inrese use f exene infusins fr ieriin-z 
n renes.

Antimicrobial Combinations

Eiri regiens us fen ver  r seru f rgniss, 
whih siny requires he use f w r re sses f ni-
iris. Iey, he regien shu e nrrwe fer he se-
i rgnis hs een ise n suseiiiies re eerine. 
Cerin infeins re yiri, n in erin seings, he 
use f niiri inins is jusie. When niiri-
s re use in inin, i is irn  knw wheher hese 
gens  synergisiy r ngnisiy.5 6 Synergy is shwn 
in vir when he ine ee f w niiris is greer 
hn he su f heir iniviu ees. Synergisi inins 
hve ye  vi re in he reen f resisn Pseudomonas
infeins in iens wih ysi rsis (CF). ese iens hve 
reurren us f seun neuni n re fen -
nize wih resisn seies. Cerin synergisi inins f 
β-s n ingysies hve een shwn  ur he eve-
en f resisne n  irve ues.5 6 Antagonism
urs when he ee f he ine rugs is wer hn he 
su f heir ineenen iviies when esure serey.4

Angnis y resu in n unfvre resnse, n suh rug 
inins shu e vie. A ssi exe f ngnis 
ws he use f eryine (si) n eniiin (i) in hiren 
wih neu eningiis. e re f riy ssie 
wih he use f inin hery ws hree ies higher hn 
h wih he use f eniiin ne. Hwever, n  in-
ins f si n i niiris re erien. Cefrixne 
(i) n  si gen, suh s  rie, zie, r ery-
ine, re nsiere rugs f hie fr CAP.7

Monitoring Response to Therapy

C L I N I C A L  C O N N E C T I O N

Treatment failure may manifest as continued fever spikes, elevated white 

blood cell (WBC) count, repeated positive cultures, and nonresolution of 

symptoms.

Cerin rry reers n e nire  ssess he 
ey f n niiri regien, u uiey he ini-
 ssessen f he ien is he es esure f resnse  
hery. Treen fiure y nifes s ninue fever sikes, 
eeve whie  e (WBC) un, reee siive uures, 
r nnresuin f sys (shrness f reh, ugh, su-
u ruin).6 e resns fr fiure n e uifri 
n require nsierin f  he freenine frs. In 
iin, nnine wih he reen regien n y  
signin re in uien reen fiures.

e use f niiris n e ssie wih signin 
xiiies. e gen heriin B, whih is use  re fung 
infeins, suh s unry sergisis, n use signin 
ren ysfunin. Aingysies n s use ren ysfun-
in. Seru nenrins f ingysies re ruiney n-
ire  ensure hereui, u nnxi eves.6 Siiry, her 
gens n hve verse ees n he iver, gsrinesin r, 

neurusur syse, hegi syse, her, n ungs. e 
iniene f hese verse evens vries ng gens n is fen 
reversie. Crefu niring f iens reeiving niiris 
n reven serius n eniy ife-hreening verse evens.

Antibiotics

Nuerus antibiotics, susnes erive r rue fr 
 irrgnis h inhii r ki her irrgniss, re 
vie  re infeius iseses. A synsis f he ehnis 
f in, ini uses, n verse reins f eh ss is r-
vie in he fwing seins.

Penicillins

K E Y  P O I N T

The β-lactams are a large class of antibiotics that includes penicillins, cepha-

losporins, carbapenems, and monobactams (aztreonam).

e isvery f eniiin in 192 y Feing uiey e  
he rein f  r ss f niiis ny referre  
s β-s. β- niiis inue eniiins, eh-
srins, ns, n renes.10,11 e in nsiu-
en f hese niiis is he β- ring sruure. Chei 
niuin f β- sie hins e  he eveen 
f new gens wih enhne ser f niiri iviy 
re wih eniiin. Sei sie-hin iins f 
eniiin hve resue in  r ss h inues he nu-
r eniiins, ineniiins, eniiinse-resisn eniiins, 
rxyeniiins, n ureieniiins (Te 14.3). Peniiins 
hve s een ine wih β-se inhiirs  vere 
 n ehnis f eri resisne.

Peniiins genery re wiey isriue hrughu he 
y n re ssie wih reivey w eves f xiiy. Ms 
eniiins re i ie (esrye in he sh) n here-
fre re ry sre fer r inisrin. Ms gens 
in his ss re n eize u re exree unhnge in 
urine. erefre, s eniiins require reuins in sge fr 
iens wih ren ysfunin.10,11

Mechanism of Action

Peniiins exer heir hrgi iviy y inhiiing e 
w synhesis. Peniiins in  enzyes (eniiin-ining 
reins) e wihin he e w n reven rss-inking f 
he eigyn sruure neessry fr e w eveen. 
In iin, eniiins ive n engenus uyi syse 
wihin eri, whih susequeny es  e ysis n eh. 
Peniiins re erii, exhii ie-eenen kiing, n  
synergisiy wih ingysies gins se eri (i.e., 
P. aeruginosa n eneri).10,11

Clinical Uses

Natural Penicillins. Peniiin G is he ren un f 
his ss. Nur eniiins re eeive ririy gins gr-
siive eri n neres. Peniiin G is he rug f hie 
fr he reen f riry n senry syhiis (Treponema 
pallidum), ng wih hryngiis use y gru A srei 
(Streptococcus pyogenes). Beuse f he inresing frequeny f 
resisne in S. aureus, S. pneumoniae, n Neisseria gonorrheae, 
eniiin G shu n nger e nsiere fr infeins use 
y hese rgniss.10,11
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PenicillinaseResistant Penicillins. In n e  ver-
e he eergene f eniiinse-ruing (β-se–
ruing) shyi, seisynhei eniiinse-resisn 
niiis were evee. ese gens re ny referre 
 s nishy gens euse f heir exeen iviy 
gins S. aureus. Mehiiin ws he rs gen in his ss f 
niiis, fwe y xiin, nfiin, xiin, n ix-
iin. Chei iin f eniiin y he iin f n 
y sie hin revens hyrysis f he gens in he resene 
f eniiinse. is ss hs iviy gins gr-siive i 
(shyi n srei) n is ruiney use in skin n 
sf issue infeins. ese gens re ineeive in he reen 
f infeins use y gr-negive rgniss r neres. 
Uni he 190s, hese niiis were he insy f reen 
gins shyi. Hwever, he eergene f ehiiin-
resisn shyi hs grey reue he ini eeive-
ness f hese gens.10 11

Aminopenicillins. Aineniiins were he rs eniiin 
ss evee h were nsiere iniy ive gins se 
gr-negive eri (E. coli, H. inuenzae). Aiiin n 
xiiin re he riry niiis in his ss. In nrs 
 eniiin, iiin n xiiin re se in gsri i 
n herefre re suie fr r inisrin. Bh iiin 
n xiiin re frequeny use in infeins wih suseie 

rgniss f he resirry (S. pneumoniae, H. inuenzae) n 
urinry (E. coli) rs.10 11

Carboxypenicillins. Creniiin ws he rs eniiin 
 hve iviy gins P. aeruginosa. I ws s ive gins 
s eers f he fiy Enereriee, inuing E. 
coli, Enterobacter, Proteus, Morganella, n Serratia. Susequen 
iin f reniiin resue in iriin, whih hs 
even greer in vir iviy gins P. aeruginosa n eers f 
Enereriee (inuing Klebsiella). Neiher f hese gens 
is nsiere  hve reie iviy gins gr-siive 
rgniss (shyi r srei). Beuse f he suse-
quen eveen f he ureeniins, rxyeniiins re 
rrey use in ini rie.10 11

Ureidopenicillins. Ahugh reniiin n iriin 
rvie inrese gr-negive verge, niiri gens 
wih enhne niseun iviy were si neee. e 
ureieniiins were evee   his nee. Pieriin is  
eniiin niii wih enhne gr-negive iviy (ese-
iy gins P. aeruginosa) n wih fewer verse reins hn 
rxyeniiins. Ureieniiins s exhii iviy gins 
srei n eneri n ny neres. Pieriin is 
he riry gen f his ss n hs een eius in he re-
en f neuni, erei, UTIs, seyeiis, n sf is-
sue infeins.10 11

TABLE 

14.3
Classication and Clinical Uses of Penicillins–

β-Lactam Class 

(Generic Name) Brand Name Route Common Uses (Microorganism)

Natural Penicillins

Penicillin G (potassium) Pzerpen IM, IV Streptococcus pyogenes, Neisseria meningitidis, Bacillus anthracis (anthrax), 

Clostridioides perfringens (gangrene), Pasteurella multocida, Treponema pallidum

(syphilis)
Penicillin G (procaine) Wycillin IM

Penicillin G (benzathine) Bicillin L-A IM

Penicillin V (potassium) Pen-Vee K PO

Penicillinase-Resistant Penicillins

Oxacillin Prostaphlin PO, IM, IV MSSA, MSSE

Nafcillin Unipen IV

Dicloxacillin Dynapen PO

Aminopenicillins

Ampicillin Omnipen PO, IM, IV Listeria monocytogenes, Proteus mirabilis, Eikenella corrodens, Borrelia burgdorferi, 

Haemophilus inuenzae, Escherichia coli

Amoxicillin Amoxil, Wymox PO

Ureidopenicillins

Piperacillin Pipracil IM, IV Pseudomonas aeruginosa, Enterobacteriaceae, Stenotrophomonas spp.

Penicillin Plus β-Lactamase Inhibitors

Amoxicillin–clavulanic acid 

Ampicillin-sulbactam

Augmentin, Unasyn PO, IM, IV Increased activity against β-lactamase–producing strains S. aureus, H. inuenzae, 

Moraxella catarrhalis, Proteus spp., Bacteroides spp.

Piperacillin-tazobactam Zosyn IV P. aeruginosa, Enterobacteriaceae

IM, Intramuscular; IV, intravenous; MSSA, methicillin-sensitive Staphylococcus aureus; MSSE, methicillin-sensitive Staphylococcus epidermidis; MRSA, methicillin-resistant Staphylococcus aureus; 

PO, oral.
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βLactam and βLactamase Inhibitor Combinations. Cer-
in eri hve he iiy  rue enzyes (β-ses) 
h esry he iviy f eniiins y isruing he β- 
sruure. β-se inhiirs were evee  vere his 
fr f resisne. Cinin β-s n β-se inhi-
irs hve  rge seru f iviy, king he riury 
usefu in yiri infeins. A resen, here re  nuer 
f β-se inhiirs rve fr inin wih enii-
ins, ehsrins n renes: vuni i, su-
, z, vi, ree, n vr.12–14

β-Lse inhiirs enhne he iviy f β-s gins 
β-se–ruing srins f S. aureus, Moraxella catarrhalis, 
E. coli, H. inuenzae, Klebsiella seies, n Bacteroides seies.15

Newer inins hve enhne iviy gins ESBL-r-
uing ises s we s se renese-ruing ises 
s seen wih erene/vr n iene/isin/
ree.12–14

Adverse Reactions and Precautions

e s n verse rein  eniiins is hyersen-
siiviy. Arxiey 3%  10% f he uin is ergi 
 eniiin. Reins vry in severiy fr  i rsh  ife-
hreening nhyxis. Piens ergi   eniiin u 
e eniy ergi   sses f β-s (ehsrins, 
renes). In iin  ergi reins, hegi re-
ins, suh s hryeni n inrese eeing ies, 
hve een rere. Gsrinesin isurnes (nuse, vi-
ing, n irrhe) re re n wih r sge frs f 
eniiins, eseiy iiin. Inersii nehriis hs urre 
s ny wih ehiiin (n eriy vie) 
u y ur wih her eniiins s we. Cenr nervus 
syse xiiies (e.g., seizures) hve een rere wih enii-
ins. Piens wih n unerying seizure isrer n iens 
wih ren insuieny re  grees risk fr eveing his 
iin.

Cephalosporins

K E Y  P O I N T

Cephalosporins have been loosely grouped into “generations” on the basis of 

their spectrum of activities. At present, there are ve generations (classes) of 

cephalosporins.

Cehsrins inue  rge gru f niiris h re 
sruury ree  eniiins. Disvere in he 1940s s  
iri y-ru f he fungus Cephalosporium acremonium,
his ss is nw wiey use in ini rie. Siir  enii-
ins, his ss exhiis erii iviy, is isriue hrugh-
u he y, n rues reivey few verse ees. Ceh-
srins re use fr vrius ini iniins n re vie in 
r n inrvenus fruins16 (Te 14.4). Agens fr his 
ss hve een sey grue in “generins n he sis f 
heir seru f iviies. A resen, here re ve generins 
(sses) f ehsrins.

Mechanism of Action

Cehsrins inhii eri e w synhesis in  nner 
siir  eniiins. Cehsrins in  he eniiin-in-
ing reins wihin he e w n inhii he rss-inking f 
eigyn. is inhiiin rises he sruur ineg-
riy f he eri e w, resuing in e ysis (erii).

Clinical Uses

C L I N I C A L  C O N N E C T I O N

Many different agents are available in the classication. These agents are 

commonly used for their broad-spectrum capabilities. Ceftiazone (Rocephin) 

is a frequently used agent in this classication.

As  ss, ehsrins re ive gins  wie vriey f 
rgniss. Beuse f heir r seru f iviy n w 
eve f xiiy, hese gens re ny use fr  wie vri-
ey f infeins. e seru f iviy iers fr eh eh-
srin generin. A ehsrins re ineeive gins 
eneri.16

FirstGeneration Cephalosporins. Firs-generin eh-
srin gens re very ive gins  wie vriey f gr-s-
iive rgniss, inuing ehiiin-sensiive S. aureus (MSSA) 
n srei. ey hve ere iviy gins u-
niy-quire, gr-negive rgniss suh s E. coli, Klebsiella 
pneumoniae, H. inuenzae, M. catarrhalis, n se Proteus se-
ies. ey re s nsiere eeive gins ny r ner-
es (e.g., Peptostreptococcus). Cny use gens wihin his 
ss re ehexin, efzin, n efrxi. ese gens re n 
ive gins Bacteroides fragilis, P. aeruginosa, n s eers 
f Enereriee. Genery, rs-generin ehsrins 
re rrie fr reen f infeins f skin n sf issue, 
unie uniy-quire UTIs, sre hryn-
giis, n surgi rhyxis.16

SecondGeneration Cephalosporins. Sen-generin eh-
srins rise w grus: rue ehsrins n synhei 
ehyins. Cefurxie, efrzi, n efr re ng he 
re wiey use rue ehsrins. In nrs  rs-generin 
ehsrins, hese gens isy enhne gr-negive iviy 
n inin re gr-siive iviy. is gru rvies 
irve iviy gins H. inuenzae, M. catarrhalis, Neisseria 
meningitidis, N. gonorrheae, n se eers f Enere-
riee. ese gens re nsiere eeive in reing CAP, iis 
ei, hryngiis, skin n sf issue infeins, n uni-
e UTIs.16

Cehyins, nsising f efen n efxiin, hve 
enhne iviy gins gr-negive eers f Ener-
eriee n neri iviy gins ny Bacteroides seies. 
ey re n nsiere eeive gins gr-siive rgniss, 
suh s shyi n srei. Cehyins re s use-
fu in he reen f inrin, evi, n gynegi 
infeins; euius uers; iei f synre; n ixe 
eri-neri sf issue infeins.16

ThirdGeneration Cephalosporins. Cny use hir-
generin ehsrins re exie, efxie, efiuen, 
efinir, efxie, efziie, efrixne, n efizxie. 
ese gens re ive gins s gr-negive rgniss. 
Hwever, ny efziie n   esser exen eferzne 
hve iviy gins P. aeruginosa. ir-generin ehs-
rins shw exeen iviy gins S. pneumoniae, S. pyogenes, 
H. inuenzae, N. meningitidis, N. gonorrheae, n M. catarrha-
lis. Ahugh iviy vries wih iniviu gens, his gru is 
n nsiere  hve signin iviy gins neres. Cef-
rixne, efxie, n   esser exen efizxie hieve 
iniy signin nenrins wihin he eninges, king 
he ie gens fr he reen f eningiis. In iin, 
efrixne hs ree eniiin s he gen f hie in re-
ing  frs f gn (N. gonorrheae) infein resuing 
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fr he inrese revene f β-se–ruing srins. 
ir-generin ehsrins re ny use  re 
nsi neuni, erei, UTIs, seyeiis, n sf 
issue infeins. e s reen hir-generin ehsrins 
 e evee re he ehsrin/β-se inhiir -
inins—efzne/z (Zerx) n efziie/
vi (Avyz). Cefzne/z is ive gins s 
gr-negive eri wih se iviy gins gr-siive 
rgniss (S. anginosus, S. constellatus, n S. salivarius). Cefzi-
ie/vi ssesses he se seru f iviy s efzi-
ie. Cinin hir-generin ehsrins w hese 
gens  inin niiri iviy in he resene f see 

exene-seru β-ses (ESBLs) n se her ini-
y reevn β-se–ruing rgniss. ese gens re 
reserve fr he reen f ie inrin infe-
ins, UTIs, n her infeins use y resisn β-se–
ruing rgniss.16 17

FourthGeneration Cephalosporins. Furh-generin eh-
srins er exene gr-siive n gr-negive verge. 
Cefeie is reseny he ny gen vie in he Unie Ses. 
I is reny inisere n ive gins s gr-negive 
eri rgniss, inuing P. aeruginosa. In iin, i hs exe-
en iviy gins MSSA, Neisseria seies, H. inuenzae, S. pneu-
moniae, n S. pyogenes. Cefeie hs een use ririy in he 

TABLE 

14.4
Classication and Clinical Uses of Cephalosporins–

Cephalosporin 

(Generic Name) Brand Name Route Common Uses (Microorganism)

First Generation

Cefadroxil Duricef PO MSSA, streptococci

Cephalexin Keex, Biocef PO

Cefazolin Ancef, Kefzol IM, IV

Second Generation

Cefaclor Ceclor PO MSSA, MSSE, Streptococcus pneumoniae, Klebsiella spp., Escherichia 

coli, Proteus spp., Haemophilus inuenzae
Cefprozil Cefzil PO

Cefuroxime axetil Ceftin PO

Cefuroxime Zinacef, Kefurox IM, IV

Cefotetan Cefotan IM, IV As above plus Bacteroides fragilis

Cefoxitin Mefoxin IM, IV

Third Generation

Cexime Cefpodoxime proxetil Suprax, Vantin PO PO Better activity than second-generation cephalosporins against 

Klebsiella, E. coli, Proteus spp., H. inuenzae, Enterobacter spp.
Ceftibuten Cedax PO

Cefdinir Omnicef PO

Cefotaxime Claforan IM, IV

Ceftriaxone Rocephin IM, IV

Ceftizoxime Cezox IM, IV

Ceftazidime

Ceftazidime-avibactam

Fortaz, Tazidime

Avycaz

IM, IV

IV

As above plus Pseudomonas aeruginosa

Avycaz also has activity against K. pneumonia carbapenemase–

producing organisms
Cefoperazone Cefobid IM, IV

Ceftolozane-tazobactam Zerbaxa IV Enterobacter cloacae, E. coli, Klebsiella spp., P. mirabilis, Pseudomonas 

aeruginosa, S. anginosus, S. constellatus, S. salivarius, and B. fragilis

Fourth Generation

Cefepime Maxipime IM, IV MSSA, S. pneumoniae, Klebsiella, E. coli, Proteus spp., H. inuenzae, 

P. aeruginosa, Enterobacter spp.

Fifth Generation

Ceftaroline Tearo IM, IV MRSA, S. pneumoniae, Klebsiella, E. coli, Proteus spp., H. inuenzae, 

Enterobacter spp.

IM, Intramuscular; IV, intravenous; MSSA, methicillin-sensitive Staphylococcus aureus; MSSE, methicillin-sensitive Staphylococcus epidermidis; MRSA, methicillin-resistant Staphylococcus aureus; 

PO, oral.
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reen f unie n ie UTIs n skin n sf 
issue infeins, s we s in eiri reen f neureni fever, 
nsi neuni, n her serius eri infeins.16 1

FifthGeneration Cephalosporins. Cefrine is he rs 
n ny eer f he es ss f ehsrins. Siir  
furh-generin ehsrins, i hs r gr-negive n 
gr-siive iviy. Unike efeie, efrine hs iviy 
gins MRSA u is inive gins P. aeruginosa. I is rve 
fr use in CAP, s we s skin n skin sruure infeins. I 
ers  hve  re in reing vrius yes f yiri 
infeins, eseiy hse y MRSA.1 19

Adverse Reactions and Precautions

Siir  eniiins, ehsrins s  gru re we er-
e. Hyersensiiviy reins ur in 1%  3% f iens, 
wih rss-reiviy f ehsrins in iens wih eniiin 
ergy rnging fr 5%  15%. Genery, iens wih  eni-
iin ergy (iie   rsh) y e henge wih  eh-
srin. Cehsrin use is nrinie, hwever, in iens 
wih  hisry f nhyxis  β-s. Desensiizin shu 
e erfre if n hereui ernive exiss fr he use f  
ehsrin.20 Or ehsrins hve een ssie wih 
inr gsrinesin ins, suh s nuse, viing, n 
irrhe. Hyrhrinei hs een rere, eseiy 
wih gens (efen n eferzne) wih  ehyhier-
ze (MTT) sie hin. e MTT sie hin y s inue  
isur-ike rein in iens wh nurreny inges -
h (isur inhiis he eis f h). e sy-
s f his unfre rein inue ushing, nuse, 
hirs, iins, hes in, verig, n eh in se ses. 
Ms ehsrins re eiine hrugh he kineys n 
require sge jusen in he resene f ren insuieny.21

Carbapenems

Crenes re he newes ss f β- niiis. A res-
en hree renes—iiene-isin, erene, n 
erene—re vie fr use in he Unie Ses. Cisin 
is use  inhii he eis f iiene wihin he kiney 
 rng he hf-ife f his gen. Crenes re r-
seru niiis, isying iviy gins  wie vriey f 
gr-siive, gr-negive, n neri eri.22–24

Mechanism of Action

e ehnis f in f renes is siir  her 
β- niiis. ese gens ensre erii iviy.

Clinical Uses

Iiene n erene, re ive gins P. aeruginosa, u-
irug-resisn (MDR) gr-negive ii, n s ner-
es. Merene s exiss s  inin wih vr 
(Vere),  en β-se inhiir wih iviy gins 
K. pneumoniae reneses (KPCs). Erene iers fr 
her renes in h i ssesses n iviy gins P. aeru-
ginosa. A fur renes hve iviy gins gr-siive 
rgniss, suh s MSSA n he Streptococcus seies, inu-
ing neui (S. pneumoniae). Iiene n erene 
hve een use iniy fr eiri reen f erei n 
sesis, CAP n nsi neuni, skin n skin sru-
ure infeins, ie UTIs, inrin infeins, 
seri n gynegi infeins, seyeiis, n infeins 
in iens wih ner n neureni. Beuse erene is 

ineeive gins P. aeruginosa, i shu n e use in he re-
en f nsi neuni, neureni fever, r ny her 
infein in whih P. aeruginosa is  ikey hgen. Beuse f 
heir exeen in vir iviy n r seru f verge, 
hese gens re fen reserve fr reen f infeins h re 
use y eri resisn  s her gens.22–25

Adverse Reactions and Precautions

Crenes re genery we ere, wih  w iniene f 
verse reins. Beuse renes re sruury ree  
her β- niiis, rss-reiviy y ur when hey 
re use in iens wih ergies  β-s. e urrene 
f seizures hs een rere wih renes, re frequeny 
wih iiene hn wih erene, r erene. Seizures re 
s ny seen in iens wih erese ren funin n 
iens wih n unerying seizure isrer. Dsge jusen is 
neessry in he resene f ren insuieny  reven u-
uin f he rug n  reue he eni fr seizures.22–24

Monobactams Aztreonam

Azren is  synhei nyi β- niii. I is he 
ny eriy vie gen enging  he ss f nii-
is knwn s monobactams.24

Mechanism of Action

e ehnis f in f zren is siir  her β- 
niiis, n i s exhiis erii iviy.

Clinical Uses

C L I N I C A L  C O N N E C T I O N

Aztreonam is approved by the US Food and Drug Administration (FDA) as an 

aerosol in the treatment of Pseudomonas aeruginosa infection in patients 

with cystic brosis (see Chapter 13).

Azren is ive ny gins gr-negive eri ii 
(s Enereriee n P. aeruginosa). I is ineeive 
gins gr-siive n neri eri. e sri gr-
negive seru f zren iis is use s  singe gen. I 
hs een use fr he reen f serius UTIs n erei. 
Azren hs re exensive use in inin hery fr 
reen f iens wih inrin infeins, snne-
us eri eriniis, gr-negive seyeiis, HAP, n 
neureni fever.24

Adverse Reactions and Precautions

Azren is we ere n is hugh  hve ie  n 
rss-reiviy  β-s. Rre ses f rshes n nhyi 
reins hve een rere when zren ws use in iens 
wih  β- ergy.24

Aminoglycosides

Sreyin ws isvere in 1943 n ws he rs nii-
ri gen vie fr he reen f uerusis. Nuer-
us her ingysies hve een evee sine n inue 
geniin, ryin, neiiin, n ikin. ese gens 
re use fr reing gr-negive infeins, inuing infe-
ins use y P. aeruginosa. ese niiris hve r gs-
rinesin srin n require rener inisrin.26

Te 14.5 iss ingysies n heir ini uses.
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Mechanism of Action

Aingysies in irreversiy  he 30S eri rise 
n inhii he rnsin f RNA in reins. Aingy-
sies s eiivey ise ins h ink iysh-
ries in he uer e w f gr-negive eri. is es-
iizin f he e w resus in inrese e ereiiy n 
ysis. Aingysies re erii gens n exhii nen-
rin-eenen kiing. ey re fen synergisi when use in 
inin wih β- niiis.26–29

Clinical Uses

C L I N I C A L  C O N N E C T I O N

Tobramycin is approved by the US Food and Drug Administration (FDA) as an 

aerosol for the treatment of Pseudomonas aeruginosa infection in patients 

with cystic brosis (see Chapter 13).

Geniin, ryin, n ikin  hve een use fr 
nsi gr-negive infeins, suh s VAPs. Hwever, 
ingysies  n hieve high nenrins in rn-
hi sereins when inisere syseiy; his is hugh 
 e riury rei fr iens infee y resisn 
gr-negive rgniss. As  resu, ingysies (riu-
ry ryin n nw ikin) hve een inisere y 
inhin  nr P. aeruginosa infeins in iens wih CF 
(see Cher 13). Aikin is urreny re exensive n is 
genery reserve fr rgniss resisn  her ingy-
sies. Aingysies re use synergisiy wih β-s 
when reing enriis use y he Streptococcus seies n 
Enterococcus seies. Aingysies re s use exensivey  
re inrin infeins. Sreyin is use in in-
in wih her niuerur niiris, eseiy fr MDR 
uerusis.26–29

Adverse Reactions and Precautions

K E Y  P O I N T

Primary toxicities associated with the use of aminoglycosides are nephrotox-

icity and ototoxicity.

e riry xiiies ssie wih he use f ingysies 
re nehrxiiy n xiiy. Nehrxiiy usuy eve-
s fer  es 5  7 ys f hery n urs re -
ny in iens wih hyensin, iver isese, vne ge, 

n inisrin f her nehrxi gens. Oxiiy 
(h her xiiy n vesiur xiiy) y e irreversie 
euse signin ge us ur efre i n e eee. 
e s n sys ssie wih he eveen 
f her xiiy inue innius (ringing in he ers); vesiu-
r xiiy nifess s izziness n nuse. Anher serius u 
rre xiiy is neurusur ke ssie wih eri-
ne irrigin n ri high-se ingysie use. Unery-
ing niins, suh s ysheni grvis, r nin use f 
neurusur kers y enie his sie ee, requiring 
surive esures, suh s inuin n eni veniin 
sur.26–29

Tetracyclines

C L I N I C A L  C O N N E C T I O N

Tetracyclines are broad-spectrum antibiotics with activity against gram-pos-

itive and gram-negative microorganisms and many rickettsiae, chlamydia, 

mycoplasmas, spirochetes, protozoa, and mycobacteria.

Teryines re r-seru niiis wih iviy gins 
gr-siive n gr-negive irrgniss n ny 
rikesie, hyi, yss, sirhees, rz, n 
yeri. e s ny use gen in his ss is x-
yyine euse i n e inisere wie iy n is reivey 
inexensive. Oher vie eryines inue inyine 
n eryine. e gens re vie in r n rener 
fruins.30

Mechanism of Action

Teryines in reversiy n he 30S rise n inhii he 
hen f rnsfer RNA  n er sie n he essenger 
RNA–rise ex. is inhiiin ks rein synhesis 
n resus in  erisi ee.

Clinical Uses

Cini niins in whih eryines re use inue resi-
rry r infeins n her sysei infeins. Aue ex-
erin f hrni rnhiis (AECB) n CAP use y yi-
 (S. pneumoniae, H. inuenzae) n yi (C. pneumoniae, 
M. pneumoniae, L. pneumophila) eri n e ree wih 
 eryine. Teryines re s usefu fr he reen f 
Chlamydia trachomatis infein ( sexuy rnsie isese), 
Rky Munin se fever, Q fever, yhus, ruesis, Lye 

TABLE 

14.5
Clinical Uses of Aminoglycosides–

Generic Name 

(Trade Name) Brand Name Most Common Clinical Uses*

Streptomycin Brucellosis, tuberculosis, endocarditis caused by gentamicin-resistant enterococci

Gentamicin Garamycin Nosocomial Enterobacteriaceae and Pseudomonas aeruginosa infections, tularemia, brucellosis; 

endocarditis caused by susceptible enterococci or viridans streptococci, Staphylococcus 

aureus, Corynebacterium spp., penicillin-susceptible Streptococcus
Tobramycin Nebcin

Amikacin Amikin Similar to gentamicin and tobramycin but useful against Acinetobacter spp., Nocardia spp., 

Mycobacterium avium-intracellulare, Mycobacterium chelonae, Mycobacterium fortuitum

*The aminoglycosides (most commonly gentamicin and tobramycin) are used to treat infections caused by gram-negative bacteria.
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isese, ehrihisis, resing fever, n her. Teryines 
en  nenre in he skin n re usefu fr he reen f 
ne. Teryines hve s een use s sersing gens fr he 
reen f ignn n refrry eur eusins.30

Adverse Reactions and Precautions

Gsrinesin sys, suh s nuse, viing, n ir-
rhe, re he s n sie ees ssie wih ery-
ines. Teryines in  grwing ne n n erriy 
inhii heir grwh. Beuse f he er sie ee, use f e-
ryines is nrinie in wen uring regnny n 
resfeeing n in hiren yunger hn  yers f ge. Ter-
yines in  iven n riven ins (iu, gne-
siu, uinu, n irn), whih ereses heir gsrinesin 
srin when given wih nis, irn sueens, n iry 
rus. Aviing he inisrin f eryines wih 
hese gens y 1  2 hurs n reven his inerin.30

Tetracycline Derivatives

Tigeyine, ervyine n yine re sruur eriv-
ive f eryine.31–34 Like eryine niiis, hese gens 
 nin  enr fur-ring ryi nueus, wih erv-
yine nining  urine, ,  he C-7 siin, ng 
wih  gyyi gru  he C-9 siin s siiry seen 
in igeyine. Oyine is sruury siir  igeyine 
wihu he susiuin  C-9. A hree f hese gens hve  
greer seru f iviy hn her eryines. Tigeyine, 
ervyine, n yine re ive gins s gr-
siive eri, inuing S. pneumoniae, eneri (inuing 
vnyin-resisn srins), guse-negive shyi, 
MSSA, MRSA, H. inuenzae, M. catarrhalis, s eers f 
he Enereriee fiy (inuing ESBL-ruing rgn-
iss), n Acinetobacter seies. ey s er ive gins 
ises ssessing n eryine resisne serve  
he eux us n ris ining reins. ey re s 
ive gins ny neri eri; hwever, nne f he hree 
gens isy ini signin iviy gins P. aeruginosa n 
Proteus seies.31–33

Mechanism of Action

Tigeyine, ervyine, n yine isy  siir 
ehnis f in  eryine niiis y inhiiing -
eri rein synhesis  he 30S rise. Beuse f he rge, 
uky nsiuen  ring siin 9, ng wih her i-
ins, hey inins niiri iviy gins rgniss h 
rry resisne  eryine niiis. Siir  eryine, 
hey re genery nsiere  e erisi gins s 
rgniss exe S. pneumoniae,  whih i is erii.33 34

Clinical Uses

Tigeyine is urreny rve fr he reen f ie 
skin n skin sruure infeins, ie inrin 
infeins, n eri CAP. Oyine is rve fr CAP 
n ie skin n skin sruure infein, wheres erv-
yine is rve fr ie inrin infeins. 
Of ne, he US F n Drug Ainisrin (FDA) re-
ens using ernives  igeyine  re severe infeins 
fer  rer f erese ure res n inrese riy in  
suy invving iens wih VAP reeiving igeyine re 
wih iiene.34 e se wu h rue fr yine n 
ervyine s hey  n hve ny reie iviy gins 

Pseudomonas aeruginosa. Tigeyine n ervyine re vi-
e ny s n inrvenus fruin, wheres yine is 
vie s n r n IV fruin

Adverse Reactions and Precautions

During ini ris, he s n sie ees serve 
were gsrinesin n inue nuse, viing, irrhe, 
n in in, eseiy wih igeyine n y-
ine. Oher frequeny rere verse ees were hehe, 
hryeni, n eevins f iver enzyes. Beuse hese 
gens re  sruur erivive f inyine, i is rrie 
 nir fr sie ees ssie wih her eryine ni-
iis, suh s hxiiy n en isrers. ese gens 
shu n e use in inivius wih hyersensiiviy reins 
 eryine niiis.32,34

Macrolides, Azalides, and Ketolides

K E Y  P O I N T

Macrolides, azalides, and ketolides exhibit activity against gram-positive 

bacteria (streptococci and MSSA), gram-negative bacteria (H. inuenzae, 

M. catarrhalis), and atypical bacteria (mycoplasmas, rickettsiae, Legionella,

and Chlamydia).

Eryhryin ws he rs gen f his ss  e use fr infe-
ins wih yi rgniss n fr infeins in iens in-
ern  eniiin G. Ery wrk wih eryhryin invve r-
uin f vrius s erivives  irve is gsrinesin 
eriiy n srin. Crihryin, zihryin (n 
zie), n eihryin ( keie) were inrue in su-
sequen yers. ese gens exhii iviy gins gr-siive 
eri (srei, MSSA), gr-negive eri (H. inu-
enzae, M. catarrhalis), n yi eri (yss, rik-
esie, Legionella, n Chlamydia). Crihryin n zihr-
yin re s ive gins Mycobacterium avium n her 
yeri seies.33

Mechanism of Action

Mries, zies, n keies inhii rein synhesis 
y reversiy ining  he 50S ris suuni n inue 
he issiin f rnsfer RNA fr he rise uring 
he engin hse. As  resu, eri grwh is inhiie 
(erisi).

Clinical Uses

ese gens re use fr he reen f neuni use y 
he yi hgens C. pneumoniae, M. pneumoniae, n L. 
pneumophila. Mries n zies re nsiere  sfer er-
nive  eryines fr he reen f hyi (C. tracho-
matis) evi infeins in regnn wen. Crihryin is 
he referre gen in inin wih ehu r rifuin 
fr he reen f M. avium ex (MAC) in iens wih 
hun iuneieny virus (HIV) infein. Azihryin 
hs  suerir hrkinei re re wih he er 
gens euse i inins rnge inreur nenrins 
(ng hf-ife). As  resu, zihryin n e inisere ne 
weeky fr rhyxis f MAC in iens wih HIV, wheres 
rihryin us e inisere wie iy. Siiry, 3-y 
n 5-y regiens f zihryin hve een fun  e s 
eeive s  10-y regien f eryhryin fr he reen 
f CAP.33 Teihryin ws rve fr he reen f AECB, 



232 UNIT B Drugs Used to Treat the Respiratory System

ue eri sinusiis, n CAP. I y serve s n ernive 
gen fr iens  risk f infein wih eniiin-resisn r 
rie-resisn S. pneumoniae n in iens wih eniiin 
ergies. Teihryin is vie ny in r fruin.33

Adverse Reactions and Precautions

K E Y  P O I N T

Clinically signicant drug interactions may occur with erythromycin, 

clarithromycin, telithromycin, and other drugs metabolized by the same 

hepatic enzymes, resulting in potentially life-threatening complications (i.e., 

arrhythmias and seizures with high serum concentrations of theophylline; 

bleeding with warfarin).

Crihryin, zihryin, n eihryin re genery 
eer ere re wih eryhryin. e s -
n verse reins f hese gens inue gsrinesin 
ins, suh s nuse, viing, in rs, n 
irrhe. e use f inrvenus eryhryin is ssie wih 
hrheiis. Venriur hyri n Q-T inerv r-
ngin hve een rere wih he use f he ries, 
zihryin, n eihryin. Eryhryin, rihry-
in, n eihryin re en inhiirs f he hei rug 
eis syse knwn s he cytochrome P450 (CYP) system.
As  resu, hese gens n inrese he sysei nenrins 
f rugs eize hrugh he CYP syse. Fr rugs wih 
nrrw hereui inies, suh s hehyine, wrfrin, n 
riz, his inerin n e  eni ife-hreening 
iins.33

Fluoroquinolones

C L I N I C A L  C O N N E C T I O N

Levooxacin (Levaquin) is commonly used antibiotic in patients with pulmo-

nary disorders (i.e., chronic obstructive pulmonary disease [COPD]).

Furquinnes (Te 14.6) re  seisynhei gru f ni-
iris sruury ree  niixi i (quinne), ne f 
he yrus f hrquine synhesis. ey re wiey isri-
ue in s y uis n issues (hieving high resirry 
r nenrins). Furquinnes re eiine ririy 

hrugh he kineys n hieve high nenrins in urine. 
Agens fr his ss hve vrie iviy gins gr-neg-
ive eri, gr-siive eri, neres, yi eri, 
n yeri. Cirxin, evxin, n xixin 
re he s ny use urquinnes in he Unie 
Ses.35 36

K E Y  P O I N T

Fluoroquinolones exert their antibacterial effect through inhibition of DNA 

synthesis and are considered bactericidal agents, showing concentration-

dependent killing.

Mechanism of Action

Furquinnes exer heir nieri ee hrugh inhi-
iin f DNA synhesis. ey inhii iserse II (DNA 
gyrse) n iserse IV, whih re neessry fr eri 
reiin. ey re nsiere erii gens n exhii 
nenrin-eenen kiing.

Clinical Uses

Ms urquinnes hve iviy gins he n resi-
rry hgens, inuing S. pneumoniae, H. inuenzae, M. 
catarrhalis, C. pneumoniae, M. pneumoniae, n L. pneumophila.
ese gens hve een shwn  e eeive in he reen 
f uer n wer resirry r infeins, geniurinry 
r infeins, n skin n skin sruure infeins. Fur-
quinnes  n enere erersin ui  ny signin 
exen. Cirxin hs een shwn  hve he es in vir 
iviy f he urquinnes gins P. aeruginosa n her 
gr-negive eres. Cirxin n evxin hve een 
use fr he reen f nsi neuni.35 36

Adverse Reactions and Precautions

Furquinnes re we ere n re nsiere ne f he 
sfes niiri sses. Gsrinesin sie ees, suh s 
nuse, viing, n irrhe, ur in ess hn 5% f iens 
ree wih hese gens. Prngin f he Q-T inerv (ese-
iy in fee iens) hs een rere. Seizures hve een 
rere wih irxin in er iens n hse wih iin-
ishe ren funin. Suies in iure rry nis hve 
shwn hnges in weigh-ering jins fer urquinne 

TABLE 

14.6
Classication and Clinical Uses of Fluoroquinolones 

Generic Name Brand Name Route Common Uses (Microorganisms)

Ciprooxacin Cipro IV, PO Pseudomonas aeruginosa, Enterobacteriaceae, Neisseria gonorrheae, Mycoplasma pneumoniae, 

Legionella pneumophila

Ooxacin Oox IV, PO P. aeruginosa, Enterobacteriaceae, N. gonorrheae, M. pneumoniae, Chlamydophila pneumoniae, 

L. pneumophila

Levooxacin Levaquin IV, PO P. aeruginosa, Enterobacteriaceae, Streptococcus pyogenes, MSSA, Haemophilus inuenzae, 

M. catarrhalis, penicillin-resistant Streptococcus pneumoniae, M. pneumoniae, C. pneumoniae, 

L. pneumophila

Moxioxacin Avelox PO Enterobacteriaceae, S. pyogenes, MSSA, H. inuenzae, Moraxella catarrhalis, penicillin-resistant 

S. pneumoniae, M. pneumoniae, C. pneumoniae, L. pneumophila

IV, Intravenous; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; PO, oral.
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exsure. Use f urquinnes in hiren (1 yers f ge r 
yunger) shu e reserve fr ses in whih he enes u-
weigh he risks. Drug inerins eween urquinnes n 
wrfrin n inrese he eni fr eeing, neessiing se 
niring f iens n wrfrin. Dsge jusen, exe 
fr xixin, is neessry in he resene f ren insuieny. 
Cnin use f nis n irn sueens reues he 
srin f urquinnes.35

Other Antibiotics

Agens h eng  vrius sses f niiris wih if-
feren ehniss f in n ser f iviy re esrie 
ew. Iniviu gens re isusse when hey reresen he 
iniy use gens f heir niiri ss.

Chloramphenicol

Chrheni hs  r seru f iviy gins gr-
siive, gr-negive, n neri eri. Chrheni 
isriues we in vrius issues, inuing he rin. Use f 
his niii hs eine signiny wih he viiiy f 
ess xi gens.37 Reeny, here hs een renewe ineres in 
hrheni euse f is iviy gins uirug-resisn 
gr-negive eri.3

Mechanism of Action. Chrheni inhiis rein 
synhesis y reversiy ining  he 50S rise suuni n 
esseniy hs  erisi ee. Wih rnge exsure, 
hrheni exhiis erii iviy gins se rgn-
iss y inuing eri e ysis.37

Clinical Uses. Chrheni is highy ive gins Salmo-
nella n hs een use fr he reen f gsreneriis wih 
sesis n Salmonella eningiis. Chrheni hs exeen 
iviy gins rikesi iseses, suh s sru yhus, urine 
yhus, n Rky Munin se fever. Hwever, hese iseses 
re usuy ree wih eryines, wih hrheni reserve 
fr regnn iens. Aneri infeins n ixe neri-
eri infeins, suh s eriniis n sirin neuni, 
n e ree wih hrheni. In iin, hrheni-
 n e use  re ereis use y Enterococcus seies, 
inuing se ises h re resisn  vnyin.37

Adverse Reactions and Precautions. Beuse f he ssii-
iy f irreversie ne rrw suressin h y e  seri-
us n f  ysrsis (si nei), hrheni 
hs ie e in he niiri ren  he resen ie. 
Asi nei is  ife-hreening iin rere in 1 
f every 20,000 iens ree wih hrheni. Chr-
heni shu n e use in reure n newrn infns, 
wh nn equey eize his rug. e erese 
eis f hrheni resus in high seru nenr-
ins h n e  gray baby syndrome (viing, r, y-
nsis, irury se), whih hs n riue riy 
f 60%. e rnge use f hrheni in hiren wih 
CF hs een ssie wih i neuriis eing  inness.37

Colistin (Colistimethate)

C L I N I C A L  C O N N E C T I O N

Colistimethate injectable solution is commonly aerosolized for treatment of 

Pseudomonas aeruginosa in cystic brosis. It does not come as an inhaled 

solution and is not approved by the US Food and Drug Administration (FDA) 

(see Chapter 17, Off Label Use).

Cisin,  eer f he yyxin fiy, ws use in he ery 
1960s fr serius gr-negive infeins, inuing infeins 
use y P. aeruginosa. I ws rve in 196 y he FDA u 
ws er nne fr rugs wih siir gr-negive ey 
n re fvre sie ee res.27 Hwever, here hs een  
resurgene in he use f isin euse f he eergene f MDR 
gr-negive eri inuing P. aeruginosa n Acinetobacter
seies.

Mechanism of Action. Cisin is  surfe-ive, nihi 
gen wih  ehnis f in siir  h f  eergen. 
Beuse isin hs h hyrhii n hyrhi rins, 
i is reivey esy fr he eue  inrre in eri 
e ernes, using isruin. Cisin exhiis erii 
iviy gins s gr-negive eri.27

Clinical Uses. Cisin hs  r rnge f iviy gins 
s gr-negive eri, inuing MDR P. aeruginosa n 
Acinetobacter seies. Use f isin is fen reserve fr severe 
sysei infeins, inuing VAPs. Proteus n Neisseria se-
ies re genery resisn  isin, ng wih s neres 
n gr-siive eri. Cisin is inisere in n inive 
fr (isiehe) inrvenusy, inrusury, r y neu-
izin. Afer inisrin, inive isiehe is nvere 
in viv  he ive fr isin.19 Neuize isin is use 
fen in iens wih CF wh hrr MDR P. aeruginosa n 
Acinetobacter.27

Adverse Reactions and Precautions. e s serius sie 
ee ssie wih inrvenusy inisere isin is neh-
rxiiy, whih sees  e se ree n reversie. Nehr-
xiiy hs een rere  ur in 20% f iens given is-
in. Neurusur kge, seizures, n resirry rysis 
hve s een rere n see  e se-eenen hen-
en s we. Cuin shu e use when inisering isin 
wih her gens e f using nehrxiiy, neurus-
ur kge, r resirry fiure, suh s ingysies.27

Daptomycin

K E Y  P O I N T

Daptomycin is a novel cyclic lipopeptide that has activity against a wide 

range of gram-positive bacteria, including multidrug-resistant (MDR) staphy-

lococci and enterococci.

Dyin is  nve yi ieie h hs iviy gins 
 wie rnge f gr-siive eri, inuing MDR shy-
i n eneri. Hwever, yin is inive gins 
gr-negive eri.39,40

Mechanism of Action. e ex ehnis f y-
in hs n een eey euie; hwever, i is eieve 
 ur y irreversie ining  he ysi erne f 
eri es n susequen isruin f he erne en-
i. is isruin reny uses ekge f inreur ins, 
eing  ri e eh.39

Clinical Uses. Dyin is urreny rve fr use in 
ie skin n skin sruure infeins use y susei-
e gr-siive eri n S. aureus erei. I hs exeen 
iviy gins resisn shyi n eneri, inuing 
vnyin-resisn srins, hugh i is n rve fr his 
use. In  hse III ri invving yin fr he reen f 
CAP, yin ws inferir  he rr gen (efrix-
ne), eseiy in iens wih re serius infeins. is r 
resnse in unry infeins hs een riue  ini-
vin f yin y unry surfns. Cnsequeny, 
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yin is n inie fr use in he reen f neu-
ni. I is vie ny s n inrvenus infusin.39,40 Wih he 
inrese iniene f MRSA in skin n sf issue infeins, 
yin use hs signiny inrese euse f is ey 
n nveniene f  ne-iy inisrin.

Adverse Reactions and Precautions. In erier ini su-
ies invving yin given every   12 hurs, reine hs-
hkinse (CPK) eevins n ygis were ne h resue 
in erry susensin f rug eveen f his gen in 
he ery 1990s. One-iy inisrin f yin hs 
iniize hese nriies ne in erier suies. Cini 
 hve rere CPK eevins s  rre urrene; hwever, 
he nufurer reens sing hyrxyehygury-
enzye A (HMG-CA) reuse inhiirs (Liir, Zr, 
Cresr, e.) n her rugs ssie wih rhyysis 
uring yin hery. In iin, yin shu e 
isninue in iens wih ygis ssie wih CPK ee-
vins r in syi iens wih CPK eevins greer 
hn 10 ies he uer ii f nr.39,40

Trimethoprim-Sulfamethoxazole

C L I N I C A L  C O N N E C T I O N

Trimethoprim-Sulfamethoxazole (TMP-SMX) is used for the treatment and 

prophylaxis of Pneumocystis pneumonia (PCP) in patients with human 

immunodeciency virus (HIV) infection.

Sufehxze engs  he ss f niiis knwn s sul-
fonamides. Triehri is  yriiine fun  enie he 
iviy f sufehxze. e inin f riehri 
n sufehxze (TMP-SMX; Bri) ws inrue in 
196 n hs sine gine  e in he reen f nuerus 
infeins. is inin is ive gins gr-siive e-
ri (srei, MSSA, MRSA) n gr-negive eri (H. 
inuenzae, Burkholderia cepacia, Stenotrophomonas maltophilia). In 
iin, i is ive gins Pneumocystis jiroveci (frery ne 
Pneumocystis carinii).41

Mechanism of Action. TMP-SMX exers nieri ees 
y sequeniy king eri ihyrere synhese n 
ihyrfe reuse. ese enzyes re resnsie fr he 
ruin f fi i. Wihu fi i, eri re une  
synhesize nuei i n reins neessry fr grwh. TMP-
SMX s synergisiy n is nsiere erisi.41

Clinical Uses. TMP-SMX is use fr he reen n r-
hyxis f Pneumocystis neuni (PCP) in iens infee 
wih HIV. TMP-SMX is wiey isriue in he y, hieving 
eee eves in s issues. High nenrins re hieve 
in urine, king i n ie gen fr he reen f UTIs. In 
iin, TMP-SMX hs een use fr reen f ue exer-
ins f rnhiis, rveers irrhe use y enerxigeni 
E. coli, iis ei, n shigesis. In reen yers, eri resis-
ne  TMP-SMX hs inrese, reing nrversy ver he 
ninue use f his inin s  rs-ine gen fr re-
ing UTIs. TMP-SMX s isys g iviy gins MRSA, 
inuing uniy-quire srins, whih gives riiners 
n eeive r in fr reen.41

Adverse Reactions and Precautions. TMP-SMX is reivey 
we ere; nuse, viing, irrhe, n hyersensiiviy re 
he s n verse ees. In iin, sufehxze 
hs sie ees h re n   sufnies, inuing 
neureni, hryeni, heyi nei, junie, 
hei nersis, n rug-inue uus. TMP-SMX shu e 

vie in  iens wih “suf ergies r hyersensiiviies. 
Piens wh re eien in he enzye guse-6-hshe 
ehyrgense (G6PD) shu n reeive TMP-SMX euse 
his inin n inrese he risk f heyi nei. TMP-
SMX hs  signin rug inerin wih wrfrin, whih n 
inrese he risk f eeing. e iy sge f TMP-SMX 
shu e reue in he resene f ren insuieny euse 
h gens re eiine hrugh he kineys. Piens shu 
e vise  ke TMP-SMZ wih  unes f wer  reven 
ue inersii nehriis.41

Clindamycin

Cinyin,  eer f he insie ss f niiis, hs 
iviy gins gr-siive n neri eri. In iin, 
his gen is ive gins Toxoplasma gondii n P. jiroveci.37,42

Mechanism of Action. Siir  hrheni, iny-
in ins  he eri 50S ris suuni  inhii rein 
synhesis, resuing in  erisi ee. is suressin f 
rein synhesis hs een shwn  reue xin ruin in 
erin srins f S. aureus (xi shk synre) n S. pyogenes
(nerizing fsiiis).37,42

Clinical Uses. Cinyin isriues we in y issues 
u hs ini enerin in erersin ui even in he 
resene f eningiis. Cinyin is use s n jun  
gens wih gr-negive iviy fr inrin, evi, n 
iei f infeins,  f whih en  e yiri. 
Aneri infeins f he resirry r, suh s nerizing 
neuni, ung sess, eye, n sirin neuni, 
re fen ree wih inyin. AIDS-ree inesses, suh 
s Toxoplasma enehiis n PCP, n s e ree wih 
inyin. Cinyin s hs signin iviy gins 
MRSA, inuing uniy-quire srins.37,42

Adverse Reactions and Precautions. Nuse, viing, 
n irrhe re he s n sie ees ssie wih 
inyin. Dirrhe y e  nsequene f Clostridioides dif-
cile. Disninuing he ening niii n iniiing r 
vnyin r ernize hery res his i  ife-
hreening irrhe. Prngin f he neurusur king 
ees f nurniu wih he nin use f inyin 
hs s een rere.37,42

Metronidazole

Mernize is  niriize h ws use iniiy fr is 
nirz ees gins se hgens, suh s Trichomonas 
vaginalis, Giardia lamblia, n Entamoeba histolytica. Is neri 
reries were isvere fer n servin h ue uer-
ive gingiviis irve in iens eing ree fr rihn 
vginiis.37

Mechanism of Action. e ex ehnis f in f 
ernize is unknwn, hugh i is hugh  hve ier-
en ees in rz versus neri eri. I is sue 
h he irrgniss nver ernize in is reue 
fr. is reue fr uses  ss f he hei sruure f 
DNA n resus in DNA srn reks. Mernize is eri-
i gins s neri hgens, suh s B. fragilis.37

Clinical Uses. Aneri infeins hve een iie in 
sesses wihin he rin, ung, n inrin viy. Me-
rnize is fen e s n jun, eseiy when surgi 
ringe f he sess is issie. In nrs  inyin, 
ernize eneres we in he enr nervus syse 
n is usefu fr he reen f rin sesses. A key neri 
hgen, B. fragilis is r f he nr eneri r n n n-
riue  sesis in he even f gsrinesin isese, surgery, r 
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enering ru. Mernize is fen e  re yi-
ri infeins, eseiy when B. fragilis is susee. Be-
ri vginsis use y Gardnerella, Trichomonas, n Bacteroides
seies is s ree wih ernize. In iin, irrhe 
use y C. dicile n e ree wih ernize.37

Adverse Reactions and Precautions. An unesn ei 
se, nuse, n viing re n ins ssie wih 
he use f ernize. e rnge use f ernize, ese-
iy wih high ses, n e  eriher neurhy. In se 
rre siuins, seizures, enehhy, n ereer ysfunin 
hve s een ne. Mernize n iner wih wrfrin  
enie is hyrhrinei ee n e  signin 
eeing. In iin, iens shu vi he use f h whie 
king ernize (inhiis h ehyrgense) euse he 
nin use n resu in  isur-ike rein.37

Glycopeptides

Vancomycin. Vnyin is  gyeie niii wih 
iviy gins gr-siive eri. I is n ive gins 
gr-negive eri. Is use in reen yers hs inrese s  
resu f he eergene f MRSA.40,43

C L I N I C A L  C O N N E C T I O N

Vancomycin is a glycopeptide antibiotic with activity against gram-positive 

bacteria (i.e., methicillin-resistant Staphylococcus aureus [MRSA]). It is not 

active against gram-negative bacteria.

Mechanism of Action. Vnyin inhiis rnsgysy-
in f eigyn y ining  he reursr -nine--
nine rin. is ress revens he frin f  rigi 
e w sruure n resus in eri e ysis. Vnyin is 
nsiere erii gins gr-siive rgniss wih he 
exein f eneri (erisi).40,43

Clinical Uses. Vnyin is use fr infeins use y 
MRSA, suh s ereis, enriis, neuni, eriniis, 
n skin n sf issue infeins. Vnyin s serves s he 
ernive gen  eniiin fr he reen f virins sre-
 enriis. Vnyin es n rss he –rin 
rrier eieny, even in he resene f ue eninge in-
in. Hwever, neu eningiis resisn  eniiin 
n si e ree wih hese w nenrins f vnyin. 
An r fruin f vnyin n e use  re C. dicile
irrhe h is refrry  ernize.40,43

Adverse Reactions and Precautions. A n rein 
knwn s red man syndrome, r red neck syndrome, hs een ssi-
e wih he ri infusin f vnyin (ree  hisine 
reese). Inresing he ie f infusin n reven his synre 
f skin ih, ushing, ngiee, n hyensin. Oxi-
iy n nehrxiiy hve een ne  ur re frequeny 
in iens wh reeive vnyin niny wih in-
gysies. Vnyin is reny exree n requires sge 
jusen in iens wih ren iiren.40,43

Telavancin, Delbavancin, and Oritavancin. Tevnin 
(Viiv), evnin (Dvne), n rivnin (Oriv) 
re igyeies sruury ree  vnyin. Sii-
r  vnyin, hese rugs isy n iviy gins gr-
negive eri; hwever, hey hve exeen iviy gins 
s gr-siive ises, inuing hse wih resisne  
vnyin.40,43,44

Mechanism of Action. Siir  vnyin, evnin, 
evnin, n rivnin inhii rnsgysyin f ei-
gyn y ining  he reursr -nine--nine rin 

f he gr-siive e w. e ihii sie hin n he 
igyeies s ers  nhr hese gens in he 
e w, whih y nriue  heir enhne eny ver 
vnyin.40,44

Clinical Uses. Tevnin, evnin, n rivnin re 
use fr infeins use y S. aureus, eneri, n sre-
i. Unike vnyin, he igyeies hve iviy 
gins hse ises wih reue suseiiiy  vnyin, 
inuing vnyin-resisn Enterococcus faecium (VREF), 
vnyin-inereie S. aureus (VISA), n vnyin-
resisn S. aureus (VRSA). Tevnin is rve fr use in -
ie skin n skin sruure infeins, s we s in HAP n 
VAP use y S. aureus. Like vnyin, i n e use s n 
ernive gen fr gr-siive infeins in inivius wih 
β- ergies. Devnin n rivnin re s rve 
fr ie skin n skin sruure infeins, wih he e 
enes f rnge hf-ives (ne weeky, 2-se, r singe 
se regiens).40,44–46

Adverse Reactions and Precautions. Ligyeies re 
genery we ere, wih ny i sie ees rere,  
e. Dysguesi (se isurnes), nuse, n hehe were 
he s ny rere verse reins uring ini ri-
s. Dizziness n infusin sie reins were s serve, u 
  siir re  hse reeiving vnyin. In iin, e-
vnin n rivnin h use ne inreses in rnsi-
nses uring ini ris.40,44–46

Quinupristin and Dalfopristin

Quinurisin n frisin re sregrins h  syner-
gisiy when use geher (s in he ru Syneri). ese 
gens re ive gins gr-siive eri n re use ri-
riy  re infeins use y VREF.40

Mechanism of Action. Dfrisin ks eie n fr-
in n isrs he rise  enhne he ining f qui-
nurisin. e rise-un quinurisin inhiis he ining 
f iny-rnsfer RNA  inhii rein synhesis. e -
inin is erii gins MRSA u is erisi gins 
VREF.40

Clinical Uses. Quinurisin-frisin is use ririy fr 
ife-hreening VREF infeins, u i is s inie fr skin 
n sf issue infeins n neunis use y suseie 
gr-siive hgens. Quinurisin-frisin is inive 
gins s gr-negive eri n neres. Hwever, qui-
nurisin-frisin hs g in vir iviy gins M. pneu-
moniae n L. pneumophila.40

Adverse Reactions and Precautions. Quinurisin-f-
risin is vie ny s  rener fruin n us e 
inisere hrugh  enr ine (heer insere n hree 
 he suerir r inferir ven v) euse eriher in-
isrin is ssie wih  high iniene f hrhei-
is. Arhrgis n ygis f vrying severiy hve s een 
rere wih he use f hese gens in u  40% f iens. 
Siir  eryhryin, quinurisin-frisin is n inhiir 
f he CYP syse. Drugs (eize hrugh he CYP syse) 
wih  nrrw hereui inex shu e use uiusy in 
iens reeiving quinurisin-frisin.40

Oxazolidinones

Linezolid. e niii inezi engs   nve ss f 
niiis knwn s oxazolidinones. Linezi, siir  quinu-
risin-frisin, is ive gins gr-siive eri n is 
rve fr he reen f severe ife-hreening VREF infe-
ins. In nrs  vnyin n quinurisin-frisin, 
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inezi is vie s n r fruin h is eey 
sre fr he gsrinesin r.40 Teizi is  new x-
ziinne gen wih siir iviy  inezi u wih iv-
iy gins se inezi-resisn srins f gr-siive -
eri. Curreny, i hs ny een use in skin n skin sruure 
infeins.

Mechanism of Action. Linezi revens RNA rnsin y 
ining  he 23S ris RNA f he 50S suuni  reven 
he frin f  funin 70S iniiin ex. Use f his 
nve niiri rge fr he inhiiin f rein synhesis 
hs n een reviusy exie.40

Clinical Uses. Linezi is inie fr he reen f VREF 
infeins, inuing ses wih nurren erei. Nsi 
neunis n ie skin n skin sruure infeins 
use y S. aureus, inuing MRSA, y e ree wih inezi. 
Linezi hs iviy gins se yeri seies; hwever, 
i ks signin iviy gins gr-negive eri.40

Adverse Reactions and Precautions. e s n 
verse evens rere wih inezi inue irrhe, nuse, 
n hehes. ryeni hs een rere wih he use 
f inezi u is ssie wih rnge use f he nii-
i (2 weeks r greer). Linezi is  reversie, nnseeive 
inhiir f nine xise n hs he eni  iner 
wih renergi gens (e.g., ine, nreinehrine) n ser-
ninergi gens (e.g., seeive sernin reuke inhiirs).40

Antimycobacterials

Tuerusis hs reeive heighene enin rgey euse f 
he inrese in ses riue  he HIV eiei. Eh yer, 
iins f inivius re exse  uerusis, ny hrugh 
su n. Mre hn ne hir f he wrs uin 
hs nre uerusis. e US Ceners fr Disese Cnr 
n Prevenin (CDC) kes nnu reenins fr he 
revenin n reen f uerusis infein. Nsi 
rnsissin n e revene y ing iens wih susee 

r nre uerusis in resirry isin (negive-res-
sure r) uni hey re (1) eerine n  hve uerusis, 
(2) ishrge fr he hsi, r (3) nre  e nninfe-
ius. Oher esures, suh s e resirry sks (use y 
heh re ersnne), n reven rnsissin f M. tuberculosis

y ersizin  regivers.
Treen nsiss f uie niii regiens fr 6  12 

nhs in urin. Singe-gen regiens shu never e use 
fr reen euse he ikeih f eveing resisne is 
high. Treen fiures fen resu fr r ien ine 
n fr resisne  niiis. Drugs use in he reen f 
uerusis n e egrize s eiher rs-ine r sen-ine 
gens, eening n heir ey n sie ee res. Ini-
i hery genery invves  inin f isnizi (INH), 
yrzinie, rifin, n ehu. In ses f uirug 
resisn uerusis, use f iin niiris n newer 
gens, suh s equiine n reni, is fen require 
wih seein se n ise suseiiiy n MIC esing. 
Te 14.7 rvies  sury f iniy use niye-
ri gens, ses, rues f inisrin, n sie ees. Ai-
in r surin f gens fr his regien is usuy se n 
uure n sensiiviy , ng wih ien resnse  re-
en. Guieines fr he reen f ive unry ueru-
sis re rvie in Te 14. 47 4

C L I N I C A L  C O N N E C T I O N

The most commonly used antimycobacterials in the treatment of tuberculo-

sis include isoniazid (INH), rifampin, rifabutin, pyrazinamide, ethambutol, and 

streptomycin.

Isoniazid

INH is we sre ry n is isriue hrughu he 
y, eseiy in erersin ui. INH is eize y he 
iver, n is eie is eiine y he kineys.49

TABLE 

14.7
Dose, Route, and Side Eect Prole of Commonly Used Antimycobacterials–

Antimycobacterial Adult Dosage Route Side Effects

Isoniazid 5mg/kg/day; maximum 

300mg/day

PO, IM Hepatotoxicity (symptoms include nausea, loss of appetite, abdominal 

pain), peripheral neuritis, rash, fever, anemia

Rifampin 10mg/kg/day; maximum 

600mg/day

PO, IV Hepatotoxicity, ulike symptoms, discolorations of body secretions to an 

orange color

Rifabutin 300mg/day PO

Rifapentine 600mg once or twice per week PO

Pyrazinamide 15–30mg/kg/day; maximum 

2000mg/day

PO Hepatotoxicity, arthralgia, hyperuricemia

Ethambutol 15–25mg/kg/day; maximum 

2500mg/day

PO Optic neuritis (greater incidence in patients receiving >15mg/kg/day)

Streptomycin 15mg/kg/day; maximum 

1000mg/day

IM Ototoxicity (high-frequency hearing loss, vertigo), nephrotoxicity

Bedaquiline 400 mg/day for 2 weeks followed 

by 200 mg three times per week

PO Arthralgia, headache, nausea

Pretomanid 200 mg/day PO Hepatotoxicity, peripheral nerve disease, anemia

IM, Intramuscular; IV, intravenous; PO, oral.
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Mechanism of Action

INH inhiis e w synhesis y inhiiing synhesis f yi 
i,  riry nen f he yeri e w. is 
gen is erii gins reiing uerusis ii n 
erisi gins nnreiing rgniss.49

Adverse Reactions and Precautions

An eevin in iver enzyes hs een rere in iens reeiv-
ing INH n is reversie wih isninuin f he rug. Rre 
ses f serius heiis n eh s hve een rere. He-
xiiy usuy urs eween he furh n eighh weeks f 
reen u y ur  ny ie. Tess use  esure he-
eur injury shu e erfre n inue niring 
iver rnsinses, suh s nine inrnsferse (ALT) n 
sre inrnsferse (AST). In iin, iens shu e 
nire fr he eveen f sys f heiis, suh 
s nuse, ss f eie, n in in. Neurxiiy 
hs s een rere n urs re frequeny in iens 
reeiving higher-se hery. Sueenin wih yrix-
ine (viin B

6
) hs een shwn  reue he frequeny f his 

verse rein. Rre iseneus reins, suh s rsh, ne-
i, n fever, hve s een rere.49

Rifampin, Rifabutin, and Rifapentine

Rifin, rifuin, n rifenine re seisynhei niiis 
referre  s rifamycins. Rifin n rifuin hve siir sru-
ures n ser f iviy. ey re we sre ry, wih g 
enerin in s issues. ese gens  n enere he en-
r nervus syse we in he sene f inin. Rifin 
is exensivey eize hrugh he iver n is n inuer f he 
CYP syse. Rifuin n rifenine re s eize hei-
y; hwever, hey re nsiere weker enzye inuers hn 
rifin. CYP inuin is knwn  erese s nenr-
ins f rugs heiy eize; herefre, sge jus-
ens f gens eize y his syse re neessry.50

Mechanism of Action

Rifyins inhii eri DNA-eenen RNA yerse. 
ey re erii gins ivey iviing eri.

Adverse Reactions and Precautions

Hexiiy is he jr verse rein ssie wih rif-
yins. Eevins f iver rnsinses re ny rere 

n re usuy reversie n isninuin f he rug. Piens 
wih reexising iver ge re re rne  rifyin-
inue hexiiy. Rifyins re knwn  hnge he r 
f y uis   ee rnge hue. Piens shu e wrne 
h urine, fees, ers, siv, suu, n seen igh urn n 
rnge r. Uveiis (inin f he iris), whih nifess 
s urry visin, hs s een rere. Rrey, u-ike sys, 
suh s fever, his, nuse, n viing, hve een rere 
uring rifyin hery.50

Pyrazinamide

Pyrzinie is  niini i erivive h is we isriue 
in s issues, inuing erersin ui. Pyrzinie is 
heiy eize n exree y he kineys.49

Mechanism of Action

e reise ehnis f in is unknwn. Myeri 
nver yrzinie  yrzini i. I is seue h 
yrzini i uues in rhges  erese he 
inreur H n inrese he niyeri iviy f 
rhges in inin wih yrzinie. Pyrzinie 
is erii gins yeri when ese in n ii 
envirnen.49

Adverse Reactions and Precautions

Nuse n viing re he s n sie ees wih 
yrzinie reen. Hexiiy hs s een rere 
in iens reeiving yrzinie; herefre, iver rnsinses 
shu e nire frequeny. Piens wih reexising iver 
nriies shu e nire sey. Pyrzinie is n 
knwn  inue r inhii he CYP syse  ny signin 
exen.49

Ethambutol

Ehu is  synhei, ry inisere gen h isri-
ues exensivey hrughu he y, inuing erersin 
ui. Ms f i is eiine unhnge in urine.49

Mechanism of Action

Ehu ereses he synhesis f e w yshries, 
suh s ringn,  inhii yeri e grwh. I is 
 erisi gen.

TABLE 

14.8
Guidelines for Treatment of Active Drug-Susceptible Pulmonary Tuberculosis

TREATMENT REGIMEN

Regimen

Intensive Phase

INH, RIF, PZA, EMB

Continuation Phase

INH, RIF Considerations

1 7 d/wk or 5 d/wk for 8 weeks 7 d/wk or 5 d/wk for 18 weeks Preferred regimen

2 7 d/wk or 5 d/wk for 8 weeks 3 d/wk for 18 weeks Preferred when DOT is unachievable during continuation phase

3 3 d/wk for 8 weeks 3 d/wk for 18 weeks Use cautiously in patients with cavitary disease and/or HIV

4 7 d/wk for 14 doses, then 

2 d/wk for 12 doses

2 d/wk for 18 weeks Do not use in cavitary disease, HIV-infected, and/or smear 

positive patients

DOT, directly observed therapy; EMB, ethambutol; HIV, human immunodeciency virus; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin; d/wk, days per week.
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Adverse Reactions and Precautions

Oi neurhy is he jr xiiy ssie wih ehu-
. Piens usuy in f urre visin in njunin 
wih ere r (re–green) erein. Oi neuriis is usu-
y seen wih he use f high ses f ehu n is swy 
reversie n isninuin f he rug. Bseine eri 
evuin, fwe y erii exinins, is vise  he 
nir fr visu hnges uring reen. e sge f eh-
u shu e juse in iens wih ren insuieny.49

Streptomycin

Sreyin is n ingysie niii h hs een in use 
sine he 1940s fr he reen f uerusis. I is vie fr 
use inrvenusy n inrusury n is inie s n -
n gen in iens wih uene r susee rug-resisn 
uerusis.26–29,49

Mechanism of Action

Sreyin hs  ehnis f in siir  her 
ingysies.

Adverse Reactions and Precautions

Sreyin, siir  her ingysies, is ssie wih 
nehrxiiy n xiiy. I is eiine unhnge in 
urine, n sge jusen is require in iens wih ren 
insuieny.26–29

Antifungals

K E Y  P O I N T

Use of antifungals, such as polyenes, azoles, and echinocandins, is increasing 

with the growing number of immunocompromised patients.

e iniene f fung infeins hs inrese riy. 
Candida seies re nw he furh s ny ise 
sre hgens. Cniei hs  riy re f 40%. 
e nuer f iens iunrise s  resu f 
AIDS, ner hehery, n rgn rnsnin hs een 
inresing. ese ien uins hve iinishe e-eie 
iuniy n re reisse  nuerus fung hgens 
h vry in iniene gegrhiy. e reen f hie fr 
s fung infeins hs een he yene heriin B. e 
high iniene f nehrxiiy ssie wih his gen serve 
s he ieus fr he eveen f he zes. Kenze 
ws he rs gen f his ss, u i hs rgey een ree 
y he rizes unze n irnze. Newer rizes wih 
irve iviy gins s re eing evee. In iin, 
 new ss f nifungs knwn s echinocandins is nw vie. 
Syseiy use nifungs, inuing rue n ini uses, re 
surize in Te 14.9.

Polyenes

Pyenes inue heriin B n nysin. Aheriin B 
hs een vie fr re hn 50 yers n reins he rug 
f hie fr s sysei fung infeins. Mre reeny, 
heriin B hs een rgey ree y he ii-se fr-
uin. ese ii-se rus er he isriuin f 
heriin B, resuing in  higher uke f he gen in 

he reiuenhei syse (iver, seen, yhis) reive 
 he kineys. e ne ee f his shif in isriuin hs een 
shwn  reue he iniene f nehrxiiy.51

Mechanism of Action

Pyenes in  ergser ( ye f heser) in he fung e 
erne, reing res h inrese e erne erei-
iy. Inreur ssiu n her nens ese hrugh 
he res, resuing in e eh (fungii).

Clinical Uses

e fungii iviy f heriin B hs e i he rs-
ine gen gins sever hgens using unry infe-
ins, inuing sergisis, sysis, iiiysis, 
hisssis, n rysis. ese infeins re ssie 
wih  high riy, eseiy in iens wih neureni. 
Cnsequeny, revenive esures, suh s heriin B r-
hyxis n high-se reen (hrugh he use f ii-se 
fruins), hve een sugh. Hwever, he i se n 
reen urin hve een iu  ene euse he su-
essfu ue f  sysei fung infein eens rgey n 
revery f he hs iune syse.51

Adverse Reactions and Precautions

Prener inisrin f heriin B is ssie wih w 
jr yes f xiiy. e rs is infusin ree n inues 
ushing, fever, n his. Prereing iens wh exhii hese 
sys wih niyreis n nihisines y iniize 
hese ees. e sen jr xiiy is ren iiren, 
hugh  e  resu f iinishe ren erfusin. Hyring 
he ien wih nr sine uses efre n fer h-
eriin B infusin hs een ee  reven his xiiy. e 
is rus, suh s heriin B ii ex n 
is heriin B, hve een shwn  e ess nehr-
xi re wih he riin ru n w fr in-
isrin f higher ses f heriin B.51

Azoles

Syseiy use zes inue kenze, unze, ir-
nze, vrinze, snze, n isvunze. Ke-
nze ws he rs r gen vie  re sysei fung 
infeins. is gen is ry sre fr he gsrinesin 
r (when n ii envirnen is n resen) n hs en-
i fr susni xiiy. As  resu, kenze hs rgey 
een ree y he newer rizes unze, irnze, 
vrinze, n isvunze. Funze is vie in r 
n inrvenus fruins, is wiey isriue in he is-
sues, n is reivey nnxi. Cre wih kenze, i 
hs  nrrw seru f iviy. Irnze hs n enhne 
seru f iviy re wih unze u sighy ess 
hn h f vrinze. Vrinze is s vie in r 
n inrvenus frs. Psnze ws rve re reeny 
fr rhyxis f invsive sergisis n isseine ni-
isis in severey iunrise hss n fr he re-
en f refrry rhrynge niisis. Use f snze 
is inene fr iens fiing r refrry  her heries n 
hs een uene  e ive gins Zygyees (Rhizopus
seies, Absidia seies, n Mucor seies). Isvunze, su-
ie s he rrug isvunzniu sufe, ws reeny 
rve fr invsive sergisis n urysis. Unike 
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vrinze n snze, isvunzniu sufe is highy 
wer sue n he inrvenus fruin es n require 
 yexrin vehie, reuing nehrxiiy. In iin, he 
isvunzniu sufe r fruin ssesses exeen i-
viiiy n herefre re reie hrkineis.51 52

Mechanism of Action

Fung e grwh is iire euse f he reue ruin 
f ergser. Azes reven he nversin f nser  ergs-
er y inhiiing he fung CYP syse n herefre rue 
 fungisi ee.

Clinical Uses

Kenze hs rgey een ree y he re en n 
eer ere rizes. e riry iniin fr unze is 
fr niisis (iens wihu neureni) n s suressive 
hery fr iens wih ry eningiis, u i y s 
e use  re iiiysis. Irnze is nsiere 

he rug f hie fr he reen f uneus n yhn-
gii srrihsis. Irnze is s use s rhyxis n 
suressive hery fr unry sergisis, hisssis, 
sysis, rysis, iiiysis, riii-
ysis, n niisis. Vrinze is inie fr invsive 
sergisis n hs een rve fr he ngeen f ni-
ei n infeins use y rre hgens, suh s Fusarium
n Scedosporium apiospermum. Isvunzniu sufe is s 
inie fr invsive sergisis n invsive urysis, 
wih ey siir  heriin B n snze. Cn-
iisis use y Candida krusei (whih ks he CYP syse) 
y e inrinsiy resisn  his ss f gens, hugh 
in vir iviy hs een uene wih vrinze n 
snze.51 52

Adverse Reactions and Precautions

Funze is we ere n hs ini sie ees. 
Cn verse ees wih kenze, irnze, 

TABLE 

14.9
Classication of Systemically Used Antifungals–

Antifungal Class and 

Generic Name Brand Name Route Common Uses (Microorganism)

Polyenes

Amphotericin B Fungizone IV, PO* Candida spp., Aspergillus spp., Cryptococcus neoformans, Histoplasma capsulatum, 

Blastomyces dermatitidis, Coccidioides immitis

Amphotericin B colloidal 

dispersion

Amphotec IV Candida spp., Aspergillus spp., mucormycosis, C. neoformans

Amphotericin B lipid 

complex

Abelcet IV Candida spp., Aspergillus spp., mucormycosis, C. neoformans

Liposomal amphotericin B AmBisome IV Candida spp., Aspergillus spp., mucormycosis, C. neoformans, leishmaniasis

Azoles

Ketoconazole Nizoral PO, TOP Candida spp.,† C. neoformans, H. capsulatum, B. dermatitidis

Fluconazole Diucan IV, PO Candida spp.,† C. neoformans

Isavuconazonium sulfate 

(isavuconazole prodrug)

Cresemba IV, PO Aspergillus spp., Mucormycetes spp.

Itraconazole Sporanox PO, TOP Candida spp.,† Aspergillus spp., C. neoformans, H. capsulatum, B. dermatitidis, C. immitis, 

Sporothrix schenckii

Voriconazole Vfend IV, PO Candida spp.,† Aspergillus spp., C. neoformans, C. immitis, H. capsulatum, B. dermatitidis, 

Fusarium spp., Scedosporium spp.

Posaconazole Noxal PO Candida spp.,† Aspergillus spp., C. neoformans, C. immitis, H. capsulatum, B. dermatitidis, 

Fusarium spp., Scedosporium spp.

Echinocandins

Caspofungin Cancidas IV Aspergillus spp., Candida spp.

Micafungin Mycamine IV Aspergillus spp., Candida spp.

Anidulafungin Eraxis IV Aspergillus spp., Candida spp.

Other Antifungals

Flucytosine Ancobon PO Aspergillus spp., Candida spp., C. neoformans

IV, Intravenous; PO, oral; TOP, topical.
*The oral form of amphotericin B is not absorbed through the gastrointestinal tract.
†Candida krusei is intrinsically resistant to all azoles.
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isvunzniu sufe, n vrinze re nrexi, nuse, 
n viing. In iin, rnsinse n iiruin eevins 
hve een rere. Iene, erese ii, n gynes-
i re s knwn  ur wih kenze n re riue 
 is inhiiin f sex seri synhesis, n nsequeny i is 
use iniy fr erin enrine isrers. Vrinze n 
use visu isurnes, suh s hsi n hrsi, 
whih n ur in 30% f iens. Kenze, irnze, 
isvunze, n vrinze re eize in he iver n 
re en inhiirs f he CYP 3A4 syse, s eh hs  signi-
n eni fr rug inerins. Cnversey, unze es 
n unerg signin hei eis n hs he wes 
rug inerin eni f he rizes. Funze is, hw-
ever, eiine unhnge in he urine n s sge jusen 
is require in iens wih iire ren funin. Ren fun-
in is s irn when inisering he inrvenus fr-
uins f irnze n vrinze. ese rugs shu 
e vie in iens wih reinine erne vues ess hn 
30L/in  reven he uuin f yexrin, n inr-
venus suiizing gen. Cyexrin is s use  frue 
r irnze suin n hs een ie s he use f he 
high iniene f verse gsrinesin inerne reive  
irnze sues, whih  n nin his gen.51 52

Echinocandins

Csfungin ws he rs ehinnin  reeive FDA rv 
in ery 2001. Mifungin n niufungin reeive FDA 
rv in 2004 n 2006, reseivey. ese gens hve sii-
r hrkinei n hryni reries. ey 
hve r gsrinesin srin, n  require rener 
inisrin.51

Mechanism of Action

Ehinnins inhii fung e w synhesis y inhiiing 
(1,3)-β--gun synhse.51

ese gens y e eiher fungii r fungisi gins 
fungi, eening n he ise.

Clinical Uses

A ehinnins hve shwn in vir n in viv (ni su-
ies) iviy gins Candida n Aspergillus seies. Csfungin 
is urreny inie fr he reen f ferie neureni, 
niei, eshge niisis, n sergisis in iens 
refrry r inern  heriin B, ii-se heri-
in B, n irnze. Mifungin is inie ny fr esh-
ge niisis reen n rhyxis fer heiei 
se e rnsns. Aniufungin, he s reeny rve 
gen, is inie fr he reen f niei, nnneure-
ni niisis, n eshge niisis. A ehinnins re 
nsiere ineeive gins Cryptococcus seies euse hese 
rgniss k (1,3)-β--gun in heir e ws.51

Adverse Reactions and Precautions

Ehinnins see  e we ere, hugh s f he 
sfey  re fr sfungin n ifungin. In s suies, 
n verse reins were infusin ree n inue 
fever, rsh, ushing, n hrheiis. Infusin-ree 
reins were rxiey 10% fr sfungin n sighy 
ess fr ifungin. Aniufungin hs rue infusin-
ree reins in 15% f iens. Nuse n viing were 
s frequeny rere fr  hree gens. Eevins in iver 

rnsinse (AST n ALT) eves n hyeriiruinei were 
ne wih ehinnins, u hese were i n reversie 
n rug isninuin. Ehinnins re n eize 
hrugh he CYP syse, reuing he eni fr rug iner-
ins. A ehinnins n inrese he re uner he urve 
(AUC) f ysrine when inisere, wih sfungin 
reing he s signin hnges in he AUC. e ehnis 
f his inerin is unknwn. Cnurren use f ysrine 
n ehinnins y wrrn refu niring.51

Flucytosine

Fuysine s s n nieie n is use ririy s 
junive hery fr suseie fung hgens. I is ive 
gins Candida, Cryptococcus, n Aspergillus.51

Mechanism of Action

Fuysine is nvere  ururi n ees wih ur-
i uring he frin f fung RNA. Inhiiin f RNA 
frin ereses rein synhesis n revens e grwh 
(fungisi).

Clinical Use

Resisne  uysine eves riy when i is use s  sin-
ge gen fr sysei fung infeins. As  resu, uysine hs 
een use in inin wih heriin B fr he reen 
f ry eningiis n sergisis.51

Adverse Reactions and Precautions

e s n verse even ssie wih uysine is 
ne rrw suressin eing  nei, eukeni, n 
hryeni. is xiiy usuy resus when seru n-
enrins exee 100 g/L. Dsge reuin in iens 
wih ren iiren is ierive  reven his serius 
iin.

Antiviral Agents

K E Y  P O I N T

Antivirals (excluding antiretrovirals) mimic nucleosides and inhibit DNA 

synthesis.

Sever gens re vie fr reing vir infeins 
(Te 14.10). A f hese gens  y inhiiing ses invve 
in vir reiin; nne f he gens inhii nnreiing 
viruses. Anivirs (exuing nirervirs) ii nuesies 
n inhii DNA synhesis.53,54 Agens use  re HIV re n 
isusse here.

Acyclovir and Valacyclovir

Ayvir is vie in inrvenus, r, n i fru-
ins. Or yvir is n reiy sre n requires  frequen 
iy regien. Vyvir,  rrug f yvir, ws evee 
 irve gsrinesin srin f yvir. Vyvir is 
vie ny in r fruin.53

Mechanism of Action

Ayvir is  nuesie ng h is hshrye n 
insere in he reiing vir DNA. One insere in he 
grwing hin, vir reiin is erine. Vyvir is 
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nvere  he ive rug yvir y enzyi hyrysis in 
he iver n he inesines.

Clinical Uses

Ayvir n vyvir re eeive gins eers f he 
heresvirus fiy. ey re s eeive gins heres si-
ex virus (HSV)-1 n HSV-2. ey s hve iviy gins 
Esein-Brr virus (EBV), yegvirus (CMV), n vrie-
zser virus (VZV). Ayvir n vyvir re iniy use 
fr he reen f geni infeins use y HSV n VZV.54

Adverse Reactions and Precautions

Ayvir is eiine unhnge in he urine; herefre sge 
jusen is require fr yvir n vyvir in iens 
wih ren iiren. Cses f nehrhy senry  y-
vir hve een rere in inivius wih ren iiren. is 
verse even urs ririy in iens king high ses f y-
vir. Keeing iens we hyre n reven nehrhy. 
e r fruins re genery we ere.54

Penciclovir and Famciclovir

Penivir n fivir re siir in sruure n iviy 
 yvir. Fivir, he rrug f enivir, is nvere 
 is ive fr (enivir) in he gsrinesin r. F-
ivir is vie in r fruin, n enivir is vi-
e ny s  1% i re. Penivir n fivir see 
 hve greer in vir iviy gins HSV n VZV re 
wih yvir.

Mechanism of Action

Penivir n he rrug fivir re gunine nuesie 
ngs, whih exer heir nivir ees y inrring in 

grwing DNA hins, susequeny inerfering wih vir DNA 
synhesis n reiin.53

Clinical Uses

Penivir hs iviy gins viruses fr he heres fiy. I 
is eeive gins HSV-1, HSV-2, n VZV. Siir  yvir, 
i is ess eeive gins EBV n CMV. In vir suies hve 
shwn se iviy gins heiis B virus (HBV). Peni-
vir n fivir re iniy use fr he reen f geni 
infeins use y HSV n VZV.

Adverse Reactions and Precautions

Penivir n fivir re nsiery we ere. Use f 
fivir hs een ssie wih nuse, viing, irrhe, 
n hehes. Rre ses f neureni hve een rere. Pen-
ivir is eiine hrugh he kineys; herefre sge jus-
en f fivir is require in iens wih ere  severe 
ren insuieny.53

Ganciclovir and Valganciclovir

Gnivir is  gunine nuesie ng wih  ehnis f 
in siir  yvir. Vgnivir is  newy rve r-
rug f gnivir h irves gnivir srin. Gni-
vir hs  higher niy fr DNA rnsferse re wih 
yvir, whih inreses he inreur hf-ife f he rug n 
ws fr  ess frequen regien. Vgnivir is vie ny 
in r fruin; gnivir is vie in r, inrvenus, 
n inrur (eye in) fruins.53 54

Mechanism of Action

Gnivir n he rrug vgnivir re gunine nue-
sie ngs. ey hve  siir ehnis f in s yvir. 

TABLE 

14.10
Classication of Antivirals–

Generic Name Brand Name Route Common Uses (Microorganism)

Acyclovir Zovirax IV, PO, TOP HSV-1, HSV-2, HZV, VZV

Valacyclovir Valtrex PO HSV-1, HSV-2, HZV, VZV

Famciclovir Famvir PO HSV-1, HSV-2, HZV, VZV

Ganciclovir Cytovene IV, PO CMV

Valganciclovir Valcyte PO CMV

Cidofovir Vistide IV CMV

Foscarnet Foscavir IV HSV-1, HSV-2, VZV, CMV that are suspected to be 

resistant to acyclovir and ganciclovir

Amantadine Symadine PO Inuenza A

Rimantadine Flumadine PO Inuenza A

Oseltamivir Tamiu PO Inuenza A and B

Peramivir Rapivab IV Inuenza A and B

Zanamivir Relenza IH Inuenza A and B

Baloxavir 

marboxil

Xouza PO Inuenza A and B

CMV, Cytomegalovirus; HSV-1, -2, herpes simplex virus types 1 and 2; HZV, herpes zoster virus; IH, inhaled; IV, intravenous; PO, oral; TOP, topical; VZV, varicella-zoster virus.
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Bh gens inrre in grwing DNA hins, nsequeny 
erining vir DNA synhesis n reiin.53,54

Clinical Uses

Gnivir resees yvir in is iviy gins eers f 
he heres virus fiy n VZV. I hs uh higher iviy gins 
CMV in vir n in viv. Gnivir is inie fr he reen 
n ng-er suressin f CMV reiniis n revenin f 
CMV isese in iens wih AIDS n in rnsn reiiens.53,54

Adverse Reactions and Precautions

e s n verse rein ssie wih he use f 
gnivir is ne rrw suressin. In iens wih AIDS, 
he iniene f hryeni n neureni y e 20% 
(hryeni) n 40% (neureni). Dsges shu e 
reue in he resene f ren insuieny. In iin  he 
sie ees f yesuressin, hehe, nuse, rsh, fever, 
n iver rnsinse eevins hve een rere.53,54

Cidofovir

Cifvir is n yi hshne nuesie ng h hs 
en nivir iviy gins  wie vriey f viruses. In n-
rs  he gunine nuesie ngs, ifvir hs enhne 
iviy gins HSV, EBV, VZV, n CMV. Cifvir is vie 
ny s n inrvenus fruin.53,54

Mechanism of Action

Cifvir exers is ehnis f in y inhiiin f vir re-
iin. Cifvir is hshrye n insere in he grw-
ing DNA hin. One insere, vir reiin is erine y 
inhiiin f vir yerses.

Clinical Uses

Cifvir hs en iviy gins eers f he heresvirus 
fiy, EBV n CMV. I is inie fr use in iens wih 
CMV when revius reen wih gnivir r fsrne hs 
fie. I hs een use exensivey in he reen f CMV rei-
niis in iens wih AIDS.53,54

Adverse Reactions and Precautions

Severe se-eenen nehrxiiy hs een ssie wih 
he use f ifvir. I is nrinie in inivius wih ren 
insuieny. Sine infusins efre n nin ren-
ei inisrin uring ifvir reen hve een use  
reue nehrxiiy. In iin  nehrxiiy, neure-
ni, fever, hehe, eesis, rsh, n irrhe hve een rere 
wih ifvir use.53,54

Foscarnet

Fsrne is  yrhshne nuesie ng h hs en 
nivir iviy gins HSV, EBV, VZV, n CMV. In iin, 
fsrne hs shwn iviy gins HBV n inuenz viruses. 
I is ry sre, n i is vie ny s n inrvenus 
fruin.53,54

Mechanism of Action

Beuse fsrne is  yrhshe ng, i es n require 
hshryin  ee ive. Fsrne wrks y reversiy 
king vir yerse hshryin, whih inhiis vir 
reiin.53,54

Clinical Uses

Fsrne hs iviy gins heresviruses, inuing VZV n 
EBV, n inuenz A n B. Fsrne is use iny  re 
CMV reiniis in iens wih AIDS wh re une  ere 
gnivir hery. I is s use fr reen f CMV infe-
ins in her inivius wih iunsuressin (e.g., rgn 
rnsn reiiens). In iin, fsrne hs een use  re 
HSV n VZV infeins h re resisn  yvir n gni-
vir. Gnivir r yvir y  synergisiy wih fsr-
ne gins se srins f CMV.53,54

Adverse Reactions and Precautions

Nehrxiiy is  reivey n sie ee h urs in 
rxiey 25% f iens ree. Aeque hyrin ur-
ing fsrne infusin y reue he iniene f nehrxi-
iy. Dsge reuin is require in inivius wih ren insuf-
ieny. Oher verse reins inue fever, nuse, eerye 
ines, viing, irrhe, n hehe.53,54

Amantadine and Rimantadine

Anine n rinine re sey ree nivir gens 
wih iviy gins inuenz A ny. Bh gens re we 
sre fr he gsrinesin r n re suie fr r 
inisrin.53

Mechanism of Action

Anine n rinine  y inhiiing vir reiin 
n vir ssey. I is s hugh h hese gens inhii he 
inuenz virus fr uning n enering he us es f 
he resirry r.

Clinical Uses

Anine n rinine hve  nrrw seru f iv-
iy euse hey re ive ny gins inuenz A virus. Bh 
gens y e use rhyiy in high-risk (i.e., iun-
rise) iens wh re une  ere r ene fr 
inuenz vinin. ey y s e use in njunin wih 
vinin in he se high-risk ien uins. T e ee-
ive, hese gens shu e iniie wihin he rs 4 hurs f 
nse f sys.53

Adverse Reactions

Anine n rinine re we ere. Cenr nervus 
syse sie ees, suh s rer, insni, ighheeness, sei-
zure, ri rrhyhis, n giin, hve een rere wih 
h rugs (re fen wih nine) n see  e ree 
 higher seru nenrins f hese gens. A sge jus-
en f nine, u n rinine, is require in he res-
ene f ren insuieny.53

Oseltamivir, Zanamavir, and Peramivir

Oseivir, znvir, n erivir eng  he ss f ni-
virs knwn s neuraminidase inhibitors. Oseivir is  rrug 
h is nvere  is ive fr (seivir rxye) fer i 
is sre. I is vie ny s n r fruin. Znvir 
is sruury ree  seivir; hwever, i is inisere y 
r inhin ny. Perivir is ny vie s n inrvenus 
suin, n euse f is iering hei sruure, i ins 
 inuenz neurinise wih  higher niy re wih 
seivir.53,55



243  CHAPTER 14 Antimicrobial Agents

Mechanism of Action

Oseivir, erivir, n znvir seiy inhii inu-
enz A n B neurinise, whih revens inuenz viruses 
fr eving he hs e  infe her es.53 55

Clinical Uses

Neurinise inhiirs re eeive ny fr he reen f inu-
enz A n B infein. ey hve een shwn iniy  reue 
he urin f inuenz infein. Hwever, hery us e inii-
e wihin 40 hurs f he iniiin f sys  e eeive.53

Adverse Reactions and Precautions

Oseivir n znivir re we ere; nuse n v-
iing re rere s he s frequen verse reins. ese 
sys usuy ur n he rs 2 ys f hery. Brnh-
ss hs een seen re frequeny wih znivir n ers 
 e ree  he rue f inisrin. e s ny 
rere verse evens wih erivir re irrhe, nuse, v-
iing, insni, n hyerensin. Dsge jusen is require 
in iens wih ren insuieny.53 55

Baloxavir Marboxil

Bxvir rxi is n nivir h gine FDA rv in 
201 fr inuenz A n B reen n s-exsure rhy-
xis. Fwing inisrin, he xvir rxi rrug is 
hyryze  he ive rug xvir.56 57

Mechanism of Action

Bxvir rxi revens vir reiin hrugh inhiiin 
f he ennuese iviy f he yerse ii (PA) rein. 
Ainisrin f xvir rxi inhiis gene rnsriin 
s he PA rein is  vi nen f he vir RNA y-
erse ex.56 57

Clinical Uses

Eeive gins h inuenz A n B, exvir rxi 
shu e sre wihin 4 hurs f sy nse fr reen 
n s sn s ssie fwing siive n exsure fr 
rhyxis.56 57

Adverse Reactions and Precautions

Bxvir rxi is yiy we ere n s -
ny rere sie ees re irrhe, nuse, n sinusiis. 

A were ny rere in 2%  3% f iens king xvir 
rxi.56 57

COVID19 Antivirals. Sine he rs rere ses f COVID-
19 infein were rere in Deeer f 2019,  signin 
un f er hs een iree  ienifying eniy usefu 
hrgi gens  i in he revenin n reen f his 
wrwie nei. A his wriing, here re  nuer f iniy 
eeive gens vie  re COVID-19  is vrius sges f 
infein, wih re in he ieine. Like ny nve infeius r-
ess, new n ninuy ue ini  wi e vie ne 
sieniss re e  nyze he urren reserh suies.

Remdesivir. Reesivir is n nivir gen wih iviy 
gins COVID-19 n her RNA viruses. Iniiy evee 
fr use s  eni hereui iy uring  g vir 
nei, reen esing ensre reesivir isye sig-
nin in vir iviy gins COVID-19.5

Mechanism of Action

Reesivir is frue s  rrug n is eize  
ensine rihshe. One eize, reesivir ins n 
inhiis RNA-eenen RNA yerse using erinin f 
vir rnsriin.5

Clinical Uses. Curren guine se frh y he Infeius 
Diseses Siey f Aerin niiny reens he use 
f reesivir fr use in hsiize iens wih ere r 
high-risk f isese rgressin versus n nivir. In iin, 
use n s e nsiere in hse ury iens wh re 
 high risk fr COVID-19 isese rgressin. Iey, reen 
shu e iniie s se  he eveen f COVID-19 
sys n ninue wie iy fr 5 ys.5

Adverse Reactions and Precautions. Whie he  re i-
ie, reesivir ers  e firy we ere. Cini suies 
hve rere rre ses f infusin-ree reins, nhyxis, 
n hyersensiiviy reins. Mre ny rere verse 
reins ere  e gsrinesin, s we s eevins in 
rnsinses. I is irn  reeer, reesivir is eii-
ne ririy hrugh he kineys; herefre, ren se jus-
en is neessry in iens wih CrC<30 /in.59

Molnupiravir and Nirmatrelvir/Ritonavir

Mnurirvir n nirrevir/rinivir re reeny rve 
r gens hrugh n FDA-issue EUA (Eergeny Use Auh-
rizin) fr he reen f COVID-19 in ury iens 
 high risk fr isese rgressin. Unike heir reeessr 

TABLE 

14.11
COVID- Monoclonal Antibody Dose, Route, and Indication –

Monoclonal Antibody Adult Dosage Route Indication

Bamlanivimab/etesevimab 700 mg/1400 mg IV • Post-exposure prophylaxis

• Treatment of mild to moderate 

COVID-19

Casirivimab/imdevimab 600 mg/600 mg initial dose IV or SubQ • Post-exposure prophylaxis

• Treatment of mild to moderate COVID-19

Sotrovimab 500 mg IV • Treatment of mild to moderate COVID-19

Tixagevimab/cilgavimab 300 mg/300 mg IM • Pre-exposure prophylaxis

Bebtelovimab 175 mg IV • Treatment of mild to moderate COVID-19

IM, Intramuscular; IV, intravenous; SubQ, subcutaneous.
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reesivir, h nuirvir n nirrevir/rinvir re ny 
vie in r fruins.60 61

Mechanism of Action. Siir  reesivir, nuir-
vir rges RNA reiin in COVID-19, whie nirrevir/
rinvir s y inhiiing n esseni rese resnsie fr 
ressing COVID-19 yeies invve in vir rei-
in. Beuse f he exensive eis f nirrevir y CYP 
3A4, i is neessry  -frue wih rinvir  inhii he 
eis.60–62

Clinical Uses. Mnuirvir n nirrevir/rinivr re 
ny inie fr use in hse inivius wih COVID-19 wh 
re  ere  high-risk isese rgressin. ery shu 
e iniie wihin 5 ys f sy nse.60–62

Adverse Reactions and Precautions. Due  he -fru-
in f nirrevir wih rinvir, here is he eni fr rug 
inerins in iens reeiving her eiins eize 
hrugh he CYP 3A4 syse. In iin, refu niring 
f ren funin is neessry if his gen requires se reu-
ing wih CrC<30 /in. Cn sie ees er i n 
yi resene s gsrinesin (irrhe n ysgeusi). In 
nrs  nirrevir/rinivir, nuirvir h signiny 
ess rug inerins; hwever, nerns f eni ergeni-
iy hve use he FDA  n reen is use in regnny 
n reen hse inivius f hi-ering eni 
use nein uring n  es 4 ys fer reen wih 
urvir.60–62

Biologics

K E Y  P O I N T

Biologics are substances synthesized from living systems. Monoclonal 

antibodies are a category of biologics that are currently being utilized to 

treat a variety of immune disorders, neoplasms, psoriasis, multiple sclerosis, 

and rheumatoid arthritis. Most recently, several antibacterial monoclonal 

antibodies are under development to target infectious pathogens. Antibacte-

rial monoclonal antibodies that are currently licensed target exotoxins, but 

mechanisms under development include targeting cell surface components in 

an effort to facilitate bactericidal clearance.63

COVID19 and Monoclonal Antibodies

Mnn niies re nher evving COVID-19 revenin 
n reen iy. e nn niies irey 
rge he SARS-CV-2 sike rein, king vir hen 
n enry in hun es. Mnn niy reen 
is ririy reserve fr iens  high risk fr eveing 
severe isese ue  iune rise, iunsuressive 
heries, r ineque COVID-19 iunizin resnse. 
Bnivi/eesevi n sirivi/ievi were 
ng he rs nn niy inins issue EUAs 
fr COVID-19 rhyxis n/r reen.64 65 Srvi, 
ixgevi/igvi, n eevi quiky gine EUAs, 
ering ernive n/r iin vrin verge.66–6

Te 14.11 iss nn niies uner EUA  he ie f 
his wriing. Siir  her igis, s n sie ees 
serve re infusin ree in nure.

Raxibacumab and Obiltoxaximab

Rxiu n ixxi re rve fr u n ei-
ri sexsure reen f Bacillus anthracis inhe nhrx 

in njunin wih  reene niiri gen. Bh 
nn niies re s rve fr inhin nhrx 
reexsure rhyxis when ernive heries re inr-
rie r unvie.69

Mechanism of Action

Rxiu n ixxi re h hun iungu-
in G1 nn niies h in  n neurize he r-
eive nigen f B. anthracis. e gens inhii he ive eh 
fr n ee fr fr enering he ys n exering 
xi ees, erning he heir ieniy f “nhrx nixins.69

Clinical Uses

In inin wih n rrie niiri gen, suh s 
urquinnes, eryines, r eniiin G, rxiu, n 
ixxi nixins re rve fr sexsure reen 
f B. anthracis inhin nhrx. In he sene f rrie 
ernive heries, eiher nn niy y e use 
fr reexsure rhyxis f nhrx use y inhin f B. 

anthracis 69

Adverse Reactions and Precautions

Beuse f he risk f  hyersensiiviy rein  rxiu 
n ixxi, iens shu e reeie wih ihen-
hyrine efre he nn niy infusin. e s 
n verse ees rere wih hese gens re rurius, 
hehe, uer resirry r infein, n ugh.69

RESPIRATORY CARE ASSESSMENT OF 

ANTIBIOTIC THERAPY

Before Treatment

• Assess eeiveness f rug hery n he sis f iniins 
fr he gen (i.e., virus r eri).

During Treatment and Short Term

• Cnsier suseiiiy esing.
• Assess eeiveness f urren gens.

Long Term

• Mnir resnse  hery.
• Cnsier inin f gens.

General Contraindications

• Aniiris shu n e use uness  sei hgen is 
knwn r susee  vi eveen f rug resisne.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A.

1. What is the difference between bacteriostatic and bactericidal 

antimicrobial agents?

2. Give an example of a class of antimicrobials that kill in a concentration-

dependent manner and in a concentration-independent manner.

3. Describe at least three parameters that may indicate antibiotic failure in 

a patient.

4. Why is combination antibiotic therapy useful? (Be specic.)



245  CHAPTER 14 Antimicrobial Agents

5. Describe the mechanism of action of penicillin antibiotics. Name at least 

two additional antibiotic classes with similar mechanisms of action.

6. Which β-lactam antibiotic is least likely to cause an allergic reaction in 

a patient with a penicillin allergy?

7. Name three antimicrobial agents that would be useful in the treatment 

of community-acquired pneumonia (CAP).

8. What is the antimicrobial agent of choice for treatment of Pneumocystis

pneumonia (PCP)?

9. What agents are considered rst-line therapy for treatment of 

pulmonary tuberculosis?

10. Which antimicrobial agents are useful for the treatment of nosocomial 

pneumonia caused by Pseudomonas aeruginosa?

CLINICAL SCENARIO

Answers can be found in Appendix A

Chief Complaint

Jackson Daniels, a 64-year-old White male, has presented to the 

Community Hospital with complaints of fever, cough, and shortness of 

breath. He states that he has been coughing up “thick, greenish mucus.”

History of Present Illness

Mr. Daniels states that he has been feeling bad for over a week but that 

his symptoms had gotten much worse a couple of days ago. He had gone 

to an Urgent Care Center and was given azithromycin, guaifenesin, and an 

albuterol inhaler; however, his symptoms did not improve, and he was still 

having fevers and productive cough, and the inhaler was not helping his 

breathing.

Past Medical History

• Chronic alcohol abuse, with several admissions in the past for alcohol 

withdrawal (delirium tremors)

• Chronic obstructive pulmonary disease (COPD) with multiple hospital 

admissions for COPD exacerbation

• Recurrent pneumonia, including methicillin-resistant Staphylococcus 

aureus (MRSA) pneumonia

• Gastroesophageal reux disease (GERD)

Social History

• Divorced with no children; unable to work because of poor health

Tobacco/Alcohol/Substance Use

• Tobacco history: 1 pack per day (ppd) for over 40 years

• Alcohol: 6 to 8 cans of beer daily

• Substance use: Denies use of illicit drugs.

Allergies

• Penicillin (rash), sulfa (rash and gastrointestinal [GI] upset)

Home Medications

• Azithromycin 500mg orally (PO) daily for 1 day, then 250mg PO daily 

for 4 days (2 tablets remaining)

• Guaifenesin ER 1200mg PO twice daily

• Albuterol metered dose inhaler (MDI) 2 puffs as needed (PRN) q4-6h

• Over the counter (OTC) Prilosec 20mg PO twice daily (GERD)

• Duonebs (albuterol-ipratropium) inhaled four times daily (qid) (COPD)

Physical Examination

• General: Breathing fast; appears in moderate to severe respiratory 

distress

• Head, ears, eyes, nose, throat (HEENT): Pupils equally round and reactive 

to light and accommodation (PERRLA), denies headache, no sore throat 

or nasal discharge

• Cardiovascular: Tachycardic with a regular rhythm. No murmurs, rubs, or 

gallops

• Pulmonary: Bilateral crackles, worse on left side; decreased breath 

sounds over lower left lobe

• GI, genitourinary (GU), musculoskeletal, skin, neurologic: Unremarkable

Vital Signs

• Temperature (T) 102.2°F

• Blood pressure (BP) 150/85mm Hg

• Heart rate (HR) 105 beats/min

• Respiratory rate (RR) 29 breaths/min

• Oxygen saturation by pulse oximetry (SpO
2
) 90% on 2L oxygen (O

2
), 

82% on room air

• Weight 185lb

• Height 70 inches

Laboratory/Radiographic Tests

• White blood cell (WBC) count: 18.4 × 103 cells/mm3

• Liver function tests (alanine aminotransferase [ALT] and aspartate 

aminotransferase [AST]): Moderately elevated

• Sputum Gram stain: Many WBCs, few epithelial cells, many gram-

positive cocci in clusters

• Sputum culture: Pending

• Chest x-ray (CXR): Left lower lobe inltrate

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms that pertain to cold and cough agents

2. Dierentiate between the common cold and the u

3. Dierentiate between the specic types of cold and cough agents

4. Discuss the mechanism of action for each specic cold and 

cough agent

K E Y  T E R M S  A N D  D E F I N I T I O N S

Antihistamines Drugs that reduce the eects mediated by 

histamine, a chemical released by the body during allergic 

reactions. Antihistamines are often administered to reduce 

secretions (e.g., runny nose and sneezing), but they can cause 

drowsiness and impaired responses. Note: Drying of secretion, 

whether caused by antimuscarinic or antihistamine action, may 

suppress a needed defense reaction of the airways. Nocturnal 

use is indicated more than around-the-clock use.

Antitussives Drugs that suppress the cough reex. Note:

Productive coughs should not be suppressed; the rationale 

behind an expectorant–antitussive combination is questionable.

Common cold Nonbacterial respiratory tract infection, generally 

caused by a viral infection of the epithelial layer of the upper 

airway and characterized by malaise, low-grade fever, cough, 

sneezing, and a runny nose.

Expectorants Drugs that increase the stimulation of mucus. Many 

have questionable ecacy in a cold. The best expectorant, 

especially with colds, is plain water and juices, avoiding 

caeinated beverages, such as tea or colas, and beer or other 

alcoholic mixtures.

Flu Nonbacterial infection with rapid onset of symptoms, 

including fever, headache, and fatigue.

Mucokinesis Therapeutic movement of excessive or abnormal 

secretions from the respiratory tract.

Mucolytic expectorants Agents that facilitate removal of mucus 

by a lysing, or mucolytic, action. Example: dornase alfa.

Stimulant expectorants Agents that increase the production and 

presumably the clearance of mucus secretions in the respiratory 

tract. Example: guaifenesin.

Sympathomimetics Drugs that partially or completely mimic 

the eects of the sympathetic nervous system. Note: Tremor, 

tachycardia, and increased blood pressure can occur with use 

of sympathomimetics, especially when taken orally. Rebound 

congestion can occur if used for longer than a day.
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Lrge nuers f uns re vie, h y resriin 
n ver he uner (OTC), fr reing sys f he -
n . e er common cold is use  esrie nne-
ri uer resirry r infeins (URIs), usuy hrerize 
y i gener ise n  runny, suy nse. Oher sys 
inue sneezing, ugh, n ssiy  sre hr r se hes 
isfr. Aergi rhiniis n serius inesses, suh s inu-
enz, ue rnhiis, n infeins f he wer resirry 
r, re n inue in his isussin. Inuenz, r he u, is 
use y he inuenz virus n is ssie wih sys f 
fever, hehe, gener use he, n exree figue r wek-
ness. Onse f sys is usuy ri. e fever n sysei 
sys f inuenz re nrse wih sys f he -
n  in Te 15.1

Fur sses f gens n e isinguishe in  reeies, 
use iniviuy r in inin, s fws:
• Sympathomimetics: Fr engesin
• Antihistamines: T reue (ry) sereins
• Expectorants: T inrese uus erne
• Antitussives: T suress he ugh reex

e reviusy ise fur sses f  eiins rge 
he riry sys use y he  virus in he resirry 
r; his is iusre neuy in Fig. 15.1. Eh ss is is-
usse susequeny, wih reresenive gens ise. In iin 
 hese fur yes f ingreiens, n ngesi, suh s ein-
hen, y e inue in   eiin, s in Sinu, whih 
nsiss f 30g f seueherine (engesn) n 325g 
f einhen (ngesi).

Sympathomimetic Adrenergic 

Decongestants

C L I N I C A L  C O N N E C T I O N

Adrenergic agents act to reduce swelling and relieve nasal congestion. 

Pseudoephedrine (Sudafed) is a common agent used for its α properties 

(causing vasoconstriction).

Syhiei (renergi) gens re isusse s rn-
hirs in Cher 6, n he gener ees f syhei 

siuin re uine in Cher 5. In  reeies, sy-
hieis re inene fr  engesn ee, whih is se 
n heir α-siuing rery n resuing vsnsriin.

Syhieis, suh s seueherine, re s uner 
rn nes, suh s Sufe, n n e ken ry. Beuse 
f hnges in he USA PATRIOT A (Uniing n Srenghen-
ing Aeri y Prviing Arrie Ts Require  Inere 
n Osru Terrris A f 2001), singe gens r in-
in rugs using seueherine re e ehin he uner 
in hries, n regue ses re uene euse he 
rug hs een urhse exessivey fr he ieg ruin f 
ehheines. Mnufurers hve urne  henyehrine 
s  susiue; hwever, he 10-g se h hs een rve 
y he US F n Drug Ainisrin (FDA) hs ie ee 
n ns engesin when use ry euse f he rugs 
high rs-ss ee. In  e-nysis y Hn e.,1 i ws 
fun h 10g f henyehrine ws n re eeive hn 
 e. Oxyezine,  syhiei, s uner suh 
rn nes s Afrin n Viks Sinex, n e use iy n 
he ns us. Ti iins genery require wer s-
ges re wih r use. Pres n ur wih eiher rue 
f inisrin. Te 15.2 iss syhiei gens use 
s ns engesns in  reeies.

Topical Application

Ti syhiei engesn srys r rs rue 
resus fser re wih r iins. Hwever, reee 
use f hese gens n use  viius ye f inrese sereins 

TABLE 

15.1

Dierences in Symptoms Between the Common 

Cold and Inuenza

Signs and Symptoms Cold Inuenza

Chills None Typical

Cough Present, hacking Nonproductive, may 

besevere

Fatigue Mild Early and severe

Fever Rare Typical, high

Headache Rare Prominent

Myalgia None or slight Usual, may be severe

Nasal congestion Common Occasional

Sore throat Common Occasional

Sneezing Common Occasional

• Fig. 15.1 Cold medications include four classes of drugs targeted at the 

symptoms produced by this upper respiratory viral infection, along with 

analgesics.

TABLE 

15.2

Examples of Adrenergic Agents Used as Nasal 

Decongestants

Drug Route

Naphazoline (Privine) Topical

Oxymetazoline (Afrin) Topical

Phenylephrine (Sudafed PE) Topical, oral

Pseudoephedrine hydrochloride (Sudafed, various) Oral
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n ns ee s he ee f he gen fes. is niin 
is referre  s rebound congestion n n use he ien  
ee ie  he gen n use i reeey. In reun 
ngesin, ns vsnsriin es n ur, n he ns 
us swes.

K E Y  P O I N T

Adrenergic decongestants are useful for nasal clearing, but rebound conges-

tion can occur.

Systemic Application

Sysei (in risn wih i) iin hs he vn-
ge f giving re exensive engesn ees invving 
eeer  vesses. Pruin f ns vsnsriin hrugh 
sysei rues, hwever, fen es  her sysei ees f 
syhieis, suh s n inrese in  ressure n in 
her re.

Antihistamine Agents

Hisine urs nury in he y n is nine in is-
sue s es n  shis. e re f he s e in 
reesing hisine wih ergi sh is isusse in Chers 
11 n 12

Eect of Histamine

Hisine is n irn eir f  inry 
resnses h uses suh ees s sh use nrin, 
inrese iry ereiiy n iin, ihing, n in. 
Sring  ngue eressr r un eni rss he sensiive 
skin f he inner r n iusre   inry rein 
 es ry eie y hisine. e resu is  whe-n-
re rein, s e  “rie resnse ( reness, we 
frin, n  reish-whie rer). e reness n whe 
(“we) re use y iin n ekge f s reins 
fr skin iries. e exuin f s uses he swe-
ing. e re, r he reish-whie re surruning he whe, is 
ry use y  xn reexes fr sensry ers using 
iin f neighring reries.

Histamine Receptors

Hisine rues is inry ees y siuing se-
i e surfe reers. ree yes f hisine (H) ree-
rs hve een isvere. Tw f he reers re isinguishe 
in eiing  inry resnses. e hree hisine 
reers re s fws:
1. H

1
 receptors: Le n nerve enings n sh use n 

gnur es. H
1
 reers re invve in inin n 

ergi reins, ruing whe n re reins in he 
skin, rnhnsriin n uus serein, ns nges-
in n irriin, n hyensin in nhyxis.2

2. H
2
 receptors: Le in he gsri regin. H

2
 reers regu-

e gsri i serein n feek nr f hisine 
reese.2

3. H
3
 receptors: Le ririy in he enr nervus syse 

(CNS). H
3
 reers y e ureers fr hinergi neu-

rrnsissin in he irwy  he uni gngi, whih 

re invve in CNS funining n feek nr f his-
ine synhesis n reese.2 3

e yi nihisine fun in  eiins is n 
H

1
-reer ngnis. Exes f hese re yriine n 

hrhenirine. H
1
-reer ngniss k he rnhu-

nry n vsur ins f hisine  reven rhiniis n 
uriri.4 H

2
-reer ngniss re use  k gsri i 

serein when reing uers. Exes f H
2
-reer ng-

niss re ieiine (Tge) r rniiine (Zn). Curreny, 
H

3
 reers re uner invesigin; n FDA-rve gens re 

vie in he Unie Ses.

Antihistamine Agents

K E Y  P O I N T

Antihistamines dry secretions through an anticholinergic effect and by block-

ade of histamine 1 (H
1
) receptors.

A f he nihisines isusse in his her re H
1
-ree-

r ngniss. ese nihisine gens re ssie furher 
in he jr grus ise in Te 15.3. e rs ve grus f 
nihisines ise in Te 15.3;  re rs-generin gens 
n n e fun in  rerins. Se f he rn nes 
given y e fiir fr OTC rerins reiy vie 
in rugsres. Ohers re fun in inin rus; hese 
re isusse n ise susequeny. Sen-generin nihis-
ines, whih re nger ing n nnseing, re s ise 
in Te 15.3

TABLE 

15.3

Major Groups of Antihistamines With 

Representative Agents by Nonproprietary 

andBrand Names

Group Drug

First Generation (Nonselective)

Alkylamine derivatives Chlorpheniramine (Chlor-Trimeton)

Brompheniramine

Dexchlorpheniramine maleate

Ethanolamine derivatives Diphenhydramine HCl (Benadryl)

Clemastine (Tavist)

Carbinoxamine

Phenothiazine derivatives Promethazine HCl

Piperazine Hydroxyzine (Vistaril)

Piperidine derivatives Cyproheptadine

Second Generation (Peripherally Selective)

Nonsedating, Long Acting

Phthalazinone Azelastine (Astelin, Astepro)

Piperazine Cetirizine (Zyrtec)

Levocetirizine (Xyzal)

Olopatadine (Patanase)

Piperidines Loratadine (Claritin)

Fexofenadine (Allegra)

Desloratadine (Clarinex)
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Eects of Antihistamines

Anihisines hve hree jr sses f ees: nihisini, 
seive, n nihinergi iviy. Sen-generin gens 
re seeive fr H

1
 reers n re ess seing hn rs-gener-

in gens. Anihisini iviy ks he inrese vsur 
ereiiy, rurius, n rnhi sh use nsriin 
use y hisine. ese ins re he resn nihisines 
re use  re ergi isrers, suh s rhinnjuniviis, 
ergi rhiniis, n uriri.

e seive ee f nihisines is hugh  e use y 
enerin f he gens in he rin, where inhiiin f his-
ine N-ehyrnsferse n kge f enr hisinergi 
reers urs. ere is s ngnis f her CNS reers, 
suh s sernin n eyhine.2 e ee f rwsiness wih 
rs-generin (er) nihisines n e  jr hzr if 
erness is require, suh s in ering hevy hinery (e.g., 
 r) r niring  ien. is ee n e s rnune 
h ihenhyrine hyrhrie (HC) is e  ein-
hen in Tyen PM, n he un is esrie s  nn-
resriin see i.

Finy, he nihinergi ee rues nsiere uer 
irwy rying, jus s wu ur wih n niusrini gen, 
suh s rine sufe. In iin, ees seen wih hiner-
gi ke y ur, inuing CNS ees f siuin, 
nxiey, n nervusness n eriher ees f ie uis, 
urre visin, urinry reenin, n nsiin.3 ese ees 
re ess ikey in sin use wih  , u hey y e sig-
nin wih greer use (n se) fr ergi rhiniis r her 
niins (e.g., uriri).

C L I N I C A L  C O N N E C T I O N

Antihistamines dry secretions but can cause impaction of secretions and 

possible sinus blockage and should be used sparingly. Use during work 

should be avoided because of drowsiness occurring as a side effect.

e urin f in f er nihisines is genery 4  
6 hurs. Hwever, newer, sen-generin gens, fen ere 
“nnseing, re eeive fr 12 hurs r re, eening n he 

se, n  n hve seing n nihinergi ees. Ex-
es f hese newer gens re fexfenine (Aegr) n eiri-
zine (Zyre) (see Te 15.3). Sen-generin gens hve ie 
niy fr usrini hinergi reers n herefre  n 
use ry uh r gsrinesin sie ees. ey s k ni-
sernin iviy n  n use eie siuin n weigh 
gin, hugh seize n keifen y ier in his.3 ese 
newer rugs y inhii eir reese fr ergi in-
ry es in iin  king he hisine reer. Aergi 
sys f sneezing n rhinrrhe re equy we nre 
wih rs-generin n sen-generin H

1
 ngniss.3

Structure–Activity Relationships

H
1
-reer ngniss were rs isvere in 1937.4 e he-

i sruure f hisine, he gener sruure f H
1
-reer 

ngniss, n w exes f H
1
-reer ngniss re 

shwn in Fig. 15.2. Chrhenirine is n nihisine fun 
in ny  reeies; i reresens ne f he er, ssi 
H

1
-reer ngniss. Fexfenine is  newer, nnseing 

H
1
-reer ngnis.
e resene eween hisine n he gener fru 

fr he H
1
-king gens n e seen in he sruures shwn. In 

er gens, exeie y hrhenirine, R
1
 n R

2
 h-

ens re usuy  ring sruure nnee  n ehyine 
(C–C–N) gru. e resene f he ring sruures n her 
susiuins n he sruure kes er nihisines i-
hii. As  resu, ssi rs-generin nihisines reiy 
enere he CNS n rue he ee f sein n rwsi-
ness reviusy isusse. Newer, nnseing gens, suh s erf-
enine,  n reiy rss he –rin rrier n herefre 
 n k enr H

1
 reers.4

Use With Colds

A enei ee f nihisine use wih   is he ry-
ing f uer irwy sereins, whih essens he rhiniis n 
nying sneezing. ere is se quesin wheher he 
rying f sereins resus fr hisine ngnis r  he 

• Fig. 15.2 Structure of histamine (H), an inammatory mediator; the general structure of H
1
-receptor antagonists; 

and the structure of two antihistamines, chlorpheniramine and fexofenadine, are shown. R
1
 to R

4
 (Ring Struc-

tures1–4) indicate the sites of attachments, with R
1
 and R

2
 (Ring Structures 1 and 2) being ring structures in most 

H
1
 antagonists.
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nihinergi ee f hese gens. Hw uh hisine reese 
urs wih s is ee. In ergi rhiniis, here is n ques-
in h hisine uses uh f he inry resnse, 
n he newer ng-ing gens re riury hefu wih his 
niin. Bke f H

1
 reers revens hisines nri-

uin  sys, suh s ns ihing, ngesin, sneezing, 
rhinrrhe, n ur irriin.

Regress f he ex ee, he rying f runny ns sere-
ins is wee y inivius wih  , n he rying f 
sereins ue wih rwsiness n e usefu  rue he 
neee res n see  nigh. Serein, hwever, is  efense 
ehnis riggere y n uer irwy vir infein. Anihis-
ines y use hr euse f suresse serein er-
ne n ie sereins wih sinus kge.4 Aeque 
hyrin wih   is wys hefu, wih r wihu use f 
nihisines.

An ernive  nihisines fr rhinrrhe in   is he 
nihinergi ns sry irriu rie, whih is is-
usse in Cher 7. Irriu hs een shwn  e eeive 
in reuing ns ishrge in vir infeius rhiniis (s) n 
ergi n nnergi rhiniis.5 ere is n eviene f reun 
ngesin, us irriin, r signin sysei ees. 
Irriu n e eeive fr 4   hurs. An nihinergi 
gen ie iy ers n rive ernive  vsn-
sriing engesns n nihisine H

1
 ngniss.

Treatment of Seasonal Allergic Rhinitis

Sen-generin H
1
-reer ngniss re re usefu in he 

reen f sesn ergi rhiniis n her isrers requir-
ing nihisine reen hn in he reen f s. ey 
re s eer ere in reing ergi rhiniis re wih 
he rs-generin gens euse rwsiness is ini, n 
he urin f in is nger. Suh gens s seize, r-
ine, fexfenine, n eirizine re inie fr use in sesn 
ergi rhiniis n hrni uriri. ey re inene  reieve 
sys, suh s sneezing; rhinrrhe; ihy nse, e, n 
hr; ihy, wery eyes; n rurius. Te 15.4 iss he eg-
ries n exes f gens use in he reen f sesn er-
gi rhiniis.6 Oher uses f nihisines inue he reen f 
sys urring wih in sikness n nr f nuse.

Expectorants

Exerns re ene s gens h fiie rev f 
uus fr he wer resirry r. A isinin is e in 
Cher9 eween he fwing yes f exerns:

• Mucolytic expectorants: Agens h fiie rev f 
uus y  ysing, r uyi, in (example: rnse f).

• Stimulant expectorants: Agens h inrese he ruin 
n resuy he erne f uus sereins in he resi-
rry r (example: guifenesin).
Genery, he exerns nsiere here re siun 

exerns, hugh he in es n wys w er is-
inin. An exe is guifenesin, whih is hugh  reue 
he hesiveness n surfe ensin f uus n inrese muco-
kinesis—h is, veen n erne f he serein.

Ecacy and Use

ere is nrversy ver he eeiveness n use f exerns. 
e issue is use y he fwing:
• Diuy in ssessing he eeiveness f exerns, ri-

ury euse f k f jeive rieri  shw eeiveness.
• In njunin wih he rs in, i is iu  eerine 

wh wu ene fr he use f exerns. Shu exe-
rns e inue in he reen f  sys if he 
 invves he uer resirry r?

K E Y  P O I N T

Expectorants stimulate mucus production, and cough suppressants depress 

the cough reex.

C L I N I C A L  C O N N E C T I O N

The use of expectorants is questionable in an uncomplicated cold because 

the lower respiratory tract is not involved.

Use in Chronic Bronchitis

Pey7 rere he resus f  nin suy evuing use f he 
exern iine gyer (Orgniin). Piens h hrni 
rnhiis, whih is quie ieren fr he n . e 
suy nue h in hrni sruive rnhiis, iine 
gyer ws sfe n eeive. Is use irve ugh sys, 
hes isfr, ese in ringing u suu, n sense f we-
eing. e urin f ue exerins f hrni rnhiis 
ws erese. I is resne h in rnhiis, sys n 
irw irve n furher infein is reue if uus er-
ne n e irve. Hwever, Ruin e. fun n hnge in 
ung funin r suu in iens wih hrni rnhiis wh 
use exerns.

Irwin e.9 uishe eviene-se guieines in he ignsis 
n ngeen f ugh. e guieines ver ue n hrni 
ugh n sei iseses, suh s hrni rnhiis n ysi 
rsis (CF). (e sei guieines n e esse  hs://
jurn.hesne.rg/rie/S0012-3692(15)5225-0/fuex.)

Mechanism of Action

Siun exerns re hugh  wrk y vrius ens, 
eening n he gen. e ehniss inue he fwing:
• Vg gsri reex siuin
• Asrin in resirry gns  inrese uus ru-

in irey
• Ti siuin wih inhe vie gens

Guifenesin, s knwn s glycerol guaiacolate, is ssie s  
egry I gen, whih ens i is sfe n eeive.10 Zien11

TABLE 

15.4

Categories of Agents Used to Treat Seasonal 

Allergic Rhinitis

Category Example

Anticholinergics Ipratropium bromide

Corticosteroids Budesonide, ciclesonide

Histamine 1 (H
1
)–receptor antagonists Cetirizine

Mediator antagonist Cromolyn sodium

Specic immunotherapy Standardized extracts

Vasoconstrictors Pseudoephedrine
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reviewe he ehniss f in wih iies, suh s iine 
gyer. Oher gens, suh s erin hyre, siu ire, -
niu hrie, n enhs, hve n ensre ey.10

Beuse uus inrres wer s i is rue, n e-
que inke f in wer r her nniuresing iquis (ik, 
frui juies) n he reserve nr uus vissiy n er-
ne, eseiy wih  sie .

Expectorant Agents

Te 15.5 iss vie exern gens. Mjr gens r 
grus f gens re riey hrerize.

Iodine Products

Pssiu iie is  very  gen h hs een use s n 
exern in sh n hrni rnhiis.12 I hs  ire 
uyi ee in suien nenrins. I s hs n ini-
re ee n uus vissiy y siuing suus gns  
rue new, wer vissiy sereins.

e ex ehnis f in wih iine rus is uner. 
Iie ers  isriue  uus gns, where i is seree 
ng wih inrese uus. Iie s siues he gsru-
nry reex, hs  uyi ee, n n siue iiry 
iviy.11 Iies re ssie wih hyersensiiviy reins 
in se inivius, n  se f unry ee hs een 
rere wih is use.13

Guaifenesin (Glycerol Guaiacolate)

Guifenesin ken vi inhin is s nsiere  e n e-
ien. In exerien nis, ses rger hn hse use in 
huns use n inrese in rnhi sereins. Guifenesin 
ken ry is hugh  reue he hesiveness n surfe 
ensin f uus sereins, enhning uus erne. I is 
rve y he FDA s eing sfe n eeive.

Topical Agents

Ti gens usuy evke eries f he hee huiier 
(vrizer) wih us f se sene wih hr, enh, 
r (in he s) hrfr. ese gens y si e fun in use, 
u ey s exerns hs n een shwn. e urn risk f 
 h vrizer shu reue is use in hiren n in  r 
eiie inivius.

Se reserh hs shwn h s-e n erss f sine 
 inrese suu vue, ssiy hrugh reex irriin f 
he rnhi n wih inrese serein erne s  resu f 
ughing.14 A riue susensin y hve he eni  
funin s n irrin  he uer irwys.

Parasympathomimetics (Cholinergic Agents)

Using rsyhiei gens siues uus gn 
serein, u he ee n her usrini reers is  

iuse fr ri use s n exern. Fr his resn, suh  
rug s irine is n use s n exern. Likewise, si-
uin f he eu n inrese resirry r sereins, 
u siuin f he CNS is hzrus (see isussin n CNS 
siuns in Cher 20).

Cough Suppressants Antitussives

C L I N I C A L  C O N N E C T I O N

Cough suppressants are useful for the treatment of a nonproductive, 

irritating, dry, hacking cough.

A furh egry f rugs use wih s n  sys 
rises ugh suressns. Cughing is  efense ehnis  
re he uer irwy fr irrins, suh s us ries, er-
ss, iquis, n her freign jes. is ehnis is  reex, 
rine y  sue ugh ener in he eu. Deie 
guieines fr ugh ngeen re rvie y Irwin e.9

Agents and Mechanism of Action

Cugh suressns  y eressing he ugh ener in he 
eu. Nris (see Cher 20) exer werfu eressn 
ees n he eury eners, inuing he rn ixie 
hereers, n re fen use fr his urse. Cn 
gens re eine r hyrne. A ny use nnnr-
i rug is exrehrhn.

Benzne (Tessn),  nnnri gen, is heiy 
ree  he  neshei erine n nesheizes sreh 
reers in he ungs n he eur; his inhiis he ugh reex 
 is sure. ere is n inhiiry ee n he CNS. e ee 
egins in 15  20 inues n ss 3   hurs.15 e nihis-
ine ihenhyrine (Benry), vie s  syru n in 
inin wih her rus, y e n eeive ugh su-
ressn. Dihenhyrine is eing re n in r-
us euse f inrese use f exrehrhn. I shu 
e ne h inivius king ny gen wih ihenhyrine 
shu e wrne f he ee f rwsiness.

C L I N I C A L  C O N N E C T I O N

The use of opioids as an antitussive can result in reduction of breathing.

Se ugh suressns, r niussives, nin eine. In  
se ess hn 15g, eine es n rue ngesi in n 
u. In he 10-  20-g rnge, here is n niussive in. A 
ses greer hn 30g, eine rues ngesi. Hyr-
ne rues n niussive ee wih  se f rxiey 
5g. Bx 15.1 iss n niussive gens, ny f whih 
re use in  uns. Dexrehrhn n eine 

TABLE 

15.5
Partial List of Expectorants

Drug Representative Brand

Guaifenesin (glycerol guaiacolate) Robitussin, Mucinex

Iodinated glycerol Iophen, Par Glycerol, R-Gen

Potassium iodide SSKI, Pima

Cough Suppressant Drugs

Benzonatate (Tessalon)

Codeine sulfate (various brand names)

Dextromethorphan (Delsym, Trocal, Robitussin Maximum Strength Cough)

Diphenhydramine (various brand names)

Hydrocodone (Tussionex Pennkinetic)

• BOX 15.1
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re he referre ugh suressns euse f heir sfey n 
ey. Hwever, resriin fr n niussive, eseiy fr  
, is unusu euse f he esy viiiy f OTC rer-
ins. Ceine is vie ver he uner in se ses n 
is n regue y he FDA when i is resen in w ses, s 
in OTC rerins. Ceine is  se-regue rug, whih is 
e ehin he uner if he riur se ws is use. In 
201, he FDA requires h resriin f   n ugh 
gens nining iis (i.e., eine) e resrie  us 1 
yers f ge n er.

Use of Cough Suppressants

C L I N I C A L  C O N N E C T I O N

No patient with a productive cough should be given medication to suppress 

the cough.

Sever rinies y  he use f niussives, s fws:
• ey re hefu n inie  suress ry, hking, nn-

ruive, irriing ughs, eseiy if he ughing uses 
see ss. A nsn nnruive ugh n use irriin 
f he rhe, eing  re ughing.

• e ugh reex shu n e suresse in he resene 
f ius rnhi sereins h nee  e ere. is 
ies  CF n her hrni sruive ung iseses, suh 
s hrni rnhiis. Exess uus sereins fr he wer 
resirry r re n resen in n unie  (see 
he eniin f  n   he eginning f he h-
er) n inie he nee fr furher evuin n ssie 
reen wih n niii.

• e inin f n exern n n niussive in   
eiin is quesine. is inin suresses he 
erne ehnis whie s siuing sereins  e 
ere. Use f  singe-eniy ugh rerin  re  ry, 
irriing ugh is reene.

Cold Compounds

Te 15.6 iss seee  reeies, wih he sses f gens 
inue in he uns. Te 15.6 inues singe-ingreien 
rus, suh s Sufe, n exes f uns wih u-
ie rug sses, suh s Sufe PE Sinus n Aergy. Se 
rerins in eixir fr use signin uns f h s  
sven. NyQui C/Fu iqui nins 10% h; hwever, 
h-free rus re s vie. Anher nfusing se 
f  reeies is he vriin in ingreiens f frus h 
re  uner he se si rn ne wih suxe iniis  
inie susiue r eee ingreiens. Fr exe, Rius-
sin, Riussin Cugh & Aergy iqui, Riussin C, Cugh 
& Cngesin, n Riussin DAC  vry in ingreiens (see 
Te 15.6). Beuse hese uns hnge firy riy, n 
is reins urren in ers f wh is n he rke. e si 
rinie f using he yi fur sses f inin -
uns reins, hwever, n new uns n e evue 
fr riur uses y nsiering he ees f hese fur sses 
f gens.

Mny uns re vie s OTC rerins, hus 
requiring n resriin. e ssiiiies f verse n use 
y ining resrie uns n OTC uns re 
re. Ofen OTC rerins hve he se sses f ingreiens 
u in wer nenrins.

TABLE 

15.6
Categories of Ingredients Found in Selected Cold Medications

Trade Name Adrenergic Antihistamine Expectorant Antitussive

Claritin 24-Hour Allergy Loratadine, 10mg

Cheratussin AC expectorant 

cough suppressant

Guaifenesin, 100mg Codeine, 10mg

Mucinex D Pseudoephedrine, 60mg Guaifenesin, 600mg

Neo-Synephrine Phenylephrine, 1%

Robitussin Guaifenesin, 100mg/5mL

Robitussin Cough & Allergy 

liquid

Phenylephrine, 5mg Chlorpheniramine, 2mg Dextromethorphan, 10mg

Robitussin DM liquid Guaifenesin, 100mg Dextromethorphan, 10mg

Sudafed tablets Pseudoephedrine, 30 and 60mg

Sudafed PE Sinus & Allergy 

tablets

Phenylephrine, 10mg Brompheniramine, 4mg

Vicks 44 Cough Relief Dextromethorphan, 10mg/5mL

Robitussin Cold, Cough & 

Congestion

Pseudoephedrine, 30mg Guaifenesin, 200mg Dextromethorphan, 10mg

Robitussin DAC Pseudoephedrine, 30mg Guaifenesin, 100mg Codeine, 10mg
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Treating a Cold

ere is n ure fr he n , n he fur sses f 
rugs use in  reeies re ny sys. eir en-
iy unesire ees, s ise ew, shu e nsiere:
• Sympathomimetics: Trer, hyri, n inrese  

ressure n ur, eseiy when hese gens re use ry. 
Reun ngesin n ur if use fr nger hn  y.

• Antihistamines: ese gens n use rwsiness n iire 
resnses. Drying f sereins, wheher use y nius-
rini r nihisine in, y suress  neee efense 
rein f he irwys. Nurn use is inie re hn 
run-he-k use.

• Expectorants: Mny f hese gens hve quesine ey 
in  . e es exern, eseiy wih s, is in 
wer n juies, viing eine everges, suh s e r 
s, n eer r her hi ixures.

• Antitussives: ese gens re usefu in he resene f n irri-
ing, ersisen, nnruive ugh. Pruive ughs shu 
n e suresse, n he rine ehin n exern–
niussive inin is quesine.
A inin f  fur sses f rugs in ne un 

es n w ue r sin use f he syhiei 
fr engesin, nurn use f nihisines, n sere 
use f n exern r niussive, s inie y sys. 
Singe-eniy  eiins, suh s Sufe fr engesin 
r Desy fr ugh suressin, re vie  re sei 
sys se n he rinies uine. Fui inke n res 
rein he si n rin rh  nging s n 
revening sre f he rhinvirus, u his rh is ry 
he es fesie wih he urren ifesyes.

RESPIRATORY CARE ASSESSMENT OF COLD 

AND COUGH AGENTS

Resirry re ssessen f  n ugh gens is iree 
ririy  ri n unry sie ees. Mny f he 
gens isusse re OTC rerins, s euin f he 
ien is ierive.

Before Treatment

• Deerine wheher ien is ferie. If s, his is  isinguish-
ing feure f u versus n .

• Mnir vi signs, inuing  ressure, euse  n 
ugh gens n esiy e hnges in rivsur sus.

• Ensure ien is n in nee f rnsrin; se gens 
y use rwsiness.

• If seeing  inin gen, eerine wh is neee 
 reieve sys. Cinin gens frequeny inue 
gens h re n neee.

During Treatment and Short Term

• Mnir fr ny hnges in vi signs.
• Agens re ny sys.

Long Term

• ese gens re fr shr-er use ny. D n veruse r 
verse hese gens.

General Contraindications

• Dengesn gens n e  n inrese in  ressure 
n her re. If  ien is eing ree fr rivsur 
res, niin f he hysiin is wrrne.

• A ruive ugh shu n e suresse wih n nius-
sive gen.
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SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. Identify the four classes of ingredients found in cold medications.

2. For each of the following agents, identify the category (e.g., 

adrenergic, antitussive): codeine, chlorpheniramine, phenylephrine, 

dextromethorphan, pseudoephedrine.

3. What is the intended purpose of α-adrenergic agents in cold 

medications?

4. What is the intended effect of antihistamines (e.g., histamine 1 [H
1
] 

blockers) in cold medications?

5. Are antihistamines in cold remedies H
1
 or H

2
 blockers?

6. After you have imbibed several beers at a friend’s house after taking a 

dose of Benadryl, should you drive home? Why, or why not?

7. Identify the most common expectorant in over-the-counter (OTC) cold 

remedies.

8. Briey explain how guaifenesin stimulates mucus production.

9. List some specic uids you would recommend to someone with a cold.

10. Differentiate a “cold” from the “u.”

CLINICAL SCENARIO

Answers can be found in Appendix A.

A 24-year-old respiratory therapy student approaches you after class. 

His health has been good, he is of normal weight, and he engages in mild 

but irregular physical activity. He complains of mild malaise, a runny stuffy 

nose, sneezing, and a slight sore throat. In response to your questions, 

he denies headache or muscle ache, describes the malaise as very mild 

fatigue, and states that he has noticed gradually increasing rhinitis over a 

period of hours, with sneezing beginning during the rst 6 hours of these 

symptoms. He has no fever.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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C H A P T E R  O U T L I N E

α
1
Proteinase Inhibitor Human

α
1
-Antitrypsin Deciency

Genetics

Indication for Drug Therapy

Dosage and Administration

Warnings and Adverse Reactions

Respiratory Care Assessment of Therapy of α
1
Proteinase 

Inhibitor Human

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

Smoking Cessation Drug Therapy

Indication for Use

Drug Formulations

Nicotine Transdermal System

Nicotine Polacrilex (Nicotine Resin Complex)

Bupropion

Varenicline (Chantix)

Precautions

Clonidine (Catapres)

Nortriptyline (Pamelor)

ECigarettes

An Alternative or Substitute for Tobacco

Respiratory Care Assessment of Smoking Cessation Drug 

Therapy

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

Nitric Oxide

Indication for Use

Dosage and Administration

Pharmacology of Nitric Oxide

Eect on Pulmonary Circulation

Toxicity

Contraindications

Respiratory Care Assessment of Nitric Oxide

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

Synthetic Analogs of Prostacyclin

Iloprost (Ventavis)

Indication for Use

Dosage and Administration

Precautions

Treprostinil (Tyvaso)

Indication for Use

Dosage and Administration

Precautions

Respiratory Care Assessment of Synthetic Analogs of 

Prostacyclin

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

Phosphodiesterase 4 Inhibitor

Roumilast (Daliresp)

Indication for Use

Dosage and Administration

Precautions

Respiratory Care Assessment of Phosphodiesterase 

4 Inhibitor

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

Cystic Fibrosis Transmembrane Conductance Regulators

Indication for Use

Dosage and Administration

Precautions

Respiratory Care Assessment of CFTR Agents

Insulin Human Recombinant DNA Origin

Insulin Human (Afrezza)

Indication for Use

Dosage and Administration

Precautions
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Respiratory Care Assessment of Inhaled Insulin

Before Treatment

During Treatment and Short Term

Long Term

General Contraindications

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms and denitions pertaining to selected 

agents of pulmonary value

2. Discuss the indication for α
1
-proteinase inhibitor therapy

3. Recognize α
1
-proteinase inhibitor deciency in a patient

4. List available α
1
-proteinase inhibitors

5. List three types of formulations for nicotine replacement therapy

6. Recognize the advantages and disadvantages of nicotine 

replacement and medications used for smoking cessation

7. Discuss the use of e-cigarettes as an adjunct or as an alternative 

to smoking cessation

8. Discuss the indication for nitric oxide

9. Describe the eect of inhaled nitric oxide on a patient

10. List the two toxic products of nitric oxide

11. List the two inhaled prostacyclin analogs available in the 

United States

12. Name the only inhaled insulin product available in the United 

States

13. Recognize the need for adding roflumilast to a patients 

continuum of care

14. Determine the need for adding Trikafta to a patient’s 

treatment regime

K E Y  T E R M S  A N D  D E F I N I T I O N S

α
1
-antitrypsin (α

1
-AT) Inhibitor of trypsin that may be decient 

in patients with emphysema. Also known as α
1
-proteinase 

inhibitor (α
1
-PI, AT; API).

API decient Individual has low serum levels of API possessing 

altered electrophoretic properties.

API dysfunctional Individual has normal serum levels of API, 

which does not function normally.

API normal Individual has normal serum levels of API, which 

functions normally.

API null Individual has undetectable serum levels of API.

is her resens hree grus f rugs h re use fr 
he ire reen r revenin f resirry isese: (1) α

1
-

proteinase inhibitors (α
1
-PI, APIs), use in he reen f n-

geni α
1
-antitrypsin (α

1
-AT) eieny; (2) nicotine replacement

n her gens use in sking essin; n (3) pulmonary 
vasodilators, use fr unry hyerensin ses in newrns 
n fr ue resirry isress synre (ARDS) in us. Tw 
inhe synthetic analogs of prostacyclin (PGI

2
) fr he reen f 

unry hyerensin n inhe insuin fr he reen f 
iees re esrie s we.

α
1
Proteinase Inhibitor Human

K E Y  P O I N T

α
1
-Proteinase inhibitor (α

1
-PI, API) is given intravenously to individuals with 

congenital α
1
-antitrypsin (α

1
-AT) deciency and who exhibit panacinar 

emphysema at a young age.

API is s knwn s α
1
-AT n is inene fr he reen 

f ngeni α
1
-AT eieny, whih es  ehyse. e 

ru is rere fr e hun s fr nr 
nrs, wih uriin n reen  reve eniy 
infeius gens. e isese se is usuy ere α

1
-antitrypsin 

deciency, n he eien rein is ere α
1
-proteinase inhibi-

tor. e ers α
1
-antitrypsin n α

1
-proteinase inhibitor re use 

inerhngey, n refer  he se rein.

α
1
Antitrypsin Deciency

α
1
-AT eieny is  genei efe h n e  he eve-

en f severe ninr ehyse. is us reessive 

isrer is hrerize y seru API eves ess hn 35% f nr-
 n nifess s ninr ehyse  ge 30  50 yers. 
API eieny is esie  un fr rxiey 2% f  
ses f ehyse in he Unie Ses. I is esie h here 
re 60,000  100,000 Aerins wih severe α

1
-AT eieny.1,2

Suies ne in he Unie Ses vry in heir esies f he 
revene ng newrns f α

1
-AT eieny, rnging fr 1 

in 257  1 in 5097.3 Ang Whies, he genei isrer α
1
-AT 

eieny is s n s ysi rsis (CF).4 In u 50% f 
ehyse ses h resu fr API eieny here is -
nying hrni rnhiis wih uus hyerserein, erhs 
s  resu f serery e esi use y unheke r-
eses in he eihei ining ui.5 Ehyse use y API 
eieny is wrse in he wer ung znes n n e rkey 
eere y igree sking.1

e si hgy f ehyse resuing fr API 
eieny is n ine eween reses (eseiy neu-
rhi esse [NE]) n nireses (eseiy APIs). e 
in susre fr API is NE. e hgenesis f ehyse 
is esrie s  ress f ver w esruin use y 
insuien rein fr he rese NE, n enzye h 
n eve  frs f nneive issue n egre esi er 
in he ungs y suiizing esin. Wih ineque API eves 
in he ung  ne he rese iviy, ehyse urs  
 signiny erier ge hn is nry seen. A resenin 
f severe ehyse  n unexeey yung ge, suh s he 
hir r furh ee, es   high susiin f  genei 
efe using ineque API eves in  n susequeny 
in he ungs. e in re f nher rese inhiir, sere-
ry eukye rese inhiir (sLPI), whih is seree y 
rnhi gns n ge es, is  re he irwy ei-
heiu gins reyi injury. Hwever, Wewers e .6
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rvie eviene h API (α
1
-AT) is he reinn nir-

ese reing gins NE.

K E Y  P O I N T

Individuals who are homozygous (have both recessive alleles) for the 

defective gene that expresses α
1
-proteinase inhibitor (API) lack this 

enzyme to balance the action of neutrophil elastase (NE), another enzyme 

in the lung that solubilizes connective tissue, causing alveolar wall 

destruction.

Genetics

API is  54-kin (kD) gyrein ene y  singe 
gene n hrse 14. e ees f he API gene n e -
egrize s fws5:
• API normal: Nr seru eves f nr-funining API
• API decient: Lwer hn nr seru nenrins f 

API wih ere eerhrei reries
• API null: Uneee API eves in he seru
• API dysfunctional: Nr uns f nry funin-

ing API
Persns wih nr ees fr API (esigne y he e-

er M fr he ees) re ere PI*MM, fr rese inhiir 
wih  ir f he nr ees. ey re hzygus fr he 
nr ee. Nr vues fr seru API re 150  350g/
L se n risn wih  eri snr rer-
in n 20  4 µM se n risn wih  urie 
rry snr. e eriy vie rerins 
re u 40% higher in nenrin hn he urie -
rry snrs. Resus referene  he eri sn-
r re exresse s iigrs er eiier (g/L), wheres 
risns wih he highy urie (rue) snr re given 
in irr unis. Ceri snr vues n e n-
vere  rue snr vues y uiying he eri 
vue y 0.71.5 6

Au 95% f ersns in he severey eien egry re 
hzygus fr he Z ee n re esigne s PI*ZZ. Seru 
eves f API in hese inivius rnge fr 2.5  7µM, r  
en f u 16% f nr.5 e Z ee is rre in Asins n 
Afrin Aerins. Aees h  n exress API   re quie 
rre, n suh inivius re esigne s PI type null-null. PI 
ye nu-nu inivius hve n sene f esure API in 
seru. Wewers e.6 esrie he reen f  ien wih he 
nu-nu henye n n esure API seru eves. ey 
were e  shw h inrvenusy inisere ugenin 
hery wih α

1
-AT (API) e  nr API eves in  n in 

he ung eihei ining ui.
e jr risk fr fr eveing ehyse ng PI*ZZ 

inivius sees  e igree sking, in whih ehyse 
ers uh erier hn in nnsuseie inivius, s re-
viusy ne. Oher feures seen wih irw sruin in 
PI*ZZ inivius inue  hisry f neuni, eises f 
inrese ugh n suu ruin, n  ren hisry f 
ehyse.2

C L I N I C A L  C O N N E C T I O N

Although replacement therapy is available, traditional medication used 

to treat chronic obstructive pulmonary disease (COPD) should be contin-

ued. Gold COPD Guidelines (goldcopd.org) are useful in the treatment of 

symptoms.

TABLE 

16.1
α


-Proteinase Inhibitors Currently Available

Brand Name Strength (mg)

Aralast NP* 500 and 1000

Glassia† 1000‡

Prolastin-C*

Prolastin-C Liquid†

500, 1000, and 4000

Zemaira* 1000, 4000, and 5000‡

*Powder form; reconstitution must take place before administration.
†Ready to use liquid; no reconstituti on needed.
‡Must be administered through a 5-micron lter.

Indication for Drug Therapy

API hery is inie fr ng-er reeen hery 
in inivius wih ngeni eieny f API n iniy 
ensre ninr ehyse. A resen, fur gens 
re vie; ugenin hery n inenne re ini-
e ny fr iens wh hve esishe API eieny.7

Resus fr nre, ng-er ris  shw h ng-
er hery hs he rgressin f ehyse re unvi-
e euse f inheren iuies in suh ris, inuing he 
nee fr rge nuers f iens.1 API hery hs een r-
vie ny  u sujes. Given he nure f he isese n 
he in f he rugs, hery wih hese rugs nn reverse 
ge r irve ung funin, n hey re exreey 
exensive, sing $25,000  $40,000 er yer f hery. A 
s-eeiveness nysis f Prsin-C nue h α

1
-AT 

reeen hery is s eeive in inivius wh hve 
severe α

1
-AT eieny n severe hrni sruive u-

nry isese (COPD).

e Aerin ri Siey (ATS) se h API ug-
enin hery shu e use fr iens wih  seru 
nenrin f API ess hn 11 µM, r 0 g/L.2,9 API 
hery is n inie fr iens wih ehyse ree 
 igree sking wh hve nr r heerzygus he-
nyes.5 I is n inie fr inivius wih iver isese 
ssie wih API eieny, uness hey s hve ung is-
ese. ATS guieines sugges using ugenin hery if ung 
funin suies ee nr n if seri suies shw 
eeririn.

Dosage and Administration

e reene sge f API is 60 g/kg f y weigh, 
given ne weeky. e se is given inrvenusy   re f 
0.0L/kg/in r greer, eening n ien fr, n 
usuy kes u 15  70 inues fr  infusin. Te 16.1
rvies  sury f Ars NP, Prsin-C, Prsin-C 
Liqui, Zeir, n Gssi.

Warnings and Adverse Reactions

Beuse API gens re erive fr hun s, here is  
risk f isese rnsissin. Ahugh here ws se vriin 
in reins  eh API gen, fever, exerin, n u-ike 
sys were s n.
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RESPIRATORY CARE ASSESSMENT OF 

THERAPY OF α
1
-PROTEINASE INHIBITOR 

(HUMAN)

Resirry re ssessen f α
1
-AT reeen hery is 

iree ririy  ung funin n he re f hnge f ir-
w sruin in iens.

Before Treatment

• Punry funin esing f w res is use  nir he 
egree f irw sruin ver ng-er use f he rug.

During Treatment and Short Term

• Sking sus shu e nire, n inivius wih α
1

AT eieny wh ske shu reeive h euin n he 
ee f sking wih his isese n irein  resures  
i in sking essin (rug hery n ehvir i-
in ssisne).

Long Term

• Over unry heh shu e ssesse se n he fre-
queny n severiy f resirry infeins; ugh; suu 
ruin, if resen; n hsiizin re.

General Contraindications

• API gens re erive fr hun s; herefre isese 
rnsissin is ssie.

Smoking Cessation Drug Therapy

K E Y  P O I N T

Smoking cessation agents include nicotine-containing transdermal patches, 

chewing gum, nasal spray, and inhaler as a substitute therapy for smoking 

cessation in individuals with a strong physical addiction and who suffer from 

withdrawal symptoms from nicotine absorbed during smoking. A tapered 

dose regimen allows for withdrawal with minimal symptoms and assists in 

reducing the craving for cigarettes. Bupropion, an antidepressant, varenicline, 

a benzazepine derivative, and cytisine, a plant-based alkaloid that, like var-

enicline, is a selective partial agonist at nicotinic acetylcholine receptors, are 

known to be helpful in smoking cessation. In 2019, e-cigarette use in young 

adults, aged 18–24 years, was at 9.3%, which is higher than any other adult 

age group. These odds are not promising because, in 2020, one in ve (20%) 

high school students had used e-cigarettes, many of whom were not smokers 

in the rst place. Their use as a smoking cessation tool is still under review.

Niine n eine re nury urring kis h re 
e f siuing eyhine reers  he uni 
gngi f he syhei n he rsyhei syses n 
hinergi niini reers  skee use sies (see Cher 5) 
n in he rin. e igre sruures f hese w gens 
re shwn in Fig. 16.1. e niy f niine fr gngini n 
neurusur reer sies e  he use f he er nicotinic

 isinguish hese reers fr muscarinic reers euse 
hese reers use eyhine s  neurrnsier.

Leine is  n erivive h hs ess eny hn ni-
ine u  siir seru f in. Niine isef hs  greer 
niy fr gngini reers hn fr skee use niini 

• Fig. 16.1 Chemical structures of nicotine and lobeline, both of which are 

nicotinic agonists.

reers. e resnse  niine siuin invves he siu-
neus ishrge f he syhei n rsyhei sys-
es. e syhei ee reines in he rivsur 
syse, wih hyerensin, hyri, n eriher vsn-
sriin. Pr f he syhiei ee is eie y ni-
ini siuin f reers n he ren eu, eing  
he reese f einehrine n nreinehrine. Niine rues 
 rsyhei ee in he gsrinesin n urinry rs, 
wih nuse, viing, irrhe, n urinin. Resnse  ni-
ine is se eenen, n inresing r xi ses n rue  
erizing ke f reers. Siuin f neurusur 
reers uses rer n ss f seiness f hns.

In iin  siuing niini reers  he uni 
gngi, neurusur junins, n ren eu, niine 
ins  reers in he enr nervus syse (CNS). is 
in uses resirry siuin, rers, nvusins, nu-
se, n eesis. e s w ees re n when niine is 
rs inhe s  ske, hugh erne eves r-
iy. Niine is he hief ki in  rus, n ni-
ine iin is he sis fr  eenene. In  sesne 
sker, wihin sens f inhing fr  igree, he inern 
ri reries rry  rge us f niine  he rin, where 
he niine ins  niine reers.10 is ining uses 
serein f ine, whih uses  feeing f esure n 
gniive rus. Niine s inreses eves f nreineh-
rine, β-enrhin, eyhine, sernin, n her susnes 
in he CNS,  f whih inrese he sensin f euhri n 
we-eing; enhnes nenrin, erness, n ery; n 
ereses ensin n nxiey. Sensiiviy n resnsiveness  
niine in he CNS re geneiy eerine n nsiue he 
sis fr fring he hysigi iin  niine. Wihu 
he rer genei susre,  sker nn ee niine 
eenen. Au 10% f skers k his susre n re 
n hysigiy eenen; 90% hve he susre n re 
ie  niine  vrying egrees.10

Cigree sking ng US us (ge ≥1 yers) eine 
fr 20.9% in 2005  15.5% in 2016. Ye, nery 3 iin 
Aerin us ske igrees in 2016.11 Sking essin 
is he s eeive esure  erese he re f fre exir-
ry vue in 1 sen (FEV

1
) eine.12 Wihrw fr ni-

ine in  rus is iu euse he siury n 
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Signs of Strong Physical Addiction or 

Dependence on Nicotine

• Smokes more than 15 cigarettes per day

• Prefers brands with nicotine levels above 0.9mg

• Has habit of inhaling smoke frequently and deeply

• Smokes within 30 minutes of rising

• Finds it difcult to give up the rst morning cigarette and smokes more 

frequently in the morning

• Finds it difcult to refrain from smoking in smoke-free environments

• Smokes even when ill enough to be bedridden

• BOX 16.1

TABLE 

16.2
Smoking Cessation Drug Formulations

Category Brand Name Dosage

Nicotine transdermal system NicoDerm CQ (OTC*)

21mg/day for rst 6wk, 14mg/day for next 2wk, 7mg/day for last 2wk

Nicotine polacrilex (Nicotine 

Resin Complex)

Nicorette (gum) 2mg if <25 cigarettes/day: 9 pieces/day, maximum 24 pieces/day; 4mg if ≥25 cigarettes/

day: 9 pieces/day, maximum of 24 pieces/day

Nicorette (lozenge) 2mg and 4mg, no more than 5 lozenges in 6hr, maximum 20 lozenges/day

Nicotrol NS 0.5mg/spray, one in each nostril (1mg); 1 or 2 doses/hr (2 sprays with nasal spray, 

1 each nostril, is 1 dose), up to 5 doses/hr, or 40 doses/day

Nicotrol Inhaler 4mg/use; recommended dosage 24–64mg (6–16 cartridges)/day, up to 12wk, with 

gradual reduction over 12wk

Nonnicotine—

antidepressant

(Generic-Bupropion) 150-mg sustained-release tablets; begin at 150mg/day for 3 days; increase to 150mg/

day bid, with maximum of 300mg/day, interval of 8hr between doses; continue 

treatment for 7–12wk

Pamelor (Generic-Nortriptyline) 25-mg tablet daily, increasing to 100mg daily

Nonnicotine—nicotinic 

receptor agonist

Chantix (Generic-Varenicline) 1-wk titration of 0.5mg once daily for rst 3 days, twice daily for remainder of week; 

begin 1mg twice daily for 11wk

Nonnicotine—

antihypertensive agent

Catapres (Generic-Clonidine) 0.10-mg tablet daily, increasing by 0.10mg as needed; 0.10-mg transdermal patch daily, 

increasing to 0.20-mg patch as needed

*Committed quitters.

OTC, Over the counter.

rewr ees re s, resuing in hysi sys, inuing 
rving fr niine, nervusness, irriiiy, nxiey, rwsiness, 
see isurne, iire nenrin, n inrese eie 
wih enn weigh gin. Niine reeen hery (NRT), 
in vrius sing fruins, is inene  i in sking 
essin y wing inii reeen n hen gru wih-
rw f he niine fun in . Beuse niine is we 
sre fr he skin n us, vrius frs f eviene-
se NRT—rnser h, hewe gu fruin, 
ns sry, n inher—re vie  i in sking essin.

Indication for Use

Niine reeen gens reieve niine wihrw sy-
s. NRT shu e use s r f  rehensive sking 
essin rgr  inrese ine n reven rese. 
Skers wih signs f srng hysi eenene n niine 
y ene he s fr NRT. Signs f srng hysi een-
ene10 re ise in Bx 16.1

C L I N I C A L  C O N N E C T I O N

Any therapy to reduce the use of tobacco must include counseling. A 

comprehensive smoking cessation program includes an interdisciplinary 

team of health care providers.

Drug Formulations

Cessin rug hery inues vrius fruins f gens. 
e US Deren f Heh n Hun Servies Pui 
Heh Servie 200 ue n he guieines  re  
eenene egrizes hrhery in rs-ine n se-
n-ine gens.13 Firs-ine eiins inue niine ree-
en, urin, n vreniine (Chnix). Cysine is iense 
fr use in se esern n enr Euren, n enr Asin 
unries n ws reeny rve s  nur heh ru 
in Cn, u i is n urreny rve y he US F n 
Drug Ainisrin (FDA) fr sking essin. Sen-ine 
gens inue niine (Cres) n nrriyine (Per). 
Te 16.2 iss hreui eis n he vrius gens in use 
 he ie f his wriing. Deis n niine susiue gens 
n e fun in he nufurers ierure.14

Nicotine Transdermal System

A niine rnser syse is  uiyere uni h eiv-
ers ie-reese niine fr 24 hurs fer iin  he 
skin. Arxiey 6% f he niine reese fr he syse 
eners he iruin. Prus y ier in heir kineis se 
n ie, ge, sex, erin iseses n eiins, n sking 
isef. ese ex-free rnser rus rvie  re n-
sisen eve f niine re wih he gu r he zenge. 
is is n esy, nvenien, n innsiuus eh f niine 
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reeen eivery. A n sie ee is skin irriin  he 
sie, u his is iniize y erning he sies f iin. 
Any skin sie h is en, ry, n hiress n e use. e rges 
h (21g) is equ  rxiey hf  k f igrees 
er y. Cine wih reene niine reeen 
rnser ns es  higher res f essin re wih 
niine riex ver-he-uner (OTC) rus.15

Nicotine Polacrilex (Nicotine Resin Complex)

Niine riex,  resin ex, is vie s  iee f 
hewing gu, zenge, ns sry, r inher. Nicotine polacri-
lex gum nins niine un  n in-exhnge resin in  
hewing gu se. e gu n e iu  hew, using jw 
he, n hs   se. Asrin f he ive niine n 
e innsisen, hugh i is fser hn wih he rnser 
h. Asrin f niine is reue if ii everges, suh 
s ee, s, r rnge juie, re ken siuneusy. Users 
re insrue  hew he gu uni i ees ee, hen 
“rk i eween he heek n he gus, reeing his every few 
inues r eh ie he se is gne. Chewing swy ires 
he se f niine reeive. Inerien, rher hn ninu-
us, hewing sws he u srin f he niine reese; 
his s sws he un f niine swwe, whih is n 
we sre fr he sh n n use gsrinesin 
irriin. Eh iee f gu (2 r 4g) eivers u 50% f 
is niine.

e nicotine lozenge is  hr resin ex h is un wih 
niine. e zenge is e in he users uh  issve 
swy, wih sin rnsfer fr sie  sie uni issve. 
Users shu refrin fr rinking iquis 15 inues efre r 
uring use n shu n hew r sww he zenge.

e nicotine nasal spray ers he vnge f ruing ri 
ek s eves f niine y eivering he sry irey  
he ns ernes, whih y he  reue r nr rv-
ings fr  igree. Irrin ees wih he ns sry y inue 
runny nse n ns irriin, sneezing, ugh, n wery eyes. 
Ahugh ri reief y e ine, inisrin is re 
eese hn wih he h r he gu fruins.

e nicotine inhaler ers skers  “siue igree; he 
ki nins  10-g/rrige uni se, whih eivers 4 g/
use;  uhiee; iser rys f niine rriges; n  s-
i se. e use f  uhiee reseing  igree her 
ws fr eivery f he niine ike sking  igree, wih 
r griin. is syse eivers ess niine hn he her 
syses. A f he niine is sre rss he rhrynge 
ernes.10 e inher y e s usefu in  sker wih 
w eeneny, s n jun  he h  re suen rv-
ings, r in inin wih urin.

Bupropion

Burin is n nieressn ne knwn s Zyn n n 
e fun in Weurin SR n Weurin XL; i is s  nn-
niine i  sking essin. e rug is  reivey wek 
inhiir f neurn uke f nreinehrine, sernin, n 
ine, whih is he sis fr is nieressn ee. e 
ex ehnis y whih urin is in sking essin 
is unknwn. Burin y reieve niine wihrw y sw-
ing he nr reuke f ine r revening is rek-
wn in he CNS. Burin is eeive even if he sker is 
n eresse euse  n ein se re ree  
he nee fr sking n rving fr niine.10 Furherre, 
sys f niine eenene ng skers re rree 

wih he gniue f sys f eressin. Sujes wh re 
eresse re ess ikey  e e  qui sking. is ning 
wu inie h he nieressn ee f urin ssiss 
in sking essin. Jreny e.16 fun h ny u 6% 
f skers suee in quiing wih n NRT.16 Hwever, when 
urin n he niine h re use in inin, he 
essin re is 35.5%. is suy suggess h urin e 
wih niine susiues in  rgr f sking essin is 
hefu.

e use f urin is ssie wih  se-eenen risk 
f seizure. Dses ess hn 300 g/y re genery sfer n 
hve  risk f u 0.1% fr seizure. If  ien hs n e 
signin rgress wr sinene fr sking y week 7, 
i is unikey h he er wi e suessfu, n urin 
shu e isninue. Dse ering fr isninuin is n 
require.

Ainisrin f urin wih  nine xise 
inhiir (MAOI) r her eiins nining urin 
is nrinie. e rug shu n e use y inivius 
wih seizure isrers r hse wih uii r nrexi nervs 
euse h hese niins hve  higher iniene f seizures.

Varenicline (Chantix)

Vreniine is  seeive α
4

β
2
 niini eyhine reer r-

i gnis evee fr exii use in sking essin. Vr-
eniine (Chnix) wrks y hing  α

4
β

2
 reers, inhiiing 

he ivin f his reer y niine. e sensin rue 
y sking is ke n revens he ye f niine i-
in.17 Vreniine is inisere in  12-week-ng reen 
ress h egins wih  1-week irin ress. e s -
n verse reins fr he use f vreniine were nuse, 
insni, nsiin, n viing.

In ini ris, vreniine rue  39% qui re -
re wih 20% fr urin n 11% fr e fer 
12 weeks.1 In nher suy, vreniine rue qui res 
f 44% n 49%, reseivey,  wer n higher ses f he 
rug re wih e (12%).19 Eer e.20 fun h 
riins king  inin f vreniine n urin 
SR  52 weeks hieve  31% rnge sinene re in  
rnize uiener nre ri. Anhenei e .,21 in 
 ue-in, rnize, e-nre ini ri, 
fun h vreniine ws re eeive hn e, niine 
h, n urin in heing skers hieve sinene, 
wheres urin n niine hes were re eeive hn 
e. Hwever,  2017 suy y Les e. fun n eviene 
h hreui essin is irve he hnes f qui-
ing sking in he ng er.22 I y e h revius su-
ies inue inensive ehvir unseing, whih y exin 
hese ierenes.

Precautions

Inivius reeiving NRT shu e infre h he ree-
en fruins  nin ive niine. If niine ree-
en rus re use whie si using  rus, en-
iy xi nenrins f niine in he  n ur. 
Trnsferene f niine eeneny fr he  ru 
 he reeen ru n ur. Use wihin  rgr f 
sking essin is enurge  hieve ee wihrw. 
Reeen fruins shu e gruy wihrwn n 
se y 3 nhs. Crefu nsierin shu e given  
he use f NRT in iens wih rivsur isese, inuing 
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rnry rery isese, ri rrhyhis, r vsssi is-
ese, n in iens wih hyerensin.

Heh re wrkers shu vi hning ive niine 
rus suh s hes euse niine is esiy sre 
hrugh he skin. Use rus us e isse f rery s 
h hiren r es re n exse.

Clonidine (Catapres)

Cniine (Cres) is n nihyerensive gen h hs een 
resrie  reue sys f ii n h wih-
rw.13 A resen niine is n rve y he US FDA 
fr use s  sking essin i. I n e ken ry r is 
vie s  rnser h. Cn sie ees inue 
rwsiness, figue, eressin, nuse, n weigh gin. Mre 
irny, his gen shu n e se ruy; his 
n use nervusness, rers, hehe, n inrese  
ressure.

Nortriptyline (Pamelor)

Nrriyine is  riyi nieressn rve y he FDA  
re eressin. I is n FDA rve fr use s  sking es-
sin i. Hwever, siir  urin, i is hugh  e 
 eenene euse f is nieressn e f in. 
As wih her nieressns, n sie ees inue izzi-
ness, insni, n urre visin.

ECigarettes

Eerni igrees, r e-igrees, were inrue in he ery 
2000s. e invenr,  Chinese hris n sker, rerey 
ree he evie fr his fher, wh ws  hevy sker n ie 
s  resu f ung ner. In 2006, e-igrees were inrue 
in Eure n he Unie Ses.23 Curreny, here re nerns 
u he sfey f e-igree use euse f he ihiu eries 
hing re n, re irny, he nrizin f sking 
ehvir, eseiy ng eengers n yung us.24 A reen 
rie y Ars e.25 ves fr he use f e-igrees s 
 “hr iniizin sregy fr riin skers. e re-
sn sue is h sking-ree iseses re n use y 
niine u y he eh ix f rn nxie n he re 
hn 70 knwn xins fun in igrees. Ars e. furher 
se h e-igrees rvie  ens fr eiin n even 
reeen f riin igree use. Hwever, her eviene 
is eing vie h e-igrees hve hrfu es,26

nin enzehye when f vring suins re e, 
eseiy herry-vre rus,27 n nin eween 0 n 
30g/L f niine.2

As  sregy fr sking essin, e-igrees re ninuy 
hnging n reseny here is n enugh eviene  nue 
h e-igrees, in gener, inrese sking essin. Mrever, 
he vie eviene inies h  jriy f e-igree users 
s ske nvenin igrees— ern f use h es n 
nfer  susni risk reuin ene  he iniviu.29

An Alternative or Substitute for Tobacco

E-igrees n e-igree rus were uhrize y he FDA 
in Oer 2021  sy n he rke. One vnge f he 
e-igree eivery syse is h niine seru nenrins 
ek wihin 5 inues, n his iis he riin ig-
ree. NRT hs  uh swer niine srin re hrugh 
he skin r he u us n is herefre n eeive s n 

ieie ernive.30 Wheher e-igrees re  sfer in 
fr riin igree skers, hwever, is si eing ee. 
Ms u e-igree users re urren r frer skers.29 Evi-
ene nw inies h s new users f e-igrees re -
esens wh re in ie sh r high sh.31 Se eieve 
h e-igrees re  gewy  igrees n niine iin 
in high sh esens euse e-igrees en  nr-
ize sking ehvir.32 Finy, he rie f ing hee 
suins n nnis i  iqui nks f e-igrees is  use 
fr nern. Besies he unknwn ng-er ees f his new 
rie, s we s he eg n ei issues, i is nerning 
h esens re exeriening wih e-igrees uring  ie 
f rii rin eveen. Fruney, he nuer f sien-
i suies n e-igrees n sking essin ng us 
re inresing. A grwing y f sieni eviene suggess h 
uie frs ree  e-igrees, inuing ru ye, 
frequeny f use, n eieny f niine eivery, u e 
he ey f hese rus fr suessfu sking essin. 
Lsy, he iversiin f he e-igree rke is irn  
nsier in he nex f essin ey, s vrius ses f 
hese rus, inuing heir iiy  eieny eiver ni-
ine  he user, hve evve wih eh generin f e-igree 
ru h hs enere he rkee.33

I is irn  ne h he Aerin Cner Siey n 
he Aerin Her Assiin hve issue siin seens 
h e-igrees y he skers  qui using  n h 
using he urren generin f e-igrees is ess hrfu hn 
sking igrees. Bh rgnizins s knwege h 
e-igrees y enurge eens  ske n h he heh 
ees f he ng-er use f e-igrees re n knwn.34,35

RESPIRATORY CARE ASSESSMENT OF 

SMOKING CESSATION DRUG THERAPY

e riry ue f ineres wih sking essin rug 
hery is suess in quiing fr he ng er.

Before Treatment

• A ien us e wiing  qui. e higher he wiingness, 
he re suessfu wi e he ue.

During Treatment and Short Term

• Mnir sinene res  inervs f 3, 6, r 12 nhs.
• Mnir fr sys f niine versing (ssie if su-

jes ninue sking whie using niine susiues), suh 
s nuse, sivin, in in, viing, irrhe,  
swe, hehe, izziness, isure visin n hering, en-
 nfusin, r rke wekness.

• Assess urin use fr irveen in ein iue, 
inuing  reuin in irriiiy, nxiey, iuy in n-
enring, r eressin.

• Assess vreniine use fr irveen in niine wihrw 
sys.

• Assess niine n nrriyine fr ssie use s sking 
essin is.

• Mnir niine fr verse ins ree  rivsur 
sus.

• Mnir nrriyine fr hnge in n ein se.
• Assess he use f e-igrees  he reue  use.
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Long Term

• Assess iens fr weigh gin, n enurge n exerise r-
gr  reven rese use y  esire fr eie nr.

• Cninue  rvie unseing n sur hrughu re-
en fr sking essin.

General Contraindications

• Niine reeen gens nin niine. Cninue n-
iring fr niine versing.

• Sking wih nurren use f niine reeen gens 
shu e isurge.

• E-igrees y e  gewy   use.
• Men sus wih he use f nnniine gens shu e 

evue.

Nitric Oxide

K E Y  P O I N T

Nitric oxide (NO) is approved for pulmonary vascular relaxation and is used in 

the treatment of persistent pulmonary hypertension in newborns.

Niri xie (NO) is  ru f enhei es h s s  
nirvsir. I ws invesige fr is iiy  reue u-
nry vsur resisne in vrius isese ses, suh s ersisen 
unry hyerensin f he newrn (PPHN) n ARDS. 
Furhg n Zwzki36 shwe h he enhei es in 
 vesses ere  shr-ive vsir, whih ws ere 
endothelium-derived relaxing factor (EDRF). e neurrnsi-
er eyhine, whih n nry ie  vesses, hs 
n ee r vsnsris if ie   vesses wihu 
enheiu. Susequeny, he susne EDRF ws ienie 
y Per e.37 n Ignrr e.3 s NO. is engenusy 
rue vsir, s  gs, n e inhe, n his n use 
unry vsiin.37

Indication for Use

NO is rve fr use in nenes wih hyxi resirry fi-
ure  reue unry rery ressure n  inrese xygen-
in in newrns wih unry hyerensin n hyxi. 
O-e use f NO in us wih ARDS hs een rere; hw-
ever,  n is eeiveness re niing n i hs n een 
rere usefu in reuing riy in ARDS.39

NO (INOx, Nxiven, n GENOSYL) is use in njun-
in wih veniry sur n her rii re esures in 
he reen f er n ner-er (>34 weeks) nenes wih 
hyxi resirry fiure ssie wih ini r ehri-
grhi eviene f unry hyerensin. O-e uses f 
NO inue reuin f unry vsur resisne n u-
nry rery ressure uring nen ri surgery, reen 
f hyxei r unry hyerensin fer ung rnsn-
in, n reen f ARDS.40 NO hs een rve wih n 
rhn rug esignin.

C L I N I C A L  C O N N E C T I O N

A right-to-left shunt allows blood to ow from the right side of the heart to 

the left. The most common right-to-left shunt in a newborn is called tetral-

ogy of Fallot. Nitric oxide (NO) therapy should not be used in patients who 

are dependent on a right-to-left shunt.

Dosage and Administration

NO gs is vie in  nenrin f 00 rs er iin 
(). e reene se is 20. e reen shu 
e inine u  14 ys r uni he unerying xygenin 
re hs een resve n he nene n e suessfuy 
wene fr NO. In he Nen Inhe Niri Oxie Suy 
(NINOS) ri, s iens fie  irve n 20 n 
he se ws inrese  0, u n resnse urre  he 
higher nenrin.41 e risk f eheginei n ee-
ve nirgen ixie (NO

2
) eves inreses signiny  ses 

greer hn 20 , s isusse susequeny. Dses greer 
hn 20 re n reene.

e sfey n eeiveness f NO were esishe in iens 
wih hyxi resirry fiure reeiving her rii re su-
r, inuing vsirs, inrvenus uis, irne her-
y, n ehni veniin. Aiin heries igh e 
neee  xiize xygen eivery, suh s surfn in-
isrin n high-frequeny siry veniin. Infr-
in u he eeiveness f NO hery in infns er hn 
14 ys f ge r in us is unvie.

e use f NO in reer infns n very yung infns 
hs n reeive FDA rv. Hwever, ring  Kinse 
e.,42 he Peiri Punry Hyerensin guieines re-
en he fwing fr reure infns:
• NO hery shu n e use reven rnhunry 

yssi (BPD).
• NO hery is vngeus in reer infns wih PPHN 

wh hve severe hyxei.
• NO hery is he referre unry vsir fr use in 

reer infns.
A sury f he guieines fr he sfe inisrin f NO, 

se n sever sures ise in he referenes, inuing  se-
en y he Aerin Aey f Peiris, is s fws39,43:
• Bening n eivery syses shu e esigne n ese 

fr ure NO eivery, iniu NO
2
 ruin, n 

iiy f inisering NO in nsn nenrin 
rnges in rs er iin r ess hrughu he resirry 
ye.

• e eivery syse shu e ire y using  reisey 
ene ixure f NO n NO

2
.

• Se gs fr nysis shu e rwn efre he Y-iee, 
rxi  he ien.

• Inhe NO n NO
2
 shu e nire ninuusy, 

using heiuinesene r eerhei nyzers.
• Oxygen eves in he insire gs shu e esure.
• B ehegin eves shu e esure frequeny.
• e ini eeive nenrin f NO shu e use.
• Wening fr NO shu e gru  reven reri es-

urin n unry hyerensin.
• Beuse inhe NO is use in resirry fiure, insiuins 

h er NO hery genery shu hve exrrre 
erne xygenin (ECMO) iiy in he even NO 
hery fis. Aernivey,  n fr iey rnsfer f infns 
  ring ECMO ener shu e esishe r-
seivey, n rnsfer shu e ishe wihu iner-
ruin f NO hery.
In he ini use f NO  nge unry hyerensin, 

he fwing hs riur signine: when wihrwing NO, 
reun hyerensin urs; his n e severe n use xygen 
esurin. Reun unry hyerensin y e use 
y  wnreguing ee n engenus NO ruin in he 
unry enheiu. e vsiing ee f inhe NO 
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ens wih he rev f he gs euse f is shr hf-ife (s 
susequeny esrie), whih is  resu f is ining  he-
gin. An inrese in he frin nenrin f xygen in 
insire gs (FiO

2
) u  1.0 y e neee s he inhe NO 

is erine. FiO
2
n e reue ver he nex few hurs s u-

nry heynis resiize. Cse niring f reri 
xygenin is rui when wening fr NO.

K E Y  P O I N T

Nitric oxide (NO) is administered as an inhaled gas; it readily diffuses into 

the vascular endothelium, where it stimulates guanylyl cyclase in the cell, 

increases cyclic guanosine monophosphate (cGMP), and produces smooth 

muscle relaxation. NO also quickly diffuses into the bloodstream, where 

it is inactivated by binding to hemoglobin, producing methemoglobin. NO 

has a short half-life of less than 5 seconds because it is quickly bound by 

hemoglobin. In the presence of oxygen, NO is converted to nitrogen dioxide, 

a nitrite toxic to the lung.

Pharmacology of Nitric Oxide

e frin, e f in, n fe f engenus NO re 
igre in Fig. 16.2. NO is fre engenusy in he vs-
ur enhei es f he resirry r fr he reursr 
in i l-rginine y sever isfrs f he enzye niri 
xie synhse (NOS). NOS requires he susres niin-
ie enine inueie hshe (NADPH) n xygen 
(O

2
). In he rein, nirgen is nriue y he rginine; O

2
, 

y he xygen eue; n  free eern, y NADPH. NOS is 
egrize s nsiuive NOS (NOS), inuing h fun in 
enhei es (eNOS) n in neurns (nNOS), n s inu-
ie NOS (iNOS).35 e vsur rexin use y eyh-
ine is ue  siuin f NOS, whih resus in n inrese in 
NO. Hisine, eukrienes, n rykinin re her eirs 
h inrese NOS-eie NO n re vsiin n 
wering f  ressure.

Prinry ykines, suh s inerfern-γ (IFN-γ), 
ur nersis fr-α (TNF-α), n inereukin-1 (IL-1), n 
inue iNOS  inrese engenus eves f NO. Gur-
iis k he inuin f iNOS n inhii he frin 
f NO.36 NO is he ive fr f nirvsirs, suh s 

• Fig. 16.2 Production, physiologic effect, and metabolism of endogenous 

nitric oxide. cGMP, Cyclic guanosine 3′,5′-monophosphate; Hb, hemoglo-

bin; NADPH, nicotinamide adenine dinucleotide phosphate; NO
2

, nitrogen 

dioxide; NOS, nitric oxide synthase.

nirgyerin n siu nirrussie.3 NO hs s een ien-
ie s  es ne f he neurrnsiers in he nnren-
ergi, nnhinergi (NANC) inhiiry nervus syse37 (see 
Cher 5). e engenus ruin f NO n e inhiie 
y l-rginine ngs, whih inhii NOS—fr exe, N-nir-
l-rginine. e NO eue is s n ihii, n i hs  
very shr urin f in f 0.1  5 sens in hysigi 
syses.36

NO is genere in vsur enhei es n iuses 
riy in yyes in he enheiu, ining  gunyy 
yse. Gunyy yse (s ere guanylate cyclase) siu-
es he ruin f yi gunsine-3′,5′-nhshe 
(GMP), whih uses  erese in inreur iu n 
nsequen vsur r nnvsur sh use rexin. 
e NO-inue inrese in GMP wihin he es s inhiis 
ee herene n ggregin n yrhnuer eu-
kye hexis.43 NO reiy iuses in he  vesse 
isef n in enhei es n eners re  es (RBCs) 
 in riy wih hegin, fring ehegin n 
eing inive in he ress. NO is s nvere in 
RBCs  nire, n se engenus NO is exhe fr he 
ung. Beuse NO iuses s reiy in he sre n 
is inive y eing un  hegin, is in is i-
ie  he unry vsur enheiu, wheher genere 
engenusy wihin he ung r inhe s n exgenus gs. 
I is  seeive unry vsir. e en rus f NO 
h ener he sysei iruin re reinny ehe-
gin n nire. Nirie is he reinn NO e-
ie exree in urine, uning fr greer hn 70% f he 
inhe se.

Eect on Pulmonary Circulation

Wih nr unry heynis (nr vsur resis-
ne), inhin f NO rues n ee n unry reri 
ressure r gs exhnge.36 Hwever, Frse e.44 rere h 
hyxi unry vsnsriin use y rehing 12% 
xygen in hehy us inrese en unry reri res-
sure fr 14.7 ± 0. Hg  19. ± 0.9 Hg. is inrese 
in unry reri ressure ws reverse y ing 40 f 
NO  he gs ixure. N hnge urre in sysei vsu-
r resisne euse NO ws inive y y hegin. 
Tyr e .45 fun h 5  f NO suessfuy irve 
xygenin in he shr er fr iens wih ue ung injury.

Toxicity

Txiiy wih exsure  NO n e use y he NO isef, y 
he frin f he nirie, NO

2
, n he frin f ehe-

gin. NO n e  eir f ung injury, fr exe wih 
rqu isning, in whih inhiiin f niri xie synhse 
reues he un f ung injury. NO

2
 is  srng xiizer h 

uses ii erxiin in es. e un f NO
2
 rue 

eens n he un f NO n he un f surruning 
O

2
. e higher he FiO

2
, he greer he un f xiin f 

NO  NO
2
. Siiry, he higher he nenrin f NO, he 

shrer he ie  hieve xiin  NO
2
. e eh ee f 

NO
2
 resus fr unry ee, n shr-er exsure  

greer hn 150 f NO
2
 is usuy f. In he usu ses 

f NO, suh s 0.5%  4%, eheginei is n usuy  
re, hugh his shu e nire.

I is unknwn wheher NO n use fe hr when 
given  regnn wen, n he nufurer nes h i 
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is n inene fr use in us. I is unknwn wheher NO is 
exree in hun ik. Ouin exsure  NO is se y 
he Ouin Sfey n Heh Ainisrin (OSHA)  
25, n exsure  NO

2
 is se  5 (nufurers 

ierure).

Contraindications

NO shu n e use in nenes wh re knwn  e een-
en n righ--ef shun.

RESPIRATORY CARE ASSESSMENT OF 

NITRIC OXIDE

Before Treatment

• Beuse NO is inisere in njunin wih veniry 
sur, he usu esures f rii re ssessen n in 
riur venir niring shu e fwe.

During Treatment and Short Term

• Evue hery fr  reuin in he xygenin inex 
(OI = en irwy ressure in  H

2
O × FiO

2
/PO

2
).

• Evue he ee f NO n nir he ri ressure f 
reri xygen (PO

2
) n he ver eve f veniry su-

r (FiO
2
, insirry ressure n ie, en-exirry res-

sure, re).
• Mnir reu n su use xiery (surin 

f eriher iry xygen [SO
2
])  evue shuning.

• If vie, review ehrigr  evue righ--ef 
shuning.

• Mnir insire NO n NO
2
, ng wih ehegin.

• Mnir rivsur sus n siiy, inuing he eve 
f inrvenus uis n vsive eiins neee.

Long Term

• Cninue ssessen f O
2
, NO, NO

2
, n ehegin 

eves.

General Contraindications

• NO shu n e use in nenes wh re eenen n  
righ--ef-shun.

Synthetic Analogs of Prostacyclin

A resen, w inhe frs f synhei rsyins (PGI
2
s) 

re FDA rve  he evie shrness f reh in ini-
vius wih unry hyerensin. e w gens vie in 
he Unie Ses re irs (Venvis) n rersini (Tyvs). 
Hwever, erseni siu (Fn) s n inhin gen hs 
een resrie fr -e use in us n hiren.

Iloprost Ventavis

K E Y  P O I N T

Iloprost is an inhaled prostacyclin (PGI
2
) available in the United States.

Irs is  synhei ng f PGI
2
. e rug Venvis is 

e vie s n inhin suin h is eivere vi he 
I-ne AAD (ive ers eivery) syse. Venvis ies sys-
ei n unry reri vsur es.

Indication for Use

Venvis is inie fr he reen f unry reri hyer-
ensin in iens wih New Yrk Her Assiin (NYHA) ss 
III r IV sys. NYHA is  funin n hereui s-
siin f hysi iviy in iens wih ri ysfunin. 
e ssiin, I hrugh IV, esries he iiins f hysi 
iviy; NYHA III n IV re higher n se nsiere resri-
in n ien iviy. Venvis is n inene fr eiri use; 
i is inene fr us 1 yers f ge n er. In ini su-
ies, Venvis hs een shwn  irve NYHA funin ss, 
irve exerise iy, n inrese wking isne.46

Dosage and Administration

Venvis is suie in 1-L ues wih w nenrins 
vie—10 n 20g/L. An inii se f 2.5g shu 
e inisere n evue fr eriiy. If ere, inres-
ing he se  5g is ee. Venvis shu e inisere 
six  nine ies iy uring wking hurs. Dses shu e given 
re hn 2 hurs r. Venvis is n inhin suin. is 
gen shu e neuize ny wih he inene ers evies.

Precautions

Venvis hs n een suie in iens wih unerying ung 
isese (e.g., sh, COPD). Venvis n use rnhss. 
I shu n e ixe wih ny her gens; hwever, iens 
wih unerying ung isrers y ene fr rereen 
wih  β gnis.

Treprostinil Tyvaso

K E Y  P O I N T

Tyvaso is an inhaled prostacyclin (PGI
2
) vasodilator used for the treatment of 

pulmonary hypertension.

Trersini ws rs rve y he FDA s n injee fr in 
2002. Sine h ie, reserh hs een nging  ree n es 
n inhe versin.47 Inhe rersini (Tyvs) ws rve 
fr use in he Unie Ses in 2009. Tyvs is  PGI

2
 ng h 

uses vsiin f he unry n sysei reri vsu-
r es n inhiis ee ggregin. I is inisere using 
he Tyvs Inhin Syse (Unie ereuis Cr., Siver 
Sring, Mryn), whih is n ursni, use-eivery evie. 
Tyvs DPI is nw vie in  ry wer. e DPI is he se 
evie (MnnKin Cr.) use wih Afreez.

Indication for Use

Tyvs is inie fr he reen f unry reri hyer-
ensin  inrese wking isne in iens wih NYHA 
ss III sys. Tyvs is n inene fr use in iens 
yunger hn 1 yers f ge.

Dosage and Administration

Tyvs is vie in  2.9-L ue, whih nins 1.74g 
f rersini (0.6g/L). I is neuize in he Tyvs Inh-
in Syse. e ue is ue in he eiin u f 
he neuizer n is use fr he enire y.
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e ien neuizes he resrie un f rug in fur 
sere, equy se reen sessins er y uring wking 
hurs. Eh reh eivers 6g f rersini. e inii se is 
hree rehs (1g) er reen sessin. If n ere, he 
se y e reue  ne  w rehs er sessin n hen 
inrese  hree. Tyvs shu e inrese y hree rehs every 
1  2 weeks uni nine rehs (54g) er reen sessin is 
rehe. Tyvs DPI is  singe-se si rrige nining 16, 
32, 4, r 64 g. e ry gen is inrese y n iin 16 g 
er reen sessin  rxiey 1-  2-week inervs. e 
rge inenne sge is usuy 4 g  64 g er sessin 
r he highes ere wih u sie ees.

Precautions

Tyvs hs n een suie in iens wih unerying ung is-
ese (e.g., sh, COPD). Tyvs y use rnhss. is 
gen shu n e ixe wih ny her gens.

RESPIRATORY CARE ASSESSMENT OF 

SYNTHETIC ANALOGS OF PROSTACYCLIN

Resirry re ssessen f rsyin (PGI
2
) gens is iree 

ririy  ung funin. ese gens re e f using 
rnhss. Assessen f he ungs fr he frequeny n sever-
iy f rnhss is he s irn se in he ngeen.

Before Treatment

• Assess wking isne.

During Treatment and Short Term

• Mnir veniry n rivsur sus.

Long Term

• Mnir ees f gens n irveen in wking isne.

General Contraindications

• PGI
2
 gens hve n een ese in iens wih unerying 

unry isrers.

Phosphodiesterase 4 Inhibitor

Roumilast Daliresp

Ruis is  seeive hshieserse 4 (PDE4) inhiir 
use  reue he risk f exerins in iens wih severe 
COPD. Phshieserse (PDE) re enzyes h riie 
in he signing f ivin f hei in es (see Cher 2). 
ere re  fiy f PDE enzyes n PDE4 is ne eer h 
ers  wrk n reking wn AMP. e reuin in AMP 
wi inrese rinry eirs, ssiy using issues 
in he ung. PDE4 ss he rekwn f AMP. e inhiiin 
f AMP inreses he un f AMP h y rue niin-
ry resnses in he ungs,4 herefre reuing exer-
in in iens suering fr COPD. is gen is n  rnh-
ir n shu n e use fr ue reen.

Indication for Use

Ruis is  seeive hshieserse 4 inhiir ini-
e s  reen  reue he risk f COPD exerins 
in iens wih severe COPD ssie wih hrni rnhiis 
n  hisry f exerins. e G COPD eviene-se 
sregy is ruis s n  n in gru D.49

Dosage and Administration

Sring reen wih  se f 250 g ne iy fr 4 weeks 
n inresing  500 g ne iy herefer y reue he 
re f reen isninuin in se iens. e ine-
nne se fr iens wih COPD is ne 500 g e er y, 
wih r wihu f.

Precautions

e s serius verse rein is erin in en sus 
h y e  suii ehvir. Cuine use in iens h 
hve en iness r suer fr eressin. Hwever, hnge in 
en ehvir n ur fr use f he gen if iens  n 
hve  hisry f en insiiy. Aiin verse reins 
inue weigh ss, irrhe, nuse, n hehe.

RESPIRATORY CARE ASSESSMENT OF 

PHOSPHODIESTERASE 4 INHIBITOR

Resirry re ssessen f  hshieserse 4 inhiir shu 
e iree  exerin hisry f he ien. Uiizin f he 
GOLD COPD sregy ng wih he iens hisry  eerine 
es urse f in. is gen es n re rnhss

Before Treatment

• Assess PFT.
• Assess exerin hisry.

During Treatment and Short Term

• Mnir en sus.

Long Term

• Mnir irveen in exerins.
• Cninue niring en sus.

General Contraindications

• Men sus; see reuins ve.

Cystic Fibrosis Transmembrane Conductance 

Regulators

Cysi rsis rnserne nune regurs (CFTR) 
were evee  ssis he CFTR gene  rre  efeive r-
ein. e CFTR rein nes he w f wer n hrie 
in he e ining f rgns suh s he ungs. If  CFTR rein 
funins r is nnexisen i rees  uiu f visi uus. 
e gens evee n rve y he FDA re rhn rugs 
(see Te 16.3). ese gens re ny eeive in inivius wih 
sei uins. Curreny he FDA hs rve fur ieren 
CFTR urs, eh wih  sei uin  ssis.50
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Indication for Use

A sei uin in he CFTR gene r uin h shws 
resnsiveness. Fr unknwn genyes  CF uin es 
shu e use  ee  CFTR uin.

Dosage and Administration

Dsge n inisin f CFTR vries, see Te 16.3

Precautions

Eeve iver enzyes re ssie. Mniring rnsinse 
eves efre n uring use f CFTR gens. A seine eye 

TABLE 

16.3
Cystic Fibrosis Transmembrane Conductance Regulators

Generic Brand Dosage Mutation

Ivacaftor Kalydeco Tablet: Adults and children age 6 years and older: one 150 mg every 12 hours

Granules*: Children 4 months to less than 6 months of age and ≥5-kg: one 25-mg 

packet every 12 hours

Children 6 months to less than 6 years of age and 5 kg ≤7 kg: one 25-mg packet 

every 12 hours

Children 6 months to less than 6 years of age 7 kg ≤ 14 kg: one 50-mg packet every 

12 hours

Children 6 months to less than 6 years of age and >14 kg: one 75-mg packet every 

12 hours

G551D

Lumacaftor/ivacaftor Orkambi Tablet: Adults and children age 12 years and older: two tablets each containing 

lumacaftor 200 mg and ivacaftor 125 mg taken every 12 hours

Granules*: Children 4 months to less than 6 months of age and ≥5 kg: one 25-mg 

packet every 12 hours

Children 6 months to less than 6 years of age and 5 kg ≤7 kg: one 25-mg packet 

every 12 hours

Children 6 months to less than 6 years of age and 7 kg ≤ 14 kg: one 50-mg packet 

every 12 hours

Children 6 months to less than 6 years of age and >14 kg: one 75-mg packet every 

12 hours

Homozygous F508del

Tezacaftor/ivacaftor Symdeko Tablet: Children 6 to less than 12 years weighing <30 kg: one tablet each containing 

tezacaftor 50 mg/ivacaftor 75 mg in AM and one tablet containing ivacaftor 75 mg) 

in PM, approximately 12 hours apart

Adults and children 12 years and older or children age 6 to less than 12 years 

weighing >30 kg: one tablet each containing tezacaftor 100 mg/ivacaftor 150mg 

in the AM and one tablet, containing ivacaftor 150 mg in PM, approximately 

12hours apart

Homozygous F508del, and 

154 other mutations.

Elexacaftor/texacaftor/

ivacaftor

Trikafta Tablet: Children 6 to less than 12 years weighing <30 kgs: two tablets, each 

containing elexacaftor 50 mg/tezacaftor 25 mg/ivacaftor 37.5 mg in AM and one 

tablet of ivacaftor 75 mg in PM

Children 6 to less than 12 years weighing >30 kgs: two tablets, each containing 

elexacaftor 100 mg/tezacaftor 50 mg/ivacaftor 75 mg in AM and one tablet of 

ivacaftor 150 mg in PM

Adults and children 12 years and older: two tablets, each containing elexacaftor 

100mg/tezacaftor 50 mg/ivacaftor 75 mg in AM and one tablet of ivacaftor 

150mg in PM

One F508del, and 158 other 

mutations

*Granules should be rst mixed with 1 teaspoon liquid or soft food before dispensing.

Note, all medication in this table should be taken with fat-containing food.

exinin is highy reene s CFTR gens y use 
rs.

RESPIRATORY CARE ASSESSMENT OF 

CFTR AGENTS

Resirry re ssessen f CFTR is eerine y he heh 
f he CF ien n ny uins h y exis  irve 
CF sys. ese gens  n re rnhss. e 
ssessen fr resirry re is re fuse n he ver u-
nry evuin f he CF ien, n er he use f CFTR 
gens. Hwever, niring f unry funin vues wi 
e hefu.
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Insulin Human Recombinant DNA Origin

Insulin Human Afrezza

C L I N I C A L  C O N N E C T I O N

Afrezza is an inhaled form of insulin that can cause bronchospasm. It is not 

recommended for use in patients with lung disease.

Uni reeny, inivius ignse wih iees h w -
n fruins  regue insuin ruin n nr 
sugr: r eiins r injee insuin. Sever yers g, 
Exuer, n ry inhe insuin, ws e vie; hwever, 
Pzer vunriy reve i fr he rke in 2007 euse f 
r ses. Pzer s $2. iin in he reserh, eveen, 
n unh f he ru. In 2014, he FDA rve Afrezz, 
n inhe hun insuin uiizing  ry wer rrige fr 
he Afrezz Inher. Ahugh his is n  resirry eiin, 
sie ees, suh s rnhss n reuin in ung funin, 
re ssie. e resirry heris shu e wre f is use 
n inhe fruin.

Indication for Use

Afrezz is inie  irve gyei nr in u iens wih 
iees eius. Afrezz is n  reeen fr ng-ing insuin 
n shu e use in inin in iens wih ye 1 iees.

Dosage and Administration

Afrezz is vie in 4-, -, n 12-uni inhe sges. I shu 
e use efre eie. Dsge is iniviuize n shu e 
juse when swihing fr nher fr f insuin.

Precautions

Afrezz hs n een ese in iens wh ske r hse 
wh hve ung isese. Therefre, iens wih  hisry 

f sking n ung isrers shu n use his fr f 
insuin.

RESPIRATORY CARE ASSESSMENT OF 

INHALED INSULIN

Resirry re ssessen f inhe insuin hery is iree 
ririy  ung funin. Afrezz y use rnhss n 
exerin f ung isese. In iens n knwn  hve u-
nry ysfunin,  eine in unry funin hs een 
ne.51 Assessen f reh suns in he ungs fr frequeny 
n severiy f rnhss is he s irn.

Before Treatment

• Assess ung heh; es ien hve ung isese?
• Sking sus shu e nire; iens wh ske 

shu n ke he rug.

During Treatment and Short Term

• Mnir irwy sus; isen fr nr reh suns.

Long Term

• Mnir ees f gens n ung funin.
• Over unry heh shu e ssesse n he sis f 

frequeny n severiy f resirry infeins, ugh, rn-
hss, n unry funin.

General Contraindications

• Piens wih  hisry f sking n ung isrers shu 
n use his fr f insuin.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. For which disease state is an α
1
-proteinase inhibitor (API) indicated?

2. What is the route of administration for an API?

3. What is the mode of action of APIs in treating emphysema associated 

with inadequate API levels?

4. Is treatment with an API indicated for age-related emphysema or in 

general for individuals who smoke and have emphysema later in life?

5. Identify three pharmaceutical formulations of nicotine that are used as 

smoking cessation aids.

6. What is the usual effect of nicotine, whether in a smoking cessation aid 

or in cigarettes, on blood pressure?

7. Name two nonnicotine agents used in the treatment of smoking 

cessation.

8. What is the effect of inhaled nitric oxide (NO)?

9. Identify two potentially toxic byproducts of inhaled NO.

10. What is the usual dose of inhaled NO?

11. Identify two disease states in which NO has been used to reverse 

pulmonary hypertension.

12. What is the greatest hazard in terms of pulmonary health with the 

delivery of Ventavis?

13. What is the initial dose of Tyvaso?

14. When in the COPD evidence-based strategy should roumilast be 

utilized?

15. What are the four CTFR agents approved for use in the US?

16. What is the trade name of the only inhaled insulin on the market?

17. What patient population should avoid the use of inhaled insulin?

CLINICAL SCENARIO

Answers can be found in Appendix A.

A 42-year-old White woman with complaints of shortness of breath 

on exertion and increasing fatigue during her usual activities was 

referred by her family physician to a pulmonologist. On questioning, she 

reported that she had an uncle who had died “many years previously” in 

middle age as a result of lung disease, but he had been a smoker. She 

admitted that she had been a heavy smoker (around a pack per day) for 

5 or 6 years but had quit more than 8 years ago. She denied any use 

of alcohol. She described having several attacks of “bronchitis” in the 

past year, for which her family physician had prescribed antibiotics, with 

subsequent resolution each time. She also described small but increasing 

production of sputum during the past year, usually clear unless she had 

an episode of bronchitis. She currently has a cough, with occasional 

production of a slight amount of greenish sputum. Her medications 

include albuterol via metered dose inhaler (MDI), prescribed by her family 

physician last year.
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On physical examination, she appeared well developed and well 

nourished and exhibited mild respiratory distress. Auscultation of the chest 

revealed expiratory wheezing, diminished breath sounds bilaterally, and a 

prolonged expiratory phase. No digital clubbing, cyanosis, pedal edema, or 

jugular distention was noted. Her vital signs were as follows: temperature 

(T) 37.1°C, blood pressure (BP) 110/76mm Hg, pulse (P) 76 beats/min, 

and respiratory rate (RR) 24 breaths/min and regular. Pulse oximetry on 

room air was 91%. Other ndings included a mild elevation of white blood 

cell (WBC) count (13.1 × 103/mm3), normal hemoglobin and hematocrit, 

and normal electrolytes. Pseudomonas and normal ora were found in her 

sputum. A chest radiograph showed some hyperlucency; hyperination 

with moderately lowered, attened hemidiaphragms on full inspiration; 

and an inltrate in the right lower lobe. Arterial blood gas (ABG) values 

on room air were as follows: pH 7.35, PaCO
2
 54mm Hg, PaO

2
 66mm Hg, 

HCO
3

 30mEq/L, and SaO
2
 92%. Pulmonary function tests showed forced 

expiratory volume in 1 second (FEV
1
) at 60% of predicted, elevated residual 

volume (RV) and RV/total lung capacity (TLC) ratio, increased TLC above 

predicted, and decreased DL
CO

 (diffusing capacity of the lungs for carbon 

monoxide [CO]).

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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C H A P T E R  O U T L I N E

OLabel Use of Drugs in Neonatal and Pediatric Patients

Factors Aecting Neonatal and Pediatric Aerosol Drug 

Delivery

Eect of Age on Aerosol Lung Dose

Eect of Small Tidal Volumes, Short Respiratory Cycles, and Low 

Flow Rates

Eect on Small Volume Nebulizer

Eect on Reservoir Dose

Nebulized Drug Distribution

Clinical Response to Aerosolized Drugs in Neonatal and Pediatric 

Patients

Selection of Delivery Devices

Nebulizers

Pressurized Metered Dose Inhalers

Dry Powder Inhalers

Use of Selective Agents in Neonatal and Pediatric Patients

Antibiotics

Mucoactive Agents

Aerosol Surfactants

Antiinammatory Drugs and Antibiotics

Aerosolized Peptides and Proteins

Prostacyclin Analogs for Pulmonary Hypertension

Adherence, Compliance, and Cooperation During Aerosol 

Therapy

Facemasks Design, Fitting, Crying, and “Blow-By”

High-Flow Nasal Cannula

Nebulizer Hood

Parent Education on Inhalation Therapy

Aerosol Administration in Intubated Neonatal and Pediatric 

Patients

Summary

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms that pertain to neonatal and pediatric drug 

therapy

2. Explain o-label use of aerosolized medications in neonates 

and children

3. List and describe the most important factors aecting neonatal 

and pediatric aerosol drug delivery

4. Describe the clinical response of neonatal and pediatric 

patients to aerosolized drugs

5. Describe special circumstances related to selection of delivery 

devices for neonatal and pediatric patients

6. Explain the most relevant factors to select the appropriate 

aerosol delivery device according to age group

7. Describe the implications of compliance and cooperation on 

the eciency of aerosol delivery

8. List some of the novel inhaled therapies under investigation 

for pediatric patients

9. Explain the importance of parent education in the 

administration of inhalation therapy to children

10. Explain lung deposition of inhaled drugs in pediatric and 

neonatal intubated patients

K E Y  T E R M S  A N D  D E F I N I T I O N S

Emitted dose Dose released by aerosol device.

Infant Child between 1 month and 1 year of age.

Inhaled (delivered) dose Dose reaching the patient’s mouth or 

articial airway.

Lung dose Dose reaching the trachea and beyond.

Neonatal Refers to the period between birth and rst month of life.

Nominal dose Dose in delivery device.

O-label Use of drugs with no US Food and Drug Administration 

(FDA)–approved labeled use.

Pediatric Refers to the period between ages 1 month and 

18 years.
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Peiri iens wih irwy isese een n inhe ei-
ins. Hwever, eeive inisrin f ers hery  ne-
nes n eiri iens is henging euse he eieny f 
eivery f hreui erss  he ungs f hese iens 
is knwn  e w n highy vrie. Inheren ni, 
hysigi, hhysigi, n ehvir frs ke his 
ge gru  unique suuin.1 2 e k f neonatal n 
pediatric se eing fr ny rugs given y inhe ers 
ies eerining rer ses f ers rugs. e nu-
er f suies n he ini esiin f erss in eiri 
sujes, riury in he nen uin, is very iie 
euse f he iniiy  use riee erss. Leing er-
s ries wih riive gens kes i ssie  qun-
ify esiin se n isriuin in he resirry r. e 
vie resus f he few ung esiin suies erfre in 
infns re srikingy siir, shwing ny 2%  5% esiin.3

Resus f suies n hereui erss n heir esiin in 
u ungs nn siy e exre  eiri ses. e 
ierenes eween ers eivery s  fr f i inis-
rin n sysei inisrin re n reie in ny 
insnes, using ers ses  e ie in nenes n 
hiren se n sge fr sysei inisrin. Nenes 
n ers  n hve he iiy  erfr he inhin 
neuver; hey re usuy ns rehers n fen ge isresse 
uring inisrin f ers hery.

Bh he resriing hysiin n he resirry heris 
nee  e wre h he ni n hysigi hrerisis 
f his ge gru us e he wih he rer evies n 
ehniques f inisrin. Even fer n i evie hs 
een seee, suh frs s rying, k f erin, n res-
ene f eks run he ers sks n riy erese 
ung esiin. Ieniin f he eerinns f eien 
ers eivery n he sei henges f ers eivery 
 infns n yung hiren n he eerine  sysei 
rh  iizing ers eivery  his uin. A 
nsierins in his her ree  inhe erss use fr 
he reen f unry isrers n n fr sysei re-
en. e  ie re se rgey n riin ers eiv-
ery evies. New, highy eien eivery syses y yie if-
feren resus in he fuure. Ters use fr ieren ge rnges re 
given in Bx 17.1

OLabel Use of Drugs in Neonatal and 

Pediatric Patients

K E Y  P O I N T

Pediatric patients are the most common group to be prescribed off-label use 

medications.

e er o-label refers  using n rve rug fr n un-
rve use  re  isese r ei niin (e.g., use f si-
rin fr rhyxis f her k—rve use: in reiever). 
Presriing -e eiins is n ue   k f 
eiri-sei  regring he sing, ey, n sfey f 
eiins regury resrie  hiren. I hs een esie 
h -e resriins in hiren rnge fr 3.2%  95%.4

Befre he US F n Drug Ainisrin (FDA) inerven-
in, ny u 20% f rugs rve were e fr eiri 
use. Sine 1997, he FDA hs re egisin h hs e 
  ri inrese in eiri suies suie  he FDA 
n hunres f eiins wih new eiri infrin in 
eing (Te 17.1).5 6

Ty, greer hn 50% f  urreny rkee rug r-
us inue eiri infrin n heir ru eing. Ai-
iny, n ny eiins u s ei evies nee  e 
rve fr eiri use.  is why in Seeer 2007 he 
Unie Ses Cngress sse Tie III f he FDA Aenens 
A—he Peiri Mei Devie Sfey n Irveen 
A—requiring h new iins r rs suie  
he FDA fr he use n rv f  ei evie us inue 
 esriin f ny eiri suuin h suers fr he 
niin n wi e ree, ignse, r ure y suh evie.

Ahugh i is eg fr hysiins  resrie -e use f 
rugs, eerining he sge ees re rei when 
snrize guieines hve n een evee uring ini 
ris. Genery, regiens fr inhe erss fr nen n 
eiri iens re n se n y size n  eve u 
rher n  rge ee sregy wih vine f xiiy. Aers 
ses  nenes r hiren re “sef-iiing euse f he if-
ferenes eween eiri n u irwys. Mny f he inhe 
ers rugs reviewe in his ex hve ini iniins n 
uses in nen n eiri iens, even hugh heir ru 
es fen se h sfey n ey in hiren hve n ye 
een eerine.

Te 17.2 iss inhe ers rugs n eukriene iers 
h hve rve ge eing fr eiri use  he ie f his 
eiin. Drugs h re n ise in Te 17.2  n hve he 
eing fr eiri use.

Factors Aecting Neonatal and Pediatric 

Aerosol Drug Delivery

K E Y  P O I N T

Although a smaller fraction of the aerosol reaches the pediatric lower airway 

compared with the adult airway, the need for clinical adjustment of aerosol 

doses based on age and body weight is still being debated.

e ehniss f ers enerin n esiin in he 
u ung, s uine in Cher 3, s y  ers hery 
in nen n eiri iens. Hwever, he irwy envirn-
en iers in nen n eiri sujes re wih 
h in us. e ieer f he irwy is ser in newrns, 
infns, n s hiren. Besies erin, iiy  h 
 uhiee, n vine f uh rehing, he vius 
iiins f insirry w n grey e ers eivery 
n esiin. Peiri iens re eiher ige r refer-
eni nse rehers, hve  rriny rger ngue, n 
hve ser n ineey evee irwys re wih 
us. In iin, ns irwy resisne uns fr nery 

Terms and Age Ranges Dening Periods 

From Birth to Adulthood

Premature neonate Less than 37 weeks of gestational age

Neonate First month of postnatal life

Infant 1–12 months

Child 1–12 years

Adolescent 12–18 years

Adult Older than 18 years

• BOX 17.1
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TABLE 

17.1
Overview of Federal Legislation to Promote Pediatric Studies

Legislation Year Enacted Implications

Food and Drug Modernization Act 

(FDAMA)

1997 Encouraged pharmaceutical manufacturers to perform pediatric studies

Offered 6 months patent exclusivity as nancial incentive

Pediatric Rule 1998 Required efcacy & safety testing for NDAs if medication could be used in children

Studies under Pediatric Rule were eligible for a 6-month patent extension under FDAMA

Federal court overturned in 2002 because FDA did not have authority

Best Pharmaceuticals Act for Children 

(BCPA)

2002 Authorized FDA to request pediatric studies with NDAs (including orphan drugs) for new indications

Extended the 6-month patent exclusivity through 2007

Required NIH to publish list of needs for future study in children

Pediatric Research Equality Act (PREA) 2003 Required pediatric assessment & development of PSP with NDAs (expanded version of Pediatric 

Rule) for certain drugs (NOT orphan drugs)

Allowed for modications to existing indications

Pediatric plan must be developed before approval in adults

Food and Drug Administration 

Amendments Act (FDAAA)

2007 • Reauthorized PREA & BPCA × 5 years

• Expanded the BCPA so FDA could issue request for > 1 indication (i.e., “on” & “off-label” use)

• Introduced Pediatric Medical Device Safety & Improvement Act

Food and Drug Administration Safety 

and Administration Act (FDASIA)

2012 • Made BPCA & PREA permanent

hf f he resirry resisne in hehy infns,3 n uruen 
w in his regin ikey uns fr  rge un f i-
ive rug ss in he uer irwys. ese ierenes rue w 
hrerisis ieren fr hse in us. Te 17.3 uines 
he funin n sruur feures f he infn ung h y 
e ers eivery n esiin.

Ahugh i y see vius h ers hery in infns 
n yung hiren is quie ieren fr h in us, uh 
re reserh is require  nr he ierenes in ers rug 
eivery. Se in vir suies hve suggese h he inresing 
uer irwy geery in us y exin he higher un f 
ers esiin rehing he wer irwy re wih h 
in nen n eiri iens.7 e nse y er u 75% 
f he se reeive y uh rehing in us n hiren. A 
ser frin f he nominal dose f n ers rehes he wer 
irwys wih he hi-size rhrynx re wih n u-size 
rhrynx. e r rue hs een nsiere suerir  he 
ns rue fr ers eivery  he wer resirry r (LRT) 
in us n hiren. Hwever, his y n e he se in infns. 
Airv e.9 use riee nr sine suin ers gen-
ere y  sf-is inher n ers eivere vi  vve h-
ing her (VHC) n n ir-igh sk   siue 5-  
20-nh- irwy e. ey fun h ns eivery  he 
LRT exeee h f r eivery in he 5- n 14-nh es 
n ws equiven  r eivery in he 20-nh e n h 
ierenes eween ns n r eivery iinishe wih “ge/
size.10 e ser ieer f he nen n eiri wer 
irwys, e  he ees f rnhnsriin, in-
in, sereins, n he ssie resene f n enrhe ue, 
riy ereses ersize rug esiin in he ungs.11

Se her vries ssie wih he reuin in lung dose in 
infns n yung hiren re isusse ew.

Eect of Age on Aerosol Lung Dose

Sysei sie ees, rher hn  sie ees use y re-
en in he ung, hve een he sis fr ers se jusen 
fr ge, whih is usuy se n y weigh. Hwever, he nee 

fr ini jusen f ers ses se n ge n y 
weigh is eing ee.12,13

e i rie size f erss h wi enhne inru-
nry esiin in eiri iens rehing hrugh eiher 
rii irwys r he rns regin is unknwn. In in viv 
suies, exerien  ine uring snneus uns-
sise rehing hve ensre h 3% f he nin se 
f ersize rugs is eivere  he ungs f infns; 1.6%  
4.4%  hse f yung hiren; n 10%  5%  hse f 
us.14 Ahugh  ser erenge f he ers is esie 
in he ungs, s iens y reeive  nsiery higher re 
f rug er kigr f y weigh re wih us. Hw-
ever, he wer esiin y rvie  sfey n ey re 
re wih h in us.1

A rer y Anhj e. hs suggese h he inhaled (deliv-
ered) dose nee n e juse fr ge  reue sysei eves 
n ssie xiiy sine he se rehing he ung is rrin-
y ess fr yunger ser sujes.15 Neuize uer ses 
reene y exer nsensus guieines fr exerins in 
hiren 12 yers f ge r er re 0.15  0.3g/kg u  10g 
every 1  4 hurs s neee, r 0.5g/kg/hur y ninuus 
neuizin.16 When  xe se f 2.5g eivere y neuizer 
ws re wih  se f 0.1g/kg y weigh in hiren 
wih ue sh 4  12 yers f ge, here ws n ierene 
eween he w se rs in ini irveen esure 
y ws, xygen surins, n ini sre r in rivsur 
n rer sie ees. e xe se f 2.5g y neuizer ws 
eius n sfe.17 Hsseinnezh n Asi nue h 
here is n vnge in he ruine inisrin f uer  
ses higher hn 2.5 g fr iens wih ue shi ks.1

Eect of Small Tidal Volumes, Short Respiratory 
Cycles, and Low Flow Rates

S eiri iens hve w i vues, w vi iies, 
shr resirry yes, n w insirry w res. Chiren inhe 
 ser erenge f he emitted dose fr eiher  s vue 
neuizer (SVN) r  ressurize eere se inher (MDI) wih 
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TABLE 

17.2
Pediatric Drug Labeling for Inhaled Aerosols and Leukotriene Modiers*

Drug Name Formulation Age Labeling (FDA Approved)

β-Adrenergic Agents

Albuterol MDI

SVN

DPI

≥4yr: 2 inhalations q4-6h;

2–12yr: 1.25–2.5mg tid-qid†

≥4yr: 1–2 inhalations q4-6h

Levalbuterol MDI

SVN
≥4yr: 2 inhalations (90mcg) q4-6h

6–11yr: 0.31mg tid; maximum 0.63mg tid

Racemic epinephrine SVN ≥4yr: 0.5mL of 2.25% solution in 3mL diluent; q3-4h

Corticosteroids

Beclomethasone MDI ≥5yr: 40–80mcg twice daily

Budesonide DPI

SVN
≥6yr: 180–360mcg bid;

12mo–8yr: 0.5mg total daily dose given once or twice daily in divided doses; maximum 1mg total 

daily given once or 0.5mg twice daily

Flunisolide MDI 6–11yr: 80 mcg twice daily, no more than 160 mcg twice daily

Fluticasone DPI

MDI
≥4yr: 50mcg twice daily up to 100mcg twice daily;

4–11yr: 88mcg bid

Fluticasone propionate/salmeterol DPI ≥4yr: 100g uticasone/50g salmeterol, 1 inhalation twice daily, about 12hr apart

Mometasone furoate MDI ≥4yr: 220mcg daily

Mometasone/formoterol MDI ≥12yr: 200mcg twice daily

Ciclesonide MDI ≥12yr: 160mcg twice daily

Mucoactive Agent

Dornase alfa SVN Safety and efcacy in children <5yr have not been studied; usual dose 2.5mg once daily

Nonsteroidal Antiasthma Agent

Cromolyn sodium SVN ≥2yr: 20mg tid-qid

Inhaled Antiinfectives

Aztreonam SVN (Altera) 75mg TID, alternate 28 days on, 28 days off

Ribavirin SPAG Infants and young children: a 20mg/mL solution nebulized for 12–18hr/day for 3–7 days

Tobramycin SVN ≥6yr: 300mg bid, alternate 28 days on, 28 days off

Colistin‡ SVN ≥6yr: 75mg or 150mg twice daily

Leukotriene Modiers

Montelukast PO 12–23mo: one packet of 4-mg oral granules daily in the evening;

2–5yr: one 4-mg chewable tablet daily in evening or one packet of 4-mg oral granules daily in the 

evening;

6–14yr: one 5-mg chewable tablet daily in evening

Zarlukast PO 5–11yr: one 10-mg tablet bid

Zanamivir DPI ≥5yr: 2 inhalations bid for 5 days

Bronchial Challenge

Mannitol DPI >6yr

*Additional detail on dosing for adults can be found in previous chapters. Manufacturers’ information and other sources on drug administration and dosing should be consulted before use. Drug labeling 

is current at the time of this edition.
†Most frequent administration is not recommended. Patients 6 to 12 years of age with more severe asthma (baseline FEV

1
<60% predicted), patients with weight greater than 40kg, or patients 11 to 

12 years of age may achieve a better initial response with higher dose.
‡Colistin is used off-label for nebulization and is not FDA approved for inhalation.

bid, Twice daily; DPI, dry powder inhaler; MDI, metered dose inhaler; PO, by mouth; qid, four times daily; SPAG, small particle aerosol generator; SVN, small volume nebulizer; tid, three times daily.
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 reservir evie (hing her r ser). e ers esiin 
is reue euse f  shrer rnsi ie fr s ries in he 
irwys. ese frs n signiny er he inhe se n he 
ung se f iens yunger hn 6 nhs f ge.

Eect on Small Volume Nebulizer

If we ssue  6 L/in wer gs, n u wih insirry 
w f 500L/se (30L/in) n  i vue f 500L 
(500L/se × 1 r 2 sens) wu eey inhe  he 
neuizer uu. Hwever, n infant wih insirry w f ess 
hn 100L/se (<6L/in) n  i vue ess hn 100L 
wu n eey inhe  he neuizer uu uring he 
insirry hse (Fig. 17.1).

Sever uhrs hve ensre h he frin f neu-
izer uu insire is wer in infns yunger hn ge 6 nhs 
n h he inhe ers se fr n SVN he   sk 
inreses s he weigh in infns inreses.19

Eect on Reservoir Dose

e se ee f w i vues wu hereiy reue he 
un f vue n rug ss inhe fr  reservir h-
er (Fig. 17.2). e un f reuin is rrin  he 
her vue fr  given infn i vue. Fr  50-L i 
vue, rxiey ne hir (33%) f  150-L her n 

• Fig. 17.1 Illustration of the amount of nebulizer output inspired with vary-

ing inspiratory patterns (volumes, ow rates, times), indicating a smaller 

fraction of output inspired with low tidal volumes and ow rates in infants 

compared with adults. T
i
 Inspiration time; T

tot
 total cycle time. (From 

Collis, G. G., Cole, C. H., & Le Souef, P. N. [1990]. Dilution of nebulised 

aerosols by air entrainment in children. Lancet, 336, 341.)

• Fig. 17.2 Conceptual illustration of the effect of small tidal volumes (V
T
)

on chamber evacuation with different-size reservoir chambers.

Factors That May Aect Dose Inhaled 

From a Reservoir Chamber in Neonatal 

and Pediatric Patients

Mechanical and Design Factors

• Chamber volume

• Electrostatic charge on plastic devices

• Shape of aerosol plume relative to chamber size

• Design of inspiratory and expiratory valves, if present

• Presence of inspiratory valve

• Amount of dead volume in mouthpiece

Patient Factors

Anatomic
• Larger tongue in proportion to oral airway

• Smaller airway diameter

• Smaller number of alveoli

Breathing Pattern
• Nasal breathing

• Inability to hold mouthpiece

Inspiratory Flow Rate
• Tidal volume

• BOX 17.2

ne fh (20%) f  250-L her wu e inhe. Even 
ssuing n reisriuin f ers in he her vue, grv-
iin seing wu reue he vie se furher wihin 
sens f MDI uin in he her. e ie vue 
fr  ser evie is s enugh  w fr rug inhin 
wih few rehs in infns wih w i vues (<50L).20

D fr Everr e. n eivery (n ung esiin) f 
MDI ryn siu vi reservir n fesk wih i 
vues f 25, 50, n 150L were esure in vir y using 
vrius sizes f hers. Ser i vues were ssie 
wih erese inhe rug ss. Higher ers nenrins 
in  ser her enhne rug eivery wih i vues 
ess hn 150L.21 Inruin f e se eween he h-
er ue n he er eing insire rug reue he se 
esie y 50% r greer.

Mesureens f ung esiin f riee uer 
eivere hrugh  MDI n nisi ser wih fesk 
r uhiee in hiren wih se sh hve revee h 
en ung esiin (%  se) u e signiny higher 
wih he uhiee.22

Suh vriin in suy resus inies h esing niins, 
ye f rug, n hie f reservir evie n e inhe 
se, hugh n neessriy he ung se. Bx 17.2 iss frs 

TABLE 

17.3

Comparison of Neonatal and Adult Respiratory 

Parameters

Parameter Neonate Adult

Tracheal diameter ≈4mm ≈20mm

Tracheal length 5–6cm 10–12cm

Tidal volume 6mL/kg 6mL/kg

Respiratory rate 30–40/min 12–14/min

Minute ventilation 200–300mL/kg/min 6L/min

Dead space 0.75mL/lb 1.0mL/lb

Inspiratory ow rate ≤100mL/sec ≈500mL/sec

From Kacmarek, R., Stoller, J. K., & Heuer, A. H. (Eds.) (2020). Egan’s fundamentals of care

(12th ed.). St. Louis, Missouri: Elsevier.
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in reservir evies h y e he inhe se in nenes, 
infns, n s hiren.

Nebulized Drug Distribution

I igh e vius  he resirry iniin h ues f 
ers hery in yung hiren re quie ieren fr hse 
in us n h uh re reserh is require  nr 
he ierenes in ers rug eivery. e s eniive  
fr nswering he quesin s  hw uh ers rug rehes 
he ungs f nenes n eiri iens re u esures 
f ung esiin. Hwever, riee esiin n hr-
kinei suies f inhe rugs re henging in eiri 
eiine. Ms riee susnes use  esie ung 
esiin y e hrfu  hiren; hus, s f he vi-
e  e fr in vir suies.22 Se vie  ini-
e h he ung se f n ers rug es, in f, erese 
wih ge. Anhj e . fun h  eves f rug, ree-
ing he se rehing he ungs, were nsn in yunger n 
er sujes esie he ser iruing vue in yunger 
iens.15

I hs een hyhesize h he greer he infns isress, he 
wer is he ung esiin n he higher is he uer resirry 
r n gsrinesin r esiins. Evuin f isriu-
in f neuize rnhirs in wheezing infns hs shwn 
n verge f 10%  12% herene  he iens fe, 7.% ±

4.9% esiin in he uer resirry n gsrinesin rs, 
n 1.5% ± 0.7% esiin in he ungs (Fig. 17.3).23 24

Fig. 17.4 surizes  n ung esiin wih inhe 
erss ie fr fur suies. A he suies use  MDI 
wih  reservir evie n  fesk fr eivery in sujes 
yunger hn 4 yers. Vues reresen he erenge f  se 
fr he evie.

T e. fun  en f 1.97% (SD 1.4) s  ung se f -
uer in iens wih  en ge f 21 nhs (rnge 3 nhs 
 5 yers).25 Wiher e . fun 5.4% (SD 2.1) n 9.6% 

(SD 3.9) f uer rehe he ungs f 2-  4-yer-s n 
5-  9-yer-s.26 A revius suy using inire esures f 
s eves fun h 6.1% f  uesnie se rehe he 
ungs f 3-  6-yer-s.27

Using he un f ersize uer rehing he 
ungs f infns n hiren in he suy y T e.,25 i n 
e shwn h he sef-iiing ee f yunger ges n ung 
se resus in he se se er un f y weigh in hi-
ren s in us (Te 17.4). e equivene f se er y 
weigh, s iusre in Te 17.4 n se n ung esiin 
, rgues srngy gins he nee  jus he nin se 
f n ers rug fr ge r y size wih urren ers eiv-
ery evies. Age n size hve  sef-iiing ee n ung se, 
ruing  nur irin f se. is nusin y nee 
 e revise wih inruin f re eien ers eivery 
evies.

• Fig. 17.3 Scan of patient obtained during hood and mask 

treatments showing deposition of aerosolized medication in the 

upper respiratory tract (URT) and in the gastrointestinal (GI) sys-

tem. Note the considerably higher URT and GI depositions with 

mask treatment. (From Amirav, I., Balanov, I., Gorenberg, M., 

et al. [2003]. Nebuliser hood compared with mask in wheezy 

infants: aerosol therapy without tears. Archives of Disease in 

Childhood, 88, 719–723.)

• Fig. 17.4 Percent of total aerosol dose that reaches the lungs of infants 

and children of varying ages. Aerosol dose was delivered by using a 

metered dose inhaler with a reservoir device and a facemask in subjects 

younger than 4 years of age. Studies shown are Fok etal.115 for 86 days, 

Tal et al.25 for 21 months, Wildhaber et al.26 for 2 to 4 years and 5 to 

9 years, and Agertoft etal.27 for 3 to 6 years.
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Clinical Response to Aerosolized Drugs 

in Neonatal and Pediatric Patients

C L I N I C A L  C O N N E C T I O N

Crying and distress, even with the best-designed facemask, can seriously 

affect the efciency of aerosol administration in young children.

e ung esiin  reviewe in he revius sein rgue 
h ersize rugs reh he ungs f infns in  sef-regu-
ing un. e quesin f ini resnse  ers rugs in 
infns n eiri iens is n eerine y ung esi-
in . e s suie rug ss—ne f gre ineres in 
nenes n infns—is he renergi rnhir gru. 
Cre wih riseris, he ini resnse  rn-
hir urs wihin inues n is re fesie  suy in 
yung sujes.

Cny ie suies fr he e 1970s nue h 
resnse  inhe rnhirs ws king in infns n hi-
ren yunger hn 1 nhs f ge.2 29 ese suies fun n 
hnge in resirry resisne wih henyehrine, einehrine, 
r su (uer) in infns n hiren 7  1 nhs 
f ge wih use f  fre siin ehnique. e uhrs f 
hse suies seue h here ws eiher r eveen f 
sh use in hiren yunger hn 1 nhs f ge r he 
rnhi sruin ws use y sereins n irwy ee, 
rher hn rnhnsriin.

Ahugh i hs een knwn h he eve f resnse   
rnhir inreses signiny wih inresing ge in yung 
iens wih sh (ges 3  9 yers), evuin f venie 
n nnvenie reer infns hs shwn se-ree hnges 
in xygen surin; resirry ehnis, inuing irwy 
resisne; n ine wih ersize rnhirs.30 31

Selection of Delivery Devices

e urren ehs  eiver hereui erss n e s-
sie in hree egries: (1) neuizers (je r ursni); (2) 
MDIs h n e use wih  ress-n-rehe ehnique, s  
reh ue evie, r in inin wih  VHC r ser; 
n (3) ry wer inhers (DPIs). Te 17.5 gives guieines 

TABLE 

17.4

Calculation of Dose per Kilogram of Aerosolized 

Albuterol for Children and Adults Based 

on Lung Deposition Data (.%) Showing 

Equivalence of Dose per Body Size

Adult Child

Weight 60kg 10kg

Lung deposition 20%* 2%

Nominal dose 200mcg 200mcg

Dose to lung 40mcg 4mcg

Per kilogram dose 0.5mcg/kg 0.4mcg/kg

*Percentage lung disposition measured by Tal etal. in two adult volunteers in the same study.

Data from Tal, A., Golan, H., Grauer, N., etal. (1996). Deposition pattern of radiolabeled salbu-

tamol inhaled from a metered-dose inhaler by means of a spacer with mask in young children 

with airway obstruction. Journal of Pediatrics, 128, 479.

TABLE 

17.5

Age Guidelines for Use of Current Aerosol 

Delivery Devices

Delivery Device Age Recommended (yr)

SVN with mask ≤3

SVN with mouthpiece ≥3

pMDI with spacer/VHC and mask <4

pMDI with spacer/VHC ≥4

DPI ≥5

pMDI ≥5

Breath-actuated MDI ≥5

Breath-actuated nebulizers ≥5

DPI, Dry powder inhaler; MDI, metered dose inhaler; pMDI, pressurized metered dose inhaler; 

SVN, small volume nebulizer; VHC, valved holding chamber.

Data from National Asthma Education and Prevention Program. (2007). Expert Panel Report 

III: guidelines for the diagnosis and management of asthma.  Bethesda, Maryland: National 

Institute of Health.

fr ge-eenen use f urren ers eivery evies in infns 
n hiren, se n he 2020 Nin Ash Euin n 
Prevenin Prgr (NAEPP) guieines.32 Eiher  je neuizer 
r n MDI n e use, wih suie uxiiry evies he. 
An eviene-se review y he Aerin Cege f Ches Phy-
siins eerine h fr s iens wih sh, SVNs, 
DPIs, n MDIs re equy eeive in eivering shr-ing 
β gniss.33,34 Neuizer syses n MDI us ser re he 
s suie ers eivery syses fr yung hiren euse 
hese evies ny require i rehing fr inhin f he 
ers. Even in ue sh ks, eivery f rnhirs 
vi  MDI us ser is equy eeive s neuizers.35 Neu-
izers u e n ernive if he hi ers very isresse 
uring use f  MDI.

Nebulizers

Je neuizers use  e he insy f ers hery in 
infns n yung hiren. Hwever, hey require  ressurize 
gs sure, uky equien,  ng reen eri, n i-
in rerin n ening ie. A signin isvnge 
f neuizer hery in hiren is he r erne fen exhi-
ie euse f nise f erin n he nee fr  igh-ing 
sk. Ahugh neuizers y n e use ruiney re 
wih MDIs, neuizers re referre y nuerus iens n 
rens. ey re s he referre eivery evie fr eerging 
heries, suh s ersize surfns n niiis urreny 
uner invesigin.36–3 Wih  esiin esie  e ess 
hn 1% in s hiren n infns, ny 25g f  2.5-g 
(2500-g) se wi e eivere  he ung.

Desie ie eviene fr is eeiveness, he reh-ue 
neuizer (BAN) is he efu uer eivery eh in ny 
eiri eergeny erens. Lin n Hung39 re he 
hereui ees f  BAN n  nsn-w neuizer (CFN) 
n 72 iens wih sh, ges 5  15 yers. ese uhrs 
fun h  he sireri reers inuing fre exi-
rry vue in 1 sen (FEV

1
), ek exirry w (PEF), 

n fre exirry w 25%  75% (FEF
25%-75%

) n reri 
xygen surin (SO

2
)  vrius ie ins f h grus 
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irve signiny. In eween-gru risn, he BAN 
gru shwe greer irveen in  he sireri r-
eers n SO

2
  vrius ie ins u ny rehe sisi 

signine  se ie ins in PEF, FEF
25%–75%

, n SO
2
. 

Puse re in he BAN gru ws signiny higher hn h in 
he CFN gru eginning 5 inues fer reen.39

A rnize ri f BAN versus ninuus 1-hur neui-
zin n/r  nsn-uu SVN in eiri iens wih 
sh rere h he issin re wih use f BANs ws 
signiny wer (3% versus 57%) n h he BAN gru 
h  signiny greer irveen in ini sh sre 
n resirry re.40 Hwever, reen suies hve shwn h 
uer hery y MDI us ser rue siir ues 
 BAN fr he reen f i  ere sh exer-
ins in hiren.41 42

Lrge vue neuizers (LVNs) re seies use in new-
rns r hiren in inurs n hs. Beuse LVNs rue 
signin eves f nise, ernive ehs  eiver xygen 
hery y e require  reue he see isruin n sress 
use y nise eves ve 5 eies (B). Aiin uin 
nees  e exerise  reven he use f high frin insire 
xygen (FiO

2
)  wer neuizers in reure newrns  vi 

he verse ees ssie wih xygen hery  his ery ge.

Pressurized Metered Dose Inhalers

C L I N I C A L  C O N N E C T I O N

Pediatric patients utilizing a pressurized metered dose inhaler (pMDI) with a 

valved holding chamber (VHC) should be allowed to take multiple breaths to 

empty the chamber because of the smaller tidal volumes.

Use f MDIs is he eh f hie in infns n hiren 
yunger hn 5 yers f ge, u ny when use in inin 
wih n rrie ser r VHC.43 A MDI shu n e use 
wihu  ser r VHC even in hiren  yers f ge r er 
euse s iens re une  rine uin f he 
MDI wih he rehing neuver. An iin vnge f 
he MDI n ser inin is h i nsiery reues 
he rhrynge esiin, whih u e s high s 0%, 
y reuing he veiy f he ers je, hus wing ie fr 
evrin f he rens n fr he ries  “ge efre 
iing n  surfe. e MDI eivery syse hs he vn-
ge f s size, riiy, n shrer reen ie, even 
wih n inrese nuer f uins. Hwever, rug eivery 
 he ungs vi MDIs n vry grey, eening n he fru-
in use n he ge f he hi. Chiren 4   yers f ge 
shu e enurge  use  uhiee ng wih he MDI 
whenever ssie, s  uh higher ers esiin is seen;  
sk he  he ser is yiy reene fr hiren 
yunger hn 4 yers f ge. Siir issues u eks run he 
sk, s rey enine fr neuizers, y  he MDI–
ser–sk inerfe.44

A reen sysei review n e-nysis ring neu-
izin (NEB) versus MDI wih he ser (MDI+S) in hiren 
wih severe wheezing r sh exerin shwe  signin 
reuin in he unry inex sre when using MDI+S.45

ere re ieren yes f sers: si r e, wih rge 
r s vues. Fr hiren wih s i vues, he v-
ue f  ser is rui euse f he ie i kes  ey he 
ser. e ess ie i kes  ey he ser, he higher is he 
nenrin f ers.

As enine in Cher 3, ieiey fer he ers u 
is reese fr he MDI, grviin fres use seien-
in f ers ries n he ser w. is ee is re 
rnune when  si ser is use wih eersi hrge. 
A e ser u eiver  he uh wie he un f 
rug re wih  si ser. Hwever, hugh he ee-
rsi hrge is eiine wih he use f  e her, he 
sie  f ing  si ser wih huseh eergen 
iniizes he eersi hrge n susniy inreses ung 
esiin. e irveen in ung esiin ssie wih 
eiinin f he eersi hrge u e seriusy r-
ise y  sui fesk. Reen suies hve ienie 
sever fe-sk frs h eerine he suess r fiure f 
rug eivery wih hese VHCs. ey inue fe se/ek, v-
ue f e se, nur, exiiiy, rnsreny, weigh, n 
s.46 ere is s srng eviene h rnhirs shu 
e eivere y VHC inisering eh u serey n h 
he fe sk shu e ie s sn s he hi n h 
he uhiee f he VHC ighy eween he is n eeh. 
VHCs shu n e nsiere inerhngee when use wih 
MDI.47

VHCs s reue he nee  rine rehing wih u-
in. ey shu e use wih infns, s hiren, n ny 
hi reeiving seris euse VHCs n reue he hrynge 
se f ers fr he MDI 10-  15-f re wih 
inisrin wihu  VHC. Berinski e . nre h 
s hiren wih sh, ges eween 5 n  yers, nee hree 
r fewer rehs  ey  s-vue VHC.4

Dry Powder Inhalers

Whie DPIs er sever vnges, heir use in hiren is fen 
iie ue  r ung eivery eieny n iuies wih 
nsisen DPI usge. erefre, DPIs re usuy n rrie 
fr hiren yunger hn 5 yers f ge sine hese evies re 
riven y ek insirry ws uh greer hn hse require 
y MDIs.

Even if se yung hiren n genere he 30  90L/in 
rnge f insirry w require y s inhe riseris 
(ICSs)  iserse eque ss n rie size, i is quesin-
e wheher r n hiren n genere reruie insirry 
w erns.49 In iin, eene n g unersning 
in he hi wi e neessry  erfr he ses require  ke 
fu vnge f he evie. If, fr exe,  hi exhes in 
 DPI, nensin wi fr insie he evie n n reven 
i isersin f he wer in he uhiee.

Sever ehngies hve reeny een evee r r-
gresse h n susniy irve he eieny n reru-
iiiy f DPI use in hiren s yung s w yers f ge. ese 
inue nse--ung inisrin wih s ries, ive 
siive-ressure evies, sruures  reue uruene n je 
enu, n highy isersie exiien enhne grwh 
rie fruins.50

Use of Selective Agents in Neonatal and 

Pediatric Patients

Ahugh  wie vriey f ers evies hve een e vie 
 eiver ers fr hereui urses,  very iie nuer 
f he newer rugs n hse in eveen re rve y he 
FDA fr use in he nen n eiri uins. Hwever, 
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reserh n eiri n u es hs hee in rifying he 
re f se nve heries, whih re surize ew.

Antibiotics

Aersizin hs een knwn  eiver  high nenrin f 
niii  he irwy wih ini sysei srin, sie 
ees, n xiiy. e rs eriy vie niii fr 
ers inisrin ws ryin suin fr inhin (r 
TOBI), rve fr he hery f ysi rsis (CF). Curreny 
vie FDA-rve ersize niiis inue TOBI, 
zren, n sever nivir gens. Cisin, hugh n 
FDA rve fr inhin, is ny use -e fr ne-
uizing he IV suin fr f he gen. Oher niiris 
eing evee fr ers use inue quinnes (irxin 
n evxin), ingysies (geniin n neyin), 
n nifung gens. ese gens re esigne  rge u-
nry infeins h inue venir-ssie neuni 
(VAP), uerusis, n sesn inuenz. e use f neuize 
niiis in rheize hiren hs een reeny ssi-
e wih  reuin f he nuer f hsiizins, engh f 
sy in he inensive re uni, n eri  in wih ersisen 
irwy nizin wihu signin sie ees.51

Mucoactive Agents

ese gens re esigne  inuene uus serein r uus 
erne. Drnse f is he ny rve eie uyi 
fr he reen f CF n hs een vie fr re hn  
ee. Ain eyerizers, suh s hysin gens n β-4, 
re synergisi wih rnse f n er n ny   s  
uyi u y hve niinry reries.52

Exerns n ukineis h hve een evue in 
s hiren inue hyerni sine n ry wer nni. 
ese eiins  y inresing in n wer rnsr rss 
he eiheiu, ering he uus rhegy, inuing uin 
serein, n siuing iiry eing: re hn siy -
ing s “irwy hyrrs. e Ausrin Nin CF Hyerni 
Sine suy shwe fewer unry exerins n  signi-
n irveen in FEV

1
 in sujes wih CF wih use f hyer-

ni sine re wih nr sine.53 S suies hve 
suggese h hyerni sine y n e s eeive s rnse 
f in irving FEV

1
 in ersns wih CF.54 Beuse hyerni 

sine n irrie he irwy n use rnhss, i is usuy 
inisere ng wih  β

2
-renergi gen, suh s uer. 

Inhe ry wer nni hs een shwn  e eeive in 
irving unry funin n reuing exerins in 
iens wih CF n ers  e ere,  es s we s 
hyerni sine.55 A reen suy fun h in hiren wih CF 
wh ere ng-er (12 nhs) reen wih DPI n-
ni n rnse f e greer irveens in unry 
funin ess hn reen wih rnse f ne.56

e irveen in unry funin wih nni 
ers  e susine fr  es 1 nhs.57 Unfruney, 
rnhnsriin n ugh hve een rgey resnsie fr 
he high riin re serve in  few ini ris, n he 
irveen in unry funin es n er suerir 
 he inisrin f rnse f.5–60 Ahugh he -
inin f inhe nni n rnse f es n use 
ny iin irveen in unry funin in iens 
wih CF, ining inhe nni s  hereui rrier 
wih rnhirs n niiis y ene iens wih 

unry hyerserein n infein.57 Desie he siive 
resus ine wih neuize N-eyyseine in 100 hiren 
(ges 2–24 nhs) wih ue rnhiiis, he use f his gen 
is si nrversi.61,62

e s reen e-nysis evuing neuize hyerni 
sine nue h i y esy reue engh f sy ng 
infns hsiize wih ue rnhiiis n irve ini 
severiy sre. Treen wih neuize hyerni sine y 
reue he risk f hsiizin ng uiens n eer-
geny eren iens, n when inrre  her ir-
wy erne ehniques, i n irve yni ung vues 
n riiy in hiren wih nn-CF rnhiesis.63

In  reen suy, hiren wih  nre ignsis f 
sh wih i r ere sh were rnize  reeive 
 neuizin wih 2.5 g f uer iue in 3  f hyer-
ni sine suin (3%) r nr sine suin (0.9%), y 
ens f  je neuizer. ey fun h uer rue  
greer rnhiry resnse when neuize wih 3%-HSS 
re  NSS.64

Aerosol Surfactants

Se f he nen n eiri iseses h re hrerize 
y surfn inivin inue resirry isress synre 
(RDS), CF, ue resirry isress synre (ARDS), e-
niu sirin, n severe sh. Surfn wrks s  u-
kinei r hesive eiin n y hve niinry 
reries. Deivery f iqui surfn in  neuize fr hs 
een shwn  e henging euse f is high vissiy n 
frin f f  high-veiy irws. In vir n ni 
suies hve suggese h surfn n erurrns n 
e ersize using n inhin heer.65–67 Miniy Inv-
sive Surfn ery (MIST) vi ersizin is eing ivey 
ursue in reserh.6,69

Degrin f irwy surfn in he CF irwy n iir 
uiiry erne. Surfn n reue suu sikiness, 
n he ersizin f surfn hs een shwn  irve 
unry funin in iens wih hrni sruive u-
nry isese (COPD). In iin, use f inhe surfns y 
irve niii isriuin wihin he ungs.70

Antiinammatory Drugs and Antibiotics

Ahugh ICSs re he s use niinry eiins 
fr he reen f sh, sever her rugs hve een su-
ie s erss in he eiri uin wih CF. Reinn 
serery eukrese inhiir, nineurhi esse, n α

1

nireses n erese he iviy f neurhi esse in he 
hrniy ine irwy. Aersize guhine is urreny 
eing suie s juvn hery fr he reen f CF.71

Cysrine ngs n e eieny neuize n y r-
e gins he irwy inin n ergi henge resen 
in iens wih sh. Aersize ysrine ers  e-
ire irn unry funin reers in ung rns-
n reiiens re wih n ers e n hisri 
nr iens.72

Piens wih CF re knwn  e ee y reurren e-
ri infeins. I is in his gru f iens h s ini 
ris hve evue he use f neuize niiris. Dry w-
er ryin n isin n e susiue fr he se rug 
eivere y neuizin. Neuize zren nees re su-
ies  eerine is e.73 In iin  ryin, isin, 
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n zren, evxin hs een rve in Eure  re 
seun erugins infeins. Neverheess, n ung esi-
in  n inhe evxin re ye vie.74

Aerosolized Peptides and Proteins

Peies hve een eivere s erss h  re unry 
iseses, suh s CF, n sysei iseses, suh s iees. Pr-
iury wih CF, rge eies igh inue gene-rnsfer her-
y, wih use f ienry DNA eivere s n ers in  
ver kge  he ee es.75

Prostacyclin Analogs for Pulmonary 
Hypertension

e rsyin ngs ersen n irs re we 
ee s neuize eiins fr reing severe unry 
hyerensin,76 inuing in he seing f resirry isress syn-
re f he nene n fer surgery  rre ngeni her 
isese.77,7 Inhe irs shwe greer sfey re wih 
he inrvenus rerin, wih refereni vsiin in 
he unry iruin. A rwk f inhe irs is he 
shr heyni ee, neessiing frequen inisrin 
f ses. Prsyin ngs wih  nger hf-ife (e.g., rer-
sini) n nre-reese fruins hve een suess-
fuy evue wih sever ers eivery evies h inue 
viring esh neuizers n he Tyvs inhin syse, 
even fr infns n hiren uring high-frequeny siry 
veniin.79–1

K E Y  P O I N T

Aerosolized bronchodilators change respiratory mechanics in ventilated and 

nonventilated infants.

Adherence, Compliance, and Cooperation 

During Aerosol Therapy

Perhs he rges henge wih rug eivery is ree  ehv-
ir n ein ses h re unique  eiri iens. 
Infns n ers  n hve he gniive r hysi iiies 
 rine heir rehing ers wih he reen.2

Wih regr  herene, ene s he ress y whih 
he ien sriy fws  regien f re, greer hn 60% is 
ssie wih  eer eve f sh nr.3 e s rei-
e n ure ehs f evuing herene in hiren re 
he eerni n ng se-uning nirs euse heir 
esureens re re reie hn rers y iens r fiy 
eers, ini jugen, rug isensing y he hry, 
n weighing f se-uning inhers.4–6

Hwever, he s irn fr  nsier in he inis-
rin f ers hery in infns n yung hiren is i-
ne. Tw ri issues re irn  nsier when eing 
wih yung hiren, riury infns: fesk n rying. 
e inerin eween rying n he fesk is ex. I 
is very ikey h rying n isress, even wih he es-esigne 
fesk, resu in r se, whih seriusy es he eieny 
f ers inisrin in yung hiren. Cing he hi 
n seuring  igh fe--sk se is rii fr suessfu rug 
eivery.

Facemasks Design, Fitting, Crying, and “BlowBy”

Aers eivery vi  uhiee y rvie wie s uh 
rug re wih  fesk n is he s eeive iner-
fe in snneusy rehing er eiri iens.22 Hw-
ever, s hiren us e u 3 yers f ge efre hey fuy 
unersn why n hw  sk is use. I is irn  see 
 ighweigh n exie fesk wih ni nurs n 
s e se  inrese he eriiy f he fesk uring 
inhin hery in hiren. In nenes, he use f fesks 
wih ess e se is ssie wih greer inhe se, r-
iury when use wih esh neuizers r MDIs h  n 
 gs  he syse uring reen.

Triin fesks esigns n e ivie in w eg-
ries: (1) frn-e fesks n (2) -e fesks. 
Frn-e fesks (Bues Fish II Msk, PARI, Mi-
hin, Virgini) hve s enrinen rs n he sie f he 
sk n ire ers wr he rns re f he ien. 
B-e fesks ire ers wr he uer r f 
he sk. Frn-e fesks er  e ssie wih 
higher ers esiin n wer esiin in he eye n fe 
re wih -e fesk.

Keeing  g fesk se uring inhin hery is fre-
queny ssie wih rying n rejein f he fesk. Pre-
vius reserh shwe h ers rug eivery  hiren wi 
erese signiny wihu n i fesk se euse f 
eks, rying, r inerne f he fesk. Crying is ssie 
wih high insirry ws, high-se vriiiy, n s n 
ung esiin.7, A yi eiri ien es n ere  
sk ie  he fe, n giin n rying re frequeny 
serve. e ey f ers hery inisere   -
ive r rying er is knwn  e negigie euse f he 
hnges in resirry erns uring neuizin. Airv e. 
shwe h he re he isress in infns uring reen, he 
higher he un f ers esie exrhriy.3 is 
ning shu er iniins  he eni fr inrese sys-
ei srin n  greer risk f sie ees.

Ahugh he r ers eivery ssie wih rying 
u hereiy ke ers inisrin uring see n 
rive ernive, he siive resus f in vir suies hve 
n een nsiseny rere in viv. As 70% f hiren 
wke u when ers is given uring see n ee isresse, 
resuing in siir ung esiin fun wih rying. Hwever,  
very reen suy y Airv e. n 13 infns using he Sher-
Msk revee h  infns reeive he reen uring see 
wihu iuy n h en ung esiin verge 1.6% ±
0.5% in he ung.9 Beuse rying y e inevie, he regiver 
y hve  n reive wys  rere he hi fr he fe-
sk   ie when he hi es n nee he reen.90 is 
sregy wu y  inenne hery n n  he eer-
geny seing r rnsr, where isring n fring he 
hi y e he ny vie ins  irve ine. 
Dse vriiiy sees  e ineenen f fesk esign n 
re eenen n erin91 (Fig. 17.5).

e sene f  igh se eween he sk n he iens 
fe resus in  erese in he un f eiin vie 
fr inhin. Mny rens re fre  h he fesk 
ner he fe  vi srugging wih he hi. is ehnique is 
ny referre  s “w-y. Hwever, i hs een ery 
uene in nuerus suies h even  0.5- g in he 
fesk n rsiy reue he eieny f rug eivery u 
 50% in  ung e r snneusy rehing hiren.92 In 
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iin, “w-y nn e use wih MDIs wih VHCs n 
BANs euse f r sk se, whih wi inhii vve ening. 
In he se f esh neuizers, w-y nn e use euse f 
k f sueen gs w.14 93 94

T evue he ee f sk- n rying n ers eiv-
ery, Erzinger e.95 suie eigh hiren, ges 1  36 nhs, 
wih reurren wheezing fr he inisrin f riee s-
u wih eiher  ven-ssise neuizer r  MDI he 
  hing her. Lung esiin exresse s  erenge 
f he  se (eere se n neuizer , reseivey) ws 
0.2% n 0.3% in hiren wh inhe vi  fesk h is n 
ighy e. Lung esiin ws 0.6% n 1.4% in sre-
ing hiren wih  ighy e fesk n eween 4.% n 
.2% in iens rehing nry. Over sk esiin ws 
eween 0.% n 5.2%. Over fe esiin ws eween 
2.6% n .4%.95

Deveen f re eien, re ee, n frienier 
fesk inerfes hs een evue s n in  irve 
he inhe rug ss. Rers ring he snr ers 
eiri sk wih her rriery sks hve shwn h 
he newy esigne sks signiny inrese he inhe rug 
ss96 (Fig. 17.6).

e rs fesk inerfes h sever shrings, s 
ny rge e se n her vues, king i iu 
fr infns  er wih nr i rehing. Irveens 
were e in er evies y eresing e se, reuing 
eersi hrge, n irving sk .97 e SherMsk 
(InsiRx, Serse, New Jersey) is ne f he newes evies 
n is esigne fr he fi sruure f infns n hiren. 
I ws ers eivery uring ns rehing, s n infn 
n ninue  use  referre r ier uring reens.9

A sinigrhy suy y Airv e . wih his evie shwe 
h ers esiin in he ungs f infns ws re 
wih h vi  snr neuizer sk.97 e sk is he in 
e sy y he ierene eween sheri ressure n 
he infns suin, s very ie exern ressure is neee. e 
InsirMsk (InsiRx) is inene fr er hiren n es 
n w use f  ier. Bh evies n e ire wih eiher 
 VHC r  neuizer. Desie he eve f innvin ehin 
hese fesks, i is reene h hiren e swihe   
uhiee s sn s hey re  enugh  inhe hrugh he 
uh vunriy.

HighFlow Nasal Cannula

Ns eivery f ersize eiins  he ungs f hi-
ren is suerir r re eeive re wih r eivery.9 99

Beuse infns n yung hiren re ige nse rehers, 
inisrin f ers hery hrugh high-w ns nnu 
ers  e  gi rh  irve reen ues.

e use f high-w ns nnu (HFNC) hs een ss-
ie wih higher ers eivery re wih ue 

• Fig. 17.5 A, Mean lter dose, expressed as the percentage of the nomi-

nal (nom) dose, during awake administration and during sleep administra-

tion for children who slept through the administration procedure. B, Mean 

lter dose variability (%CV) during awake administration and during sleep 

administration for children who slept through the administration proce-

dure. Straight line = Cooperative child; dotted line = uncooperative child 

during awake administration. (From Esposito Festen, J. E., Ijsselstijn, H., 

Hop, W. C. J., etal. [2006]. Aerosol therapy by pMDI-spacer in sleeping 

young children: to do or not to do? Chest, 130, 487–492.)

• Fig. 17.6 Mean values of inhaled drug mass for all facemasks at varying 

distances from the inhalation lter. The differences between the Fish face-

mask and both the standard and the Dragon facemasks were signicant 

at all distances. There was a signicantly higher inhaled drug mass for all 

masks at 0cm compared with 2cm. P < 0.001, all masks compared at 

0cm versus 2cm. P < 0.001, Fish facemask compared with standard 

and Dragon facemasks at all distances. (From Lin, H-L., Restrepo, R. D., 

& Gardenhire, D. S. [2005]. An in vitro investigation of nebulized albuterol 

delivery by pediatric aerosol facemasks to spontaneously breathing 

infants. Respiratory Care, 50, 1551.)
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ninuus siive irwy ressure (CPAP) n sigh ineri-
en siive irwy ressure (SiPAP) nry veniin.100–103

Benes f rns-ns ers eivery inue inrese fr, 
iiy  sek, e, n rink fr iens whie eeing  rnge 
f xygen requireens, riury fr hse wh nee  inhe 
ersize eiin fr ng eris. Aers inisrin 
vi HFNC hs een shwn  e we ere y hiren n 
us, wih re r eer eivery ey hn her 
inerfes, rnging fr 2%  20%.104 Skin irriin fr n-
nus n uuin f nense nee sei nsierin 
in s hiren.103 105

Nebulizer Hood

Beuse i is very iu  h  sk snugy e  he 
fe, riury in infns, her ernives hve een exre. 
e neuizer h ws esigne s n e  eve re 
ee n ien-frieny inerfes, n ers  eiver 
uh greer ers uns hn vi  sk in viv n in 
vir.106 107 Hs see  reue he ikeih f giin n 
rying in infns, signiny euse nhing es in n 
wih heir fe (Fig. 17.7).106 107

e h is esy  ere n n e ie when infns 
re see. Bh he h n he fesk n eiver siir 
uns f ers; hwever, rens shw  referene fr he 
h ver he fesk.10 109

Parent Education on Inhalation Therapy

Prens re ruiney fe wih he henge f erning, se-
ies rher quiky, hw  use  vriey f evies when heir 
hiren re ignse wih  resirry isese h requires he 
use f ersize eiins. In he eergeny eren, hi-
ren re yiy ree wih rnhirs vi fesks. Afer 
ging he, hiren y require he use f ieren inerfes n 
inhe eiins. Hwever, inhe eiins re fen re-
srie wihu ensring  rens hw inhin hery 
shu e inisere wih eh evie n inerfe. erefre, 
rens  n knw hw  use eh inerfe n hw  sve 
res h y rise uring ers rug eivery  hiren. 
Use f ehniques suh s “w-y resus fr rens re-
ing  heir y resising he use f  fesk. Uness eue 
y  heh re rvier, hey  n knw h his ehnique 
wi reue he eieny f hery; se rens y fre he 
y  e he fesk y hing i ighy n he ys fe 
n eieving h rying irves ers rug eivery  heir 

hiren. Pr resnse  inhin hery u e ssie 
wih r inisrin f ersize eiins r inerfes; 
heh re rviers fen ssue h rens re een in 
he inisrin f ny hery  heir hiren. Reinfreen 
f insruins, ng wih k ensrin, is key  ensuring 
rer inisrin f inhin hery  hiren.110

Aerosol Administration in Intubated 

Neonatal and Pediatric Patients

K E Y  P O I N T

Although several aerosolized drugs have been used in the treatment of 

neonatal respiratory illnesses, an optimal aerosol drug delivery system 

for mechanically ventilated infants still does not exist. Several variables, 

including particle size, aerosol ows, nebulizer choice, and placement of 

the aerosol generator, represent a signicant challenge in this age group. 

For example, an externally powered nebulizer may interfere with patient-

triggered modes of ventilation, may cause increases in airway pressures 

and unexpected positive end-expiratory pressure (PEEP), and may result 

in variable FiO
2
 levels. Aerosol drug depositional loss occurs in the aerosol 

generator, interface device, and ventilation circuit including the endotracheal 

tube (ETT), which has an internal diameter (ID) of approximately 3mm 

in ventilated newborn infants. Additional challenges to lung deposition of 

pharmaceutical aerosols in infants include low tidal volumes; short inhalation 

periods, which increase inertial effects; high breathing frequencies; and small 

inspiratory-to-expiratory (I:E) ratios.111

Aers eivery sees  e ess eien in inue eiri 
iens hn in snneusy rehing iens.112 Ahugh 
eivery eieny  he ungs f inue infns wih n-
venin je neuizers n MDIs is yiy 1% r ess, newer 
viring esh n USNs hve signiny inrese ung eiv-
ery eieny f erss fr venie infns   vue f rx-
iey 10%.113 Neuizers ruing ers ries wih  ss 
ein eryni ieer (MMAD) f 0.5  3µ re re 
ikey  hieve greer esiin in he LRT f s hiren 
unerging ehni veniin.

I is irn  nsier hnges ssie wih he use f 
je neuizers inine n venie eiri, riury nen, 
iens euse unexee hnges in vue n ressure y 
hve eeerius ees. An exerny were neuizer inreses 
vue n ressure uring vue-rgee veniin, rees  
is w in he venir irui h y inerfere wih ien-
riggere es f veniin, y resu in inrese irwy res-
sure n unexee siive en-exirry ressure (PEEP), n 
y resu in vrie FiO

2
 eves. Cnsn w uring exirin 

signiny iis he nenrin f he insire ers. Oher 
neuizer esigns, suh s viring esh/erne syses,  
n require  gs sure  ere n  n e irwy res-
sures uring erin s usuy seen wih exerny gs-were 
neuizers. N ierenes in ung se/eivery eieny hve een 
fun  ieren i vues vues fr he je neuizer n he 
viring esh neuizer. In  suy y Berinski n Wiis,114 he 
viring esh neuizer h higher ung se/eivery eieny 
re wih he je neuizer, ny when e efre he 
Y-iee. Mving he neuizers fr efre he Y-iee  he veni-
r inrese ung se/eivery eieny fr  niins ese 
exe he viring esh neuizer   i vue f 100L.114

If ri resirry res re use, he venir uy ye y 
e ineque fr he ers u  eve in he irui n 
y seriusy erese ers esiin.

• Fig. 17.7 Infant oxygen hood nebulizer. (Courtesy Utah Medical Prod-

ucts, Inc., Midvale, Utah.)
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e resirry iniin shu s e wre h ers 
eivery y e ess eeive wih nu veniin ver-
sus ehni veniin. Peen f he ers eivery 
evie in n inue infn requires he iniins enin. 
Ahugh s suies shw  sighy higher ung esiin 
wih he MDI when insere eween he Y-iee n he 
enrhe ue, when n SVN is e in he insirry 
i wy fr he Y-iee, ung esiin s is very w.115

In eiri iens,  MDI n ser wih  ne-wy vve 
is ssie wih  signiny rger un f inhe 

rug ss.116 N ierene hs een fun eween he n-
ings fr in vir n in viv suies. I hs een suggese 
h he MDI e ue efre insirin  irve ung 
esiin.117 11

Newer evies, suh s inine w-vue DPIs, er  
rue n ee high-quiy ers wih ny 10L f 
isersin ir er uin n re esy   n ere. is 
erfrne shu ene iin in high-w n w-w 
ehni veniin syses n high-eieny ung eivery 
 h infns n hiren.119 120

Summary

Eien ers hery in yung hiren is  henge. 
Ahugh he vnges wih inhe rugs  re unry 
res in nenes n eiri iens sur heir use, 
nsensus is king in eerining  suie se fr his u-
in. Mre reen reserh suggess h ge hs  se-regu-
ing ee n he un f ers rug rehing he ungs, wih 
ess rug rehing he ungs f yunger sujes. Sfey re, 
hereui ey, n eieny f ruiney ersize ei-
ins eivere  infns n hiren nee  e rigrusy 
suie. In iens yunger hn 6 nhs f ge, i vues 
n insirry w res n reue he un f ers rug 
inhe fr neuizers r MDI n ser evies. Even when 
he inhe se is he se fr h eiri n u iens, 
 inie h he ung se ereses fr yunger iens. 
Nen n eiri iens shu e ssesse fr he verse 
sysei ees ssie wih ers rug inisrin 
euse f ineien rug srin fr he ung n he res-
ene f rge exrhri esiin when sks re n ighy 
ie.

Nenes n very yung eiri iens shw ini 
resnse  ersize rnhir inisrin, u hw 
 eerine ses fr ersize rugs eivere  nen n 
eiri iens is n eey uners. Desie he if-
ferenes in rug in eween us n hiren, he iiy 
 nr rie size y seeing he i ers eivery, 

een f he ers evie, n unersning erns f 
ers generin re he key eeens  irve eieny 
f ers inisrin. Ienifying he iiy f he ien, 
rher hn  sei ge, is s esseni  seeing he s 
rrie evie in ny uin.121

I nees  e ke in in h i ers inisrin 
requires hing ien hrerisis wih he ers eivery 
syse. Infns n yung hiren re  sei gru f iens 
wih ieren ni, hysigi, n ehvir hrer-
isis h riy e he ues f hrhery. 
Physiins, resirry heriss, n nurses nee  knw hw  
see he righ ers eivery evie rriey fr hiren f 
ieren ges. In infns n yung hiren, k f rinin, 
ineque insirry ws, iie erin, n rying re 
frs h grey e he eieny f ers hery. Beuse 
f he seriusness f he reen n he ssie errrs in 
he inhin ehnique, i is reene h regiver knw-
ege e ressesse  eh ien enuner n h insruins 
e wrien in  nner h he regivers n unersn he. 
e eveen f in vir es h eer reie n ny 
he ny u s reisi rehing erns y w fr 
eer reiin f in viv ung esiin f erss in nen 
n eiri iens.122 I u e re reevn iniy  
evue he hysigi ee f  hrgi ers in hi-
ren hn  we n sn  n rug esiin.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. Can an aerosol formulation for oral inhalation be legally administered 

to neonates, infants, and pediatric patients?

2. Can an adrenergic bronchodilator, such as albuterol, reduce airway 

resistance when used in neonates?

3. According to the data reviewed in this chapter, does the adult dose of 

an aerosol drug need to be reduced for neonatal and pediatric patients 

based on weight?

4. What aerosol delivery devices could be used with a 2-year-old child?

CLINICAL SCENARIO

Answers can be found in Appendix A.

A 24-month-old boy, who was born premature at 27 weeks’ gestation, 

is brought to the emergency department in respiratory distress. His 

medical history is signicant for bronchopulmonary dysplasia. Vital signs 

are as follows: temperature 37.5°C, pulse 175 beats/min, respiratory rate 

76 breaths/min, blood pressure 85/55mm Hg, and saturation of peripheral 

oxygen (SpO
2
) 85% on room air. The physical examination reveals the 

presence of intercostal retractions, increased anteroposterior diameter, 

nasal aring, and bilateral diffuse expiratory wheezing. The patient is 

administered oxygen and admitted to the pediatric intensive care unit. 

The attending physician orders a 1.25-mg unit dose of albuterol via a 

small volume nebulizer. During administration of the aerosol, the patient’s 

pulse rate increases to 220 beats/min, and he becomes cyanotic despite 

the use of oxygen to nebulize the drug. The patient is promptly intubated 

and mechanically ventilated. The patient receives albuterol throughout his 

hospital course and is discharged home 2 weeks later with a prescription 

for albuterol syrup.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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18
Skeletal Muscle Relaxants 
(Neuromuscular Blocking Agents)
DOUGLAS S. GARDENHIRE

C H A P T E R  O U T L I N E

Uses of Neuromuscular Blocking Agents

Physiology of the Neuromuscular Junction

Nondepolarizing Agents

Mechanism of Action

Pharmacokinetics of Nondepolarizing Agents

Metabolism

Adverse Eects

Cardiovascular Eects

Histamine Release

Inadequate Ventilation

Reversal of Nondepolarizing Blockade

Depolarizing Agents

Mechanism of Action

Metabolism

Reversal

Adverse Eects

Sensitivity to Succinylcholine

Neuromuscular Blocking Agents and Mechanical Ventilation

Precautions and Risks

Use of Sedation and Analgesia

Interactions With Neuromuscular Blocking Agents

Choice of Agents

Monitoring of Neuromuscular Blockade

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to skeletal muscle relaxants

2. Dene neuromuscular blocking agents (NMBAs)

3. List the uses of NMBAs

4. Describe the physiology of the neuromuscular junction

5. Describe the makeup of nondepolarizing agents

6. Describe the makeup of depolarizing agents

7. Describe uses of NMBAs and mechanical ventilation

8. Identify methods of monitoring neuromuscular blockade

K E Y  T E R M S  A N D  D E F I N I T I O N S

Acetylcholinesterase (AchE) Enzyme that breaks down the 

neurotransmitter acetylcholine (Ach) at the synaptic cleft so 

that the next nerve impulse can be transmitted across the 

synaptic gap.

Amnestic properties Having the ability to cause total or partial 

loss of memory.

Aspiration Accidental inhalation of food particles, uids, or gastric 

contents into the lungs.

Fasciculation Involuntary contractions or twitching of groups of 

muscle bers.

Myasthenia gravis Autoimmune neuromuscular disorder 

characterized by chronic fatigue and exhaustion of muscles.

Nerve cell (neuron) A basic functional unit of the nervous system 

that is specialized to transmit electrical nerve impulses and 

carry information from one part of the body to another. 

A neuron consists of a cell body, axons, and dendrites.

Neuromuscular blocking agents (NMBAs) Substances that 

interfere with the neural transmission between motor neurons 

and skeletal muscles.

Neurotransmitter Chemical that is released from a nerve ending 

to transmit an impulse from a nerve cell to another nerve, 

muscle, organ, or other tissue.

Nosocomial pneumonia Pneumonia that is acquired in a health 

care setting.

Sedation Production of a restful state of mind, particularly by the use 

of drugs that have a calming eect, relieving anxiety and tension.

Somatic motor neurons Part of the nervous system that controls 

muscles that are under voluntary control.

Status asthmaticus Exacerbation of asthma that does not 

respond to standard treatment.

Status epilepticus At least 30 minutes of continuous seizure 

activity without full recovery between seizures.
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Neuromuscular blocking agents (NMBAs), s ere paralyt-
ics r muscle relaxants, re rugs h use skee use wek-
ness r rysis, revening veen. ese gens rue 
his ee  he neurusur junin y inerfering wih he 
in f he neurrnsier eyhine (Ah). NMBAs eiher 
erize he resyni n ssyni erne reers 
r ee wih Ah fr ining f he Ah reers  he neu-
rusur junin.

K E Y  P O I N T

Neuromuscular blocking agents (NMBAs) are used for inducing skeletal 

muscle paralysis in several clinical situations, including intubation, surgery, 

and facilitation of ventilation in certain critically ill patients.

NMBAs re ivie in w yes: erizing gens n nn-
erizing gens. Derizing gens in  Ah reers n 
use  susine ssyni erne erizin. By re-
vening rerizin f he nerve ening, he ssyni ening 
ees refrry n unexie, resuing in i uses. 
A resen, suinyhine is he ny vie gen in his ss. 
Nnerizing gens rue rysis n use wekness y 
eing wih Ah fr ining  he Ah reers. By reven-
ing he ining f Ah, nnerizing gens k he er-
izing ees f Ah, herey revening use nrin.

K E Y  P O I N T

The two types of NMBAs are nondepolarizing and depolarizing NMBAs. Non-

depolarizing agents, such as rocuronium, competitively block the cholinergic 

nicotinic receptor on the postsynaptic muscle ber, preventing Ach from 

depolarizing the muscle ber. Depolarizing agents, such as succinylcholine, 

act by rst depolarizing the muscle ber and then prolonging the depolarized 

state to prevent repolarization and further stimulation.

Uses of Neuromuscular Blocking Agents

e ini uses f NMBAs re s fws:
• T fiie enrhe inuin
• T in use rexin uring surgery, riury f he 

hrx n en
• T enhne ien–venir synhrny
• T reue inrrni ressure (ICP) in inue iens 

wih unnre ICP
• T reue xygen nsuin
• T erine nvusive status epilepticus n enus refr-

ry  her heries
• T fiie reures r ignsi suies
• T ryze seee iens wh us rein iie (e.g., 

ru iens)
NMBAs re usuy given inrvenusy n exhii  se-

ree resnse n uses. e riry use f NMBAs in he 
ering r is fr neshesi inuin efre enrhe 
inuin. In he inensive re uni (ICU), NMBAs re use 
ririy fr ngeen f ehni veniin.

C L I N I C A L  C O N N E C T I O N

The most common examples of ventilated patients requiring muscle relax-

ation are patients with severe asthma, reduction of oxygen consumption 

in patients with difcult-to-manage conditions, such as acute respiratory 

distress syndrome (ARDS), and patients requiring “uncomfortable” modes of 

ventilation, such as pressure-controlled inverse ratio ventilation.
• Fig. 18.1 Schematic drawing of a nerve cell.

Physiology of the Neuromuscular Junction

e uni nervus syse nsiss f he enr nervus sys-
e (CNS) n he eriher nervus syse (PNS). e CNS 
nsiss f he rin n he sin r, n he PNS inues  
he nerves usie f he CNS. e PNS is ivie furher in 
he somatic motor neurons, sensry eren neurns, n u-
ni r neurns. e si r neurns inue  he 
eriher nerves h nr skee use ver whih huns 
hve nr f “vunry veen. Exes f skee 
uses inue he quries, ies, ihrg, n essry 
uses f veniin, whih re resnsie fr r funins, 
suh s veen, ifing, n rehing. e uni r 
neurns inue eriher nerves h nr sh use 
(e.g., w f he igesive syse, vsur sh use), r-
i use (re n fre f nrin), n gns (e.g., re-
n eu, swe gns, exrine gns f he nres). Fr  
review, refer  Cher 5.

e si nerve cell, r neuron, nsiss f  cell body, axons,
n dendrites (Fig. 1.1). e e ies f si r neu-
rns, whih re e in he sin r, siue skee us-
es vi he xns running hrugh he eriher nerves. ese 
xns re rge yeine nerve ers exening fr he erih-
er nerve e ies  he use ers. A singe eriher 
nerve rnhes n innerves ny ieren use ers s  
motor unit. e re eween he nerve n use, r synapse, is 
seiize in  motor end plate. is re eween he xn n 
he skee use er is s ere he neuromuscular junction
(Fig. 1.2).

e rnsissin f nerve signs in he skee use is 
heiy eie y he neurotransmitter Ah. When  nerve 
iuse rehes he en f he r neurn, Ah is reese fr 
he resyni erne in he syni ef. Ah iuses 
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rss he syni se n iners wih sei Ah reers 
n he ssyni use er erne, resuing in  n-
rie resnse y he use er. During he shr eri h 
Ah is in n wih he reer n he ssyni (use 
er) erne,  nerve in eni, r nerve iuse, is 
iniie in he ssyni erne. Ah is rken wn n 
inive y he enzye acetylcholinesterase (AchE), wing 
he use er  rerize.

On he sis f he neurusur hysigy esrie, us-
e nrin y e ke in he fwing w wys:
1. Competitive inhibition: e ining n king f he Ah 

reers wihu erizin; his is he in f he non-
depolarizing gens.

• Fig. 18.2 Schematic description of the anatomy of the motor end plate.

TABLE 

18.1
Classication of Neuromuscular Blocking Agents (NMBAs)

Agent Chemical Class

Pharmacologic 

Properties

Time of 

Onset (Min)

Clinical 

Duration (Min) Mode of Elimination

Depolarizing NMBAs

Succinylcholine 

(Anectine, Quelicin)

Dicholine ester Ultrashort duration 1–1.5 10–15 Hydrolysis by plasma 

cholinesterases

Nondepolarizing NMBAs

Atracurium Benzylisoquinoline ester Intermediate duration; 

competitive

2–4 30–60 Hofmann degradation; 

hydrolysis by plasma 

esterases; renal 

elimination

Cisatracurium 

(Nimbex)

Benzylisoquinoline ester Intermediate duration; 

competitive

2–3 40–60 Hofmann degradation; 

hydrolysis by plasma 

esterases; renal 

elimination

Mivacurium 

(Mivacron)

Bisbenzyltetrahydrosisoquinoline Short duration; 

competitive

2–3 20–30 Hydrolysis by plasma 

cholinesterases

Pancuronium Ammonio steroid Long duration; 

competitive

4–6 120–180 Renal elimination

Rocuronium Ammonio steroid Intermediate duration; 

competitive

1–2 30–60 Liver metabolism

Vecuronium Ammonio steroid Intermediate duration; 

competitive

2–4 60–90 Liver metabolism and 

clearance; renal 

elimination

2. Prolonged occupation and persistent binding of the Ach receptors:
Resuing in susine erizin f he neurusur 
junin; his is he in f he depolarizing gens.
Bh erizing n nnerizing gens resee he 

neurrnsier Ah. Te 1.1 reviews h yes f NMBA, 
inuing jr hei ssiin, urin f in, n 
eiinin rue.

Nondepolarizing Agents

e eries grus f NMBAs use iniy were gens, suh 
s urre. ese gens ryze skee use y sie -
eiive inhiiin f Ah  use reer sies. is gru is 
referre  s nondepolarizing euse hey k he Ah reers 
wihu iving he. Cheiy, nnerizing NMBAs 
re seri-sruure gens (veurniu, rurniu, n 
nurniu), Bisenzyerhyrsisquinine gen (iv-
uriu), r enzyisquinine esers (ruriu n isru-
riu). e ierenes ng he sruures re irn wih 
regr  iins n sie ees.

Mechanism of Action

Nnerizing gens use use rysis y eing he s-
syni hinergi reers  he neurusur junin. By 
eiher king he hnne exerny, uying he hnne re, 
r eing he reer fr he inern sie f he use e-
rne, hese gens reue he frequeny f hnne ening. Nn-
erizing gens ee gins engenus Ah fr reer 
uny. Muse nrin es n ur if enugh sies re 
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ke y hese gens. is is iusre in Fig. 18.3, whih shws 
h he rug (ND) uies n hen ks he ssyni sie 
 he neurusur junin. Wih nnerizing gens, e-
rizin f he ssyni erne ees  funin f he 
un f rug n he un f Ah e run he ree-
r. In her wrs, euse nnerizing gens  y ei-
ive inhiiin, heir ee is se ree: rger ses vere he 
ees f Ah n k re reers. e reer ke y 
nnerizing gens n e reverse y king re Ah vi-
e  ee fr reer sies. Inhiirs f AhE, n enzye 
h reks wn Ah, n e use  reverse he eiive k-
e. Nesigine is n exe f  hineserse inhiir.

Pharmacokinetics of Nondepolarizing Agents

Nnerizing NMBAs heiy resee Ah. ese gens 
hve  siivey hrge quernry niu gru (NH

4
+) 

h ins  he negivey hrge Ah reer. Nnerizing 
gens re ry ihii n  n enere we in f is-
sue r rss he –rin rrier. As, hese gens re ry 
sre fr he gsrinesin r n herefre us e given 
inrvenusy  w ri nse f neurusur ke.

e nse f rysis n he urin f in f nne-
rizing kers vry wiey ng eers f his gru 
f rugs. Pnurniu hs he nges urin f in n 
is nsiere  ng-ing NMBA. Aruriu, isruriu, 
veurniu, n rurniu re reisriue re riy n 
hve shrer urins f in. ese gens re nsiere 
inereie-ing NMBAs.1 Of  he nnerizing gens, 
ivuriu hs he shres in.2

K E Y  P O I N T

Nondepolarizing agents usually have a longer duration of action compared 

with the depolarizing agent succinylcholine.

• Fig. 18.3 Competitive blocking agents, or nondepolarizers (ND), occupy 

but do not activate acetylcholine receptors (R). Acetylcholine (AC) is pre-

vented from occupying receptors and muscle contraction fails to occur. 

Released acetylcholine is rapidly metabolized by membrane cholinester-

ase (CE). Nondepolarizers can also bind to prejunctional acetylcholine 

receptors and modify acetylcholine release. Na+  Sodium.

TABLE 

18.2

Dose-Dependent Eects of Rocuronium in 

Adults

Dose (mg/kg)

Time to Maximum 

Block (Min)

Clinical 

Duration (Min)

0.45 3 22

0.6 1.8 31

0.9 1.4 58

1.2 1 67

Data from Drug Facts and Comparisons. (2018). St. Louis, Missouri: Wolters Kluwer Health.

As reviusy ne, he gniue f ee, re f nse f xi-
u ke, n urin f in f NMBAs re se een-
en; hese re ise in Te 1.2 fr he rug rurniu when 
use in us. Frs suh s vne ge genery inrese 
he engh f neurusur ke iviy. Hei r ren 
fiure n use erese erne, inrese  eves, n 
rnge urin f in fr gens eize n eii-
ne y he iver n he kineys.

Metabolism

Neurusur ke iinishes n rnsissin is resre 
fer  singe us se ne he gen is ere  he reer 
sie vi reisriuin  he res f he y. When nr n-
uin reurns, 75% f Ah reers y si e uie y  
ker; his exins why iin uses f NMBA see re 
en n hve  rkey rnge urin f in. Afer 
rnge infusin r reee uses, eis n exrein 
rvie he ehnis fr rev f he king gen fr he 
neurusur junin.

Pnurniu is eiine ririy y he kineys. Pn-
urniu s unerges se hei eis wih ru-
in f n ive eie h is eiine y he kineys.

Aernivey, veurniu is n gen eize ririy y 
he iver. e eie f veurniu s hs iviy n reies 
n he kineys fr exrein. A f hese gens n uue 
in ren fiure n use rnge rysis when given in suf-
ien ses.

Aruriu n isruriu ier fr her NMBAs wih 
regr  he rue f eiinin. ese gens re ry ini-
ve y  snneus egrin ehnis h is eenen 
n he H f  n eerure f he y. is nnen-
zyi rekwn is ere Hofmann degradation. In iin 
 Hfnn egrin, hese gens re riy nvere  
ess ive eies y iruing s eserses h use 
hyrysis f he uns. Beuse f he k f iver n 
kiney eiinin, ruriu n isruriu re i 
hies fr iens wih hei r ren fiure.

Aruriu furher iers fr isruriu euse i hs 
 rekwn ru f Hfnn egrin e laudano-
sine. Lunsine, whih is eiine ririy y he kineys 
n is swy eize y he iver, hs  ng hf-ife n n 
rss he –rin rrier. Lunsine hs een ssie 
wih neursiury ees. CNS exiin n seizures shu 
e nsiere s  ssie iin, eseiy in iens 
reeiving ruriu wh hve iire ren funin r iver 
fiure.3 Cisruriu hs ess unsine ruin re 
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wih ruriu n is nsiere re en. e risk f fur-
her rin injury fr seizures in iens wih r inrrni 
ine (e.g., severe he injury) y ke hese rugs r 
hies in hese iens.4 ese gens, whih ie ssess-
en f he ien, igh sk seizure iviy. Mivuriu is  
ixure f hree isers n hs he shres urin. e gen 
is eize y s hineserse n eiine in urine.2

Adverse Eects

Cardiovascular Eects

I is irn  unersn h he nnerizing NMBAs 
s eiivey k Ah reers  he uni gngi, 
ruing rivsur sie ees n her re n  res-
sure. ey y use  vgyi ee, whih rues hy-
ri, n n inrese in en reri ressure y ring 
n inrese in nreinehrine,  en vsnsrir.4 Pn-
urniu hs he grees eni  use rivsur sie 
ees, eseiy hyri n hyerensin. Veurniu 
n isruriu hve ini ees n her re n  
ressure.

Histamine Release

A f he nnerizing gens hve  eneny  reese his-
ine fr s es. Hwever, he eni fr verse ri 
ees vries ng he ieren gens. Ciniy, hisine 
reese n use hyensin senry  ire vsiin, 
reex hyri, n rnhss, eing  inrese irwy 
resisne. e vsiry ee y s give he erne f 
skin ushing. e egree f hisine reese fr sever NMBAs 
is shwn in Te 1.3. Aruriu hs een rere  siue 
he s hisine reese, whih u use rnhnsri-
in. I is reene h his gen e given   reue re 
r  wer ses  vi hese ees. Anihisines y s e 
inisere s rereen  vi suh ees.

Inadequate Ventilation

Muse rysis f he ihrg n he inerss resus 
in n ineque resirry funin. Aeque irwy nr 
n veniry sur re require uni use revery is 
eque fr snneus veniin. Cse ien n hine 

niring re esseni in he ICU  reven hyveniin 
n hyxei.

Reversal of Nondepolarizing Blockade

Muse rysis use y nnerizing NMBAs n e 
reverse y use f hineserse inhiirs, suh s nesigine. 
Nesigine inhiis hineserse, whih wu nry rek 
wn Ah. is in ws fr re Ah  e vie  he 
neurusur junin  ee wih n ise he ker 
fr reer sies. Oher hineserse inhiirs inue er-
hniu n yrisigine. Erhniu is ri ing u 
s hs he shres urin f in. Pyrisigine hs  
swer nse n is he nges ing; i is fen use  re 
myasthenia gravis n n e given ry.

Sugex (Briin) invves he u inivin n 
rev f he NMBA fr he neurusur junin n 
he y. Sugex funins y ensuing he NMBA 
 fr  ex h n n nger in  he reers. e 
kineys exree he se ex h is fre. Sugex 
hs een shwn  reverse ny rurniu n veurniu ee-
ivey. Averse ees re i n inue nuse, ry uh, 
ugh, n se erversins.5 Te 1.4 surizes hese gens 
wih reene ses  reverse neurusur kge r-
ue y he nnerizing gens.6

C L I N I C A L  C O N N E C T I O N

The effects of nondepolarizing agents can be reversed with an indirect-

acting cholinergic agent (cholinesterase inhibitor), such as neostigmine or 

sugammadex, a modied gamma cyclodextrin. There is no reversal agent for 

succinylcholine.

Beuse he reversing gens inrese he eves f Ah, hey s 
inrese he ees f Ah  rsyhei gngi, ruing 
hinergi uni sie ees. Mjr sie ees f hese 
gens inue severe ryri n sivin. T reue hese 
verse ees, suh gens s rine r gyyrre re s 
given in njunin wih hineserse inhiirs. As vgyi 
n nihinergi gens, rine n gyyrre, rese-
ivey, reven ryri, inrese sivin, n hyereris-
sis ssie wih exessive Ah.7

TABLE 

18.3
Comparison of Side Eects of Neuromuscular Blocking Agents

Agent

Histamine 

Release

Blockade of 

Autonomic Ganglia

Blockade of 

Vagal Response

Vagal 

Stimulation

Atracurium ++ 0 0 0

Cisatracurium + 0 0 0

Mivacurium + 0 0 0

Pancuronium + ++ ++ 0

Rocuronium + 0 + 0

Succinylcholine + 0 0 +++

Vecuronium 0 0 0 0

0, No effect; + through +++, degree of effect.
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In nrs  ny gen isusse s fr, suinyhine hs  
unique feure f ke iviy. On inii us se, suiny-
hine erizes he erne, siir  Ah. e inii e-
rizin uses unrine skee use nrins, referre 
 s fasciculation. Beuse suinyhine reins  he neur-
usur junin nger hn Ah, erizin is rnge, 
n i rysis urs. is is referre  s phase I block. Afer 
rnge use r rge ses f suinyhine, he ye f k-
ing iviy hnges. Inse f shwing erizin hreris-
is, iviy resees he k rue y he nnerizing 
gens. is is referre  s phase II block r desensitization block.
Phse II k invves  “fing henenn in whih siuin 
f he r neurn is ry susine n rysis is rnge. 
Ahugh hineserse inhiirs n reverse hse II k, hey 
y erese he erne f suinyhine n enhne furher 
ke. e urrene f  esensiizin k us e nsi-
ere s  ssiiiy in iens wih rnge rysis fer suiny-
hine inisrin. e fer f his “u ehnis iis he 
use f suinyhine in reee ses r s  ninuus infusin.

Metabolism

Suinyhine hs  very shr urin f in; his is sy 
use y is ri hyrysis y s hineserse in . 
Suinyhine is eize  suinynhine, whih 
rvies wek nnerizing iviy. Suinynhine is 
hugh  un fr se f he resn why reee ses f 
suinyhine rue rnge ke.

Reversal

N gens re vie fr he revers f suinyhine. Use 
f hineserse inhiirs, suh s nesigine, y ey he 

• Fig. 18.4 Succinylcholine produces a depolarizing block. Molecules of 

succinylcholine (S) occupy and activate the acetylcholine receptors (R*),

permitting sodium entry and an initial action potential. Continued occu-

pancy prevents repolarization and the next action potential from released 

acetylcholine (AC). Activation of prejunctional acetylcholine receptors can 

modify acetylcholine release. CE, Cholinesterase; Na+  sodium; R, prejunc-

tional receptor.

TABLE 

18.4

Agents Used for Reversal and Antimuscarinic 

Eects With Nondepolarizing Blocking Agents

Agent Dose (mg/kg) Time to Effect

Reversal Agents

Neostigmine 0.01–0.035 Intermediate onset 

and duration

Pyridostigmine 0.1–0.25 Slowest onset, 

longest acting

Sugammadex 2–4 Rapid onset, long 

acting

Antimuscarinic Agents

Atropine 0.008–0.018 Rapid onset, short 

acting

Glycopyrrolate 0.002–0.016 Rapid onset, short 

acting

K E Y  P O I N T

Myasthenia gravis is caused by an immune response to acetylcholine 

receptors (AchRs), which are found on nerve and muscle cells. In this 

disease, the body produces antibodies that attack AchRs, preventing signals 

from reaching the muscles.

Depolarizing Agents

C L I N I C A L  C O N N E C T I O N

Succinylcholine has an ultrashort duration and is therefore used for 

intubation.

Derizing gens hve  ieren ehnis f in fr 
nnerizing gens; hey re shrer ing, n here re n 
gens h reiy reverse heir kes. Suinyhine is he 
ny vie gen in his gru. An inrvenus se f 1  
1.5g/kg uses  use rysis in 60  90 sens h 
ss 10  15 inues. Beuse f he quik nse n rief ur-
in f in f suinyhine, i is n ie gen fr iens 
requiring inuin.

Mechanism of Action

e inii in f erizing NMBAs is  en siu 
hnnes n erize he ssyni use erne in 
he se nner s Ah. Derizing gens re resisn  
he ees f AhE, wing  ersisen n nger urin 
f in  he neurusur junin. Beuse erizin 
ss nger, he erne is une  rerize, resuing in 
i uses.7 is is iusre in Fig. 1.4, whih shws h 
eues f suinyhine (S) hve uie w Ah ree-
rs, eh ening  re n wing he  erne  
ee eree  siu. If enugh reers re ive, 
erizin urs n is inine uni suinyhine 
eves he reers. Furher siuin n nrin f he 
use er is issie uni he rug is reve y reisriu-
in n eis.
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eiinin f suinyhine, resuing in n even re r-
nge erizin n swer revery f use iviy.

Adverse Eects

Suinyhine rues ny sie ees, sever f whih n 
e ife hreening. e signine f hese sie ees y e 
f re nern in he ICU hn uring ruine ering r 
use. Ms u iens hve  syhiei resnse us-
ing hyri n n inrese in  ressure. Reee us 
ses f suinyhine y rue vg resnses, inuing 
ryri n hyensin. is sie ee is seen re fen in 
hiren. Suinyhine s rvkes hisine reese, resu-
ing in rnhss n hyensin in suseie inivius.7

Muse in n sreness siir  ygis re n fer 
he inisrin f suinyhine. A reinshi eween he 
in n use fsiuins hs een iie u n n-
re. Se riiners iniser  s se f  nne-
rizing ker (e.g., 10% f he inuing se) efre giving 
suinyhine  reue fsiuins n in. is rere-
en is fen referre  s defasciculation. In iens reeiving  
nnerizing gen  reven fsiuins, higher ses f 
suinyhine re neee fr ee rysis euse rere-
en reues he eeiveness f suinyhine. is rie is 
nsiere nrversi euse inrese ses f suinyh-
ine re require, n rereen y use ri rysis, 
neessiing urgen inuin uner nnie niins.2 Mus-
e fsiuins n s use n inrese in seru ssiu 
n reinine hshkinse, n ee h is s reue u 
n y eiine y rereen.

Suinyhine n use n eux f ssiu fr use 
es, using seru ssiu  inrese y 0.5  1Eq/L in 
nr inivius. Piens wih sin r injury r uer 
r neurn esins, her injuries, n severe ru, inu-
ing se he injury, re   higher risk f eveing ife-hre-
ening hyerkei if suinyhine is inisere. Ees f 
severe hyerkei inue rrhyhis n ri rres.

Suinyhine-inue fsiuins n inrese inrur 
ressure n inrgsri ressure. Piens re  risk f exrusin 
f inrur nens n sirin f gsri nens. ese 
niins y e riy revene y efsiuin.

Suinyhine n ngerusy inrese inrrni ressure 
in iens wih erer ee n he ru y  ehnis 
h is n we uners. One f he s serius i-
ins h n ur wih suinyhine is ignn hyer-
heri. Mignn hyerheri is use y  genei efe f 
use eis. I is  eniy f hyerei se 
f skee uses. An unnre reese f iu fr he 
srsi reiuu f uses urs, resuing in  hs f 
hrfu ees. e ini feures n nifes s inre 
ss f he jw uses, rigiiy, inrese xygen en, 
severe hyerheri, ei isis, n hyri. Mig-
nn hyerheri is ree wih nrene, n gen h ks 
he reese f inreur iu fr he srsi reiu-
u. Ery regniin n reen re key  ensuring  fu 
revery.9

Sensitivity to Succinylcholine

As enine, suinyhine is eize y s hin-
eserse, whih is s e pseudocholinesterase. In iens wih 
nr r eien seuhineserse, suinyhine is 
n eize eeivey, n heir revery fr rysis is 

rnge. In hese iens, ng-er ehni veniin 
sur is wrrne. A fiy hisry f rnge rysis fer 
surgery y sugges n nriy in he enzye. Lrry 
ess re s vie  eerine he exisene f nr 
hineserse.2

Neuromuscular Blocking Agents and 

Mechanical Ventilation

An iniin fr use f NMBAs in iens reeiving ehni-
 veniin is  irve venir–ien synhrny. Ven-
ir yssynhrny n use inrese inrhri ressure, 
erese ver veniin, n inrese wrk f rehing 
fr he ien. e esire g wih hese rugs is  irve 
veniin n xygenin n  reue veniin ressures. 
Disese ses in whih neurusur ke y e enei 
inue he fwing:
• Aue resirry isress synre
• Sus shius, severe rnhss
• Cerin es f veniry sur (e.g., ressure-nre 

inverse ri veniin, high-frequeny siry veniin)
• Sus eieius r her inre nvusive iviy
• Neurusur xins (e.g., sryhnine isning)
• Tenus

Piens wih status asthmaticus n hse wih ARDS requir-
ing ressure-nre veniin wih r wihu inverse ri 
veniin  ii ek irwy ressure re  highes risk f ven-
ir yssynhrny.

Precautions and Risks

A iens reeiving NMBAs shu reeive iin re e-
sures  erese he negive ees h n e ssie wih 
he use f hese gens. Prer eye re shu e  snr f 
re fr  iens reeiving NMBAs. Nry, eye inking 
uries n ens he rnes. NMBAs use rysis f he 
eyei uses, whih n resu in rne rying n uerin. 
Arrie eye uriin n igh ing f he eyes n re-
ven rne rsins. Eyes shu e heke frequeny.

Wih ee rysis, he ugh reex is inhiie. Frequen 
suining ng wih rrie sein n ngesi  re-
ven in n isfr uring suining is neessry. Reen-
in f sereins is hugh  inrese he iniene f nosoco-
mial pneumonia in iens reeiving neurusur ke 
fr  rnge eri. Eeving he he n reue he risk f 
aspiration, whih is  risk fr fr venir-ssie neu-
ni (VAP).

Sur equien us e sey nire, inuing 
nsn servin fr exuin n venir funin. 
Ar syses  ee hyveniin n hyxei re he 
snr f re when NMBAs re use.

Piens reeiving rnge hery wih NMBAs re  risk 
fr eveing rnge skee use wekness h ersiss 
ng fer he NMBA is isninue. Myhy, whih y ke 
nhs  resve, y e ssie re fen wih seri-
sruure gens, suh s veurniu n nurniu (see 
Te 1.1 fr ssiin), eseiy when hey re ine 
wih riseris, suh s renisne. Diy hysi hery 
wih rnge-f-in exerises y essen he eni fr use 
rhy r wsing in iens reeiving rnge NMBA her-
y. Piens given n NMBA shu s e urne frequeny  
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reven he frin f ressure sres n euius uers. e 
risk f eveing  ee vein hrsis (DVT) is inrese in 
hese iens euse f heir iiiy, king DVT rhy-
xis ierive.

Use of Sedation and Analgesia

Of  junive heries iens y reeive, i is esseni  
rvie eque sedation n ngesi fr venie iens 
reeiving  king gen. NMBAs use use rysis wih-
u eing nsiusness r he erein f in. In 1947, 
 ssi exerien h esishe his f ws erfre y 
Sih e.,10 in whih Sih we hisef  e ryze wih 
uurrine, n NMBA h is n nger rkee in he Unie 
Ses. He rere fu wreness uring he rysis, inuing 
sensins f hking whie he ws une  sww s we s 
shrness f reh, even hugh he ws eing equey ven-
ie. Neurusur ke is unhinke wihu rer 
sein n in nr  reven he nighre f rysis 
wih fu nsiusness n sensry erein. Ahugh ny 
seive n ngesi gens n use heyni insiiy, 
i is inrrie  reue r isninue sein n ngesi, 
whie  ien is ryze,  ress heyni insiiy. 
Beuse ini signs f resessness, isress, n nxiey re s 
wih neurusur ke, ninuus ri niring 
is neessry, n vi signs shu e ssesse sey. Thyr-
i, hyerensin, ihresis, n riin re hysigi 
resnses h n inie nxiey use y ineque sein 
r k f in nr.

K E Y  P O I N T

Paralysis in a conscious patient can be traumatic, so adequate sedation and 

analgesia are mandatory.

Fr shr reures, inuing enrhe inuin,  se-
ive h hs amnestic properties shu e inisere. In 
surgery,  seive n n ngesi gen re reene fr 
 iens. Fr iens in he ICU,  seive shu e in-
isere n  ninuus sis efre iniiin f neurusur 
ke. Cninuus ngesi shu s e use senry  
r iy fr enurne f in n he isfr ssi-
e wih he nsn suining n he enrhe ue isef. 
Seives h hve nesi ees inue rf, rze, 
n iz. I is irn  reize h hese gens  n 
rvie in nr. Angesis ny use fr in nr 
inue fenny, hyrrhne, n rhine. In ny siu-
ins, ee sein wih ninuusy infuse seives n n-
gesis y reven he nee fr  king gen in he ICU. Oher 
suggesins fr sein n ngesi re resene in Cher 20.

Interactions With Neuromuscular 

Blocking Agents

Sever ini niins n eiins y er he ee f 
n inisere NMBA. Beuse ieren king rugs y 
  ieren ins n he Ah reer–re ex (e.g., 
exern, in he re, inereur), inin wih erin 
gens y e synergisi n enie ke. Avnge hs 
een ken f his eni  rue  inin f rex-
n rugs h gives eque rexin wih fewer rivsu-
r sie ees. Exes inue ining inhe nesheis, 

suh s hhne r isurne, wih  nnerizing NMBA. 
e inhe nesheis erese he sensiiviy f he neurus-
ur junin  Ah, eniing ke. e sge f he 
NMBA n e reue, n his y erese he sie ees. e 
re wih his rh hs een he unreiiiy f he 
urin f rexin, whih ens  e exreey rnge, 
eseiy fer reee ixure inisrins.

Se sses f rugs n her niins hve neurusu-
r king ees heseves; hese y e iive, ngnis-
i, r synergisi wih NMBAs. Aingysie niiis re 
fen inisere  riiy i iens in he ICU. Ain-
gysies rue ke y inhiiing he reese f Ah fr 
resyni nerve enings n,   esser exen, y king he 
ssyni reer. Agens suh s henyin, zhirine, 
n hehyine ngnize neurusur ke.

Cini frs, suh s isis, hykei, hynrei, 
hyei, n hyergnesei,  enie neurusu-
r ke. Aksis n hyerei re knwn  inhii 
he ees f ke. Frs eing he iviy f NMBAs 
re ise in Te 1.5.

Choice of Agents

Chrerisis f he erfe NMBA (n ye evee) inue 
he fwing:
• Nnerizing k
• Ri nse f in
• Preie n nre urin f in
• Heyni siiy   eves f k n re f 

inisrin
• N hisine reese
• Preie kineis ineenen f ge, sex, n rgn 

ysfunin
• N ive eies r xiiy
• Inexensive

T e, here is n NMBA h exhiis  hese ie hr-
erisis. Seein f n rrie NMBA eens n he 
siuin. Sever frs us e ken in un when hs-
ing n gen, inuing urin f reure (nsier urin 
f in), he nee fr quik enrhe inuin (nsier 
nse f in), verse-ee re (heyni siiy, 
hisine reese), rue f eiinin (eseiy in iens 
wih ren r hei insuieny), nurren eiins n 
her rug inerins, n s. e erizing gen sui-
nyhine is we suie ny fr inuin euse f is ri 
nse n shr urin f in. Beuse f is eer sie ee 
re, rurniu y e he s resne ernive  su-
inyhine. Rurniu hs  quik nse f in u nger 
urin f ee re wih suinyhine. Fr iens 
requiring rnge rysis, nnerizing king gens 
re re suie. e kineis f nnerizing gens w 
fr  nger urin f in, re gru nse n se f 
k, n fewer heyni hnges. ey n e inis-
ere y ninuus infusin, n he ke n e reverse, if 
neessry, wih hineserse inhiirs.

e hie f gen fr ninuus rysis invves ini-
 jugen n referene. Curreny vie nneriz-
ing gens n e re wih ne nher wih regr  he 
verse-ee re (hisine reese n rivsur ins-
iiy), rue f eiinin, rug inerins, n s eeive-
ness  guie rug hie fr rysis f venie iens. Te 
1.4 res se f hese frs fr sever NMBAs.
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Ms nnerizing gens reese hisine fr s es. 
Pnurniu is hugh  rvke he ses reese f his-
ine. Suh gens s veurniu, rurniu, n isruriu 
re siir  nurniu n hve ini hisine reese 
reive  he her gens. Aruriu hs een shwn  inue 
re hisine reese hn nurniu. Fushing is he s 
n ee f hisine reese fer ruriu inis-
rin. Hisine reese y hese rugs n e iniize y 
inisering  us se swy ver 60 sens, inisering 
sever ser uses, r giving he gen y sw ninuus 
infusin.

Veurniu, ruriu, n isruriu hve ini 
ees n her re n  ressure. Pnurniu fen 
rues  rnsien inrese in  ressure n her re. 

TABLE 

18.5

Drugs and Conditions That Interact With 

Nondepolarizing Neuromuscular Blocking 

Agents

Potentiating Factors Antagonizing Factors

Drugs

• Potent anesthetic vapors

• Antibiotics

• Aminoglycosides

• Clindamycin

• Vancomycin

• Tetracycline

• Local anesthetics

• Antiarrhythmics

• Procainamide

• Quinidine

• Calcium channel blockers

• β-Adrenergic blockers

• Cyclosporine

• Dantrolene

• Cyclophosphamide

• Lithium

• Mineralocorticoids

• Echothiophate

• Tacrine

• Metoclopramide

• Phenytoin

• Carbamazepine

• Theophylline

• Anticholinesterase agents

• Azathioprine

• Ranitidine

Conditions

• Acidosis

• Hyponatremia

• Hypocalcemia

• Hypokalemia

• Hypermagnesemia

• Hypothermia

• Renal failure

• Hepatic failure

• Organophosphate poisoning

• Alkalosis

• Hypercalcemia

• Demyelinating injuries

• Peripheral neuropathy

Diseases

• Myasthenia gravis

• Muscular dystrophy

• Amyotrophic lateral sclerosis

• Poliomyelitis

• Multiple sclerosis

• Eaton-Lambert syndrome

• Diabetes mellitus

Data from Feldman, S. & Karalliedde, L. (1996). Drug interactions with neuromuscular block-

ers. Drug Safety, 15, 261.

Rurniu sees  use ie sysei rivsur ee, 
u n inrese in unry vsur resisne hs een seen. 
Cuin is reene in using his gen in iens wih u-
nry hyerensin r vvur her isese.

e eh f rug eiinin (e.g., ren r hei) is  
very irn fr in seeing n gen fr iens wih u-
irgn ysfunin synre requiring ehni veniin. 
Agens h een n he iver n kiney fr eiinin re 
ry suie fr iens wih isese r fiure f hese rgns. 
In iens wih hei r ren fiure, ruriu n isru-
riu hve he vnge f s eis n  n rey n 
hei eis r ren exrein. e eie un-
sine, ree fr ruriu eis, y e f nern in 
iens wih kiney r iver fiure. Cisruriu resus in ess 
unsine re wih ruriu.

Piens in he ICU hve ini niins n re fen 
reeiving eiins h n e ke wih n NMBA. 
As isusse erier, yhy n ur in iens reeiv-
ing NMBAs. e eni is inrese in iens reeiving 
nin riseris. Seri sruure gens, suh s 
veurniu, nurniu, n rurniu, y rng use 
wekness furher. Nnseri-sruure gens, suh s ru-
riu r isruriu, y e eer suie fr iens requiring 
high-se riseris.

Finy, s is n irn nsierin in hsing n 
gen. Mny hsis ii he nuer f NMBAs vie 
n frury euse f eni issues. Newer, shrer-ing 
gens re very exensive, eseiy if use fr  rnge eri 
in he ICU. Ms hsis resri heir use  reures f shr 
urin. Guieines fr ke use in he ICU hve een u-
ishe n sugges h s-eeive rexin n e rvie 
wih us sing r ninuus infusins f nurniu (if 
hyri is n  nern) r veurniu in iens wih ish-
ei rivsur issues.3 Fr iens wih hei n ren 
ysfunin, isruriu r ruriu is he es in. e 
iniin is vise  ressess he nee fr ninuus rysis n 
 iy sis.

Pnurniu rvies he es exensive in fr r-
nge rysis f iens wh re heyniy se wih 
n rgn ysfunin. In unse iens, veurniu rues 
he es un f hisine reese n fewes rivsur 
ees. Aruriu n isruriu er ernive hies fr 
venir ngeen, wih hese gens hving he vnge f 
ernive ei hwys, u   higher s.

C L I N I C A L  C O N N E C T I O N

Nondepolarizing agents are preferred for induction of paralysis in venti-

lated patients because of the predictability, longer duration of action, and 

manageable side effects of these agents. Specic agents should be selected 

on the basis of potential for histamine release and cardiovascular effects, 

patient-specic metabolic pathways, and cost.

Monitoring of Neuromuscular Blockade

Piens reeiving NMBAs require nsn niring wih fre-
quen hysi ssessen n regury sheue evuins f 
rry suies euse ini signs n sys f ue 
isese n e ske y use rysis. Ar syses  ee 
ien isnnein fr he venir re nry, n 
rs  ee hyveniin n hyxei re he snr 
f re when neurusur ke is eye.
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Befre iniiing neurusur ke in n gie 
ien, venir funin us rs e rue u s he use 
f giin, r use rysis u use eh in he fe f 
ineque hine vue r xygen eivery. Piens reeiving 
ryis n e ssesse y visu, ie, n eerni ehs 
 evue he use ne n eh f neurusur ke. 
Dire servin f use iviy rvies he sies ens 
f niring equy f ke. e sequene f rysis 
f he skee uses n e nire hysiy: rs s, 
ri-ving uses, suh s he eyeis; hen he fe, nek, 
exreiies, en, n inerss; n ny he ihrg. 
Revery f rysis is in reverse rer, wih revery f he i-
hrg n resirry uses urring rs. e sensiiviy f 
iniviu uses  rysis is ree  he nuer f ers 
innerve y eh r neurn n y regin  w, wih 
res reeiving  greer  w hving re rug eivery n 
herefre  quiker nse f rysis.

e jriy f exeriene wih NMBAs urs in he er-
ing r. e ie urse f rexn ee n re f revery is 
n he se when hese rugs re use fr rnge eris in 
iens in he ICU. During rief eris f rysis, he eh f 
ke r he equy f revery f neurusur funin 
n e ssesse y sie esures f vunry usur fun-
ins.11 ese inue sujeive ssessens, suh s hngri 
srengh r he iiy  if he he  he e fr 5 sens. 
Ojeive ssessens inue esureen f vi iy, neg-
ive insirry fre, n snneus resirry re. Piens 
requiring rnge rysis re n s esy  evue euse 
f suh issues s hevy sein. Ahugh ini signs y e 
hefu in hese iens,  re hysigi n jeive evu-
in f neurusur ke n e hieve y using ee-
rni ehs, suh s eriher nerve siuin. Exes f 
es f eriher nerve siuin inue singe wih, u-
e urs, rin f fur (TOF), n eni n seni un.

Periher nerve siuin r “wih niring is use s 
 niring  fr ey n xiiy in surgi n ICU 
iens. In eriher nerve siuin,  siur is ie 
  eriher nerve, n he resnse f he rresning us-
e is serve. e unr nerve, whih innerves he ur 
iis use f he hu, is he s ny use re. 

Anher nerve is he fi nerve, whih innerves he riuris 
ui use f he eye. e nerve resnse  eeri siu-
in eens n he urren ie, he urin fr whih he 
urren is ie, n een f he eeres. Fr unr 
nerve siuin, w s nuing s re e n he 
frer ver he nerve r, sever inhes r. A singe eeri-
 siuus is ishrge fr  nerve siur  he unr 
nerve; he resnses r wihes f he hu h ur re hen 
esure. As he un f rysis inreses, he srengh n 
egree f veen f he wih erese.

e s ny use ehnique fr niring ke 
is he TOF evuin, where  surxi siuus   fre-
queny f 2Hz is ie  he nerve ver 2 sens. e nn-
infu siui re eivere s fur uses, ne every 0.5 sen. 
e nuer f wihes h ur, rnging fr 0 (100% k-
e)  4 (<75% ke), re esure. Crisn f he 
srengh f he furh wih n rs wih reis he egree 
f reer uny (Te 1.6). Ciniy, he egree f 
ke n e eerine y uning he nuer f wihes 
seen. Fur equ wihes inie h ess hn 75% f he ree-
rs re uie wih  ker. If ny hree wihes re seen, 
rxiey 0% f reers re ke; if ny ne r w 
re seen, 90%  95% re ke.

Prer een f he nuing s is esseni  rer 
ssessen f he TOF. e TOF evues he nuin f 
n iuse rss he neurusur junin. If he s re 
e irey n he use, he ien fsey exhiis in-
eque rysis, whih es  he inisrin f ses f he 
ryi h re higher hn neessry. Ahugh TOF evu-
in is he s n eh use, hnges in ien ni-
in (e.g., hir sing, nsr) ii he uiiy f his es, n 
ernive ens us e sugh.

TOF niring ws fr n ure ssessen f neu-
rusur ke eh wih r wihu seine nr. 
T vi versing f iens, he NMBA (us r infusin) 
shu e ire  rue he ini ke require  
inin he esire ini resnse. Preene gs, suh s 
erese xygen requireens, ek insirry ressure, n 
siive en-exirry ressure (PEEP) reuin, shu e 
ssesse frequeny. If he resnse is eque,  TOF un f 

TABLE 

18.6
Receptor Occupancy Associated With Various Measurements of Neuromuscular Blockade

Receptors 

Occupied (%)

Twitch 

Height (%) Train of Four Clinical Observations

100 0 0 Total paralysis, no voluntary movement of any muscle; no PTF

98–99 0 0 Diaphragm may move; PTF present

95–98 1–5 1 or 2 twitches Diaphragm can move minimally; PTF and fade present

90–95 10–25 2 or 3 twitches Breathing inadequate

75–90 10–25 4 twitches, 1st > 4th Tidal volume restored, voluntary movement apparent, can sustain 

head lift for 5 seconds (75%–80% occupancy), NIP >55cm 

H2O, vital capacity 60%–70% of normal

50–75 100 4 equal twitches Normal strength and movement, cough strength decreased; 

double burst suppression abnormal

<30 100 4 equal twitches No apparent decits, double burst suppression normal

cm H
2
O, Centimeters of water; NIP, negative inspiratory pressure; PTF, posttetanic facilitation.
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 es ne wih  w r fur siuins is reene. 
I is ssie h esser egrees f ke y hieve he ini-
 g f venir synhrny r irve xygenin. In he 
ICU, he eh f ke shu e ssesse every 2  3 hurs 
n iniiin uni  se se is inine. erefer, TOF 
ssessen y e erfre every   12 hurs. If here is n 
wih resnse r he ini resnse is hieve   higher 
wih, he se f he NMBA shu e erese y 10%. If 
hree r fur wihes ur wihu eque resnse, he se 
n e inrese y 10%. e nee fr ninue rysis f  
ien in he ICU shu e ssesse iy, n if rrie, 
rysis shu e isninue s sn s ssie.

K E Y  P O I N T

Titration of drug dose and monitoring of reversal are performed with a 

peripheral nerve stimulator and train-of-four (TOF) stimulation.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. List four general uses of skeletal muscle relaxants.

2. What are the three classications of neuromuscular blocking agents?

3. Identify each of the following agents by classication type: vecuronium, 

succinylcholine, and pancuronium.

4. Which type of neuromuscular blocker can be reversed?

5. What type of drug would you use to reverse vecuronium?

6. Identify another drug that you would want to give before you reverse 

vecuronium.

7. Briey explain why you might need to paralyze a patient receiving 

mechanical ventilation.

8. Neuromuscular blocking agents do not block consciousness; what two 

types or classes of drugs would be indicated in a paralyzed patient on 

mechanical ventilation?

9. Identify at least two neuromuscular blocking agents that would be 

preferred for paralysis in a patient receiving mechanical ventilation 

(assume normal renal and hepatic function).

10. You are called to the recovery room to set up a ventilator for an elderly 

patient who has just undergone a total hip replacement and has 

stopped breathing after a single dose of succinylcholine. What might 

the problem be?

11. What would you do rst to assess a ventilated patient who is restless 

and “ghting” the ventilator before using a paralyzing agent?

CLINICAL SCENARIO

Answers can be found in Appendix A

A 64-year-old White woman comes to the emergency department with 

a complaint of shortness of breath and congestion along with fatigue and 

lethargy over the last 3 days. Her problem list includes a history of diabetes 

mellitus, hypertension, and chronic obstructive pulmonary disease (COPD) 

secondary to smoking. She has had a cough productive of greenish yellow 

sputum and states she has had fever and chills over the past several days. 

Her current medications include metformin, glyburide, lisinopril, ipratropium 

inhaler, albuterol inhaler as needed, and Advair inhaler.

On physical examination, her vital signs are as follows: pulse (P) 130 

beats/min, blood pressure (BP) 100/72mm Hg, temperature (T) 38.5°C, and 

respiratory rate (RR) 30 breaths/min with a moderate amount of respiratory 

distress. On auscultation, breath sounds are diminished bilaterally.

An electrocardiogram shows sinus tachycardia. Pulse oximetry shows 

80% saturation on room air. A chest radiograph shows bilateral interstitial 

inltrates. Her white blood cell (WBC) count is 23.7 × 103/mm3 with 35% 

bands; hemoglobin is 11.2g/dL; hematocrit is 33.2%; and electrolytes are 

normal except for glucose, which is 250mg/dL.

After approximately 3 hours of intense treatment with intravenous 

uids, antibiotics, and albuterol and ipratropium nebulizations, the patient 

continues to be short of breath. She is anxious and exhibits labored 

breathing. Her heart rate (HR) ranges from 126 to 154 beats/min, RR is 

32 to 40 breaths/min, BP is 85/60mm Hg, and her mental status has 

deteriorated. Arterial blood gas values on a 100% nonrebreather mask are 

as follows: pH of 7.2, partial pressure of arterial carbon dioxide (PaCO
2
) 

of 50mm Hg, arterial oxygen pressure (PaO
2
) of 55mm Hg, and arterial 

oxygen saturation (SaO
2
) of 82%.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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C H A P T E R  O U T L I N E

Renal Structure and Function

Glomerular Filtration

Electrolyte Filtration and Reabsorption

Acid–Base Balance

Diuretic Groups

Thiazide and Thiazide-Like Diuretics

Loop Diuretics

Carbonic Anhydrase Inhibitors

Potassium-Sparing Diuretics

Osmotic Diuretics

Diuretic Combinations

Drug Interactions

Adverse Eects

Hypovolemia

Hypokalemia

Acid–Base Disorders

Glucose Changes

Ototoxicity

Special Situations

Pregnancy, Lactation, and Children

Acute Respiratory Distress Syndrome

Diuretic Use in Neonates and Infants

Furosemide and Fluid Overload

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene the terms pertaining to diuretic agents

2. Describe renal function, ltration, reabsorption, and acid–base 

balance

3. List and describe the various groups of diuretics

4. List some indications for diuretic therapy

5. List the most common adverse eects associated with the use 

of diuretics

6. Describe special situations related to diuretic therapy

K E Y  T E R M S  A N D  D E F I N I T I O N S

Congestive heart failure (CHF) Failure of the heart to pump the 

blood adequately, resulting in lung congestion and tissular 

edema.

Diuretics Substances or drugs that promote production of urine.

Edema Swelling caused by abnormal accumulation of uid in 

intercellular spaces of the body.

Glomerular ltration Mechanism whereby the uid in blood is 

ltered across the capillaries of the glomerulus to be eliminated 

through the renal ducts.

Hypovolemia Physiologic state characterized by a decrease in 

total blood volume.

Nephrocalcinosis Disorder in which there is excessive 

accumulation of calcium in the kidney parenchyma and tubules.

Nephron Microscopic structural and functional unit of the 

kidney, responsible for regulating concentration of water and 

electrolytes and maintaining uid balance; each kidney has 

approximately 2 million nephrons.

Ototoxicity Damage to the hearing or balance functions of the 

ear caused by drugs or chemicals.

Reabsorption Return of most of the water, sodium, amino acids, 

and sugar that were removed during ltration back to blood; 

occurs mainly in the proximal tubule of the nephron.

Synergistic eect Eect of two chemicals on an organism is 

greater than eect of either chemical individually.

Urine output Amount of urine produced in 24 hours; normal 

urine output averages 30 to 60mL/hr.
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e in urse f diuretics is  inrese urine output y 
exreing sues n wer (H

2
O), hus eiining exess ui 

fr he y. Genery, he riry g f iurei hery is 
 reue exreur ui vue (ECFV)  erese  
ressure r  ri he y f exess inersii ui. Cher 19
surizes he essenis f he ini hrgy f iureis, 
riey reviewing ren funin wih n ehsis n i–se -
ne. e jr grus f iureis, heir ehniss f in, 
n n inerins n sie ees re surize. ese 
grus inue si iureis, rni nhyrse inhiirs 
(CAIs), hizies,  iureis, n ssiu-sring gens.

Renal Structure and Function

e kineys re ire rererine rgns fun n eiher sie 
f he sin r  he eve f he uiius. In n u, eh 
kiney weighs rxiey 160  175g n is 10  12 
ng. Kineys reeive erfusin irey fr he ren rery, 
whih rvies he highes  w er gr f rgn weigh 
in he y. Arxiey 25% f he ri uu, r u 
1.1L/in in  nr 70-kg u, ws hrugh he kineys. 
Siir  he her n he rin, he kiney is n ive rgn 
(n  ssive er) wih high xygen nsuin. Fr his re-
sn, iire iruin n use ren fiure r ge.

Fig. 19.1 iusres he kiney n  nephron, whih is he 
funin uni f he kiney. e nehrn is se f he 
geruus, rxi uue,  f Hene, is uue, n -
eing u. Nery 75% f he s 1 iin nehrns y 
nee  e rise efre ren isese is ren. e ren 
rery rnhes in he eren rerie, whih eners n frs 
he iry uf f he geruus. is  w eves in he 
eeren rerie, whih frs he iry newrk run he 
uues n  f Hene. is iry newrk rejins  fr 
he ren vein.

e geruus is sure n surrune y n eihei-
ine sue ne Bowman capsule. e gerur sue is 
uy he eginning f he rxi uue, n rin f 

ui fr   he uue urs in he geruus. is ui 
is he gerur re, whih eies in he rxi uue 
n ges hrugh he esening n sening s f Hene, 
in he is uue, n er in he eing u. Eh f 
he nery 250 eing us es urine fr u 4000 
nehrns. e eing us erge  fr rger us h 
evenuy ey in he ren ie n ny ey in he 
ureer  e sre in he er.

e rini funin f he nehrn is  inin he-
ssis r equiiriu eween he inern vue n eerye 
sus n he inuenes f he envirnen, ie, n inke. is 
issin is ishe y s 2 iin nehrns hrugh he 
resses f gerur urrin, uur resrin, n 
uur serein. e kiney nn regenere new nehrns.

Ren injury, isese, n ging re ssie wih  gru 
erese in he nuer f nehrns. e y inins  
ressure  he exense f ECFV. Cnr f ECFV is hieve y 
jusing siu hrie (NC) n H

2
O exrein.

Glomerular Filtration

Glomerular ltration egins in he geruus, he nehrn 
frs  e-free urre wih  reivey s un f r-
ein, whih hs he se ini nenrin (e.g., siu [N+], 
hrie [C ], irne [HCO

3
]) s s. Of he   

w h ges hrugh he nehrn, 20%, r u 130L/in, 
is ere hrugh he geruus. Greer hn 99% f his g-
erur re is resre in he uues, n ess hn 1% f 
he ui is exree s urine. e  urine uu fr n u 
is rxiey 0.5  1 L/in, r u 30  60 L/hr. 
Beuse iureis inerfere wih he reabsorption f H

2
O in he 

uues f he nehrn, hey inrese he urine uu.

Electrolyte Filtration and Reabsorption

e ins ise in Bx 19.1 re ere n exhnge in he 
uues.

• Fig. 19.1 Basic structure of the kidney, with a detailed view of the nephron.
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• Sodium: Au 70% f N+ in he re is resre in he 
rxi uues; 20%, in he s f Hene; n u 10%, 
in he is uues. ere is n exhnge f N+ fr hyrgen 
(H+) r ssiu (K+) in he is uues.

• Potassium: Ms ere K+ is resre in he rxi 
uues. K+ fun in urine is h seree y he is uue.

• Chloride and bicarbonate: C  n HCO
3

 re ssivey re-
sre in he rxi n is uues.

K E Y  P O I N T

Urine output greater than 100mL/day but less than 400mL/day in adults and 

less than 0.5mL/kg/hr in children is known as oliguria. Urine output greater 

than 60mL/hr is known as polyuria. Oliguria and anuria (less than 50mL/

day) are often signs of renal failure.

H
2
O is s ssivey resre r exree, eening n 

he nenrin f eerye, ririy N+, in he re. 
By inhiiing N+ resrin, iureis use ess H

2
O  e 

reine n re exree in he re.
Aserne,  inerrii seree y he ren r-

ex, inreses N+ n H
2
O resrin in he is uue. 

Sirnne is  iurei h inreses N+ n H
2
O ss y 

inhiiing serne.

Acid–Base Balance

Beuse  funen funin f he kiney is he nr f 
uering susnes, eseiy HCO

3
, iureis y use i–

se ines  ur euse hey inrese H
2
O ss. Fig. 19.2

iusres he H+ n HCO
3

 hwys h regue H. e -
rin n resrin f N+, C , n HCO

3
, esrie revi-

usy, n e seen in Fig. 19.2
e irn exhnge fr i–se ne is h f N+. 

N+ is resre in he uues y sever ens, s fws:
• Resrin wih C   reserve eeri neuriy
• Exhnge f N+ fr H+ r K+, s  reserve neuriy

Eiher w C (hyhrei) r w K+ (hykei) fres 
N+  exhnge fr H+, ruing  ss f H+ n ei 
ksis.

Hyhrei

Hykei
Meiksis






Finy, revening HCO
3

 in he ltrate fr fring rn 
ixie (CO

2
) n wer (H

2
O) resus in  ss f HCO

3
 uer 

in he urine n ei isis.

Diuretic Groups

e riry hereui g f iurei use is  reue he 
ECFV. NC uu must exee NC inke. Diureis ririy 

Common Electrolytes

• Sodium (Na+)

• Potassium (K+)

• Chloride (Cl )

• Bicarbonate (HCO
3

)

• Hydrogen (H+)

• Calcium (Ca++)

• Magnesium (Mg++)

• BOX 19.1

• Fig. 19.2 Basic mechanisms for kidney retention of bicarbonate with 

hydrogen ion buffering. Sodium exchange with chloride and for hydrogen 

is also indicated. CA, Carbonic anhydrase; Cl  chloride ion; CO
2

 carbon 

dioxide; H+  hydrogen ion; H
2

O, water; H
2

PO
4

 dihydrogen phosphate ion; 

HCO
3

 bicarbonate ion; HPO
4

 hydrogen phosphate ion; K+  potassium 

ion, Na+  sodium ion; NH
3

 ammonia; NH
4

 ammonium; PCO
2

 partial pres-

sure of carbon dioxide.

reven N+ enry in he uue e. Diureis nee  ess 
he uue ui  exer heir in. One in he uue ui, he 
nehrn sie  whih he iurei s eerines is ee. e 
sie f in s eerines whih eeryes, her hn N+, 
re ee. A iureis exe sirnne exer heir ees 
fr he uin sie f he nehrn.1

Five jr grus f iureis re esrie in his her. 
Fig. 19.3 iusres he sie f in, n Te 19.1 surizes 
he ehnis f in n he iniins fr use f eh f he 
ve jr grus f iureis.2,3

Hyerensin es ver 1.1 iin ee wrwie n 
nery hf f he us in he Unie Ses4; he iureis f 
s ieie reevne  resirry n rii re iniins 
re hse use  re hyerensin n congestive heart fail-
ure (CHF). Diureis re he sen s ny resrie 
ss f nihyerensive eiin, n iurei-se hery is 
eeive in reuing riiy n riy ng iens wih 
ere  severe hyerensin.1 Furherre, irreseive f 
s sensiive sus, rge e-nyses hve shwn h w-se 
iureis re  her nihyerensives hve ensre 
sueririy n hve he s eviene vie.1,5

K E Y  P O I N T

Diuretic agents are important in reducing the morbidity and mortality of 

patients with cardiovascular disease who have uid retention.

Thiazide and ThiazideLike Diuretics

High-quiy eviene n s guieines reen h 
w-se hizies shu e use rs fr s iens wih 
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• Fig. 19.3 Illustration of the nephron, from glomerulus to 

collecting duct, showing various sites of action for diuretic 

groups. CA, Carbonic anhydrase; H+  hydrogen ion; H
2

O,

water; HCO
3

 bicarbonate ion; K+  potassium ion; Na+

sodium ion; NaCl, sodium chloride. 1–5, Points at which the 

ve major groups of diuretics exert their effects.

TABLE 

19.1
Site and Mechanism of Action, Main Indications, and Other Uses of Diuretics

Diuretic Class (Mechanism of Action) Main Indications Other Uses

Osmotic Diuretics

Freely ltered, nonreabsorbable osmotic agents such as 

mannitol, glycerol, and urea: Reduction of reabsorption 

of H
2
O and solutes, including NaCl, primarily in proximal 

tubule and descending loop of Henle

To treat or prevent ARF To reduce intracranial or intraocular pressure; 

bronchial challenge

Carbonic Anhydrase Inhibitors

Acetazolamide, methazolamide, and dichlorphenamide: 

Inhibition of carbonic anhydrase in luminal membrane 

of proximal tubule, reducing proximal sodium and 

bicarbonate reabsorption

To reduce intraocular pressure in glaucoma; 

to lower HCO
3

 in mountain sickness; to 

increase urine pH in cystinuria

Periodic paralysis; adjunctive therapy in 

epilepsy; hydrocephalus

Loop Diuretics

Furosemide, bumetanide, torsemide, and ethacrynic acid: 

Inhibition of Na+/K+/Cl  reabsorption in thick ascending 

limb of Henle

Hypertension, CHF (in the presence of 

renal insufciency or for immediate 

effect); ARF; CRF, ascites, and nephrotic 

syndrome

Acute pulmonary edema; to enhance 

urinary excretion of chemical toxins; 

hypercalcemia; nonobstructive oliguria; 

renal transplant; autism

Thiazide Diuretics

Chlorothiazide, hydrochlorothiazide, chlorthalidone, 

hydroumethiazide, methyclothiazide, 

bendroumethiazide, polythiazide; thiazide-like 

diuretics: metolazone, indapamide, chlortalidone;

Inhibition of NaCl reabsorption in early DT

Hypertension; CHF; idiopathic hypercalciuria 

(renal calculi)

Nephrogenic diabetes insipidus (prevent 

further urine dilution from taking place in 

DT); CRF

Potassium-Sparing Diuretics

Spironolactone and eplerenone: Competitively block 

actions of aldosterone on CCDs

Chronic liver disease: To treat secondary 

hyperaldosteronism caused by hepatic 

cirrhosis complicated by ascites

Primary hyperaldosteronism (Conn syndrome); 

acne; alopecia; hirsutism

Amiloride and triamterene: Inhibition of the Na+/K+ pump 

by reducing Na entry across luminal membrane of CCDs

CHF: To counteract hypokalemic effect of 

other diuretics

ARF, Acute renal failure; CCDs, cortical collecting ducts; CHF, congestive heart failure; CRF, chronic renal failure; DT, distal tubule; HCO
3

−
, bicarbonate concentration.



305  CHAPTER 19 Diuretic Agents

TABLE 

19.2
Characteristics of Diuretics

Drug Route

Onset 

(min)*

Peak 

(hr)

Duration 

(hr)

Half-Life 

(hr)

Oral 

Bioavailability (%) Typical Dosage

Osmotic

Glycerin PO 10–30 1–1.5 4–5 0.5–0.75 ND 1–2g/kg

Isosorbide PO 10–30 1–1.5 5–6 5–9.5 ND 1–3g/kg

Mannitol IV 30–60 1 6–8 0.25–1.5 NA 50–100g

Urea IV 30–45 1 5–6 NA NA 1–1.5g/kg

Loop

Bumetanide PO 30–60 1–2 4–6 1–1.5 72–96 0.5–2.0mg

IV 5 0.25–0.5 0.5–1 1–1.5 72–96 0.5–2.0mg

Ethacrynic acid PO 30 2 6–8 1 100 50–100mg

IV 5 0.25–0.5 2 1 100 50–100mg

Furosemide PO 60 1–2 6–8 2 60–64 20–80mg

IV 5 0.5 2 2 60–64 20–80mg

Torsemide PO 60 1–2 6–8 3.5 80 5–20mg

IV 10 <1 6–8 3.5 80 5–20mg

Thiazide

Bendroumethiazide PO 120 4 12–16 3–4 100 5mg

Benzthiazide PO 120 4–6 16–18 ND ND 50–100mg/day

Chlorothiazide PO 120 4 12–16 0.75–2 10–21 0.5–2.0g/day

IV 15 0.5 12–16 0.75–2 10–21 0.5–2.0g/day

Chlorthalidone PO 120–180 2–6 24–72 40 64 50–100mg/day

Hydrochlorothiazide PO 120 4–6 12–16 50.6–14.8 65–75 50–200mg/day

Hydroumethiazide PO 120 4 12–16 17 50 25–200mg/day

Indapamide PO 60–120 <2 36 14 93 1.25–5mg/day

Methyclothiazide PO 120 6 24 ND ND 5mg

Metolazone PO 60 2 12–24 ND 65 5–20mg/day

Polythiazide PO 120 6 24–48 25–37 ND 2–4mg/day

Quinethazone PO 120 6 18–24 ND ND 50–100mg/day

Trichlormethiazide PO 120 6 24 2.3–7.3 ND 2–4mg/day

Potassium Sparing

Amiloride PO 2hr 6-10 24 6–9 30–90 5–20mg/day

Spironolactone PO 24–48hr 48–72 48–72 20 73 25–400mg/day

Triamterene PO 2–4hr 6–8 12–16 3 30–70 200–300mg/day

*Unless otherwise indicated.

IV, Intravenous; NA, not applicable; ND, no data; PO, oral.

eeve  ressure s hey reue  riiy n r-
iy ues in u iens wih ere  severe riry 
hyerensin. ese ues inue riy, srke, rnry 
her isese, n  rivsur evens. On he her hn, 
whie high-se hizies signiny reue srke n  

rivsur evens, hey inrese he risk fr xiiy n  n 
reue riy r rnry her isese.5

izie n hizie-ike iureis (see Te 19.2) k 
NC resrin  he is nvue uue.3 e resus 
f  sysei review shwe h hizie-ike iureis ike 
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hrhine (CTDN) evie hyerensive uren y u 
5.1 Hg f sysi  ressure re hn he we-knwn 
hizie-ye iurei hyrhrhizie (HCTZ), ning 
hrhine re en hn HCTZ.6

In iin  eny, suies hve ensre h CTDN 
hs  nger urin f in hn HCTZ, 24 hurs wih 
CTDN versus 6 12 hurs wih HCTZ. is inrese urin 
f in ws fr he inrese exiiiy f sing. A suy 
hs shwn h s  resu f his nger urin f in h 
hrhine is 1.5 2.0 ies re eius  wering sys-
i  ressure hn HCTZ (rive nihyerensive 
ees eween hyrhrhizie n hrhine n u-
ry n e  ressure).7

In iin  is iurei ees, inie wers sys-
i  ressure vi  iu-ike vsrexn ee n is 
eny is greer hn HCTZ.

C L I N I C A L  C O N N E C T I O N

Thiazide diuretics are considered the rst-line therapy for mild hypertension.

Loop Diuretics

e  iureis (see Te 19.2) re en n wiey use 
gens in he hery f eeus ses n ngesive her 
fiure n ess ny fr hyerensin. ey re fen e 
“high eiing iureis euse hey n use u  20% f he 
ere  f NC n H

2
O  e exree in he urine. e 

 iureis re re en hn he yi hizie iureis 
n usuy hve  shrer urin f in. ey  y inhii-
in f he siu-ssiu-hrie syrer resen in he 
hik sening i f he  f Hene using n inhiiin f 
siu reuke, hus inresing N+, K+, C−, n H

2
O exrein.2

When inisere inrvenusy,  iureis rue n 
ue heyni ee ineenen f heir iurei rer-
ies.2,9 Wihin 5 inues f inisrin f inrvenus  
iureis  iens wih ri isese, n ue vsiry 
ee is serve.10 is ee nifess s  erese in u-
nry iry wege ressure (PCWP),  ressure, n sys-
ei vsur resisne. e ee sees  e erive fr he 
ren reese f vsiing rsgnins.11,12

Beuse he iurei ee f inrvenus  iureis is yi-
y n seen fr 15  20 inues fer inisrin, iens 
wih ue unry ee y erive  ini ene fr 
inrvenus  iureis efre he nse f iuresis. e he-
yni ee is shr-ive, wih  esureens reurning  
seine ne iuresis hs egun.

e ue heyni ee hs s een rere  
ive he syhei nervus syse, resuing in n verse 
heyni re hrerize y inrese fer n 
iinishe ri funin efre he nse f iuresis.11 is 
ee is s shr ive n issies wih he nse f iuresis. 
Beuse he iurei ee y s sever hurs, sever ses er 
y y e require  inin  ne iurei ee fr 24 hurs. 
Piens requiring frequen us ses y ene fr ninu-
us infusin.

K E Y  P O I N T

Loop diuretics produce a hemodynamic effect characterized by acute vaso-

dilation and manifest as a decrease in pulmonary capillary wedge pressure 

(PCWP), blood pressure, and systemic vascular resistance.

Ainisrin f  iureis  iens wih ren ys-
funin resus in ess  rug rehing he sie f in wihin 
he nehrn, n he inisrin f rger ses is require  
hieve  hereui ee.13,14

In hese iens, he ees f furseie, uenie, n 
rseie ier. Furseie y hve  re rnge ee 
in iens wih ren ysfunin. Hwever, iens y e 
resisn  furseie re wih uenie. Beuse  
iureis re he s en iureis, hey re eeive  very 
w reinine erne eves ( w reinine erne eve 
inies kiney isese). L iureis s singe gens shu 
e nsiere s rs-ine hery in iens wih reinine er-
ne vues ess hn 40L/in. If his se is ineque  r-
ue iuresis wihin 20 inues, he se n e ue every 
20 inues uni  resnse urs r uni  xiu se is 
rehe. Vrius suies hve rere  eiing ee  furse-
ie f rxiey 250 g. Inresing he se ve his 
eiing se y n rue n inrese resnse.15

Ahugh iens wih ren ysfunin require rger ses 
 eiver iureis in urine, he reining nehrns in hese 
iens ninue  funin nry. Over, N+ exrein 
y e iie s  resu f iinishe N+ rin. T ver-
e his reive resisne, n eeive resnse y e ine 
y inisering  rge enugh se sever ies  y. Cerin 
isese ses resu in  iinishe resnse h es n irve 
wih inisrin f rger ses. Ahugh he ehnis fr 
his ee is unknwn, i hs een rere in iens wih CHF, 
irrhsis, n nehri synre.15 In hese iens, uie 
ses shu e given, rher hn rger singe ses. is ning 
iies  es eiing se f  iureis in iens wih 
CHF n irrhsis.

Cn n shre sie ees f he  iureis inue 
izziness, hehe, gsrinesin use, hyernrei, hy-
kei n ehyrin. Unn u eniy severe 
verse evens inue rfun eerye n wer ss, ehy-
rin eing  hyensin n syne, eerye eein 
wih hykei, hygnesei, n hynrei, inreses 
in seru reinine n uri i wih wrsening f ren fiure 
n reiiin f hei enehhy in iens wih ir-
rhsis, hyeruriei, gu, xiiy, hryeni n 
hyersensiiviy reins.

Ahugh  iureis rein he insy f reen fr 
reieving ngesin in iens wih her fiure (HF), he s 
rehensive,  e, review f ssiins f LD use n se 
wih hr ini ues in iens wih HF ensre h 
 iureis, eseiy in high ses, re ssie wih inrese 
-use riy in iens wih HF. e use f  iureis is 
s ssie wih higher res f HF hsiizins.16

Carbonic Anhydrase Inhibitors

e riry sie f in f CAIs is wihin he rxi uue. 
Crni nhyrses re enzyes h yze he hyrin f CO2

n he ehyrin f HCO3
−: CAIs reven he nr rek-

wn f rni i n hus erese HCO
3
− resrin.

CAIs inhii rnsr f HCO
3

− in he inersiiu fr 
he rxi nvue uue. erefre, ess N+ is resre, 
using greer N+, HCO3

−, n H
2
O ss in urine, resuing in 

 ne inrese w f kine urine (Fig. 19.4). e eni 
fr ei isis ue wih heir wek iurei reries 
iis he use f CAIs s he rs-ine reen fr iens wh 
require re ggressive ngeen f heir hyervei sus.
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Oher, re n uses f CAIs inue reen f gu-
, ei ksis, n iue sikness. Crni nhy-
rse is n irn enzye in he frin f inrur ui. 
CAIs eeivey erese inrur ressure n re use  re 
gu. Shr-er CAIs y s rre ei ksis 
s  resu f he isis hey rue. Finy, CAIs hve een 
shwn  e usefu gins iue sikness, hugh he ex 
ehnis f in is unknwn. e s n verse 
ee f CAIs is hykei resuing fr he inrese un 
f N+h is resene  he eing u n is resre in 
exhnge fr K+ exrein.

C L I N I C A L  C O N N E C T I O N

Osmotic diuretics are often used in the management of patients with 

traumatic brain injury who have cerebral edema.

K E Y  P O I N T

Although carbonic anhydrase inhibitors (CAIs) are considered to be very weak 

diuretics, they are commonly used in patients with glaucoma, metabolic 

alkalosis, and altitude sickness.

PotassiumSparing Diuretics

Pssiu-sring iureis inrese urine uu y inerfering 
wih he N+ n K+ exhnge in he is nvue uue 
(Amiloride n triamterene) r y ing s n ngnis  he 
serne reer (spironolactone) (see Te 19.2). e ng-
nis f he serne-inue vsnsriin is ssie 
wih  6    Hg reuin in isi n en ressure in 
iens wih en-sge ren isese. Is nse f in is eween 
2  4 hurs n is xiu ee wih  singe se is 7 hurs 
u 2  3 ys wih uie ses. On he sis f is ehnis 
f in, sirnne is seiy use fr niins knwn 
 hve eeve serne nenrins, suh s hyer-
sernis (riry n senry), irrhsis n sies, ren 
hyersi, n ren rery sensis. e s n use is in 

iens wih irrhsis n sies. Beuse he urin f ee 
f sirnne u e fr sever ys, he se shu e 
inrese every 3 r 4 ys uni he esire eve f iuresis is 
ine.

In he is uue, N+ is yiy exhnge fr K+ n H+. 
Bking his exhnge is wh kes hese gens potassium-
sparing diuretics. Ahugh frequeny use in inin wih 
hizie iureis  rue eer iuresis n  iinish K+

ss, he rine fr his is nrversi. Ony u 5% f 
iens reeiving hizie iureis ee K+ eee.17

In iin, ssiu-sring gens y rue hyerke-
i, whih is  re ife-hreening siuin hn K+ eein.

Trierene is  shr-ing gen use in he hery f 
ee. Trierene us e nvere  n ive eie y 
he iver, n his gen y e  r hie in iens wih iver 
ysfunin.17

Airie hs  erey ng hf-ife n es n require 
ei ivin. Cinisrin f K+ sueens, 
ngiensin-nvering enzye inhiirs, n nnseri 
niinry gens, s we s ren ysfunin, y re-
isse iens reeiving ssiu-sring iureis  eve 
hyerkei.17

Osmotic Diuretics

Osi iureis (Te 19.2) re freey ere  he geruus 
u re n resre. ese gens rein in he uue uen 
n iir he iiy f he rxi uue n he hik sen-
ing i f Hene  resr NC. e ne resu is h si 
susnes re en iureis h e  inrese exrein f 
H

2
O n NC. e resun inrese eivery f N+ n C   

he is uue resus in inrese exhnge f N+ fr K+, r-
uing  ne K+ ss in urine.

Of he fur urreny vie si iureis (gyerin, 
issrie, nni, n ure), nni is he referre gen 
euse f is wer xiiy. Mnni hs  reivey shr hf-
ife n hs ri nse n se f in. T inin  nin-
ue iurei in, he rug is frequeny inisere vi n-
inuus infusin. Piens wih inrese inrrni ressure ue 
 rui rin injury genery require hrgi her-
ies n fen surgi inervenins  inin r re-esish 
eque erer  w n reven herniin. Regress 
f he use f inrese inrrni ressure, shery is n-
siere he insy f ei hery, n shu e inis-
ere s sn s ssie.1 19

Inhe nni is  rnhnsrir. I is vie in ry 
wer inher (DPI) fr (Ari/Oshe) s Ari n is 
use  ssess rnhi hyerresnsiveness in iens wh re 
6 yers f ge r er n  n hve iniy ignse sh. 
During  nni henge es, he suje inhes inresing 
ses f nni wih heir fre exirry vue in ne se-
n (FEV

1
) esure fer eh se  eerine he eve f 

rnhi hyerresnsiveness. Ari shu n e erfre 
in ny ien wih iniy ren sh r very w seine 
unry funin ess (e.g., FEV

1
<1-1.5 iers r <70% f he 

reie vues).

Diuretic Combinations

Vrius iurei inins y e use in n e  
in n iive r synergistic eect in iens wh resn 
ry  ne gen. By using gens wih ieren sies f in 

• Fig. 19.4 Effect of carbonic anhydrase inhibitor diuretics, such as 

acetazolamide, which block the availability of hydrogen to exchange for 

sodium in the proximal tubule, causing a loss of sodium, bicarbonate, and 

water, along with reduced bicarbonate reabsorption into cells and blood. 

CA, Carbonic anhydrase; CO
2

, carbon dioxide; H+, hydrogen ion; H
2

CO
3

,

carbonic acid; H
2

O, water; HCO
3

−, bicarbonate ion; Na+, sodium ion.
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wihin he nehrn, he iurei resnse y e enhne. e 
s n inin is f   iurei n  hizie. 
Ahugh n nsiseny eeive, inins siny 
y resu in rnune iuresis.

Drug Interactions

Beuse iureis re ny resrie in inin wih 
her eiins, knwege f rug inerin ys n ir-
n re in he seein f he iurei gen. Ciniins wh re-
srie iureis nee  e infre f ssie riiies, 
suh s iees, ren isese, hei isese, r gu. Te 19.3
surizes se f he s n rug inerin sie 
ees ssie wih iurei gens.

Adverse Eects

Ahugh iureis hve een use suessfuy fr re 
hn 40 yers, hey hve he eni  use verse ees 
(Te 19.4). Ms iins ssie wih iurei use 
n e niie s n exensin f heir hrgi iv-
iy, wih hyvei n eerye n i–se nriies 
eing he s n. Rre sie ees h nee ieie 
ei enin inue he fwing:
• Bk, rry ss
• B in urine r ss
• Cugh r hrseness
• Fs20

• Fever r his
• Jin in
• Pin in he wer k r sie
• Pinfu r iu urinin
• Pinin re ss n he skin
• Ringing r uzzing in he ers
• Any ss f hering
• Skin rsh r hives
• Severe sh in wih nuse n viing
• Unusu eeing r ruising
• Yew eyes r skin
• Yew visin

TABLE 

19.3

Drug Interactions and Their Potential Side 

Eects Associated With Use of Diuretics

Interacting Drug Potential Side Effect

Angiotensin-converting enzyme 

inhibitors AND potassium-

sparing diuretics

Hyperkalemia and cardiac 

irritability

Aminoglycosides AND loop 

diuretics

Ototoxicity and nephrotoxicity

Digoxin AND thiazide and loop 

diuretics

Hypokalemia

β blockers AND thiazide diuretics Hyperglycemia, hyperlipidemia, 

hyperuricemia

Steroids AND thiazide and loop 

diuretics

Increased risk of hypokalemia

Carbamazepine or chlorpropamide 

AND thiazide diuretics

Increased risk of hyponatremia

TABLE 

19.4
Common Side Eects of Diuretic Therapy

Drug Effect

Osmotic diuretics Acute expansion of ECFV and increased risk of 

pulmonary edema

Acute hyperkalemia

Nausea and vomiting; headache

Loop diuretics Depletions: Hypokalemia; hypomagnesemia; 

hyponatremia; hypovolemia

Retention: Hyperuricemia

Metabolic: Hyperglycemia (insulin resistance)

Metabolic alkalosis (partly secondary to ECFV 

reduction)

Ototoxicity and diarrhea (mainly with 

ethacrynic acid)

Thiazide diuretics Depletions: Hypokalemia, hyponatremia, 

hypovolemia

Retentions: Hyperuricemia secondary 

to enhanced urate reabsorption; 

hypercalcemia secondary to enhanced Ca++

reabsorption

Metabolic alkalosis (hypochloremia)

Metabolic: Hyperglycemia (insulin resistance), 

hyperlipidemia

Hypersensitivity (fever, rash, purpura, 

anaphylaxis)

Interstitial nephritis

Potassium-sparing 

diuretics

Spironolactone: Hyperkalemia, gynecomastia, 

hirsutism, menstrual irregularities, testicular 

atrophy (with prolonged use)

Amiloride: Hyperkalemia, glucose intolerance 

in diabetic patients

Triamterene: Hyperkalemia; megaloblastic 

anemia in patients with liver cirrhosis

Carbonic anhydrase 

inhibitors

Metabolic acidosis (secondary to HCO
3

depletion)

Drowsiness, fatigue, CNS depression, 

paresthesia

Ca++, Calcium; CNS, central nervous system; ECFV, extracellular uid volume; HCO
3

bicarbonate.

Oher verse ees re even rrer r iisynri n nn 
e niie r revene. ere is  riur nern wih he 
suggese ssiin eween ng-er iurei hery n he 
risk f eveing ren e rin.

K E Y  P O I N T

Hypovolemia and acid–base abnormalities are the most common side effects 

of diuretic therapy.

Hypovolemia

Beuse iureis re N+ n ui exrein, eiinin 
y exee inke, resuing in hypovolemia. Hyvei 
shu e susee if izziness, exree hirs, exessive ryness 
f he uh, erese urine uu, rk-re urine, r n-
siin is serve. Cerin siuins y reisse  ien 
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Causes of Volume Depletion With 

Diuretics

• Initiation of treatment or increased dose

• Improved compliance

• Reduced dietary sodium intake

• Development of diarrhea

• Ingestion of drugs that impair diuretic administration

• Improved underlying disease state not requiring diuretics

• BOX 19.2

 hyvei (Bx 19.2). Diurei-inue hyvei shu 
e ree y isninuin f he iurei. Mi ses f hy-
vei y resn  ierizin f N+ inke, wheres re 
severe ses require inrvenus vue reeen.

Hypokalemia

Preserving K+ ne hs eerge s ne f he s ir-
n frs in he ngeen f hyerensin. K+ is exhnge 
fr N+ in he is nvue uue n eing u. Any 
iurei h inreses N+ eivery  hese regins y en-
iy inue hykei. In iin   ire K+ ss, iurei-
inue vue eein rues resrin f N+ vi 
reese f serne in he is uue in n er  ser 
inrvsur vue. is iin N+ resrin s n-
riues  K+ exrein. Diery N+ inke n C  eein y 
s inuene K+ exrein. Diurei-inue hykei r-
eny is se ree, wih  iureis hving  wer iniene 
re wih hizie iureis.21

Ahugh se suies hve rie  ienify he iniene f 
iurei-inue hykei, i is issie  rei wheher 
 riur ien wi eve hykei. e issue f K+

sueenin is s nrversi. Wh  re, when  re, 
n hw  re hykei  re unresve quesins. A he 
ener f his unresve issue is wheher hykei ses  risk 
fr rrhyhis r suen ri eh. Sueen K+ shu 
e nsiere in iens wih  hisry f ri isese, iens 
wih sys iniing hykei, iens wih  seru K+

eve ess hn 3Eq/L, n iens reeiving igiis hery. 
Pssiu-sring iureis y inue  hyerkei se in 
.6% f iens reeiving sirnne n in 23% f iens 
reeiving  ssiu-sring iurei n K+ sueenin.

Acid–Base Disorders

Wih iuresis n vue eein, hykei n hyh-
rei y resu. is se y use ei ksis, whih 
is resnsive  K+ n C  reeen hery. Exeins re 
CAIs, he use f whih y resu in ei isis.

Glucose Changes

izies re s knwn  e he nihyerensive rugs wih 
he srnges iegeni iviy.22 e verge inrese in seru 
guse is 6.5  9.6g/L, hugh ses f iei kei-
sis hve s een rere. e severiy f guse eevin in 
hese rers ws ree  he se f iurei use n  he 
erese in K+ eves. Ahugh he use f hyergyei is n 
eey uners, sever ssie eigies hve een s-
ue, inuing erese nrei insuin reese n insuin 
resisne wih iire uke f guse in resnse  insuin.23

Ototoxicity

L iureis y use  se-ree ototoxicity nsising f in-
nius n ini r suini hering ss. Oxiiy resus fr 
ni n hei nriies rue wihin he inner 
er. Oxiiy is ree  he  eve f hese gens. Ri 
infusin n rug uuin wih rge rener ses in ren 
fiure h reisse iens  xiiy. Reuing he infusin 
re r inisering he rug ry y evie hering ss.24

Ms xiiy is reversie; hwever, ses f irreversie 
hering ss hve urre. Ehryni i hs  higher ikeih 
f using irreversie hering ss. Liie  n uenie 
inie h i y hve  wer iniene f xiiy -
re wih furseie n ehryni i.25

Special Situations

Pregnancy, Lactation, and Children

Diureis re n reene fr regnn wen euse 
he ees f he rug n he feus re unknwn. Beuse ny 
iureis ss in res ik, iureis re n reene  
resfeeing wen euse f he risk f ehyrin in he 
infn.

Chiren n sfey ke iureis euse he sie ees re 
siir  he sie ees in us. Hwever, ser ses f he 
rug shu e use in hiren (Te 19.5).26

Furseie is ne f he s eeive n es xi iureis 
use in eiri rie. Hwever, ng-er use f  iure-
is in hiren shu e refuy evue euse f he risk f 
nephrocalcinosis n eni erese in ne ss ensiy.27

Acute Respiratory Distress Syndrome

A hhysigi nrk f ue resirry isress syn-
re (ARDS) is he resene f rein-rih, nnrigeni 
unry ee.2 Cre  hehy sujes, ARDS 
iens resen  higher un f exrvsur ung wer n 
 iner inrese in he ui shif fr iries  vei ue  
inresing unry rery ressures.29 us,  sregy ie  
iiing ui uuin in he ung n eniy irve 
ue. A reuin in unry rery ressures hs een 
ssie wih inrese surviv in iens wih ARDS.30

Inrvenus uis re wiey use  re irury eeri-
rin in eiri ue resirry isress synre (PARDS). 
Hwever, ery ui resriin suie in he ni e i 
n ii he frin f unry ee, suggesing h in 
he ery hse f PARDS,  resriive ui sregy y n e 
enei in ers f ieie riunry ees.31

e ARDS Newrk uishe he resus f he Fui An 
Cheer Treen Tri (FACTT), in whih iens wh were 
n in shk n wh were nge wih  rize ui 
ngeen us furseie (nservive ui ngeen 
r) h signiny re venir-free ys, re inensive 
re uni (ICU)–free ys, n wer riy re wih 
hse in he ier ui ngeen r.32

Inhe furseie hs een exre in he ngeen f 
ARDS fr shwing signin ni-inry reries y inhi-
iin f he ykine ruin ssie n ivin f he 
inne iune syse.33 Ineresingy, furseies ni- iviies 
 n require sysei inisrin f he rug n hve een 
exre s n in fr nging iens wih COVID-19.33
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Diuretic Use in Neonates and Infants

Diureis reresen ne f he s n sses f rugs 
inisere  sik nenes. ey re ririy use in he re-
en f edema ssie wih inrrie wer n siu 
reenin, suh s ngesive her fiure, kiney isrers, n 
iver isese.34

Furseie is fen inisere -e in reure ne-
nes,  s re resirry niins n  ses greer hn 
reene. Furseie is use in s 50% f infns wih 
rnhunry yssi n nery 25% f infns wih resir-
ry isress synre n/r rnsien hyne f he newrn.35

Neverheess, ruine r susine use f ersize  
iureis in infns wih (r eveing) hrni ung isese n-
n e reene n he sis f exising eviene.36

Furosemide and Fluid Overload

Diureis re use in he nen uin fr he reen f 
sever ui reenin ses, inuing ren ysfunin n s-
erive ngeen, n uring reen wih exrrre 
erne xygenin (ECMO). T vi ue uuins in 
inrvsur vue ssie wih us inisrin f  
iureis, he use f ninuus inrvenus inisrin hs een 
rse. Afer ri surgery in iens yunger hn 6 nhs 
f ge, urinry uu n e signiny greer when reeiving 
ninuus furseie re wih inerien sing.37

Hwever, re wih ninuus sing, juse sing 
f furseie se n ini reers n resu in higher 
urine ruin in he inerien eri n requires  signi-
ny ser  iy se f he rug.3

In nenes ree wih ECMO, n serve ene f n-
inuus reen hs een shwn in risn wih ineri-
en furseie inisrin.39

TABLE 

19.5
Pediatric Dosages of Commonly Prescribed Diuretics

Drug Age of Patient Route Typical Dosage

Furosemide Neonates PO 1–4mg/kg/dose once or twice daily

IV/IM 1–2mg/kg/dose q12–24h

Children PO/IV/IM 1–2mg/kg/dose q6–12h

Bumetanide <6mo PO/IV/IM ND

>6mo PO/IV/IM 0.015mg/kg/dose qid or qod; maximum 0.1mg/kg/dose

Hydrochlorothiazide <6mo PO 2–3.3mg/kg/day divided bid

>6 mo PO 2mg/kg/day divided bid

Chlorothiazide <6mo PO 20–40mg/kg/day divided bid

IV 2–8mg/kg/day divided bid

>6mo PO 20mg/kg/day, divided bid

IV 4mg/kg/day

Metolazone Children PO 0.2–0.4mg/kg/day, divided q12–24h

Spironolactone Children PO 1.5–3.5mg/kg/day, divided q6–24h

IM, Intramuscular; IV, intravenous; N/D, no data; PO, oral.

Modied from Bestic, M., & Reed, M. (2005). Pharmacology review: common diuretics used in the preterm and term infant. Neoreviews, 6, 392.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. What is a diuretic?

2. Identify the ve major groups of diuretics used clinically.

3. If a diuretic agent, such as one of the loop diuretics, causes loss of K+, 

how would this lead to metabolic alkalosis?

4. Which diuretics would preserve K+?

5. What is the potential effect of a carbonic anhydrase inhibitor on acid–

base balance?

6. Explain how a diuretic, such as furosemide, can be helpful in acute CHF 

with pulmonary and vascular edema.

7. Which diuretic agent has a vasodilatory effect when used for long-term 

treatment?

8. In an otherwise healthy adult with mild hypertension, what diuretic 

agent should be considered the rst-line treatment?

9. Which diuretic agent has been successfully used in the management of 

ARDS?

10. Match each of the following sets of drugs on the left with the most 

likely interaction on the right.

Gentamicin PLUS furosemide Hyperglycemia

Hydrochlorothiazide PLUS prednisone Ototoxicity and nephrotoxicity

Spironolactone PLUS enalapril Hyperkalemia

Hydrochlorothiazide PLUS

carbamazepine

Hyponatremia

CLINICAL SCENARIO

Answers can be found in Appendix A.

A 73-year-old White man presents to the emergency department 

with a chief complaint of severe dyspnea that began about 8 hours 

before presentation. The patient’s history is signicant for long-standing 

hypertension and coronary artery disease. He had suffered an inferior 

myocardial infarction in 1995 and had another myocardial infarction of 

unknown location in 1999. After this, he underwent a coronary artery bypass 
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graft procedure. His left internal mammary artery was used to bypass the 

left anterior descending artery, a saphenous vein graft was placed to the 

posterior descending artery, and a sequential saphenous vein graft was 

placed to the rst and second obtuse marginal arteries.

Cardiac catheterization revealed inferior wall akinesis with global 

hypokinesis of the remaining walls. His left ventricular ejection fraction was 

estimated to be 40%. Since his bypass surgery, he has not had any further 

angina or infarctions, but he has had two admissions for acute pulmonary 

edema. Both episodes were believed to have been precipitated by medical 

noncompliance, but this could not be conrmed. At this presentation, the 

patient again denies chest pain. He states that he began feeling dyspneic 

the night before presentation and then awoke about 5 am severely dyspneic 

and coughing up white, foamy phlegm. When queried about his compliance 

with his medicines, he admits that he sometimes forgets to take his 

clonidine.

The patient has chronic renal insufciency and has had repair of a right 

inguinal hernia. He denies any allergies.

The patient is taking the following medications: clonidine, 0.1mg PO 

bid; atenolol, 50mg PO hs each night; aspirin, 325mg PO qid; transdermal 

nitroglycerin, 0.4mg qh (he places a patch on in the morning and takes it 

off at bedtime); and furosemide, 40mg PO q am

Physical examination reveals an elderly White man in obvious 

respiratory distress. He is afebrile; other vital signs are as follows: pulse 

(P) 120 beats/min and regular, respiratory rate (RR) 32 breaths/min, and 

blood pressure (BP) 230/140mm Hg. His neck shows positive jugular 

venous distention. Heart auscultation reveals a regular rate, with a systolic 

ejection murmur (I/VI), negative S
3
, and positive S

4
. His lungs show bibasilar 

inspiratory crackles half of the way up the thorax. His abdomen is at, and 

bowel sounds are present; no tenderness or masses are identied. His 

extremities are slightly cool, and pulses are felt in all extremities but are 

thready.

The patient’s laboratory results are as follows: Na+ 138mEq/L, K+

3.6mEq/L, blood urea nitrogen (BUN) 40mg/dL, and creatinine 2.8mg/dL. 

His electrocardiogram shows sinus tachycardia, with inferior Q waves and 

lateral Q waves of questionable signicance. A chest radiograph shows mild 

cardiomegaly with bilateral inltrates consistent with pulmonary edema.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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CLINICAL SCENARIO—cont’d
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C H A P T E R  O U T L I N E

Neurotransmitters

Psychiatric Medications

Antidepressants

Mood Stabilizers

Antipsychotics

Drugs for Alzheimer Dementia: Cholinesterase Inhibitors

Anxiolytics

Barbiturates

Other Hypnotics

Ethyl Alcohol

Pain Treatment

Nonsteroidal Antiinammatory Drugs

Opioid Analgesics

Routes of Opioid Administration

Opioid Inhalation

Local Anesthetics

Epidural Analgesia

Combinations of Analgesic Classes

Chronic Pain Syndromes

Anesthesia

Conscious Sedation

Standards for Providing Conscious Sedation

Central Nervous System and Respiratory Stimulants

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene key terms pertaining to drugs that aect the central 

nervous system (CNS)

2. Describe the multiple functions of the CNS

3. Recognize various eects of medications on the CNS and their 

abilities to modulate neurotransmitters

4. Comprehend psychiatric medications, including classication, 

use, and side eect proles

5. Recognize the eects of alcohol on the CNS during acute 

intoxication, chronic use, and after abrupt withdrawal

6. Distinguish physiologic and psychological bases of pain and the 

classes of analgesics used to treat pain

7. Recognize indications for the use of both local and general 

anesthesia

8. Describe the concept of conscious sedation and indications and 

guidelines for use

9. Distinguish drugs that stimulate the CNS and respiratory system 

and describe the indications for application

K E Y  T E R M S  A N D  D E F I N I T I O N S

Analgesics Drugs that provide pain relief. Analgesics can be 

subdivided into narcotic and nonnarcotic medications. Narcotic 

drugs are derivatives of opium, such as morphine and codeine. 

Nonnarcotic medications are useful in treating pain and 

inammation. They also have antipyretic activity.

Anesthetics Drugs that depress the central nervous system. 

Anesthetics can be divided into local and general anesthetics. 

General anesthesia causes total loss of consciousness and 

reexes, which results in the absence of pain perception. 

Local anesthetics are applied to a specic site and decrease 

pain perception at the specic site and do not aect level of 

consciousness. Both types of anesthetics are often used during 

surgical procedures.

Antidepressants Drugs that can alter levels of certain 

neurotransmitters within the brain, in particular norepinephrine 

and serotonin. Depending on the class of antidepressant, they 

can either inhibit the reuptake of neurotransmitters or decrease 

their degradation, ultimately allowing for increased levels of 

neurotransmitter at the nerve terminal.

Antipsychotics Drugs used to treat psychotic disorders, 

such as schizophrenia. Antipsychotics primarily aect the 

neurotransmitter dopamine.
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Anxiolytics Minor tranquilizers. Anxiolytics are drugs used 

to treat several conditions, including anxiety disorders 

and insomnia. The most common class of anxiolytics is the 

benzodiazepines. They bind to the γ-aminobutyric acid 

(GABA) receptor to increase the inhibitory actions of this 

neurotransmitter.

Central nervous system (CNS) The brain and spinal cord make up 

the functional components of the CNS. The spinal cord provides 

nerve bers that transport signals to and from the brain. The 

brain largely comprises three components: cortex, midbrain, 

and brainstem. Together, these provide for all conscious and 

subconscious functions of the body.

Cholinesterase inhibitors Drugs that block the activity of 

cholinesterase, an enzyme that inactivates the neurotransmitter 

acetylcholine. Acetylcholine is found at nerve terminals in both 

the CNS and the peripheral nervous system. Cholinesterase 

inhibitors are used in the treatment of dementia to slow the 

progression of cognitive decline.

Conscious sedation Method used during certain invasive 

procedures. The goals of conscious sedation are to decrease 

the level of consciousness and relieve anxiety and pain while 

allowing the patient to follow verbal commands. Conscious 

sedation is achieved through the use of several classes of drugs, 

including benzodiazepines and narcotic analgesics.

Mood stabilizers Drugs used primarily to treat bipolar disorders.

Neurotransmitter Chemical substance that allows neurons 

to transmit electrical impulses throughout the CNS and the 

peripheral nervous system. The action of the electrical impulse 

is determined by the chemical structure of the neurotransmitter 

and the receptor to which it binds.

Stimulant A drug that increases activity of the brain. Stimulants 

can be divided into two classes: amphetamines and respiratory 

stimulants. Amphetamines cause increased wakefulness, 

improved concentration, and appetite suppression. Respiratory 

stimulants include doxapram, xanthines, carbonic anhydrase 

inhibitors, salicylates, and progesterone.

e s wiey use rugs, h hereui n rerein, 
re gens eing he central nervous system (CNS). Huns 
re inrinsiy nerne wih n erhs even ene y he 
resses f hinking n feeing. ese resses rigine wihin 
he rin. ughs n feeings, hugh ry uners, 
resie ririy wih neurhei inerins n ne in 
he rin. Drugs h e he CNS re use fr heir ees n 
erein n . Ahugh he grss ny f he rin 
hs een eegny esrie, he ex inerin f vrius 
rin res n iniviu neurns is ess we uners.

Genery, he rex, r uer vering, f he rin is nsi-
ere  e he in f hugh, ery, sef-wreness, n 
ersniy. Perein f sensin n nr f y ve-
en, inuing seeh, re s reresene in sei res f he 
rex. e irin funins s  rey sin fr infrin 
rveing  n fr he rex. I s inegres n ues 
uni funins; his funin urs ririy in he hy-
hus. e rinse, r eu, nins he nr res 
fr uni funins, suh s rehing n rivsur 
nr, n he re resnsie fr erness, he reiur i-
ving syse. e sin r eners he rin  he rinse, 
n he ereeu, ieiey ehin he rinse, es 
ne r nr n rines veen.

Muh f ur unersning f rin rgnizin n funin 
es fr reving res f he rin n ienifying he resu-
ing eis in nis. Se infrin hs een quire y 
suying huns wh hve h srkes r rui rin surgery. 
ese servins hve e   gener unersning f fun-
in neurny n regniin h he rin n rever 
signin funin fer ge  irn res.

Iniviu neurns hve  wie rry f nneins wih ny 
ieren neurns in iverse res f he rin; his is re -
ie hn he grss ny wu sugges. ese erns re 
ieren in ieren inivius n hnge wih ie in he se 
iniviu. Mny funins reny re reresene in uie 
wys, king he resisn  ge. Ahugh he nuer f 
iniviu neurns es n inrese in uh, he rin is 

e  hnge n inrese he nuer f nneins n -
exiy f he neurn iruiry hrughu ife. Ahugh eh 
neurn reeses ny  singe neurotransmitter n siny 
 -neurrnsier, he u ee f hese neurrnsi-
ers n he nex neurn is ie y iin resyni n 
ssyni neurns, whih y inhii r ugen he riry 
neurrnsier ee.

Sever iseses re reny ree  ss f riur neu-
rns wih sei neurrnsiers. Prkinsn isese is use 
y  ss f ine-nining neurns in he substantia nigra
re f he irin. is niin is hrerize y resing 
rer; rigiiy; rykinesi, r swness in iniiing ve-
en; gi isurnes; n sur insiiy. Treen f 
Prkinsn isese invves inresing he un f ine 
nine in n reese fr he reining neurns.1,2 Se 
frs f eressin re eieve  e use y reue iviy 
f nreinehrine neurns in he rin, riury neurns in 
he locus caeruleus.3 ere sees  e  erese in he regngi-
ni ugenin ees f sernin n in ire siury 
ees f nreinehrine. Treen is  resre re nr 
iviy f he nreinehrine neurns y inhiiing he reuke 
f sernin y uing neurns, enhning he un f 
nreinehrine reese, n inresing he urin f is ees 
in he synse.

Beuse f he iversiy f neurn nneins n he s-
iiy f he CNS, rugs use fr CNS hery hve wiesre 
n vrying ees. e funin n hei exiies f 
he rin n eriher nervus syse exin he urrene f 
sie ees n xiiies n wih CNS rug hery.

K E Y  P O I N T

Drugs that affect the central nervous system (CNS) are commonly prescribed. 

These drugs exert their effects by interacting with neurotransmission; by 

affecting neurotransmitter release, metabolism, or uptake; or by acting at 

primary or modifying receptors or transport proteins.
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Neurotransmitters

K E Y  P O I N T

Because the organization of the central nervous system (CNS) is complex, 

the main cause of the side effects of CNS drugs is their interaction in diffuse 

areas of the brain.

K E Y  P O I N T

Central nervous system (CNS) drugs may increase or decrease individual 

neuronal activity. The balance of activity of different types of neurons seems 

to affect brain function and mood. Restoration of this balance is the goal of 

treatment of mood disorders.

Eh neurn reeses reinny ne ye f neurrnsier 
fr is xn. If enugh reers re ive n he ssyni 
erne, eeri erizin urs n  sign is sse 
 he nex neurn. e funin ny n nens f 
neurrnsissin re iusre in Figs. 20.1 n 20.2. Reese 
neurrnsiers re un  n rnsre y reins in he 
synse, ken k u y he reesing nerve erin, rekge 
in vesies, n reye. Bun neurrnsiers re unvie 
fr reer inerins, n erins in he rnsr reins in 
un r niy e he sign rgin eni. Se f 
he reese neurrnsier is eize y erne-un 
enzyes n he ssyni e erne. e resuing nsiu-
en nens re ken u resyniy n use s reursrs 
fr neurrnsier synhesis. Reers n h he resyni 
erne n he ssyni erne sei fr he reese 
heis n fr her heis fr uing n neighr-
ing neurns e he iviy f he neurn.

• Fig. 20.1 Schematic of components of neuron-to-neuron communica-

tion. Neurotransmitter (NT) is synthesized in the nerve and transported 

and stored in the nerve terminal. Other components of neurotransmis-

sion include transport proteins (TP) in the synapse, receptors (R) on the 

postjunctional membrane, receptors (R) on the prejunctional membrane, 

membrane-bound enzymes (ENZ), and modifying neurons.

• Fig. 20.2 Schematic for pathways that neurotransmitters follow after 

release into the synapse. After axonal depolarization, stored neurotransmit-

ter (NT) is released into the synapse (1), where it is bound to the transport 

or carrier protein (TP). NT is transported to and binds with postjunctional 

receptors (2), is metabolized by membrane-bound enzymes (2), is actively 

taken up by the releasing neuron (3), or is released and binds to prejunc-

tional receptors. NT substance that is degraded to its component parts is 

taken up by the releasing neuron to be resynthesized and reused (4).

Cheis h ehve s neurrnsiers re ise in 
Te 20.1. e ee f he neurrnsier reese is eer-
ine y ny frs, inuing he un f neurrnsier 
reese, ye n quniy f rnsr reins, revius reese 
f neurrnsiers, resene f ifying susnes, eieny 
f reuke resses, n iviies f uing inerneurns. 
Seis f his rnsissin uin syse ier fr vrius 
rin res, en funins, n neurrnsiers. CNS-ive 
rugs y hve ees n sei rs f  neurrnsier sys-
e r hve generize ees n rin funin. Augenin 
r inhiiin f neurrnsissin n resu fr rug iner-
in  ny f he sies iusre in Figs. 20.1 n 20.2.

Psychiatric Medications

K E Y  P O I N T

Depression is a common mood disorder. Several classes of drugs, including 

tricyclic antidepressants (TCAs), monoamine oxidase inhibitors (MAOIs), and 

selective serotonin reuptake inhibitors (SSRIs), are used for this disorder and 

exhibit a wide range of side effects.

Antidepressants

Deressin is ne f he s n syhiri isrers n  
jr use f wrwie isiiy. In he Unie Ses, he esi-
e jr eressin revene is 7.%.4 An esie 322 i-
in ee gy (4.4% f he wrs uin) urreny ive 
wih eressin.5 e revene f jr eressive isrer hs 
s inrese y 1.4% wrwie fr 2005  2015.5 In f, 
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en isrers ver nw un fr 4.9% f  Disiiy-
Ajuse Life Yers (DALYs).6

Deressive isrer hs uie eigies, inuing igi, 
syhgi, n si frs. Sernin n nreinehrine 
hve een shwn  e irn neurrnsiers, n heir 
reive eieny hs een inke  eressin. Fr re hn  
ee, selective serotonin reuptake inhibitors (SSRIs) hve een he 
rs-ine ei reen fr jr eressive isrer. ese 
rugs re referre euse hey re sfer n re ere hn 
er eiins, suh s riyi nieressns (TCAs) n 
nine xise inhiirs (MAOIs). In iin, newer 
rugs rge h nreinehrine n sernin; hey re e 
serotonin norepinephrine reuptake inhibitors. Deressive isrer 
gens re ise in Te 20.2

Mood Stabilizers

Mood stabilizers re use ririy fr ir isrer. is 
eive isrer invves erning eises f eressin n 
ni r hyni. Mni is hrerize y  es 1 week 
f eeve r irrie  n  es hree f he fwing: 
ine sef-esee r grnisiy, erese nee fr see, eing 
re kive hn usu, ri hughs r he sujeive exe-
riene h nes hughs re ring, isriiiy, n inrese 
in g-iree ehvir, r exessive invveen in esure 
iviies h hve  high eni fr infu nsequenes.7

Hyni is siir  ni u ess inense n f shrer 
urin.7

TABLE 

20.1

Central Nervous System Chemicals That 

Function as Neurotransmitters

Chemical Class Neurotransmitter

Biogenic amines Norepinephrine

Epinephrine

Dopamine

Acetylcholine

Histamine

Serotonin (5-hydroxytryptamine)

Amino acids γ-Aminobutyric acid (GABA)

Glutamate

Glycine

Aspartate

Nucleotides and nucleosides Adenosine triphosphate

Adenosine

Peptides Thyrotropin-releasing hormone

Enkephalins

Angiotensin II

Oxytocin

Vasopressin

Bradykinin

Dynorphin

Substance P

Substance K

Neuropeptide Y

β endorphin

Luteinizing hormone–releasing factor

Corticotropin-releasing factor

Somatostatin

Secretin

Melanocyte-stimulating hormone

Mei reen f ny egree f ir isrer us 
egin wih   siizer. ese rugs inue ihiu; ni-
nvusns, suh s vri i, rzeine, genin, 
n rigine; n antipsychotics, whih re isusse suse-
queny. Exe fr ihiu, he in sie ee f hese rugs is 
sein. Lihiu hs  nrrw hereui winw n nse-
queny us e use juiiusy. Lihiu n use rer, g-
niive swing, hyhyriis, ren insuieny, eukysis, 
yuri, n yisi. Lihiu xiiy n resu in .

Te 20.3 iss n  siizers.

Antipsychotics

Psyhi isrers re hrerize y iire reiy esing. 
ey inue shizhreni seru isrers n syhsis 
ssie wih eressin r ni. Phrhery is gener-
y use  inrese ine in he rin. ese rugs re s 
eius fr ive syhi sys, suh s huinins 
n nr hugh resses. Oer rugs, suh s hrzine, 
hirizine, n heri, h nuerus sie ees, whih 
ee ine. ese sie ees inue exryri 
sys, suh s gwhee rigiiy, ue ysni, ugyri 
risis, n hinergi sie ees. Newer gens, suh s riseri-
ne, nzine, n queiine, re re ere. Te 20.4
iss n nisyhis.

Drugs for Alzheimer Dementia: 
Cholinesterase Inhibitors

Azheier eeni is ssie wih gniive eis senry 
 erese eyhine eves wihin he rin. Cholinesterase 
inhibitors y irve gniin n funin in iens wih 
Azheier isese. ese rugs inue neezi, rine, gn-
ine, n rivsigine. e use f hese rugs is seies i-
ie y gsrinesin sie ees, whih inue nuse, vi-
ing, irrhe, n hexiiy, eseiy wih rine.9 ese 
rugs re ise in Te 20.5.

Anxiolytics

K E Y  P O I N T

β-aminobutyric acid (GABA) channel activation may also be important in the 

production of general anesthesia and sleep. Sleep is a complex activity, and 

induction of sleep can be pharmacologically inuenced by sedative drugs; 

however, the quality of sleep induced by sedative drugs is poor.

C L I N I C A L  C O N N E C T I O N

Antagonism of the benzodiazepine receptor site can be accomplished with 

use of umazenil, which binds to the receptor site but does not activate the 

receptor.

Benzizeines re gens h hve een use  reue nxi-
ey uner  vriey f irusnes. Anxiolytics re s use 
s nesis, revening nversin f shr-er exeriene in 
ernen ery. By heseves, hey use n hnge in resi-
rin; hwever, hese gens y ugen he resirry eres-
sin inue y iis. ey hve ie ee n ri funin 
n re very sfe gens fr his snin. Benzizeines re 
exeen inuin gens when rviing gener neshesi n 
re usefu in revening unesn re uring unfre 
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TABLE 

20.2
Drugs Used to Treat Depression

Class Generic Drug Brand Name

Selective serotonin reuptake inhibitors 

(SSRIs)

Citalopram Celexa

Fluoxetine Prozac

Olanzapine and Fluoxetine Symbyax

Fluvoxamine Maleate Luvox

Paroxetine Paxil, Paxil CR, Pexeva, Brisdelle

Sertraline Zoloft

Escitalopram oxalate Lexapro

Serotonin and norepinephrine reuptake 

inhibitors

Venlafaxine Effexor XR

Duloxetine Cymbalta, Drizalma

Desvenlafaxine Pristiq

Serotonin receptor antagonist Nefazodone Generic

Dopamine reuptake inhibitor Bupropion Aplenzin, Forvo XL, Wellbutrin SR, Wellbutrin XL

Dopamine reuptake inhibitor and opioid 

antagonist

Bupropion and Naltrexone Contrave

Tricyclic antidepressants (TCAs) Amitriptyline Generic

Amoxapine Generic

Clomipramine Anafranil

Desipramine Norpramin

Doxepin Silenor, Zonalon

Imipramine Tofranil

Nortriptyline Pamelor

Protriptyline Generic

Trimipramine Generic

Mirtazapine Remeron, Remeron SolTab

Monoamine oxidase inhibitors (MAOIs) Phenelzine Nardil

Tranylcypromine Parnate

Isocarboxazid Marplan

Herbal remedy St. John’s wort (Hypericum perforatum) St. John’s wort

Miscellaneous drugs Trazodone Desyrel

CR, Controlled release; SolTab, orally disintegrating tablet; SR, sustained release (12 hour); XL, extra long (extended release 24 hour); XR, extended release.

TABLE 

20.3
Drugs Used as Mood Stabilizers

Generic Drug Brand Name

Carbamazepine Tegretol, Tegretol-XR, Epitol, Carbatrol, Equetro, Teril

Lamotrigine Lamictal, Lamictal XR, Lamictal CD, Lamictal ODT

Lithium Lithobid, Eskalith

Valproic acid Generic

CD, Chewable; XR, extended release; ODT, orally disintegrating.

inervenins. ey y e use s snis. ese gens re 
use  erine seizures, n hey eeve seizure hresh. 
Benzizeines exer heir ees y ining  enzizeine 
reers in he γ-inuyri i (GABA) reer ex 
n neurns, inresing he GABA hrie hnne erei-
iy, whih hyerrizes he neurn, king erizin ess 

ikey (Fig. 20.3). A sei ngnis, uzeni (Rzin), 
n reverse he seive ees f he enzizeines.

Sever her rugs re use  re nxiey n insni. 
Se f hese re ise wih he enzizeines in Te 20.6. 
eir ehniss f in re n ree  inerins wih 
he enzizeine reer r he GABA syse. Se f he 
rugs ise in Te 20.6 re use  re see; hese n 
her nnree see-inuing gens re ise in Te 20.7. 
Ahugh hey inue see, enzizeines n her rug 
sses inerfere wih he nr see yes y reuing he 
un f ie sen in ri eye veen (REM) see.

Barbiturates

e riures, ne f he es grus f seive rugs, re 
erive fr riuri i. Beuse f heir xi eni n ri 
eveen f erne, riures hve rgey een ree y 
enzizeines exe fr  few seiize uses. Ur-shr-ing 
riures re use fr neshei inuin (hien, hiy, 
n ehhexi), s hynis (enri n seri), 
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n fr seizure nr n rhyxis (henri). Use f r-
iures s hynis is iie y ri eveen f erne 
n reuin in he quiy f see (erese un f REM 
see). ey re en inuers f he yhre P450 (CYP) 
rug-eizing syse h n er he eves f ny her 
rugs. Ahugh ny f he hereui ees f riures re 
eie y  sei reer  he GABA-eie inhiiry 
reer, hey hve wiesre eressive ees n neurn iv-
iy. Inenin r ien verse resus in resirry rres 
n rivsur se euse f eressin f he rin n-
r ener. is rug ss s rries  high risk f iin n 
use. Severe wihrw sys, inuing seizures, ur fer 
ruy sing ng-er use f riures.

TABLE 

20.4

Drugs Used in Management of Psychotic 

Disorders

Class Generic Drug Brand Name

Phenothiazines Chlorpromazine Generic

Fluphenazine Generic

Perphenazine Generic

Prochlorperazine Compro, Procomp

Triuoperazine Generic

Perphenazine 

and Tricyclic 

antidepressant

Perphenazine and 

Amitriptyline

Generic

Thioxanthene Thiothixene Generic

Butyrophenones Droperidol Inapsine

Haloperidol Haldol

Miscellaneous agents Clozapine Clozaril, Versacloz

Lithium Lithobid

Olanzapine Lybalvi, Zyprexa, 

Zyprexa Zydis, 

Zyprexa Relprevv

Pimozide Generic

Quetiapine Seroquel, Seroquel XR

Risperidone Perseris, Risperdal, 

Risperdal Consta

Ziprasidone Geodon

Aripiprazole Abilify, Aristada

Paliperidone Invega, Invega Hafyera, 

Invega Sustenna, 

Invega Trinza

Iloperidone Fanapt

ODT, Orally disintegrating; XR, extended release.

TABLE 

20.5
Drugs Used in Treatment of Dementia

Class Generic Drug Brand Name

Cholinesterase 

inhibitors

Donepezil Aricept

Galantamine Razadyne ER

Rivastigmine Exelon

Memantine Namenda, Namenda XR

Donepezil and Memantine Namzaric

ER, XR, Extended release

• Fig. 20.3 Mode of action by which barbiturates and benzodiazepines 

(BDZ) depress central nervous system function; stimulation of receptors 

on the chloride ion channel facilitates γ-aminobutyric acid (GABA)–induced 

inhibition of neuronal function.

TABLE 

20.6
Drugs Used to Treat Anxiety and Insomnia

Class Generic Drug Brand Name

Benzodiazepines Alprazolam Xanax, Xanax XR

Clorazepate dipotassium Tranxene

Chlordiazepoxide Librium, Librax

Diazepam Valium, Diastat, Valtoco

Estazolam Generic

Flurazepam Flurazepam

Lorazepam Ativan, Loreev XR

Midazolam Seizalam, Nayzilam

Oxazepam Generic

Temazepam Restoril

Triazolam Halcion

Benzodiazepine 

antagonist

Flumazenil Generic

Other anxiolytics Buspirone hydrochloride Generic

Doxepin hydrochloride Silenor, Zonalon

Hydroxyzine Vistaril

Meprobamate Meprobamate

XR, Extended release.

Other Hypnotics

Diuy seeing is  n ini in h frequeny 
resus in he resriin f  hyni. In iin  he shr-
ing enzizeines n riures enine erier, sever 
her seives re use fr inuing see. A f hese gens 
isru see erns n y n irve ver we-eing. 
Hynis  inue see re genery reene fr rief 
eris (1 r 2 weeks). Hwever, se iens ninue  ke 
hese eiins fr yers. A new rug, eszine, is rve 
fr ng-er use. Meiins use fr see enhneen re 
ise in Te 20.7.
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Ethyl Alcohol

Ah is  y-ru f sugr ferenin. I is use s  siy 
ee nnresriin, seive–hyni gen. Ingese  
exess, h ehves ike  gener neshei y eressing  
rin res, resuing in ss f vunry use nr n n-
siusness. A xi eves (400  600g/L  h eve), 
he resirry ener is ee n eh s  resu f resir-
ry rres is ikey. e isinhiiing ees f es h 
inxiin resu fr eressin f higher ri ehvir 
nr eners, ry y eresing he GABA reer ees 
f engenus eirs. A higher eves, iuse erne-
isruive ees ur, using generize neurgi eres-
sin. When ine wih her seive–hyni rugs, he 
egree f inxiin is iive.

Chrni h ingesin resus in ureguin f GABA 
reers n her rin funins, wih he eveen f -
erne  he inxiing n xi eressin use y h. 
Aru wihrw fer rnge use y resu in he syn-
re f delirium tremens (DTs), hrerize y CNS hyer-
iviy, inuing hyerheri, inrese  ressure, use 
wihing, huinsis, n seizures. e riy fr DTs is 
high, rnging fr 5%  10% if seizures ur. e wihrw 
synre n e revene r ree wih ny f he seive–
hyni rugs; usuy  enzizeine is hsen euse f is 
reive sfey.

Ah is  rhyre, n if ingese in rge quniies, i 
rees ny f he iery ries n ereses eie. Pr-
ein, f, n viin nuriin re fen seen wih hrni 
h use. Ah is eize  rn ixie (CO

2
) 

n wer (H
2
O), ruing eehye in he ress. Beuse 

i is  f, ehy h sures he ei enzye syse 
n unerges rs-rer eiinin kineis. is ens h  
nsn un f h is reve er uni f ie, rher 
hn  xe erenge f he  nenrin s wih s 

TABLE 

20.7
Medications Used to Induce Sleep

Class Generic Drug Brand Name

Benzodiazepines Estazolam Generic

Flurazepam hydrochloride Generic

Quazepam Doral

Temazepam Restoril

Triazolam Halcion

Barbiturates Pentobarbital Nembutal

Antihistamines Cyproheptadine Cyproheptadine

Diphenhydramine Benadryl

Hydroxyzine Vistaril

Miscellaneous Dexmedetomidine Precedex

Ethanol (alcohol)

Eszopiclone Lunesta

Ramelteon Rozerem

Zaleplon Sonata

Zolpidem Ambien, Ambien 

CR, Edluar

CR, Controlled release.

her rugs. In he verge ersn, his resus in u 10  12g 
f h reve er hur.

Pain Treatment

Pin is n in huns. Beuse in is  sujeive, unes-
n exeriene, i is iu  serve n qunie jeivey. 
Regniin f he hysigi n syhgi nsequenes f 
ineque in reen hs e  inrese enin  in 
nr in iens. In hsiize iens, esiin f in 
hs een eeve  he eve f  vi sign, n r wih  
ressure, her re, resirry re, n eerure. Pin is nw 
fen referre  s he fth vital sign.

Besies he iuy f esiing he un f in, ny 
frs er ien resnses   given egree f isfr. 
Physigi, si, n syhgi frs rfuny er 
ien erein n erne f in.10,11 e ening f in 
 he iniviu n e he rere in n he resnse f 
he in  reen. I is hefu  view he in exeriene s 
eing se f  es w nens: (1) he sensin f 
pain s eie y he CNS reeiving nieive inu fr 
eriher in reers n (2) suering, he negive, ersn 
ein resnse  he in exeriene. e inegrin n 
exressin f hese w nens rue he in ehvir, 
whih inuenes he iens ngesi requireens. Mei-
ins y e iree  he rigin, inegrin, r inerrein 
f he in exeriene. Cinins f eiins fen re 
re eeive hn  singe rh  his n re.

Nnngesi rugs s e erein n erne f 
in. Seive rugs, suh s he riures n enziz-
eines, see  reue in erne—inresing he un f 
in ereive n rere y iens reeiving he. is ee 
ry urs y reuing ri uin f he in er-
ein, inresing in ehvirs. ese gens, when ine 
wih analgesics, hwever, see  erese he infu exeriene 
n enhne ngesi. When inerviewe fer resuin f he 
in eise, iens  n usuy rer hving exeriene 
in f he exree gniue h ws ereive y regivers.

Anher fr h us e ken in un when ssessing 
in is h iens hve r in eries. Wih ie, he i-
iy  re he severiy n hrerisis f in iinishes; his 
ies  he ees f reen s we. Piens ske wheher s 
in reen ws eeive s wys rer irveen in 
in, even if jeive evuin  he ie uens n hnge 
r even wrsening in.12 Antidepressants ine wih ngesis 
re use  re hrni in ses. ese gens y e eeive y 
ifying he eresse  h nies hrni isfr.

Ahugh here re exern ues  he resene n gniue f 
 ersns in, ersn rers re he ny wy  juge he resene 
n gniue f in. Visu r nueri ng in ses re he 
s ny eye ehs fr esiing he gniue 
f in. e sies n s n in se eye is n 
11-in se, wih 10 eing he wrs igine in n 0 eing 
y wihu in. Piens re ske  re heir in fr he 
wrs igine in (10)  n in   (0). ese ses see  
hve inern n exern viiy.13–15 e nueri ring is nve-
nien n regnize, n i ens isef  frequen reeiin n 
nsisen rering. In hiren,  series f siing n frwning 
fes, suh s he Wng/Bker Ring Se, y e use  w he 
hi  rer he egree f in.16 ese ses he in ssessing he 
equy f ngesi n ree  shrhn wy fr iens  -
unie heir nee fr iin ngesi  he esie regiver.
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Cregivers us inegre visu r nueri ng in se 
rers, ien in ehvirs, n vi signs wih heir wn ises17

regring he egree f in h shu e resen  eie wheher 
 iniser iin ngesi rugs.1 Cregivers reny fen 
eiver ineque uns f ngesis.19 Inrrie exe-
ins in h he ien n he regiver regring he egree f 
in nriue  his reune  iniser en ngesis. 
Aue in reins unerree in ny iens.

Nonsteroidal Antiinammatory Drugs

K E Y  P O I N T

Pain may be relieved by nonsteroidal antiinammatory drugs (NSAIDs), 

which modify peripheral inammation and central integration; by opiates, 

which modify the spinal cord transmission, brainstem processing, and 

cortical perception of pain; and by local anesthetics, which block sensory 

transmission.

Nnseri niinry rugs (NSAIDs) re ngesis 
frequeny use  re ere in (Te 20.). NSAIDs 
wrk y eing he hyhus n y inhiiing he r-
uin f inry eirs, ririy rsgnins,  
he eriher sie f he infu siuus. e siyes re he 
es eer f his ss n hve een knwn fr re hn 
100 yers fr heir ees s niyreis. Asirin,  siye, is  
n nen f ver-he-uner (OTC) ngesis n 
 reeies. Asirin ereses he synhesis f rsgnin y 
irreversiy inhiiing w enzyes: yxygense-1 n y-
xygense-2 (COX-1 n COX-2). COX-1 is e ririy 
n issues, inuing he  vesses, he kineys, n he gsri 
us, n COX-2 is ssie ririy wih inin. In 
nrs  sirin, her rugs, suh s iurfen n nrxen, 
reversiy inhii hese enzyes. Ahugh seeive COX-2 inhi-
irs re hugh  use fewer gsrinesin sie ees, here 
re n ini ris ery shwing his.20

C L I N I C A L  C O N N E C T I O N

Febrile children should not be given aspirin because of the risk of Reye 

syndrome.

Gsri irriin n uerin re jr res wih in-
isering NSAIDs. Ren injury n resu fr rnge use n 
high ses f hese eiins. NSAIDs s inhii ee 
ggregin, n his uns he re f gsrinesin 
eeing. e niee ees re use hereuiy eiher 
fer r  reven ri hrsis. Asirin use in hih 
ferie iness hs een ssie wih n inrese iniene f 
Reye synre, n fen f inrese in inrrni ressure 
ssie wih ssive hei ysfunin.21 22 Aergi reins 
 NSAIDs re n. Rshes, uriri, ngineuri ee, 
sh, n nhyxis hve een rere.

Aeinhen (Tyen), hugh  wek inhiir f he 
COX syse, hs n signin niinry ees u is 
eeive in reieving i  ere in. I es n inhii 
ees r use gsri uers. In rge ses, einhen n 
use eh hei nersis. Beuse i is use in ny nnre-
sriin  rerins, ien verse fr ining 
eiins uring sef-eiin siny urs. An ver-
se f einhen n e ree wih r N-eyyseine, 
s esrie in Cher 9

TABLE 

20.8
Nonsteroidal Antiinammatory Drugs

Class Generic Drug Brand Name

Nonspecic Cyclooxygenase Inhibitors

Salicylates Aspirin Bayer

Choline salicylate Arthropan

Diunisal Diunisal

Magnesium salicylate

Salsalate Amigesic, Disalcid

Sodium salicylate

Aniline derivative Acetaminophen# Tylenol

Indoles Etodolac Generic

Indomethacin Indocin

Sulindac Generic

Propionic acid 

derivatives

Ibuprofen Advil

Fenoprofen Nalfon

Flurbiprofen Ansaid

Ketoprofen Generic

Naproxen Aleve, Anaprox, Anaprox 

DS, Naprelan, 

Naprosyn, EC-Naprosyn

Oxaprozin Daypro

Piroxicam 

derivative

Piroxicam Feldene

Miscellaneous Diclofenac Cambia, Cataam, Zipsor, 

Zorvolex, Pennsaid

Ketorolac Acular, Acular LS, Acuvail, 

Omidria, Sprix

Mefenamic acid Ponstel

Nabumetone Generic

Ziconotide Prialt

Mesalamine Generic

COX-2 Inhibitors

Celecoxib Celebrex, Elyxyb

Meloxicam Anjeso, Mobic

Rofecoxib Vioxx*

Valdecoxib Bextra†

COX-2, Cyclooxygenase-2; SR, sustained release; XR, extended release.

*Manufacturer voluntarily withdrew agent from the market.
†US Food and Drug Administration removed April 7, 2005.
#Not an NSAID, placed for ease of presentation

COX-2 inhiirs hve een reevue fr heir eni 
 use verse rivsur evens. Rfexi (Vixx) n 
vexi (Bexr) hve een wihrwn fr he rke. Oher 
COX-2 inhiirs re urreny unerging ris  ssess heir 
eni  inrese rivsur risk.

Opioid Analgesics

C L I N I C A L  C O N N E C T I O N

Depression of respiratory drive is an important side effect of several classes 

of central nervous system (CNS) drugs, including general anesthetics and 

opioid analgesics.
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C L I N I C A L  C O N N E C T I O N

Opiate effects can be antagonized with an opiate antagonist, with the most 

commonly used being naloxone.

C L I N I C A L  C O N N E C T I O N

Narcan is the only nasal form of naloxone approved by the US Food and 

Drug Administration (FDA). This agent is avaialble without prescription.

Oiis r nri ngesis re erivives f he nury 
urring rug ixure iu, erive fr he y n, 
Papaver somniferum. ese gens re use fr he reen f 
ere  severe in. ey  y ining  ii ree-
rs in he rin n sin r. ey ify in hwys  
he sin eve n rfuny inuene he sujeive resnse 
 in  he ri eve. Engenusy urring iis, he 
enrhins n enkehins, re neururs eing in 
erein n . Oiis exer heir ees n sie ees 
y ining  reers fr hese nury urring susnes.

ere re  es hree isin ii reers—mu (µ), 
kappa (κ), n delta (δ)—n sever suyes. Agnis rugs y 
in  ne r re f hese reers, uning fr se f he 
ierenes seen in heir ees. Besies in reief, high enugh 
ses f iis n resu in ss f nsiusness n, euse 
f  rfun se-eenen eressin f resirry rive, 
resirry rres. Oiis rue  euhri ee n , 
king he ur rugs f use. Terne eves riy, 
n wihrw is very infu n unesn. ese frs n-
riue  he highy iive eni f he iis.

e µ reer is resnsie fr he ngesi ees in he 
CNS n sin r. I s uns fr resirry eressin, 
nsiin, nuse n viing (fr he hei rigger 
zne reers), n niussive ees. e κ reers re e 
in he sin r n,   esser exen, in he CNS eie 
ngesi. ey y e he reers resnsie fr he nge-
si ees f he ixe gnis–ngnis rugs. e δ reer 
is he reer fr he nury urring eir enkehin; 
is re in ngesi is uner. I y e irn in he sin 
eiin f in erein. is is jus he uine f he ii 
reer syse; here re her yes n suyes f reers. 
eir u funin in hun heh is n uners. e 
ee f vrius iis n e exine y heir ins  ne 
r re f hese reers.

Oiis re ise in Te 20.9. Se hve ure gnis 
ees, ing s he engenus eirs  he reers, n 
hers ngnize he engenus eirs u hve  s 
gnis ee (ixe rugs r gnis–ngnis rugs). ere 
re sever sriy ngnis gens. ese rugs re use  
reverse he ngesi n resirry eressive ees f he i-
is. Reeny, Nrn (nxne) ns sry hs een rve 
fr use   he high iniene f ii verses in he 
Unie Ses. In ny ses, Nrn n e urhse wihu 
 resriin. e s serius sie ee f n ii g-
nis is resirry eressin, whih is eie y erese 
sensiiviy f he resirry ener  eevins in ri res-
sure f reri rn ixie (PCO

2
). Misis (s uis) is 

hgnni fr ii rug inisrin n is  nse-
quene f he ees n he syhei nervus syse. Cnsi-
in resus fr ii eressin f iiy f he sh 
n inesines. Nuse n viing re  ire ee n he 

TABLE 

20.9
Opioid Drugs

Effect at Opioid 

Receptor Generic Drug Brand Name

Agonist Morphine Apokyn, Duramorph PF, 

Infumorph, Kynmobi, 

Mitigo, MS Contin

Opium Paregoric

Codeine Numbrino

Alfentanil Alfenta

Dihydrocodeine Available only in combination 

with other agents

Fentanyl Fentora, Lazanda, Sublimaze, 

Subsys, Actiq

Heroin —

Hydrocodone Available only in combination 

with other agents

Hydromorphone Dilaudid

Levorphanol Generic

Meperidine Demerol

Methadone Generic

Oxycodone Oxaydo, Roxicodone, 

OxyContin, Xtampza ER

Oxymorphone Oxymorphone

Remifentanil Ultiva

Sufentanil Dsuvia, Sufenta

Tramadol Conzip, Qdolo, Seglentis, 

Ultracet, Ultram

Mixed agonist-

antagonist

Buprenorphine Belbuca, Butrans, Buprenex, 

Sublocade, Suboxone, 

Zubsolv

Butorphanol Generic

Nalbuphine Generic

Pentazocine Available only in combination 

with other agents

Antagonist Naloxone Kloxxado, Narcan, Zimhi

Naltrexone Vivitrol

Methylnaltrexone Relistor

ER, Extended release; MS, morphine sulfate.

rinse eers. Cugh suressin resus fr  ire en-
r ee f he ii.

Beuse f heir ees n in erein, nris re fen 
use s r f  ne neshei. Dses h use rfun 
eressin f resirin hve ini r n ee n ri 
funin; euse f his, iis re he sis fr neshesi fr 
iens wih serius rivsur rise. By heseves, 
iis hve n ee n nsiusness r ery. Cine 
wih s ses f enzizeines r gseus anesthetics, hey 
n e use  rvie surgi neshesi.

Srng ii rugs re fen referre  s narcotics, fr he 
Greek wr fr sur. e wr narcotic hs signin eg 
vernes. Fr his resn, is use hs een vie in his sein. 
Opiates re uns erive fr iu n reresen  s 
nuer f he rugs isusse in his sein. e er opioids, s 
use in his sein, iies siy h he gens iner wih 
ne r re f he ii reers.
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Routes of Opioid Administration

K E Y  P O I N T

Inadequate pain relief has been identied as a serious problem. Many pain 

control options are available to hospitalized patients.

K E Y  P O I N T

Patient-controlled (opioid) analgesia (PCA), epidural analgesia with local 

anesthetics and opioids, and combinations of analgesic classes can result in 

excellent postoperative pain relief.

C L I N I C A L  C O N N E C T I O N

For patients who require patient-controlled analgesia (PCA), a bag-mask 

and naloxone should be available in the room at all times.

As isusse reviusy, in is  sujeive exeriene. Ineque 
ngesi is  n in vie y iens n is ese-
iy  re fer surgery. Fer f resirry eressin is fen 
given s he resn regivers re reun  iniser re i-
is. Nve wys f reing in hve een evee  irve 
reen f in. Pien-nre ngesi (PCA) is  eh 
y whih iens n sef-iniser  reeerine inrvenus 
us f n ii   se inerv. Use f PCA vis he ey in 
geing  se requese fr n er eivere y  nurse.

Opioid Inhalation

C L I N I C A L  C O N N E C T I O N

Nebulized opioids may be used to treat dyspnea.

Oiis re siny inisere vi inhin. Inhe 
iis hve een suggese  e re eeive hn sysei 
iis fr eresing he sensin f ysne in iens wih 
vne resirry fiure. Oii reers hve een fun 
in ung issue, u heir ex funin in ifying he sens-
in f ysne hs n een eerine. Inhe (neuize) 
iis y e ysne y  enr ehnis euse hese 
rugs re riy sre fr he ung. N nre suies 
hve shwn irve eeiveness f iis when inisere 
vi inhin; hwever, his rue y e n ernive when 
inrvenus ess is unvie.23 Piens wih erin ner 
wihu ung isese hve een given sysei ses f ngesis 
hrugh his rue, wih g ini ee hieve.

Local Anesthetics

K E Y  P O I N T

Local anesthetics block sodium channels in the axons and abolish neural 

transmission.

Pin reen n e hieve y king rnsissin f he 
in iuse fr he ge re. L nesheis re use  
inerru hese neurgi signs. L nesheis rue nerve 
nuin k y king siu hnnes. ese re e 
 ng he e, inuing he xn. When erizin urs, 
he iuse is rge wn he xn y n ru inrese in 
he erne siu ereiiy. When he rug ins  n 

• Fig. 20.4 Chemical structures of local anesthetics procaine and lido-

caine, showing their respective ester and amide linkages, location of the 

lipophilic group, and ionizable amine group.

ues he hnne re, siu is une  ener he e, n 
rgin f he eeri iuse is se. A  nes-
heis nsis f  ihii r n  hyrhii, ine r 
nnee y eiher n ie r eser inkge; his is iusre 
in Fig. 20.4. Te 20.10 iss sever n gens. Siu 
hnne ke kes se f hese rugs usefu in erining 
ri nuin nriies in iin  rviing nge-
si. Se eviene suggess h sysei inisrin r inh-
in y s enhne rnhiin in sh n suress 
irrin rhe ugh resnses. A xi eves, CNS exiin 
urs, n frnk seizures y resu. Einehrine is fen e 
   neshei fr vsnsriin  ey is srin, 
rnging is ee n eresing  eves n eni x-
iiy. Buivine is very rixi, n  xi se y resu 
in rfun n rnge ri eressin r rres.

Epidural Analgesia

Cninuing eiur infusins fr ngesi hve irve s-
erive in hery. ere is eviene h ien ue 

TABLE 

20.10
Examples of Local Anesthetics

Class Generic Drug Brand Name

Esters Benzocaine Hurricaine, Solarcaine

Chloroprocaine Clorotekal, Nesacaine, Nesacaine-MPF

Procaine Available only in combination with other 

agents

Amides Bupivacaine Exparel, Marcaine, Sensorcaine, Zaracoll, 

Zynrelef

Lidocaine Akten, Glydo, Xylocaine, Lidoderm, Zingo, 

Ztlido

Mepivacaine Carbocaine, Isocaine, Polocaine, 

Polocaine-MPF, Scandonest L, 

Scandonest Plain

Prilocaine Citanest Forte Dental

Ropivacaine Naropin
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y s e irve wih eiur infusins f  nesheis, 
iis, r h24 25; his is eseiy rue fr very i iens.26–29

e quiy f ngesi n he iiy  eiine in in ny 
y res re suerir wih  neshei infusin re 
wih sysei ngesis. Eiur infusins re n in se 
surgi reures, eseiy in he eivery f newrns vi 
esren sein. Mini ees n nr sensry n r 
funin n e hieve wih very iue  nesheis. Ai-
in f iis  he ixure eris even ess  neshei 
 e infuse. If syhei ke rues unee 
hyensin,  nesheis n e eiine eey, wih 
signin ngesi ine wih ii infusin ne. Pin 
uin fr eiur iis urs  reers  he sin 
r segen eve. e jr sie ees f eiur ngesi 
wih use f  n ii infusins re ise in Bx 20.1

Combinations of Analgesic Classes

Anher sregy  irve ngesi n  reue he ikei-
h f ii verse is  ine sever ieren sses f 
ngesis. Presriin inins f NSAIDs n iis re 
wiey vie (Te 20.11). e ne f king in  
sever es is usefu, u he xe inins f rugs wih 
ieren ees, xiiies, n hf-ives ke irin  n ini-
viu iens nees iu wih hese gens. Use f he se-
re gens, ineeneny ire, y irve his re, 
u i is re iu fr iens  ke nuerus eiins.

Side Eects of Agents Used for Epidural 

Analgesia

Local Anesthetics

• Motor weakness

• Numbness

• Hypotension

• Difculty diagnosing epidural hematoma

Opioids

• Respiratory depression (equal to or less than with systemic opioids)

• Reduced gastrointestinal motility (greater than with systemic opioids)

• Nausea and vomiting (equal to that with systemic opioids)

• Difcult micturition (greater than with systemic opioids)

• Pruritus (much greater than with systemic opioids)

• BOX 20.1

TABLE 

20.11
Examples of Combinations of Nonsteroidal Antiinammatory Drugs and Opioid Analgesics

NSAID OPIOID

Brand NameAgent Dose (mg) Agent Dose (mg)

Acetaminophen 325 Hydrocodone 5 Anexsia 5/325

Aspirin 325 Oxycodone 4.8335 Percodan

Acetaminophen 325 Oxycodone 5 Percocet

Acetaminophen 300 Codeine 15 Tylenol No. 2

Acetaminophen 300 Codeine 30 Tylenol No. 3

Acetaminophen 300 Codeine 60 Tylenol No. 4

Ibuprofen 200 Hydrocodone 7.5 Generic

C L I N I C A L  C O N N E C T I O N

The US Food and Drug Administration (FDA) set the safe 24-hour dose 

limit of acetaminophen at 4000mg for adults. No combination analgesic 

prescription contains more than 325mg of acetaminophen per unit dose.

Chronic Pain Syndromes

Surgery r ru using ue in n e  enr sensi-
izin n ersisene f in fer he eriher esin hs 
resve. I is unknwn hw frequeny his re es  
hrni in synre, u  h re uuing sugges 
h sei reen in he ue eri y reue he ikei-
h f  neurhi re er.

Neurhi in y sr wih nerve injury, whih resus in 
xn egenerin n regenerin. In ni es, nr is-
hrges  he sin r eve re ssie wih his ress, e-
ing  sensiizin, nr sensin, hn in, n ri 
hnges in he funin rhieure f he in hwys  he 
eve f he sin r n wer rin. Hyperesthesia (inrese n 
unesn sensiiviy   sensry iies), hyperpathia (inrese 
unesn nr feeing fr iy unfre siui), 
n allodynia (infu feeing fr gene siui) hve urre sn 
fer ue infu ru in se iens, eseiy fer surgery n 
r ner jr nerve runks. In se iens, his ress y ersis 
n vne  resu in  hrni in synre.

e hrerisis f neurhi in inue eviene f  ri-
ry injury; in invving (u n nne )  y re wih  
sensry ei;  urning, eeri, r shing hrer f he in; 
yseshesis in he re; in sreing eyn he uneus nerve 
isriuin; syhei hyeriviy; n yni, hyerhi, 
n hyergesi. In se ex regin in synres, u-
ni ereguin resus in skin hnges, ee, n ni n 
hir ss. is synre y e  severe suering n ini-
in. One esishe, neurhi in is ry resnsive  
ngesi reen, u he in y resn  syhei iner-
ruin r α-reer ke.30 Miin f he inii in 
inu ssiy y erese he iniene r reue he severiy f 
he synre h eves ver ie.

Preeive ngesi is he eivery f eque n rri-
e ngesi efre iniiin f nieive inu fr he surgi-
 inisin. By y ishing he infu siuus, he en-
i fr hrni in synres shu e reue. Ahugh 
gener nesheis n iis  ify he enr sensiizin 
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 se exen, regin ngesi, niinry gens, en-
r α-reer kers, n N-ehy-D-(+)-sre (NMDA) 
reer ngniss, use ne r in inin, er he f 
reeing in n eiining serive in synres.

Anesthesia

e se f gener neshesi is  rug-inue sene f er-
ein. Srnger siui y require eeer neshesi. Aneshe-
is re usuy inisere y inhin r inrvenusy euse 
f he re reie ie urse f rug ins. Ofen -
inins f rugs re use  hieve he se f neshesi. e 
ie neshei wu inue he fwing:
• Pesn exeriene wih ri inuin n eergene
• Ri hnges f eh f neshesi  h surgi 

ens
• Skee use rexin  fiie surgi exsure
• A wie rgin f sfey
• N xi r verse ees

e rs n s n neshei gens re gses n 
vie iquis (Te 20.12). Dsge n eny re re 
y using he ne f ini ver nenrin (MAC), 
whih is he un neessry  hieve he neshei se. is 
is  sisi ne, siir  he ED

50
 (eeive se fr 50% 

f sujes  resn), se n he esure gen nenrin 
in exhe gs (whih is in equiirin wih he ) suien 
 reven veen n surgi inisin in hf f he sujes. 
e ehniss y whih neshei gses n vrs exer heir 
ees re ry uners u y e reer eie (he 
GABA reer eing   nie) r y e  re iuse, 
erry isruin f nerve e uniin. e fs h 
neshei vr eny is inery ree  f suiiy n h 
nesheis n e reverse y high ressures (50–100 sheres) 
sugges h e w sweing fr he gen issving in he ii 
erne is n irn nriur  he neshei se.

Vie nesheis y heseves hieve se f he hr-
erisis f he ie neshei in h eh f neshesi n e 
hnge riy, inuin n eergene re ri (wih se 
gens), n here re few xi nerns. ese gens  n rei-
y rvie use rexin. Neurusur kers n her 
juvn rugs re fen ire  ree he esire neshei se 
n  reven en gen verse. Neurusur kers re 
isusse in Cher 1. eir use in neshesi inues fii-
in f rhe inuin (fen  shr-ing gen) n surgi-
 rexin, whih is neessry fr inrhri, inri-
n, n her reures. Phrgi revers f ng-ing 
neurusur king gens is s isusse in Cher 1

Beuse vie nesheis rvie ie ngesi, nri 
n nnnri ngesis re fen  r f he neshei ix-
ure. Angesis y reue he un f vie gen neessry 
 hieve neshesi. Inuin f gener neshesi is usuy 

TABLE 

20.12

Gases and Volatile Liquids Used to Produce 

General Anesthesia

Class Agent Common or Brand Name

Gases Nitrous oxide Laughing gas

Liquids Isourane Forane

Sevourane Sojourn, Ultane

Desurane Suprane

TABLE 

20.13
Anesthetic Induction Agents

Class Generic Drug Brand Name

Barbiturates Methohexital Brevital

Benzodiazepines Diazepam Valium, Valtoco, Diastat, 

Diastat Acudial

Lorazepam Ativan, Loreev XR

Midazolam Nayzilam, Seizalam

Miscellaneous 

agents

Etomidate Amidate

Ketamine Ketalar, Spravato

Propofol Diprivan

XR: extended release.

fiie y  riy eeive seive–hyni gen, hugh 
inhin inuin wih  newer vie gen (sevurne) is 
ri n n unesn. Te 20.13 iss ny use nes-
hei inuin gens.

K E Y  P O I N T

The use of a mixture of agents to achieve the anesthetic state is often 

referred to as balanced anesthesia, in which each element is provided, in 

balance, by a different drug.

C L I N I C A L  C O N N E C T I O N

Administration of ketamine in the emergency room to treat acute asthma 

exacerbation in children is not uncommon. However, studies have not 

proven it to be effective in the treatment of bronchospasm.

Deh f neshesi is eerine y ien resnse  infu 
siui n is fen juge y he syhei resnse—h is, 
 hnge in her re r  ressure. Beuse her frs 
y inuene hese signs, eerinin f neshei eh is 
uh re n r hn  siene. Mnirs h re se n he 
resse eerenehgr re vie n re ue  
rei eh f neshesi (iser inex [BIS] nir), u 
hese evies re suje  her inuenes s we. During he 
urse f surgery n neshesi, he egree f surgi siuus 
n he eh f neshesi vry, n ne funin f he neshe-
sigis is  h hese w. Angesi y e neee inr-
erivey n s  r f in ngeen in he serive 
eri. In eiy rise iens, he in iviy f 
he neshesigis is  in n inin siiy n reven 
eh; he neshei y siy nsis f revening in n 
ishing re f inrerive evens. e enire rivsur 
renriu y e use s r f neshei ngeen 
fr hese riiy i, unse iens.

Aneshei inuin gens re use in her res f re, 
inuing he inensive re uni (ICU) n he eergeny er-
en, n in nsius sein. Ahugh ize, rze, 
n iz re ny use gens, keine, rf, 
n fsrf isiu re inie n use in he ICU n 
in eergeny eren reures. ese gens y e 
iens iereny, s se niring is inie. Mniring 
f veniin n ri funin y he resirry heris 
(RT) is f us irne.
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Conscious Sedation

K E Y  P O I N T

Conscious sedation is a technique that uses sedatives and analgesics 

to prevent patient discomfort during invasive procedures. To prevent a 

catastrophe, a dedicated individual must monitor the progress of sedation 

and be prepared to correct airway and cardiovascular problems.

K E Y  P O I N T

The pain experience, including the physical and emotional components, 

associated with clinical interventions is unnecessary and may increase the 

risk of morbidity and mortality. For these reasons, minimizing fear and pain is 

an important part of clinical care.

Fer n in re frequen sie ees f ny ini inerven-
ins. Besies gener neshesi, ny rhes re vie 
 ify he unesn exeriene f ignsi n hereu-
i reures. Pien rerin, euin, rexin exer-
ises, hynsis, n rugs y e usefu. Conscious sedation is 
he er ie  hrgi iin f infu n 
frighening exerienes uring ei reures. As iie y 
his er, see iens shu rein nsius n e  
unie, re heir wn irwy, n rehe equey. 
Irve ien fr n ue re he gs f sein. 
Hwever, euse f vriins in ien resnses, nsiusness 
n he iens iiy  inin n unsrue irwy y 
e s uring sein.

Insiuin snrs fr sfe n eeive rvisin f n-
sius sein re require y he Jin Cissin n Arei-
in f Hehre Orgnizins n her regury genies. 
ese snrs us e here  hrughu he insiuin, 
wheher sein is rvie y  nurse, RT, neshesigis, r 
her heh re rvier. Mny nerne grus hve eve-
e guieines fr rviing sfe nsius sein. RTs shu 

unersn seive n ngesi hrgy n y ivey 
riie in rvisin f nsius sein.31–33 Beuse s 
f he serius iins f nsius sein ree  irwy 
rise, RTs re uniquey quie  sfegur iens n 
irve ues uring nsius sein.

Standards for Providing Conscious Sedation

Ms guieines fr nsius sein n ny ini rers 
ierenie sever eves f sein. Ofen  er isinin is 
rwn eween nsius sein n ee sein.34 Hwever, 
he rgressin fr nsius sein  ee sein  gen-
er neshesi is iu  nr iniy, n eh eeer 
eve iies inrese risks n nes re inensive ni-
ring n n inrese eve f sur. e eniins f hese 
ses n suggese requireens fr niring re given in 
Te 20.14

A uishe nsius sein snrs insis n he res-
ene f more than one ersn uring he eri f sein ( es 
he err n  niring ssisn). Sever guieines sug-
ges h ee sein n gener neshesi re indistinguishable
n h  es hree quie ee us e ninuy resen 
uring he sein eri.35 e snrs s sugges h ne 
ersn us hve, as sole responsibility, ninu niring f 
he ien n rering f vi signs. When rviing nsius 
sein, i is neessry  ssess ninuusy n ensure xygen-
in, veniin, n eerure inenne.

Ahugh se nsius sein guieines sugges wys 
 nir hese vi funins, he eisin  use  riur 
evie n frequeny f reee servins is ef  he ini-
in wh is resnsie fr king i.36 Wh is n ef  he is-
rein f he iniin is he nuer f ersnne neessry n 
eerining h hey re seiy quie n ssigne only  
nir ne iens vi funins n he rgress f sein. 
Resusiin equien us e ieiey vie, s we s 

TABLE 

20.14
Levels of Sedation and Recommendations for Monitoring

Level of Sedation Denition Suggested Monitors

Conscious sedation Minimally depressed level of consciousness, retaining patient’s 

ability to maintain airway independently and continuously and 

to respond to physical stimulation and verbal commands

Dedicated monitoring assistant

ECG monitoring

Pulse oximetry

IV access

Blood pressure measurement every 15 minutes

Deep sedation Depressed consciousness accompanied by partial loss of 

protective reexes and inability to respond purposefully to 

verbal command

Skilled airway person

Monitoring and recording person

IV access

Pulse oximetry

Continuous ECG monitoring

Blood pressure measurement every 5 minutes

General anesthesia Unconsciousness accompanied by partial or complete loss 

of protective reexes and inability to maintain airway 

independently

Anesthesia personnel

Anesthesia assistant

IV access

Pulse oximetry

Carbon dioxide measurement device

Continuous ECG monitoring

Blood pressure measurement every 5 minutes

Other requirements dictated by patient’s physiologic condition

ECG, Electroencephalography; IV, intravenous.
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inivius rine  use i. Ceeny in rviing nsius 
sein requires ii unersning f he hrgy f 
he rugs isusse in his her n erfrne-se e-
eny, inuing inrvenus hery, nir use, n suervise 
ini rie.37

Central Nervous System and 

RespiratoryStimulants

K E Y  P O I N T

CNS-stimulating drugs include methylxanthines (caffeine and aminophylline) 

and doxapram. These agents have little clinical usefulness in treating respira-

tory failure or drug-induced respiratory depression.

C L I N I C A L  C O N N E C T I O N

Specic antagonists for benzodiazepine sedative drugs and opioids are 

more useful for reversing drug-induced hypoventilation.

In nrs  s f he seive rugs isusse in his h-
er, se rugs n increase he iviy f he rin, rher hn 
eressing i. Suh rugs re ere analeptic rugs. If he ees 
re ririy n he resirry ener, he gen y e  resi-
rry r veniry stimulant. Siun rugs re use fr 
reen f nresy, enin-ei hyeriviy isrer 
(ADHD), esiy, n,   esser exen, resirry fiure. Se 
f hese rugs re ise in Te 20.15. Ms siun rugs re 
syhieis, ing irey n α n β reers. eir 
use eni is gre, n heir sie ees re reie. ey 
inerfere wih see n re use (n use)  re wke-
funess n weigh ss.

Se rugs n inrese veniin. Dxr ws use in 
he s s  reen fr ue n hrni resirry fiure. 
I ws given inrvenusy n use  rnsien inrese in he 

TABLE 

20.15
Central and Peripheral Nervous System–Stimulating Drugs

Class Use Generic Drug Brand Name

Sympathomimetics Diet Benzphetamine Generic

Diethylpropion Generic

Phendimetrazine Bontril PDM

Phentermine Adipex-P, Lomaira, Qsymia

Diet and CNS stimulant Amphetamine Adderall

Diet and CNS stimulant Methamphetamine Desoxyn

CNS stimulant Dextroamphetamine Dexedrine

Xanthines CNS stimulant Caffeine Citrate Generic

Progestational agent CNS stimulant Medroxyprogesterone acetate Provera

Respiratory stimulant Peripheral chemoreceptor stimulant Doxapram Dopram

Miscellaneous ADHD Dexmethylphenidate Azstarys, Focalin, Focalin XR

Methylphenidate Adhansia XR, Aptensio XR, Azstarys, Daytrana, Jornay PN, 

Methylin, Quillivant XR, Ritalin, Methylin, Concerta

ADHD, Attention-decit hyperactivity disorder; CNS, central nervous system, XR, extended release.

re n eh f veniin. Dxr is rrey use  he res-
en ie euse n susine irveen f resirry fi-
ure hs een ensre. Mehyxnhines, use  re 
rnhiin, s inrese ehines n inrese ven-
iin. Ceine,  n nen in ur everges, 
is use hereuiy in ne–ryri synres f re-
ure irh. Se gens h use ei isis, suh 
s siyes, inuing rni nhyrse inhiir iureis, 
n inrese veniin in resnse  he sysei isis h 
eves. Hwever, his inrese in inue veniin is n n-
siere hereui. Prgeserne n use  susine inrese 
in veniin n erese in PCO

2
 n is siny use  

re hrni eevins in CO
2
 fr vne sruive ung 

isese. Hrn ees n  n res eveen ii 
is usefuness.

Resirry fiure resuing fr seive r ii rug ver-
se shu e ree wih sei ngniss uzeni n 
nxne rher hn wih nnsei nei rugs. Resir-
ry siuns hve ie r n ini re in reing resirry 
fiure. Eeve PCO

2
 use y use figue fr inrese 

wrk f rehing s  resu f hrni sruive unry 
isese (COPD), ue resirry isress synre (ARDS), r 
severe rnhss wu n e exee  irve wih -
ehine-siuing gens. Mehni veniin, use 
res, n rnhirs re re rrie rhes.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A.

1. What is the difference between sedation and analgesia?

2. Identify the general class (sedative–hypnotic, analgesic, tranquillizer, 

anesthetic, antipsychotic) of each of the following agents: lorazepam, 

phenobarbital, doxapram, chloral hydrate, thiopental, midazolam, 

nitrous oxide, chlorpromazine, halothane, morphine, ibuprofen.

3. You are planning to extubate and remove a patient from the ventilator. 

However, the nurse administers a large dose of lorazepam (Ativan) for 

anxiety. What problem may occur if you proceed?
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CLINICAL SCENARIO

Answers can be found in Appendix A

A 35-year-old Black man was admitted to the hospital with lethargy 

after being found in his apartment by a friend. An empty bottle of 

amitriptyline pills was lying next to the man. In the emergency department, 

the patient became more lethargic to the point of unresponsiveness and 

developed hypopnea and bradypnea. He was subsequently intubated and 

mechanically ventilated with a volume-cycled ventilator. The patient had a 

history of depression but had been in good physical health. He was taking 

amitriptyline, which was prescribed by his psychiatrist for his depression. 

In an act of despair, he had taken an overdose of his medication. The man 

had no allergies, and his past medical history and family history were 

unremarkable.

Physical examination revealed a mesomorphic man appearing his stated 

age, markedly sedated, intubated, and mechanically ventilated. His vital 

signs were as follows: rectal temperature (T) 39°C, pulse (P) 140 beats/

min, respiratory rate (RR) 12 breaths/min on an assist/control (A/C), and 

blood pressure (BP) 110/60mm Hg taken in right arm in the supine position. 

Head, eyes, ears, nose, and throat (HEENT) were unremarkable except for 

the oral endotracheal tube (ETT) in place. His chest had normal resonance to 

percussion, and his lungs had clear breath sounds bilaterally. Cardiovascular 

examination revealed, on palpation, that the point of maximal impulse was 

located normally in the fth intercostal space in the midclavicular line. 

Auscultation revealed normal S
1
 and S

2
 without murmurs, gallops, or rubs. 

He had normal jugular venous pressure, and his pulses were 2+ throughout. 

His abdomen was mildly distended, with absent bowel sounds. No masses 

or organomegaly were present. His extremities were unremarkable, and his 

skin was very warm and dry. He was unresponsive to visual, auditory, or 

tactile stimuli, and his pupils were equally dilated and sluggishly responsive 

to light. All extremities were accid, and his reexes were 1+ throughout. 

His plantar reexes were downgoing.

Laboratory results were normal for hemography, electrolytes, blood urea 

nitrogen (BUN), creatinine, and liver function. The tricyclic antidepressant 

(TCA) level was in the toxic range. His chest radiograph was normal. The ETT 

was approximately 2cm above the carina. The electrocardiogram showed 

sinus tachycardia at 140 beats/min, with prolonged P-R and QRS intervals. 

Arterial blood gas (ABG) results on A/C ventilation at 12 breaths/min, with a 

tidal volume (Vt) of 800mL and a fraction of inspired oxygen (FiO
2
) of 1, were 

as follows: pH of 7.44, partial pressure of arterial carbon dioxide (PaCO
2
) of 

38mm Hg, and partial pressure of arterial oxygen (PaO
2
) of 550mm Hg.

TCA overdose was diagnosed, and the patient was admitted to the 

medical intensive care unit (MICU), where he was treated with activated 

4. What is the most serious side effect of tranquilizers, sedatives, or 

analgesics (especially opioids)?

5. You have two patients, both of whom have overdosed on CNS 

depressants: Patient 1 is comatose, cyanotic, with dilated pupils. 

Patient 2 is comatose, cyanotic, with pinpoint pupils. Which patient 

may have taken a barbiturate and which may have taken a narcotic 

analgesic?

6. Identify your initial priorities as a respiratory therapist in caring for a 

patient with an overdose of tranquilizers.

7. What is the mode of action of the benzodiazepines?

8. Identify an agent that can reverse the effects of benzodiazepines, such 

as midazolam and triazolam.

9. Would barbiturates be helpful in managing pain in a ventilated patient?

10. Would meperidine be helpful in preventing or lessening the perception 

of pain?

11. Suggest an analgesic for minor pain for a patient with a bleeding 

disorder, such as hemophilia, or a patient who is taking an 

anticoagulant, such as warfarin.

12. Are there any serious side effects to the use of a ventilatory stimulant, 

such as doxapram?

charcoal 30g via nasogastric tube q6h, along with normal saline hydration 

intravenously. After the rst dose of charcoal, his heart rate dropped to 

approximately 120 beats/min, and FiO
2
 was eventually tapered to 0.35, with 

the resulting ABG values: pH 7.43, PaCO
2
 40mm Hg, and PaO

2
 175mm 

Hg. Several hours after the second charcoal dose, the patient awoke and 

was able to write notes to the MICU staff, stating that he was anxious to be 

extubated. The staff obliged and placed him on a T-piece with 35% oxygen 

(O
2
) from a large-reservoir nebulizer. About 2 hours later, the patient fell 

asleep while on the T-piece, and ABG results at that time were pH 7.36, 

PaCO
2
 48mm Hg, and PaO

2
 165mm Hg. An astute respiratory therapist (RT) 

noticed the marked change in the ABG parameters and placed the patient 

back on the ventilator. The patient was eventually able to be extubated 

uneventfully several hours after the fourth dose of charcoal. He was 

transferred in stable medical condition to the psychiatry service the day 

after extubation.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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C H A P T E R  O U T L I N E

Overview of Cardiovascular System

Factors Aecting Blood Pressure

Agents Used in the Management of Shock

Catecholamines

Norepinephrine (Levophed) and Epinephrine (Adrenalin 

Chloride)

Isoproterenol (Isuprel)

Dopamine

Phenylephrine

Vasopressin (Pitressin)

Midodrine (Proamatine)

Angiotensin II – GIAPREZA

Vasopressor-Induced Extravasation and Management

Inotropic Agents

Dobutamine

Phosphodiesterase Inhibitors: Inamrinone and Milrinone

Cardiac Glycosides: Digoxin (Lanoxin)

Electrophysiology of Myocardium

Ablation With Radiofrequency Current

Implantable Cardioverter-Debrillators

Pharmacology of Antiarrhythmics

Class IA

Quinidine

Procainamide

Disopyramide

Class IB

Lidocaine

Mexiletine

Tocainide

Class IC

Flecainide (Tambocor)

Propafenone (Rythmol)

Class II

β Blockers

Class III

Amiodarone (Cordarone)

Dronedarone (Multaq)

Dofetilide (Tikosyn)

Sotalol (Betapace and Betapace AF)

Ibutilide (Corvert)

Class IV

Calcium Channel Blockers

Miscellaneous

Digoxin (Lanoxin)

Adenosine (Adenocard)

Management and Pharmacotherapy of Advanced Cardiac Life 

Support

Sudden Cardiac Death

Epinephrine

Vasopressin

Atropine (AtroPen)

Sodium Bicarbonate

Magnesium Sulfate

Alternative Routes of Medication Administration

Intraosseous Route

Endotracheal Route

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to vasopressors, inotropes, and 

antiarrhythmic drugs

2. List the various components that make up blood pressure

3. Compare and contrast the mechanism of action of inotropes 

and vasopressors

4. Describe the various drug interactions that may occur with the 

use of vasopressors and inotropes

5. Design an algorithm for the management of hypotension

6. Manage extravasation injuries that occur with use of 

vasopressor therapy
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7. Describe the normal conduction of the heart

8. Dene nonpharmacologic methods of treating dysrhythmias

9. Compare and contrast the categories of the Vaughan Williams 

classication system

10. Dene the mechanism of action of digoxin

11. List all the dysrhythmias associated with cardiac arrest

12. Design an algorithm that may be used in the management of 

ventricular brillation and pulseless ventricular tachycardia

13. Design an algorithm that may be used in the management 

oftorsades de pointes

14. Describe the proper dosage technique of intravenous 

magnesium therapy in the management of torsades 

depointes

15. List the routes of administering medications during cardiac 

arrest

K E Y  T E R M S  A N D  D E F I N I T I O N S

Antiarrhythmics Group of cardiac medications that are classied 

according to mechanism of action; in some instances, they 

may have multiple mechanisms of action. The most common 

classication system of antiarrhythmics is the Vaughan Williams 

classication system, which is divided into four distinct 

categories and a miscellaneous section.

Arrhythmias/dysrhythmias Irregular (faster or slower) heartbeats; 

the term arrhythmia is used more frequently than dysrhythmia

Atrioventricular (AV) node Link between atrial depolarization 

and ventricular depolarization.Bohr eect Presence of carbon 

dioxide aids in the release and delivery of oxygen from 

hemoglobin.

Cardiac output (CO) Amount of blood that is pumped out of the 

heart per unit of time.

Catecholamines Endogenous products that are secreted into 

the bloodstream and travel to nerve endings to stimulate an 

excitatory response.

Chronotropic Agent aecting the rate of contraction of the 

heart.

Diastolic blood pressure (DBP) Lowest pressure reached before 

ventricular ejection.

Dromotropic An agent that inuences the conduction of 

electrical impulses. A positive dromotropic agent enhances the 

conduction of electrical impulses to the heart.

Inotropic Agent aecting the strength of muscular contraction.

Mean arterial pressure (MAP) Pressure that drives blood into the 

tissues averaged over the entire cardiac cycle.

Phosphodiesterase Enzyme responsible for the breakdown of 

cyclic adenosine 3′,5′-monophosphate (cAMP).

Sudden cardiac death (SCD) Episode of ventricular brillation, 

pulseless ventricular tachycardia, pulseless electrical activity, or 

asystole leading to loss of life.

Systolic blood pressure (SBP) Peak pressure reached during 

ventricular ejection.

Tachycardia Overly rapid heartbeat, usually dened as greater 

than 100 beats/min in adults.

Vasodilator Agent causing dilation of blood vessels.

Vasopressors Agents causing contraction of capillaries and 

arteries.

Ventricular brillation (VF) Cardiac condition in which normal 

ventricular contractions are replaced by coarse or ne, rapid 

movements of the ventricular muscle.

Overview of Cardiovascular System

e rivsur syse regues  w  he vrius 
regins f he y. B w genery rves vi  ressure gr-
ien, shifing fr res f higher ressure  wer ressure. e 
enr nervus syse (CNS) reys eeri iuses hrugh 
sensry reers fun syseiy wihin he vsuure, e-
ing vsur ne n using shuning f   n fr vri-
us rgn syses wihin he y. Vsur ne is regue vi he 

syhei nervus syse n he iruin f neurrnsi-
ers n hrnes, suh s einehrine, vsressin, n ngien-
sin. Sever frs exer n ee n vsur ne s  resnse  
issue erfusin n irury vue. Hyensin is ny 
resen in iens wih uni ysfunin n shk. Shock is 
 ife-hreening ei eergeny hrerize y rgn hy-
erfusin eing  erese eivery f xygen (O

2
) n nuri-

ens  issues hrughu he y. ere re six yes f shk; 
heir ees n heyni reers n e seen in Te 21.1

TABLE 

21.1
Hemodynamic Changes in Various Shock States

Hemodynamic Parameter

Hypovolemic/

Hemorrhagic Neurogenic Cardiogenic Septic/Distributive

HR ↑ ↔ ↔/↑ ↑

MAP ↓ ↑/↓ ↑ ↓

CVP (5–12mm Hg) ↓ ↓ ↑ ↓

PCWP (10–12mm Hg) ↓ ↓ ↑ ↓

CO (5–7L/min) ↓ ↔/↓ ↓ ↑

SVR (80–1440 dyn•sec•cm−5) ↑ ↓ ↑ ↓

CO, Cardiac output; CVP, central venous pressure; HR, heart rate; MAP, mean arterial pressure; PCWP, pulmonary capillary wedge pressure; SVR, systemic vascular resistance.
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Factors Aecting Blood Pressure

K E Y  P O I N T

Blood pressure is dependent on cardiac function, vascular tone, and 

vascularvolume.

Tyi esureen f  ressure is reive   reurring 
ri ye f ri n venriur nrins n rexins 
(Fig. 21.1). e ye is ivie in he sysi hse n he i-
si hse. e sysi hse is he rin in whih venriu-
r nrin urs, resuing in ejein f  hrugh he 
r. Cnversey, ise is he eri f venriur rexin 
n  ing. Systolic blood pressure (SBP) is he ek res-
sure rehe uring venriur ejein, n diastolic blood pres-
sure (DBP) is he wes ressure rehe righ efre venriur 
ejein. Areri ressure is yiy rere s SBP/DBP, fr 
exe, 120/0 Hg. Mean arterial pressure (MAP) refers 
 he ressure h rives  in he issues verge ver he 
enire ri ye. Beuse he ri ye is usie rher 
hn ninuus n euse w-hirs f he nr ri 
ye is sen in ise, MAP is n he rihei en f he 
SBP n DBP. MAP is ene s he ru f cardiac output 
(CO) n sysei vsur resisne (SVR), s fws:

[ ( ) ] /2 3DBP SBP  r MAP CO SVR+ = ×

SVR is use  ene he resisne  w f he vsu-
ure h us e vere  ush  hrugh he eriher 

iruin. CO is he un f  h is ejee in he 
r n rves hrugh he sysei iruin er uni f ie. 
CO is eenen n he su f    w reguins 
n is shwn in he fwing equin s he ru f her re 
(HR) n srke vue (SV). SV is he un f  ejee 
fr he her uring syse. Chnges in ny f hese -
nens y er he ees f he hers.

CO HR SV= ×

Suing u  nens h e he MAP, he fw-
ing equin y eer iusre hw hese nens ree  
 ressure:

MAP HR SV SVR= × ×

e use f heries suh s uis, vsressrs, n inr-
es  inin rivsur siiy is iree wr ering 
eh f hese nens, s shwn in Te 21.2. e vrius 
vasopressors urreny n he rke hve ieren niies fr 
he vrius reers e wihin he y n exer ieren 
ees n he heyni reers, s shwn in Te 21.3. 
Vsressrs n inres re n wys he rs-ine hery; 
n he nrry, uis re he insys fr irving hyen-
sive eises. Vsressrs n inres hve nsiere sie 
ees, n erin eiins iner wih vrius vsressrs 
n inres, eing  erins in heyni reers, 
s shwn in Te 21.4

In iin  vsur ne, nher nen h y 
e hnges in issue erfusin is vsur vue. Inrvsur 
vue eein y inuene SV n e MAP s we. is 

TABLE 

21.2
Cardiac Drugs: Dosing, Pharmacokinetics, and Hemodynamic Eects

PHARMACOKINETICS HEMODYNAMIC EFFECTS

Agent Dosage Range Onset (Min) Duration Half-Life HR MAP PCWP SVR CO

Amrinone 0.75mg/kg bolus, then 

2.5–15mcg/kg/min

5–10 0.5–2hr 4.8–8.3hr ↓ 0-↓ 0-↓ 0-↓ ↓-0-↑

Dobutamine (Dobutrex) 2–20mcg/kg/min 1–2 10–15min 2min 0* 0-↓ ↓ ↓ ↑

Dopamine (Inotropin) 1–5mcg/kg/min 5 <10min 2min 0 0 0 0 0

5–15mcg/kg/min 5 <10min 2min ↑ 0-↓ 0-↑ ↑ ↑

>15mcg/kg/min 5 <10min 2min ↑ 0-↓ 0-↑ ↑ ↑

Epinephrine (Adrenalin) 0.01–0.1mcg/kg/min 1 3–5min 3–5min ↑ ↑ 0-↓ ↓† ↑* ↑

0.1mcg/kg/min ↑↑ ↑↑ ↑ ↑↑ ↑↑

Norepinephrine (Levophed) 0.5–30mcg/min 1–3 5–10min 1–2min 0-↑ ↑↑↑ ↑↑ ↑↑↑ 0-↓

Phenylephrine 

(Neo-Synephrine)

0.5–5mcg/kg/min 10–15 1–3hr 2–3hr ↓ ↑ ↑ ↑ ↓

Milrinone (Primacor) 50mcg/kg bolus, then 

0.375–0.75mcg/kg/min

90 3–5hr 2.3hr 0-↑ ↓ ↓ ↓ ↑

Vasopressin (Pitressin) 0.01–0.04units/min 30–60 30–60min 10–20min 0 ↑ ↑ ↑ ↓†

Angiotensin II

(Giapreza)

20ng/kg/min–80ng/kg/

min

5min <1min

Must be given 

by continuous 

IV infusion

<1min 0 ↑ ↑ ↑ 0

*At high doses.
†At low doses.

CO, Cardiac output; HR, heart rate; MAP, mean arterial pressure; PCWP, pulmonary capillary wedge pressure; SVR, systemic vascular resistance; ↑, effect increased; ↓, effect decreased; 0, effect unchanged.



332 UNIT C Critical Care, Cardiovascular, and Polysomnography Agents

• Fig. 21.1 The cardiac cycle. A, Timing of cardiac events. B, Simultaneous pressures created in the aorta, left 

ventricle, and right atrium during the cardiac cycle. C, Electrical activity during the cardiac cycle. D, Heart sounds 

corresponding to the cardiac cycle. E, Ventricular blood volume during the cardiac cycle. (From Kacmarek, R. M., 

Stoller, J. K., Heuer, A. J., etal. [2013]. Egan’s fundamentals of respiratory care [10th ed.]. St. Louis, Missouri: 

Mosby.)
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nen y e inirey esure s he unry i-
ry wege ressure (PCWP), enr venus ressure, r re. 
In her wrs, he PCWP n e esie y using  evie 
e pulmonary artery catheter  esure he un f ui 
reurning  he her. Wih his esureen, he iniin n 
evue  ien-sei resnse  ui hery n vs-
ive hery. e use f  unry rery heer is ssie 
wih iins, suh s infein, neuhrx, eeing, 
r hrus frin.

K E Y  P O I N T

Cardiac drugs are used to inuence cardiac function and include agents that 

increase myocardial contractility, regulate arrhythmias, and treat cardiac 

arrest.

Agents Used in the Management of Shock

C L I N I C A L  C O N N E C T I O N

Cardiotonic agents stimulate the myocardium and produce a positive effect. 

These agents include cardiac glycosides (digitalis family), β-adrenergic 

stimulants, dobutamine, dopamine (DA), isoproterenol, epinephrine, and 

phosphodiesterase inhibitors.

Catecholamines

Norepinephrine (Levophed) and Epinephrine 
(AdrenalinChloride)

Nreinehrine (Levhe) n einehrine (Arenin Ch-
rie) re engenus catecholamines h re seree y he re-
n eu. Einehrine is uiey synhesize y he yi 
ins f yrsine hyrxyse, whih nvers he in i 
yrsine  ev n susequeny  ine (DA), nr-
einehrine, n einehrine.1 2 ese neurrnsiers rve  
syhei nerve enings, where hey re reese  siue 
her nerve ers n  siue n exiry resnse. Nr-
einehrine n einehrine siue α reers (n he vsu-
ure) n β reers wihin he vsuure n in he yr-
iu. α reers wihin he vsuure use vsnsriin, 
wheres β reers use vsiin. Ms vsur es wihin 
he y nin β reers; hwever, hey re unuere y α
reers, s ny einehrine n nreinehrine siuin f 

β reers is negigie r f n ee, yieing  ne resnse f 
vsnsriin. In iin, β reers re ensey ue 
he yriu re wih α reers, eing   ne ee 
f tachycardia 3 4

Isoproterenol (Isuprel)

Isreren (Isure) is  synhei ehine use fr he 
reen f syi ryri r rses e ines. Is-
reren wrks sey s n gnis f β reers. By siu-
ing β

1
-renergi reers, i exers rnune inotropic n 

chronotropic ees. By siuing β
2
-renergi reers, 

isreren es  sh use rexin f he rnhi, 
skee use, vsuure, n gsrinesin r. In erin 
iens, his vsiin f vsur sh use y e  
hyensin, if n nie y nher vsressr wih α
iviy. Venus reurn  he her is s inrese y vsi-
in f he venus e. e use f isreren is iie euse 
f is rnune siury ee n HR.4

Dopamine

DA is n engenus ehine h is  reursr  nrei-
nehrine. e usu vsressr se f DA is 5  20g/kg/
in; DA irey siues β reers, ruing hrnri 
n inri ees n eing  inrese CO, n siues 
eriher α reers, using inrese SVR.

Previusy, w-se DA (1  5g/kg/in) ws hugh  
siue seeivey he DA

1
 n DA

2
 reers in he snhni 

n ren rery es, using vsiin n inrese  
w. is eief hs een nuie, n use f w-se DA is 
nsiere n see fr f rie. I hs een suggese h 
irveen f ren n snhni  w s  resu f DA 
ses fr is enes n CO, whih enhnes erfusin   
jr rgns, inuing  w  he kiney.

ere is  higher ikeih f verse ees urring wih 
higher ses f DA when use in iens wih ri fiure 
euse f he inrese in fer n yri O

2
 en. 

Averse ees inue hyrrhyhis, ei e, i-
ins, n erese erfusin.

A ses h re fen require fr iens wih sei shk 
(e.g., “high-se DA), here is n inrese risk f hyrrhyh-
is re wih he risk wih her vsressrs. is is n 
rif f he higher niy f DA fr β

1
 reers. Cnsequeny, 

he ue 2021 Surviving Sesis Guieines5 reen he 
use f DA e iie  highy seee iens (i.e., hse wih 
yri ysfunin). Over, nreinehrine is nsiere  
re en vsressr hn DA n is given  srng re-
enin s n inii hery ver DA in he seing f sei 
shk.5

Phenylephrine

In nrs  einehrine, henyehrine is urey n α gnis, 
ye i iers fr einehrine ny in h i ks  hyrxy 
gru (−OH) n he enzene ring. Phenyehrine inues vs-
nsriin in s vsur es, eeving SBP n DBP. Phen-
yehrine exers n ee n sysei  ressure y eeving 
 eriher resisne.

Beuse f he unse α
1
 siuin in he vsuure 

using inrese SVR, iens n henyehrine infusins 
eve  reex ryri. is ee y e usefu in iens 
wh eve hyrrhyhi whie reeiving nreinehrine 
infusins. In iens wh eve rrhyhis, suh s ri 
riin wih ri venriur resnse (RVR), se eviene 

TABLE 

21.3
Inotropes and Vasopressors: Receptor Anity

Drug α β
1

β
2

DA

Dopamine (Inotropin) + to +++* +++* + 0/+

Dobutamine (Dobutrex) 0 to +* 0 to +* + 0

Epinephrine (Adrenalin) +++* +++ ++* 0

Isoproterenol (Isuprel) 0 +++ +++ 0

Norepinephrine (Levophed) +++ ++ ++ 0

Phenylephrine 

(Neo-Synephrine)

+++ 0 0 0

*At higher doses.

DA, Dopamine; 0, no effect; +, slight effect; ++, moderate effect; +++, pronounced effect.
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TABLE 

21.4
Drug Interactions

Precipitant Drug* Effect Object Drug* Comments

Dobutamine, Isoproterenol, Norepinephrine

Bretylium ↑ Dobutamine, 

isoproterenol, 

norepinephrine

Concomitant use may potentiate effects of vasopressors, causing 

arrhythmiasHalogenated hydrocarbon anesthetics

Guanethidine May increase pressor response, causing severe hypertension

Oxytocic drugs

Tricyclic antidepressants

Phenylephrine

Bretylium ↑ Phenylephrine Concomitant use may potentiate effects of vasopressors

Guanethidine

Halogenated hydrocarbon anesthetics

Oxytocic drugs

Tricyclic antidepressants ↔ Tricyclic antidepressants may increase effects of phenylephrine

Dopamine

Dopamine ↓ Guanethidine Antihypertensive effects of guanethidine may be reversed

Phenytoin Concomitant use may lead to seizures, severe hypotension, and bradycardia

Tricyclic antidepressants Dopamine Tricyclic antidepressants may increase effects of dopamine

Halogenated hydrocarbon anesthetics ↑ Dopamine May sensitize myocardium to actions of vasopressors, causing arrhythmia

MAOIs Dopamine is metabolized by MAOIs. MAOIs increase pressor response to 

dopamine by 6-fold to 20-fold

Oxytocic drugs Concomitant use may cause severe hypertension

Epinephrine

Cardiac glycosides ↑ Epinephrine May sensitize myocardium to actions of vasopressors, causing arrhythmia

Halogenated hydrocarbon anesthetics

Levothyroxine antihistamines 

(chlorpheniramine, diphenhydramine)

MAOIs Concomitant use may cause severe hypertension

Methyldopa

Oxytocic drugs

Reserpine

Sympathomimetics

Tricyclic antidepressants

β Blockers

α Blockers ↓ Epinephrine Vasoconstricting and hypertensive effects of pressor may be reversed

Chlorpromazine

Diuretics

Epinephrine Guanethidine Epinephrine may antagonize effects of guanethidine, resulting in decreased 

antihypertensive effects

Digoxin

Amiodarone ↑ Digoxin Amiodarone may increase digoxin blood level; reduce digoxin dose by 50%

β Blockers Combination may cause advanced or complete heart block

Calcium channel blockers

Calcium Rapid administration of intravenous calcium may result in fatal arrhythmias

Succinylcholine Succinylcholine may cause sudden extrusion of K+ from muscle cells, 

leading to arrhythmias

Sympathomimetics Combination may cause increased risk of cardiac arrhythmias

Thiazide and loop diuretics Diuretic-induced electrolyte disturbances may predispose to digitalis toxicity

Thyroid hormones ↓ Digoxin Thyroid hormones may reduce digoxin blood levels; hypothyroid patients 

may require higher dose of digoxin

*Precipitant drug refers to the drug that causes the interaction; object drug refers to the drug affected by the interaction.

↑, Object drug increased; ↓, object drug decreased; ↔, object drug unaffected.

MAOIs, Monoamine oxidase inhibitors.
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suggess  swih fr nreinehrine infusins  henyehrine 
infusins y e re ikey  hieve  fser ie  re n-
r.6 Inii henyehrine infusins re usuy sre  5g/
kg/in (r ernivey 100–10g/in) n siiry  her 
vsressrs, res n e ire higher s neee  inin he 
rgee  ressure.7

Vasopressin (Pitressin)

Besies he ressr ees f vsressin (whih re isusse 
susequeny in he sein n vne ri ife sur), 
vsressin y e use in he seing f sei shk, n ny 
euse f is ressr ee u s euse f is wer-reenive 
ees. Vsressin is  nury urring hrne, s knwn 
s antidiuretic hormone. Vsressin shws niy fr V

1
 n V

2

(vsressin-1 n vsressin-2) reers e in he e-
ing us in he kineys, whih nriue  wer nservin 
n nenrin f urine. Vsressin s shws niy fr he 
V

3
 reer e in he iuiry, eing  vrius enr ner-

vus syse ees. e use f exgenus vsressin ws iniiy 
hyhesize  e enei in sesis se n  s suy n-
ing in 19 sei iens h iniiy h eeve eves f vs-
ressin h hen erese  nr eves s shk rgresse, 
s re  iens exeriening rigeni shk in whih 
he sress hrne reine eeve.9

e se f vsressin in sei shk is genery 0.01  
0.04unis/in. e VASST ri uiize  se u  0.03 unis/
in (1. unis/hur).10 Ahugh higher ses f vsressin 
y e use, he Surviving Sesis Guieines reen vi-
ing use f higher vsressin ses euse f is rensiy  
use verse rivsur evens, suh s yri ishei. 
Higher ses f vsressin shu e iie  refrry sei 
shk when eque MAP is une  e hieve wih her 
vsressrs.5 Dses f u  0.unis/in hve een eye 
fr iens wih vrie herrhge, u i is fen ine 
wih nirgyerin infusin  ii he eveen f yr-
i ishei. Vsressin n e ire wn y 0.01unis/in 
inreens when hery is n nger require fr inenne f 
MAP. Aiiny, vsressin n e urne  wihu  ir-
in sfey. is shu e ne when he ver ressr require-
ens re eresing n he shk ers  e resving. e 
nreinehrine requireens y inrese sighy  ense 
fr he ss f vsressin n his is  e exee.

Vsressin shu n e uiize s  se gen fr n-
geen f hyensin in he seing f sei shk.5 Preu-
in ses fr  h inie h vsressin infusin y 
erese snhni  w in iin  signin res f 
igi ishei. In he 2021 Surviving Sesis Guieines, vs-
ressin is reene s n -n gen fer nreinehrine 
n is given  wek reenin wih  ere quiy 
f eviene.5 When given in inin wih nreinehrine 
in he VASST ri, vsressin hs ensre  eh-
ine-sring ee, hugh he ini signine f his is 
unknwn.10 is is he rges vsressin in sesis suy  e 
n i n shw  signin ierene in 2-y r 90-y 
riy. In ess severe ses f shk (ene s requiring nr-
einehrine <15 g/in), here ws  signin ierene in 
2-y riy fvring vsressin, u h ierene ee 
nnsignin  90 ys. Mre severe ses h n ierene in 
riy n res f verse evens were n ieren eween 
grus. When re irey  nreinehrine in he VAN-
ISH ri (he VAsressin vs Nreinehrine s Inii hery in 

Sei sHk) h rnize iens in  2 × 2 fri esign 
iing  s ssess hyrrisne, n signin ierenes 
were fun in 2-y riy in iin  kiney injury.11

One signin ning ws h vsressin reue he risk f 
ren reeen hery, hugh his ee ws rrie y ri-
riy nnsurvivrs.

Oher seings in whih vsressin y e use inue ie-
es insiius  ses f 5  10unis given inrusury r su-
uneusy n reee w r hree ies er y r given s  
ninuus infusin ire  urine uu.12 In ri surgery, 
vsressin hs  re in he ngeen f serive vs-
egi.13 In he VANCS ri, iens s ri surgery were 
rnize  vsressin (0.01–0.06 unis/in) versus nrei-
nehrine (10–60 g/in)  inin reri ressure. e ri-
ry enin ws  sie enin nsising f riy 
r severe iins inuing srke, ehni veniin 
>4 hurs, ee sern wun infein, reerin, r ue 
ren fiure wih 30 ys. Vsressin ensre he riry 
ue signiny ess frequeny hn he nreinehrine 
gru, ririy riven y res f ess ue ren fiure. Oher 
signin ues inue ess ri riin n shrer 
enghs f ICU sy n enghs f hsi sy. Vsressin y 
e use  re vrie eeing (i.e., 0.2–0.4unis/in). Cu-
in is neee when reing niins her hn shk wih 
vsressin; yri ishei y ensue s  resu f he 
en vsnsriive reries  higher ses.14

Ahugh vsressin ws evee in 192, in 2014 i ws 
rerne  Vssri n reeive US F n Drug Ainis-
rin (FDA) rv fr use in sei shk. is e  is s 
eing riven u sever husn eren in he Unie Ses, 
whih re  ser k in is re in sei shk. Hw-
ever,  he en f 2021, he FDA rve  vsressin generi 
in, hefuy eing  re rrie ss.

Midodrine (Proamatine)

Mirine hyrhrie is n r inive rrug h n-
vers  he ive seies, esgyirine, vi egyinin. 
Desgyirine is n α

1
 gnis. Mirine is inie fr he 

ngeen f rhsi hyensin. Hwever, euse i-
rine n use signin hyerensin n reex ryri, 
i shu ny e use in iens wih rhsi hyensin 
h is refrry  reen n severe enugh  iir iy 
iving—his is s ne s n FDA xe wrning (s e 
fr he x surruning he wrning e in he nufurer 
infrin shee r he kge inser) in he ru eing.15

Mirine hs n -e iniin in heren synre 
(HRS) (5–15 g 3 ies iy) s n ernive  eriressin  
e use in inin wih uin n reie. D su-
ring his rie re r wih s uins n re re-
rseive in nure u er  inie irveen in en 
reri ressure, riy, n resuin f HRS.16,17

Ahugh n ee fr use in shk, irine hs een use 
 wen iens fr inrvenus (IV) vsressrs n rnsi-
in he fr he inensive re uni  gener ei rs.1

is rie ws evue in he 2020 MIDAS ri, whih rn-
ize iens wih hyensin une  e iere fr 
vsressrs  irine 20 g every  hurs versus e.19

Whie he resus i n ensre signin ierenes in 
ie  vsressr isninuin r her senry enins, 
her rerseive suies inie rising resus. e MIDAS 
ri h iuies enring iens, requiring 7yers  enr 
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136 riins wih generus enren rieri, n seine 
MAPs were in he 70s, whih is higher hn he nvenin 
MAP rge f 65 Hg in s sei iens. Whie i hs  
fvre sie ee re, irine is ssie wih res f 
ryri, whih is sure y nings in he MIDAS ri. 
Aiiny, nher iiin fr he MIDAS ri y e he 
frequeny  whih irine ws inisere. Reen eviene 
inies inisering irine every 6 hurs u e ene-
i, whih is sure y he ek ee f esgyirine in 
1  2 hurs n shr hf-ife f 3  4 hurs.20

Angiotensin II – GIAPREZA

Angiensin II is he s reeny rve vsnsrir 
rve  inrese  ressure in u iens wih sei 
r her isriuive shk. Angiensin II is n engenus -
ehine h inreses  ressure s we s inrese ui 
reenin senry  inrese serne reese. Dire in 
f ngiensin II n he sh use is eie y ining  
he G-rein–ue ngiensin II reer n sh use 
es, whih siues inize iu (C2+)/uin hs-
hryin f ysin n uses sh use nrin. 
e reene sring se is 20ng/kg/in vi  ninu-
us infusin n is ire  g  ressure. Cenr ine 
is referre  iniize he risk f exrvsin. In ATHOS-3 
suy, iens n verge rehe heir g  ressures in 
rxiey 5 inues n ngiensin II in inin wih 
high se vsressrs ws ensre  e re eeive  
hieving  MAP f 75 hn e (sine) wih high-se vs-
ressrs.21 Afer he inii 2.5 hurs f suy rug infusin, MAP 
rges were hnge  65  70 n he ierenes eween 
ngiensin II n e ee ess iniy signin. 
Averse evens were n sisiy signin eween grus, 
hugh he FDA kge inser enins  hrsis re f 
13%, whih is higher hn he res seen in he ri. One iner-
esing in in his ri is iens h h nin ue 
resirry isress synre (ARDS) were re sensiive s 
 resu f he reive ngiensin II insuieny senry  
ngiensin-nvering enzye (ACE) eing  unry i-
ry enhei-un enzye n eing 2.03 ies re ikey 
 hieve MAP g wih nin ARDS.

Vasopressor-Induced Extravasation and Management

Exrvsin is  we-knwn irgeni nifesin f inr-
riey infuse vsressr hery, evenuy eing  nersis 
n gngrene. Inii signs n sys f exrvsin inue 
in, sweing, eryhe, isering, nhing, n/r ing 
f he skin. As  gener rue, he risk f vsressr exrvsin 
inreses wih re nenre IV suins. Whie exrvs-
in is  risk wih vsressrs, he risk is ikey verse fr 
er .22 Mre reen  inie eriher inisrin 
f vsressrs y e ne sfey n is rrie in  vriey 
f iens. Se sregies  iige risk inue using  rge 
vein in he frer r uer r, using  20-guge heer r 
rger, viing ng urins f infusins, n ieening 
frequen infusin sie niring  ssess fr reness r inr-
in. Aiiny, i is ruen  vi eriher inisrin 
f vsressin r ngiensin II s vie exrvsin ierure 
is h king n inies r reen ins.

If rrie niring is in e, s injuries fr 
exrvsin n e vie if inii ngeen is sre ery. 
e infusin shu e se ieiey wih es  

sire s uh inre rug fr he heer s ssie n 
swihe  nher ine  inin heyni hery. e 
i shu e eeve n wr resses n e ie  
re vsiin. Avi  resses h wu inrese 
vsnsriin.

Ah gniss y e usefu in nreinehrine exrvsins. 
Phenine 5  10 g iue in 10 L f 0.9% siu h-
rie y e injee in he exrvsin sie uie ies 
wih  hyeri neee. I y s e inisere hrugh 
he inre nnu if si in e. Phenine hs iin-
ishe ey s ie rgresses.

Phenine frequeny enuners rug shrges n high 
s rureen, s eruine hs een use s n ernive 
in fr vsressr exrvsin. I is  e-2 gnis h 
res vsiin when injee  he sie f exrvsin. 
Teruine 1 g shu e iue in 9 L f 0.9% siu h-
rie n injee suuneusy in 1 L inreens run he 
re f exrvsin. Ti nirgyerin 2% inen y s 
e  reen in. Ay 1 inh  he ee re every 
hurs.

Inotropic Agents

Dobutamine

Duine is inie fr he shr-er reen f e-
ense her fiure senry  eresse nriiy. Du-
ine is  synhei ehine h is heiy ree  
DA; hwever, in nrs  DA, i is n eize  nrei-
nehrine, n i es n siue DA reers.4 Is hr-
gi ins resu fr he ees f is rei nens. e 
(R)-iser is resnsie fr is iviy n he β

1
 n β

2
 reers, 

using reinn siive inri n hrnri ees 
n vsiry ees, reseivey. is inin f ees 
enhnes CO n SV. e (S)-iser is resnsie fr is iviy 
n he α

1
 reers, using vsnsriin.1,7 e vsiry 

β
2
-renergi ees unerne he vsnsriive α

1
 ees, 

eing  inr hnges in SVR usuy seen  wer ses. Wih 
inresing ses, he β

2
-vsiry ins reine ver he 

α
1
-vsnsriive ee, using  erese in sysei n u-

nry vsur resisne. e eine in sysei n u-
nry vsur resisne y s e senry  enhne CO.

As n inri gen, uine hs verse ri ees, 
whih inue arrhythmias/dysrhythmias, inrese in yr-
i O

2
 nsuin n en, hyri, n hyensin. 

A iiing fr when uine is use fr greer hn 72 
hurs is hyhyxis; his y resu fr wnreguin f β

1

reers n y e vere y inresing he se. In iens 
wih sue sensiiviy, ergi reins, suh s nhyxis, r 
ife-hreening shi eises y ur euse u-
ine fruins nin sues.4

Phosphodiesterase Inhibitors: Inamrinone and Milrinone

Phshieserse inhiirs (s knwn s inodilators), suh s 
inrinne (frery e amrinone, n nger vie n he 
US rke) n irinne, re h inri n vsir 
gens euse hey inrese yri nriiy n inue 
vsur sh use rexin. ese ees re iige y 
inhiiin f inreur hshieserse (suss III). Phs-
hieserse is n enzye resnsie fr he rekwn f yi 
ensine 3′,5′-nhshe (AMP). An inrese in AMP 
nenrin eies n inrese in inreur C2+, whih is 
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resnsie fr is inri ee, n AMP-eenen rein 
hshryin, using rexin f vsur use. Hey-
niy, hshieserse inhiirs use  erese in SVR 
n PCWP n n inrese in CO wihu inresing HR r 
yri O

2
 en. ese heyni hnges re ree 

 s nenrin.
Mirinne is he ny inrvenus hshieserse inhiir 

use in rie y. I hs  shrer hf-ife hn inrinne 
(isninue) n is ess ikey  use hryeni. I 
unerges ren eiinin wih n eiinin hf-ife f 1  3 
hurs in iens wih nr ren funin; sey-se nen-
rins re rehe in 4  6 hurs if iniie wihu  ing 
se. e risk f hyensin urring is higher when  ing 
se is given. Mirinne y e given s n inii IV us se 
f 50g/kg inisere swy ver 10 inues fwe y 
ninuus infusin   re f 0.375  0.75g/kg/in n 
ire  ee. Dsge jusen shu e e in iens 
wih severe ri fiure r ren iiren euse f he n-
siere reuin in erne.1 4 7

Mirinne is s ny use in her fiure wih reue 
ejein frin, yiy in iens wh hve eense 
wih w ri uu n severe ef venriur (LV) sysi 
ysfunin.23 I y e use s  rige hery in iens 
wh re refrry  ei ngeen n re wiing fr 
ehni irury sur r her rnsnin. Piens 
wih LV sruin shu vi he use f inres s his y 
use he  wrsen. Mirinne n uine were re 
in  rnize ini ri in 2021 in iens wih rigeni 
shk.24 e sie ue (in-hsi eh fr ny 
use, rnsien ishei k, srke, r rivsur r ren 
evens) urre wih  siir frequeny in h grus (49% 
versus 54%) s i  senry ues.

Mirinne is s use fr reing n revening eye ere-
r ishei ue  vsss s surhni herrhge.25

Vsss, whih is  nrrwing f he erer reries, urs 3 
 4 ys fer he inii ee n n e  res f ishei n 
he her sie f he nrrwe rery if n ry ree. e 
erervsur sh use nins rge uns f hs-
hieserse III, whih ens isef  vsiin vi irinne 
n ssiy se ni-inry ees. Piens re given  
us f 0.05  0.2 g/kg when ivey ssing, fwe y  
ninuus infusin sring  0.75 g/kg/in n ire u 
 1.25 g/kg/in. Dsing is nsiseny higher hn seen in 
her fiure. is y e use in inin wih vsressrs. 
Aiiny, irinne y e injee inr-reriy where he 
ss is urring.

Cardiac Glycosides: Digoxin (Lanoxin)

e ri gysie ss nsiss f ne eiin, igxin 
(Lnxin), whih is use in he ngeen f ngesive her 
fiure (CHF). e ieenin f igxin in he reen 
f CHF ses fr is iy  exer n inri ee n he 
yriu. Cri gysies reversiy inhii he siu-
ssiu-ensine rihshse u (N+-K+-ATPse 
u) e in he ri her use, eing   ne ss f 
K+ n  ne gin in inreur N+ nenrin. As  resu, 
he N+-K+ ive rnsr syse, whih us siu u 
f he e n iu in he e, is ive. Eeve C++

nenrins resu in furher iu serein fr he en-
si reiuu, uiey siuing he in–ysin igh 
hin rein, resuing in yri nrin. Digxin s 

hs n inhiiry ee n he vgus nerve, eing  erese 
HR n atrioventricular (AV) node rngin. In nrs  
her inri gens, suh s uine n irinne, igxin 
genery es n exer hyensive ees, uness irey use 
y ryri.

Digxin unerges ren eiinin. In he resene f ren 
insuieny, uuin f igxin y ur. Genery, igi-
is inxiin is ignse when en seru igxin nen-
rin exees 2ng/L; hwever, he ini signine f his 
vue eens n he ie f ingesin n he ie f seru s-
ing. Digxin hs  ng isriuin hse. I y ke 4 hurs 
fer IV inisrin n 6 hurs fer r inisrin fr 
igxin  isriue fuy u f he irury ren 
n in her regins f he y. Seru sing f igxin 
efre he isriuin hse y give he iressin h he 
seru nenrin is greer hn i uy is. Digxin isys 
 very nrrw hereui rnge (0.5–2ng/L), riury in he 
seing f hykei. Hykei y enie he verse 
ees f igxin n rener he risk f rrhyhis n eh 
re iinen. Aeque K+ sueenin shu e use  
inin he seru K+ eve wihin he nr rnge.

In nrs, igiis xiiy y use hyerkei y is 
inhiiry ins n he N+-K+-ATPse u. Digxin xi-
iy y nifes s serius ife-hreening venriur rrhyh-
is (VAs), inuing reure venriur nrins, AV 
junin rhyh, igein rhyh, n sen-egree AV 
ke. Bryri y s ur ery n in he seing f 
igxin xiiy. e inii sys f igiis xiiy re nu-
se, viing, nrexi, n in in. ese sys 
y resu fr  ire ee n he gsrinesin r r fr 
CNS siuin f he hereer rigger zne. Oher rre 
u ssie neursyhiri ees y nifes s isrien-
in n huinin, eseiy in er iens, n visu is-
urnes, suh s yew-green hs. Digxin iune F is he 
nie use  fiie he seey eiinin f igxin fr 
he y. Digxin iune F is inie in he seing f ife-
hreening xiiy, suh s VAs, ryrrhyhis, ingesin f 
greer hn 10g in us r 4g in hiren,  sey-se 
eve greer hn 10ng/L, rgressive eevin f K+, r  K+

eve greer hn 5Eq/L.26

Electrophysiology of Myocardium

Eeri iviy is iniie y n inne eker e  
he sinri (SA) ne. Eeri eni exiss rss he e 
erne, n i hnges in resnse  rnserne ve-
en f N+, K+, C++, n C− ins. ese ins eie he r-
ess f yri nrin n rexin. When n eeri-
 siuus is evke fr he SA ne, i generes n in 
eni (AP). One genere, he AP rues   urren, 
whih evkes furher APs ng he yriu. An AP ei-
is yri erizin r nrin. e ink eween 
ri erizin n venriur erizin is  rin 
f he nuin syse e he AV node. e AV ne sws 
wn he eeri iuse  ensure h ri exiin is -
ee efre venriur exiin. Afer eving he AV ne, 
he iuse rves  he w eween he w venries vi he 
nuing syse ers knwn s he bundle of His. Fr he 
une f His, he ri nuin syse ifures in hree 
in une rnhes: he righ une n w ef unes. 
ese une rnhes fr  nuin newrk, referre  s 
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Purkinje bers (Fig. 21.2). e nuin syse innerves he 
yriu n uses hnges in erne rizin f he 
use er.14

An AP (Fig. 21.3) n e ivie in he fwing ve if-
feren hses:

Phase 0: Inii ri erizin f yri issues sen-
ry  n ru rnserne inux f siu hrugh 
“fs siu hnnes

Phase 1: Fs siu hnnes re inive; his, ue wih 
he veen f K+ n C  ins, es   rnsien ne 
uwr urren n he eginning f rerizin

Phase 2: “Peu hse, inine y  ne eween -
iu inux n ssiu eux

Phase 3: Ciu hnnes se, u erne reins eree 
 ssiu, resuing in eur rerizin

Phase 4: Ce reurns  is “resing se; he resing erne 
eni is rehe hrugh gru erizin ree 
  nsn siu inux ne y  eresing eux 
f K+

During he AP,  sen siuus wu n evke  sen 
AP;  his in, he erne is si  e in he absolute refrac-
tory period. e sue refrry eri es n w he her 
 unerg reure nrins r  inin  eni se. 
Arrhyhis re ssie wih nr iuse generin r 
nuin. Cerin niins h n reiie rrhyhis 
re yri ishei, CHF, versensiiviy  ehines, 
n eerye nriies.

Ablation With Radiofrequency Current

Cheer in is very eeive when ri riin (AF) is 
use y  singe riry irui. e reure invves inser-
ing  heer in   vesse in he grin r he nek n 
guiing i wr he her. When he i f he heer is e 
gins he r f he her using he rrhyhi, rifre-
queny eeri urren is ie hrugh he heer  r-
ue  s urn u 6   in ieer. Piens shu 
e equey nigue  es 1 nh efre he in 
reure  reven he frin f hri in he ri. e 
reure rries  suess re in inining sinus rhyh ver 
he nex yer f 30%  90%.27

Implantable CardioverterDebrillators

Ine riverer-erirs (ICDs) hve een use 
sine he 190s  river,  erine venriur hyri 
(VT), n  rvie ku ing fr ryri. ICDs re 
inie fr he fwing niins:
• Cri rres use y useess VT r ventricular brilla-

tion (VF) n use y  rnsien r reversie use
• Snneus susine VT
• Syne f uneerine rigin wih iniy reevn, ee-

rhysigiy inuie susine VT r VF when rug 
hery is ineeive, n ere, r n referre

• Nnsusine VT in iens wih rnry rery isese, 
efre yri infrin, ef venriur ysfunin, n 
eerhysigiy inuie VT r VF n suresse y 
ss I nirrhyhis
Of iens wih ICDs, 40%  70% require nirrhyhi rug 

hery, whih us he  risk fr rug–ICD inerins.2 29

• Fig. 21.2 Cardiac conduction system.

• Fig. 21.3 Action potential diagram. (From Cairo, J. M., & Pilbeam, S P. 

[2010]. Mosby’s respiratory care equipment [8th ed.]. St. Louis, Missouri: 

Mosby.)
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Procainamide

Prinie is vie ny s n IV fruin in he Unie 
Ses n is inie fr he reen f VT (Fig. 21.5) h 
is ife hreening; euse f is rrrhyhi ees, inu-
ing rses e ines (Fig. 21.6), he use f his gen fr esser 
rrhyhis is n reene. In iin, rinie hs 
he eni  rue serius hegi isrers, riury 
eukeni n grnuysis; i is use ny when enes u-
weigh he risks. Prinie hs s een use  nver AF/
AFL  sinus rhyh. I is neessry  nir eves f h r-
inie n is ive eie N-ey rinie (NAPA) 
fr ey n xiiy. An verse ee unique  rinie 
is he eveen f sysei uus eryhesus (SLE)–ike 
synre, whih n nifes wih eur r in in, 
ygis, rhrgis, eur eusin, eririis, fever, his, 
n skin esins. SLE-ike synre urs in 30% f iens 
fer rnge inisrin f rinie, eseiy in sw 
eyrs, wh re  risk f uuing he hyrxyine 
eie resnsie fr he hgenesis f his synre. If 
he ui synre es n resve wih isninuin f r-
inie, reen wih riseris y e wrrne.4

Disopyramide

Disyrie is inie fr he reen f ife-hreening 
VT; i is s use fr he reen f rxys survenriu-
r hyri (PSVT). Treen wih isyrie shu 
e iniie in he hsi. Piens wih AF/AFL us reeive 
igxin hery  hieve n eque seru igxin eve efre 
inisrin f isyrie  ensure here is n furher 
eevin f he venriur re. K+ eves shu e rree 
efre iniiin f hery euse he rug y e ineeive in 
iens wih hykei, n is xi ees y e enhne 
in hyerkei. Disyrie y use r ggrve CHF r 

Pharmacology of Antiarrhythmics

K E Y  P O I N T

Antiarrhythmic agents are classied into groups on the basis of their 

electrophysiologic action. Class I agents depress the inward sodium current 

and are subdivided further as IA, IB, and IC. Class II agents are β-blocking 

agents. Class III agents have complex effects that can prolong the action 

potential (AP) and in some cases exert β-blocking action. Class IV agents are 

calcium channel blockers. Other antiarrhythmic agents include adenosine, 

which is used to convert supraventricular tachycardia (SVT) into sinus 

rhythm.

Antiarrhythmics re ssie ring  heir ehniss 
f in. In se insnes, hese rugs y nifes uie 
ehniss f in. e s n ssiin syse 
f nirrhyhis is he Vughn Wiis ssiin syse, 
whih ivies nirrhyhis in sses: I (IA, IB, IC), II, III, 
IV, n  iseneus ss. Te 21.5 esries he eie 
hrgy f nirrhyhis, n Te 21.6 iss heir hr-
kinei reers.

Class IA

Css IA gens k fs N+ hnnes in he yriu, se-
iy in he riu. ey s k rerizing K+ urrens 
n y rng he AP. As  resu, ss IA gens hve een 
ssie wih signin rrrhyhi reries, suh s Q-T 
inerv rngin.

Quinidine

Quiniine, hugh ess ny use, is eius in he 
reen f ri riin/uer (AF/AFL) (Fig. 21.4). 
e ees f quiniine n he AV ne re i. A wer 
nenrins, quiniine hs nivg reries, enhning 
AV n nuin. A higher nenrins, he AV n 
nuin is swe wn. Beuse f iuy in reiing 
resnse  quiniine, i is irn  iniie  re-n-
ring gen rs. Quiniine shu e use wih uin in 
iens wih reexising sh, use wekness, r infein 
wih fever euse hyersensiiviy reins  his eiin 
y e ske y hese niins. Oversge f quiniine 
hs rue resirry eressin r isress, ne, irrhe, 
viing, seizures, hyensin, syne, n eerrigr-
hy (ECG) hnges.30

• Fig. 21.4 Atrial utter and brillation. Notice the 

“sawtooth” waves (F waves) with atrial utter and 

the irregular brillatory. (From Miller, R. D., Eriks-

son, L. A., Wiener-Kronish, J. P., et al. [2010]. 

Miller’s anesthesia [7th ed.]. Philadelphia, Penn-

sylvania: Churchill Livingstone.)

• Fig. 21.5 Ventricular tachycardia. (From DesJardins, T., & Burton, G. 

[2011]. Clinical manifestations and assessment of respiratory care (6th 

ed.). St. Louis, Missouri: Mosby.)
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TABLE 

21.5
Pharmacology of Antiarrhythmics

Class/MOA Ion Block Drug QRS Q-T
C

Indications Dosages Route

IA/↓ phase 0,↑ AP Sodium 

(intermediate)

Moricizine* ↑ 0 VA 600–900mg/day in three divided doses PO

Quinidine ↑ ↑ AF/AFL/VA Quinidine sulfate, 200–600mg q 4–12hr; 

quinidine gluconate, AF/AFL cardioversion and 

VA, 324–648mg q 8–12hr

PO

Quinidine gluconate, AF/AFL cardioversion and VA, 

10mg/min infusion up to 400mg

IV

Procainamide ↑ ↑ VA 40–50kg, 2g/day; 60–70kg, 3g/day; 80–90kg, 

4g/day; >100kg, 5g/day

IV

Disopyramide ↑ ↑ VA 400–800mg/day in divided doses, IR divided q 

6hr, CR divided q 12hr

PO

IB/↓ phase 0 

slightly; shorten 

AP

Sodium (fast on/

off)

Lidocaine 0 0-↓ VA 50–100mg (may repeat in 5min) up to 300mg 

in any 1-hr period; maintenance 1–4mg/min

IV

VT 1–1.5mg/kg; may repeat at 0.5–0.75mg/kg q 

5–10min (maximum 3mg/kg)

Mexiletine 0 0 VA 200–400mg q 8hr PO

150–250mg over 10min, then 250mg over 

30–60min, then 250mg over 2.5hr, then 

500mg over 8hr; maintenance 250–500mg 

q 12hr

IV

Tocainide 0 0-↓ VA 400mg q 8hr, then 1200–1800mg/day divided q 

8hr (maximum 2400mg/day)

PO

Phenytoin 0 ↓ VA 4mg/kg q 6hr for 1 day, then 5–6mg/kg/day 

divided q 12hr

PO

15mg/kg over 1hr (or target level of 15–20mcg/

mL)

IV

IC/Marked ↓ of 

phase 0; affect 

repolarization

Sodium (slow on/

off)

Flecainide ↑↑ 0-↑ AF/AFL/PSVT 50mg q 12hr; ↑ by 100mg q 4 days (maximum 

300mg/day)

PO

VA/VT 200–400mg/day

Propafenone ↑ 0-↑ AF 225mg q 12hr (SR) PO

AFL 325–425mg q 12hr (IR)

PSVT 150mg q 12hr (IR)

AF/AFL/PSVT/

VA
AF, 225mg (SR) q 12hr, ↑ to 325–425mg q 

12hr; AFL/PSVT/VA, 150–300mg (IR) q 8hr

II/↓ phase 4 

(depolarization)

Calcium (indirect) Propranolol 0 0-↓ AF/AFL/PSVT/

PVC

Loading dose, 0.5–1mg q 2min (up to 

0.1–0.15mg/kg); maintenance dose, 0.04mg/

kg/min

IV

Maintenance dose, 10–120mg three times daily PO

Esmolol 0 0-↓ Loading dose, 0.5mg/kg over 1min; 

maintenance dose, 50–300mcg/kg/min (bolus 

between dose increases)

IV

Acebutolol 0 0-↓ Initial, 200mg twice a day; maintenance, 600–

1200mg/day (in two or three divided doses)

PO

Metoprolol 0 0-↓ Initial, 2.5–5mg q 2–5min (up to 15mg over 

10–15min)

IV

Maintenance dose, 25–100mg twice a day PO

Atenolol 0 0-↓ 0.5mg/min in aliquots of 2.5mg with 10-min 

interval between aliquots (maximum single 

dose 10mg)

IV

Initial, 50–100mg daily PO

Nadolol 0 0-↓ 0.01–0.05mg/kg at 1mg/min (maximum 

cumulative dose 10mg)

IV

60–160mg/day in single or divided doses PO



341  CHAPTER 21 Vasopressors, Inotropes, and Antiarrhythmic Agents

• Fig. 21.6 Torsades de pointes arrhythmia. (From Aehlert, B. [2010]. ECGs made easy [4th ed.]. St. Louis, 

Missouri: Mosby.)

Class/MOA Ion Block Drug QRS Q-T
C

Indications Dosages Route

III/↑ phase 3 

(repolarization)

Potassium Amiodarone ↑ ↑↑ VA 800–1600mg for 1–3wk, then 600–800mg for 

1mo, then 400–600mg daily

PO

150–300mg bolus, then 1mg/min for 6hr, then 

0.5mg/min for 18hr

IV

Dronedarone ↑ ↑↑ AF/AFL 400mg twice a day with meals PO

Bretylium 0 0 VA Loading dose, 5–10mg/kg bolus, may repeat to 

a maximum of 30mg/kg, then 1–2mg/min or 

5–10mg/kg over 8min q 6hr

IV

Dofetilide AF/AFL Q-T
c
 ≤ 440msec, 500mcg twice a day 2–3hr 

after rst dose if Q–T
c
 increases >15% or 

>500msec, ↓ dose to 250mcg twice a day

PO

Sotalol 0 ↑↑ AF/AFL CrCl >60mL/min, 160mg/day; CrCl 40–60mL/

min, 80mg/day; titrate to Q-T
c
 <520msec 

(maximum 320mg/day)

PO

VA 80mg twice a day, ↑ at 40–80mg q 2–3 days 

(maximum 480–640mg/day)

Ibutilide 0 ↑↑ AF/AFL ≥60kg, 1mg; <60kg, 0.1mg/kg over 10min 

(may repeat once)

IV

IV/↓ phase 4, ↑

phases 1 and 2

Calcium Verapamil 0 0 SVT IR, 240–320mg/day in three or four divided 

doses; up to 480mg/day in three or four 

divided doses for patients not on digoxin 

therapy

PO

0.075–0.15mg/kg over 2min; may give 10mg 

after 30min if no response

IV

Diltiazem 0 ↓ PSVT 0.25mg/kg over 2min; if no response, may 

give 0.35mg/kg after 15min; maintenance, 

5–10mg/hr; ↑ in 5-mg/hr increments up to 

15mg/hr for up to 24hr

IV

↑ phase 4 ↓ AP Na+-K+ pump Digoxin 0 ↓ SVT 8–12mcg/kg IV

↓ conduction 

time; interrupts 

reentry through 

AV node

Adenosine 

receptor

Adenosine 0 0 SVT 6mg over 1–2sec; ↑ to 12mg q 1–2min as 

needed for two doses (maximal single dose 

12mg)

IV

*Moricizine does not belong to any subclass (IA, IB, or IC) of antiarrhythmic but does have some properties of each.

↑↑, high increase; ↑, increase; ↓, decrease; 0, no change.

AF, Atrial brillation; AFL, atrial brillation/utter; AP, action potential; AV, atrioventricular; CrCl, creatinine clearance; CR, controlled release; ER, extended release; IR, immediate release; IV, intravenous; MOA,

mode of action; PO, per os (orally administered); PSVT, paroxysmal supraventricular tachycardia; PVC, premature ventricular contraction; QRS, QRS interval, time for ventricular depolarization; Q-T
c

 Q-T interval 

(duration of ventricular electrical activity), corrected for heart rate; SR, sustained release; VA, ventricular arrhythmia; VT, ventricular tachycardia.

TABLE 

21.5
Pharmacology of Antiarrhythmics—cont’d
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TABLE 

21.6
Antiarrhythmics: Pharmacokinetics and Adverse Reactions

PHARMACOKINETICS

Drug

Onset 

(PO) (hr)

Duration 

(hr)

Half-Life 

(hr)

Therapeutic 

Range (mcg/mL)

Toxic Level 

(mcg/mL) Adverse Reactions

Moricizine (Ethmozine) 2 10–24 1.5–3.5 NA NA All class I agents: Negative inotropic effect, 

infranodal conduction block

Class IA: Torsades de pointes

Quinidine: N/V/D, cinchonism (tinnitus, blurred 

vision, dizziness, tremor)

Procainamide: N/V/D (30%), bitter taste, rash, 

hepatitis, mental depression, psychosis

Disopyramide: Anticholinergic effects (dry mouth, 

blurred vision, urinary retention), hypoglycemia, 

cholestatic jaundice, agranulocytosis

Class IB: Muscle twitch, seizures, proarrhythmia, 

dyspnea

Phenytoin: Hypotension, gingival hyperplasia, 

antiepileptic hypersensitivity syndrome

Class IC: Ventricular proarrhythmia

Propafenone: Dyspnea (2%), worsening of asthma, 

metallic taste

Quinidine (Quinaglute) 0.5 6–8 6–7 2–6 >8

Procainamide (Pronestyl) 0.5 ≥3 2.5–4.5 4–8 >16

Disopyramide (Norpace) 0.5 6–7 4–10 40–60 >80

Lidocaine (Xylocaine) — 0.25 1–2 1.5–6 >7

Mexiletine (Mexitil) — — 10–12 0.5–2 >2

Tocainide (Tonocard) — — 11–15 4–10 >10

Phenytoin (Dilantin) 0.5–1 ≥24 22–36 10–20 >20

Flecainide (Tambocor) — — 12–27 0.2–1 >1

Propafenone (Rythmol) — — 2–10* 0.6–1 —

Propranolol (Inderal) 0.5 3–5 2–3 0.05–0.1 — Sinus bradycardia, AV block, depression of LV 

function (adrenergic-dependent), masked 

symptoms of hypoglycemia in diabetics

Sudden discontinuation of β blockers may cause 

rebound hypertension

Esmolol (Brevibloc) <5min minutes 0.15 — —

Acebutolol (Sectral) — 24–30 3–4 — —

Amiodarone (Cordarone) 1–3wk months 26–107 

days

0.5–2.5 >2.5 All: Sinus bradycardia; torsades de pointes, heart 

failure exacerbation

Amiodarone: GI (25%), ocular (10%), CNS, 

hepatic (40%–55%), dermatologic (15%), 

hypothyroidism/hyperthyroidism (4%)

Dronedarone: N/V/D, asthenia, elevated serum 

creatinine (51%)

Dofetilide: Headache (11%), chest pain (10%), 

dizziness (8%), dyspnea (6%)

Ibutilide: Proarrhythmia, nausea, headaches

Dronedarone (Multaq) 3–6 — 13–19 — —

Bretylium (Bretylol) — 6–8 5–10 0.5–1.5 —

Dofetilide (Tikosyn) — — 10 — —

Sotalol (Betapace, 

Betapace AF)

— — 12 — —

Ibutilide (Corvert) — — 2–12 — —

Verapamil (Isoptin) 0.5 6 3–7 0.08–0.3 — Sinus bradycardia, AV block, negative inotropic 

effect
Diltiazem (Cardizem) 2–4 4–6 3–6 — —

Digoxin (Lanoxin) 0.5–2 ≥ 24 30–40 0.5–2ng/mL >2.5ng/mL VF/VT, N/V as rst sign of toxicity

Adenosine (Adenocard) 34sec 

(IV)

1–2min <10sec NA — Dyspnea (12%), cough (6%), respiratory failure, 

bronchospasms (28%), chest pressure (7%), 

facial ushing (18%)

Moricizine (Ethmozine) 2 10–24 1.5–3.5 NA NA All class I agents: Negative inotropic effect, 

infranodal conduction block

Class IA: Torsades de pointes

Class IB: Muscle twitch, seizures, proarrhythmia, 

dyspnea

Class IC: Ventricular proarrhythmia

Lidocaine (Xylocaine) — 0.25 1–2 1.5–6 >7

Mexiletine (Mexitil) — — 10–12 0.5–2 >2

Tocainide (Tonocard) — — 11–15 4–10 >10

Flecainide (Tambocor) — — 12–27 0.2–1 >1

Quinidine (Quinaglute) 0.5 6–8 6–7 2–6 >8 Quinidine: N/V/D, cinchonism (tinnitus, blurred 

vision, dizziness, tremor)

Procainamide (Pronestyl) 0.5 ≥3 2.5–4.5 4–8 >16 Procainamide: N/V/D (30%), bitter taste, rash, 

hepatitis, mental depression, psychosis

Disopyramide (Norpace) 0.5 6–7 4–10 40–60 >80 Disopyramide: Anticholinergic effects (dry mouth, 

blurred vision, urinary retention), hypoglycemia, 

cholestatic jaundice, agranulocytosis
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eises f hyensin euse f is negive inri r-
eries. Overse wih isyrie y e fwe y ne, 
ss f nsiusness, ri rrhyhis, n ss f snne-
us resirins requiring ehni veniin r her vigr-
us reen iies. is gen hs iie use euse f is 
nihinergi sie ees, inuing ry uh, iuy in uri-
nin, izziness, hyri, hyerheri, n urre visin.4

Class IB

Css IB gens re fen use n hve ess rrrhyhi en-
i re wih ss IA gens. e ins f ss IB gens 
re iie  VAs.

C L I N I C A L  C O N N E C T I O N

Lidocaine is often given to treat irritability of the heart resulting from ven-

tricular arrhythmia.

Lidocaine

Liine is use frequeny  re VA urring uring ri 
surgery r fer n ue yri infrin. Afer iniser-
ing IV us ses (wing  is shr hf-ife f rxiey 
1.5  2 hurs), ninuus infusin is neessry  inin sinus 
rhyh. Liine is eize exensivey in he iver  w 
xi eies, nehygyinexyiie n gyinexyiie; 
hese eies isy nirrhyhgeni reries u re 
s highy rne  seizure iviy. Piens nee  e ni-
re viginy fr signs f seizure, suh s rers.30 Oher CNS 
sie ees ssie wih iine re insni, rwsiness, 
xi, giin, n ysrhri. Cuin shu s e exerise 
in iens wih hei fiure r CHF euse he re f rug 
erne is signiny reue in eiher niin. Liine 
infusins sing nger hn 24 hurs y rng he hf-ife 
f iine  rxiey 3 hurs, eing   greer risk f 
iine uuin n xiiy. In he seing f iine 
infusin nger hn 24 hurs, he infusin re shu e reue 

PHARMACOKINETICS

Drug

Onset 

(PO) (hr)

Duration 

(hr)

Half-Life 

(hr)

Therapeutic 

Range (mcg/mL)

Toxic Level 

(mcg/mL) Adverse Reactions

Phenytoin (Dilantin) 0.5–1 ≥24 22–36 10–20 >20 Phenytoin: Hypotension, gingival hyperplasia, 

antiepileptic hypersensitivity syndrome

Propafenone (Rythmol) — — 2–10* 0.6–1 — Propafenone: Dyspnea (2%), worsening of asthma, 

metallic taste

Propranolol (Inderal) 0.5 3–5 2–3 0.05–0.1 — Sinus bradycardia, AV block, depression of LV 

function (adrenergic-dependent), masked 

symptoms of hypoglycemia in diabetics

Sudden discontinuation of β blockers may cause 

rebound hypertension

Esmolol (Brevibloc) <5min minutes 0.15 — —

Acebutolol (Sectral) — 24–30 3–4 — —

Bretylium (Bretylol) — 6–8 5–10 0.5–1.5 — All: Sinus bradycardia; torsades de pointes, heart 

failure exacerbation
Sotalol (Betapace, 

Betapace AF)

— — 12 — —

Amiodarone (Cordarone) 1–3wk months 26–107 

days

0.5–2.5 >2.5 Amiodarone: GI (25%), ocular (10%), CNS, 

hepatic (40%–55%), dermatologic (15%), 

hypothyroidism/hyperthyroidism (4%)

Dronedarone (Multaq) 3–6 — 13–19 — — Dronedarone: N/V/D, asthenia, elevated serum 

creatinine (51%)

Dofetilide (Tikosyn) — — 10 — — Dofetilide: Headache (11%), chest pain (10%), 

dizziness (8%), dyspnea (6%)

Ibutilide (Corvert) — — 2–12 — — Ibutilide: Proarrhythmia, nausea, headaches

Verapamil (Isoptin) 0.5 6 3–7 0.08–0.3 — Sinus bradycardia, AV block, negative inotropic 

effect
Diltiazem (Cardizem) 2–4 4–6 3–6 — —

Digoxin (Lanoxin) 0.5–2 ≥24 30–40 0.5–2ng/mL >2.5ng/mL VF/VT, N/V as rst sign of toxicity

Adenosine (Adenocard) 34sec 

(IV)

1–2min <10sec NA — Dyspnea (12%), cough (6%), respiratory failure, 

bronchospasms (28%), chest pressure (7%), 

facial ushing (18%)

*Half-life is 6 to 36 hours in patients who are poor metabolizers of propafenone (i.e., patients with low-activity CYP2D6 isozyme).

AV, Atrioventricular; GI, gastrointestinal; LV, left ventricular; NA, not applicable; N/V/D, nausea/vomiting/diarrhea; VF/VT, ventricular brillation/ventricular tachycardia; —, none.

TABLE 

21.6
Antiarrhythmics: Pharmacokinetics and Adverse Reactions—cont’d
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y rxiey 50%. Liine hs s een iie in 
using resirry eressin n rres.4

Mexiletine

Mexieine hs  ehnis f in siir  iine n is 
vie s n r fruin. I is inie fr he reen f 
ife-hreening VAs. Beuse f is neshei reries, i is s 
use  wer ses  reue neurhi in ssie wih 
iei neurhy. In nre ris, he s frequen verse 
evens were gsrinesin isurnes (41%), rer (12%), 
n ighheeness n iuy in rinin (>10%). Dys-
ne n resirry res urre in 5.7% f iens. 
C n resirry rres y ur wih ssive verses.30

Tocainide

Tinie is he r ngener f iine n is use  re 
VAs n y s e use  re yni ysrhy n ri-
gein neurgi. Tinie rries n FDA xe wrning fr 
using unry isrers, inuing unry ee, rs-
ing veiis, neuniis, n resirry rres (0.11%). ese 
unry nifesins re eee n rigrhi suies 
wihin 3  1 weeks f hery. Anher xe wrning is fr 
 ysrsis, whih is n h reven (0.1%) u is ssi-
e wih  fiy re f u  25%.4

Class IC

Css IC gens re genery n use iny euse f heir 
reivey higher rrrhyhi eni. Oher gens fr his 
ss hve een wihrwn fr he rke (i.e., eninie n 
riizine) euse f heir susni rrrhyhi eni, 
s shwn in w nrk ris: Cri Arrhyhi Suressin 
Tri I (CAST I)31 n CAST II.32 Css IC gens re ny 
use in he ngeen f survenriur rrhyhis, u hey 
hve iviy gins VAs s we.

Flecainide (Tambocor)

Feinie (Tr) is inie fr he revenin f rx-
ys AF/AFL ssie wih ising sys n PSVT, 
inuing AV n reenrn hyri, AV hyri, her 
SVT in iens wihu sruur her isese, n susine 
VT. I is eius in suressing AF in 61%  92% f iens 
ree. Feinie hs  ng hf-ife, n he se shu n 
e inrese re fen hn every 4 ys. Feinie ws ne f 
he nirrhyhis suie in CAST in iens wih sy-
i nn–ife-hreening rrhyhis urring 6 ys  2 yers 
fer uene yri infrin. Feinie nriue 
 n exessive riy r nnf ri rres re f 5.1% 
versus 2.3% fr is he e. Lng-er r rhyxis 
wih n nirrhyhi gen ses  gre risk f verse evens, 
n rese res re high. As, einie eiinin is ee 
y urinry H, eing  eiher xi r suhereui eves. 
Akine H ereses n ii H inreses ren exrein f 
einie.4

e “i in he ke rh is he ernive reen f 
reurren rrhyhis, in whih  i is ken y he ien  he 
ie f nse f iins. One suy ssesse his rh in 
he nversin f AF  sinus rhyh wih ss IC gens, using 
eiher einie r rfenne s  singe r se  nver 
iens  sinus rhyh u f hsi. Feinie ws shwn  
e equy eeive fr i-in-he-ke reen f reurren 
AF, wih  94% ey re.33

Propafenone (Rythmol)

Prfenne (Ryh) sees  e re  her nir-
rhyhis in revening PSVT n inining sinus rhyh fer 
suessfu riversin. I is nsiere  rs-ine gen fr n-
versin f reen-nse (<4 hurs) AF, wih ey res f 60% 
 90%. ery is 15%  30% ess eeive in iens ni-
fesing sys f AF fr greer hn 4 hurs. Prfenne 
isys nnseeive β-king iviy, n i genery shu 
n e use  re iens wih sh r rnhssi isese 
euse β-king reries y inhii rnhiin. e 
highes nenrins f he rug re fun in he ungs (10-f 
higher hn in he her uses r iver n 24-f higher hn 
in he kineys).34

Class II

Css II gens nsis iny f β-king gens. ese gens 
re use in he ngeen f hyerensin n s–yri 
infrin sus; er is he ny gen in his ss h 
y e use in he seing f CHF.

C L I N I C A L  C O N N E C T I O N

β blockers should be used with caution in patients with pulmonary disease, 

especially nonspecic β blockers, as they can have an effect on β agonists 

used to treat asthma, chronic obstructive pulmonary disease (COPD), and 

so on.

β Blockers

Prrn (Iner), er (Lressr), en (Tenr-
in), n n (Crgr) re vie s IV n r fru-
ins; es (Brevi) is vie ny in he IV fr. ese 
gens hve negive dromotropic iviy u re re -
ny use fr negive hrnri reries in AF/AFL n 
 reven r nver SVT  nr sinus rhyh. β kers 
shu n e use in seings f ue eense her fi-
ure euse hey n exere sys f her fiure. Hw-
ever, fer he sys f her fiure re siize, β k-
ers y e iniie  wer ses. In seings in whih iens 
wih irwy isese re very sensiive  he rnhnsri-
ive ees f β kers, es y e  nvenien seein 
euse f is β

1
-seeive rery. Beuse f he shr hf-ife f 

es (rxiey 10 inues), ne y ire he se  
ee he iens hereui n sfey gs.

Class III

Css III gens re use  re survenriur rrhyhis 
(SVAs) n venriur rrhyhis (VAs). Breyiu, whih is 
nsiere  eer f his ss, is n nger nufure in 
he Unie Ses euse f  k f susni ey .

Amiodarone (Cordarone)

Airne (Crrne) is eeive in he ngeen f VAs 
n SVAs. In he s, he ife-hreening verse ees f 
irne revene i fr eing use s  rs-ine gen; 
i ws reserve fr iens wih ife-hreening VAs. Ai-
rne sees  exhii greer ey n  wer iniene f 
rrrhyhi ees hn ss I r III nirrhyhis. Ty, 
irne hs ee  insy in he ngeen f AF, 
VF, n VT.



345  CHAPTER 21 Vasopressors, Inotropes, and Antiarrhythmic Agents

Airne-inue unry xiiy wrrns re when 
reing iens wih rrhyhis. e in ve ssie 
wih irne is is isinive sie ee re.5 Bseine 
reers h us e ine efre sring hery, ng 
wih inienes f vrius sie ees, re resene in Te 
21.7. Punry xiiy is quie n, s eviene y 
ugh n y  r iuse inres n hes rigrhs, 
n urs   re f u  20%. Airne-inue u-
nry xiiy is nge es y isninuin r y ri-
seri hery; in se ses, fiies f rxiey 10% 
hve een rere.30 In iin, irne is regre s ne 
f he s en inhiirs f he yhre P450 (CYP) 
3A4 isenzye syse, n i inhiis CYP 2C9 n CYP 2C19 
(hei rug-eizing enzyes); nin resriin 
eiins, hers, n ver-he-uner (OTC) rus 
us e evue fr eein f severe, fen ife-hreening 
inerins.

Dronedarone (Multaq)

Ahugh siir in hei sruure  irne, rne-
rne (Muq) iffers fr irne y he rev f 
he iine iey n iin f  ehysufnie gru. 
These sruur hnges resu in erese uuin f 
he rug insie vrius issues, eing  reue xiiies 
f he hyri gn n her rgns ssie wih i-
rne xiiy (Te 21. rvies niring reers 
seifiy fr rnerne). In iin, he ifiins 
w rnerne  hieve sey se fser hn i-
rne ue   shrer hf-ife f rxiey 1 y versus 
greer hn 50 ys. Siir  irne, rnerne is 
ririy  ss III nirrhyhi, u i shws reries f 
 fur Vughn Wiis sses. I is inie  reue risk 
fr hsiizin in iens wih rxys r ersisen 
AF/AFL wh re urreny in sinus rhyh r ening ri-
versin  sinus rhyh.35 I is vie ny fr inisr-
in vi he r rue.

TABLE 

21.8

Laboratory Tests in Patients Receiving 

Dronedarone

Type of Test Time When Test Is Performed

Liver enzyme tests Baseline and then periodically during the 

rst 6 months of treatment; then every 

6 months

Serum creatinine Baseline and then 7 days after initiation; 

then every 6 months

Electrolytes Baseline and then every 6 months

ECG Baseline and then every 3 months

Pulmonary function tests Not necessary unless there is an 

unexplained dyspnea or nonproductive 

cough

ECG, Electrocardiography.

TABLE 

21.7

Routine Laboratory Testing in Patients 

Receiving Amiodarone

Type of Test Time When Test Is Performed

Liver enzyme tests Baseline and then every 6 months

Thyroid function (T4 and 

TSH)

Baseline and then every 6 months

Serum creatinine and 

electrolytes

Baseline and then every 6 months

Chest radiograph Baseline and then yearly

Ophthalmic evaluation Baseline and for visual impairment 

or symptoms, and then every 

6 months

Pulmonary function tests Baseline and for unexplained 

dyspnea, especially in patients with 

underlying lung disease, and if there 

are suggestive abnormalities on 

chest radiograph

ECG Baseline and then yearly

ECG, Electrocardiography; T
4

, thyroxine; TSH, thyroid-stimulating hormone.

As, siir  irne, Q-T inerv rngin is rre 
 n iniene f ess hn 1%. e se reuins ken wih 
irne fr risks f Q-T inerv rngin shu s e 
ken wih rnerne hery se n he ATHENA ri,36

in whih rnerne exhiie  40% risk f Q-T inerv r-
ngin re wih e. Q-T inerv rngin n 
e nire y erfring 12-e ECG n esuring he 
corrected Q-T interval (Q-T

c
). e Q-T


 kes in un he 

esureens f  Q-T inervs n he 12-e ECG. Gener-
y, srng reuins shu e ken when he Q-T


 iner-

v exees 450 iisens (se); hwever, hery shu 
e wihhe n ernives shu e nsiere when Q-T



exees 500se.
Siir  irne, his eiin is  CYP 3A4 

susre n  err inhiir fr h CYP 3A4 n 
CYP 2D6 isenzyes. I is nrinie fr use wih 
en CYP 3A4 inhiirs (e.g., rihryin, eihry-
in, ysrine, irnze, vrinze) n inuers 
(e.g., rzeine, henri, henyin, rifin). 
If use nurreny wih nnihyryriine iu hn-
ne kers (e.g., iize r veri) r β kers, hese 
eiins shu e iniie   wer se  iniize 
risk fr ryri r her k. Drnerne is s n 
inhiir f P-gyrein, n igxin shu e vie; 
hwever, if use f igxin is neessry, he se shu e 
eiriy reue y 50% wih inrese niring fr 
ini resnse n eni verse effes.35 A greer 
hn wf inrese risk in riy ws fun in iens 
wih New Yrk Her Assiin (NYHA) ss III n IV 
CHF, wh were ree wih rnerne re wih  
e in he ANDROMEDA (Anirrhyhi Tri wih 
Drnerne in Mere Severe CHF Evuing Mri-
iy Derese)37 suy. Therefre, he rug is nrinie 
in ny iens wih NYHA ss IV CHF n NYHA ss 
II-III CHF wih reen eensin requiring hsi 
issin r referr   seiize CHF ini. Oher n-
riniins inue Q-T


 greer hn 500 se, HR ess 

hn 50 es/in, nin use f Q-T inerv–rng-
ing eiins r hers euse f he risk f rses e 
ines, sik sinus synre, r sen- r hir-egree AV 
k uness  funin eker is resen.
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Airne n rnerne re he ny w gens in his 
ss f nirrhyhis. Airne is nsiere re eeive 
hn rnerne in he ngeen f hrni AF. Curren evi-
ene suggess h i wu e ruen  ninue irne 
hery if  ien is ering irne, hs n evee 
ny verse ees, n is e  inin  fvre rhyh. 
Hwever, he iniin us weigh he risks versus he enes 
n he f h rnerne is ssie wih fewer sysei 
verse evens h e  isninuin. In iin, rne-
rne y hve he se risks f Q-T inerv rngin r 
even greer risks. e eisin  hse ne gen ver nher 
is se n uie ien-sei frs.

Prviers resriing rnerne us enr in he PACT 
Risk Evuin n Miigin Sregies (REMS)35 rgr. 
is REMS rgr ws evee  h resriing f rne-
rne  iens in wh he rug y e hrfu. is inues 
iens wih ernen AF (in wh riversin is n s-
sie) n iens wih NYHA ss IV r II-III wih reen 
eensin.

Dofetilide (Tikosyn)

Dfeiie (Tiksyn) is vie s n r fruin n 
is inie fr he inenne f sinus rhyh fer su-
essfu nversin, u i is ineffeive in rxys AF. 
Dfeiie rries  signifin risk f Vs, suh s rses 
e ines ssie wih rngin f he Q-T inerv 
(urin f venriur eeri iviy). The Q-T inerv 
n e rere s Q-T


. This rug shu e isninue in 

iens wih Q-T

 greer hn 500se. The risk f rses 

e ines ng iens inisere feiie is grees 
fr he fwing iens4:
• Wen
• Piens wih ngeni her isese r ishei her isese
• Piens wih iinishe ren funin
• Piens reeiving feiie ses exeeing 500 g wie 

iy
This eiin us e juse  vi ren uu-

in. Drug inerins wih feiie se  signifin 
re. Agens suh s ieiine, ze nifungs, r-
hrerzine, efrin, n he riehri nen 
f riehri-sufehxze (Bri) y inhii 
ive uur serein f feiie n inrese he s 
nenrin. Thery wih feiie us e iniie in  
fiiy h n rvie ninuus ECG niring n he 
resene f ersnne rine  nge severe VAs fr  es 
3 ys. Bh he resrier n he hry us e rii-
ns in  rgr knwn s he Tikosyn in Pharmacy System 
(TIPS) efre resriing n isensing feiie.3

Sotalol (Betapace and Betapace AF)

S (Bee n Bee AF) is vie ny y he r 
rue n wrks y rnging he AP urin n he reive 
refrry eri. S n e use fr SVAs n VAs. When 
iniiing s, he ien shu e ke in  fiiy h n 
rvie ninuus ECG niring n he resene f er-
snne rine  nge severe VAs fr  es 3 ys.4 As wih 
ny β-king gen, uin us e exerise when reing 
iens wih resriive irwy isese.

Ibutilide (Corvert)

Iuiie (Crver) is vie s n IV fruin n is 
n ernive  eeri riversin. Iuiie is he firs 

nirrhyhi gen inie fr ri nversin f AF/
AFL f reen nse y he FDA. In ini ris, iuiie 
ws re effeive fr he reen f AFL hn AF (>50% 
versus <40%). Css I nirrhyhis n her ss III 
nirrhyhis shu n e given wih his eiin r 
wihin 4 hurs f n iuiie infusin euse f he eni 
fr rnge refrriness.39 Beuse AF hs he eni 
 fr s wihin he riu f he her, iens us 
e equey nigue efre hei riversin  
reue he risk f srke. Piens wh fi eeri river-
sin require ifeng niguin.4 There is s eviene 
(TIME [Tiing in Myri Infrin Evuin] suy)40

 sugges h rhyxis f gnesiu n enhne he 
effiy f iuiie n erese he iniene f rses e 
ines y greer hn 30%. Befre iniiin,  eeryes 
us e inine wihin nr iis, n ninuus 
ECG niring is require euse f he high iniene f 
VF (2.7%–4.9%).39

Class IV

Calcium Channel Blockers

Ony w iu hnne kers re use in he ngeen 
f survenriur rrhyhis n venriur re nr fr 
AF: veri (Isin) n iize (Crize). ese gens 
exer heir ees y king iu hnnes in he AV ne 
n swing AV n nuin. In nrs  β kers, ver-
i n iize re n fvre gens fr use in he seing 
f CHF; hwever, hey re g ernives  β kers in he 
seing f irwy isese.

Miscellaneous

Digoxin (Lanoxin)

Digxin (Lnxin) hs ire AV-king ees n vgni 
reries h i in reuing he HR. Ahugh igxin r-
ngs he reive refrry eri f he AV ne n reues 
he nuer f iuses hrugh he AV ne, i is n regre 
s  rs-ine gen fr AF.4,30 Digxin es n hve  ri 
nse f ee, eseiy fr he ngeen f n ue ni-
in, suh s AF; i requires rxiey 2 hurs  hieve 
xi ee. Aiiny, igxin hs he eni  
shren he refrry eri f ri uses, wing eeri-
 iuses  e nue hrughu he yriu n 
uiey eniing eises f AF. I is ess eeive hn β
kers n iu hnne kers uring ses f inrese 
syhei ne, suh s in exerise n sress. Digxin is n 
regre s  rs-ine gen fr he nr f venriur re in 
AF exe in iens wih iire ef venriur funin r 
her fiure.30

Adenosine (Adenocard)

Ri inisrin f ensine (Aenr) is ieene 
 erine SVTs ny. Aensine hs  hf-ife f rxiey 
12 sens, n euse f is urshr hf-ife, ensine is 
es inisere hrugh  enr ine fr ri rriv  he 
sie f in, r if given hrugh  rhi ine, he r shu 
e he in he urigh siin fwe s insny y  
sine ush. Dysne, hyerne, n ugh hve een rere 
fer inisrin f IV ensine in iens wih sh n 
hrni sruive unry isese (COPD); hese sys 
re genery enign n shr sing.41,42
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K E Y  P O I N T

Drugs used in advanced cardiac life support included antiarrhythmics; 

vasopressors, such as epinephrine and vasopressin; the electrolyte 

magnesium; and atropine for bradycardia or asystole.

Management and Pharmacotherapy of 

Advanced Cardiac Life Support

Sudden Cardiac Death

Deh fr her isese is he eing use f eh in he Unie 
Ses. Of ehs use y her isese, nery hree qurers f 
hese resu fr sudden cardiac death (SCD) 43 SCD n e 
ene s n eise f VF, useess VT, useess eeri iv-
iy (PEA), r syse,  f whih re ife-hreening rrhyh-
is.44 Ahugh he fiies ssie wih eises f SCD 
re uney high, n iniviu y e resusie, n i 
is n  enuner iens hving  “hisry f SCD. e 
g in reing SCD is  resre sinus rhyh,  reven furher 
eises f SCD, n  reven iiren f neurgi fun-
in. Sever suies hve shwn enes in riy reuin y 
iniizing ie  eriin n y eivery f riu-
nry resusiin (CPR).44

In  ien wih VF, surviv ereses y 7%  10% fr 
every inue h sses fr he ie f sy nse  

eriin.44 When CPR is iniie, he eine in surviv 
urs   re gru re f rxiey 3%  4% fr 
every inue eween nse f sys n ie  eri-
in.44 Neeess  sy, eien n iey eivery f e-
riin n CPR is ierive fr suessfu ngeen 
f SCD.

Afer eginning CPR n eing eriin, heh 
re wrkers y egin esishing her hereui i-
ies, suh s IV ess; eiin hery n he inserin f 
n vne irwy shu e nsiere. VF n useess VT 
re nge ririy y eriin n CPR n sen-
riy y hrhery; nversey, syse n PEA re n 
nge y eriin n re nge rs y CPR ny 
n sen y hrhery, s eie in he grihs 
in Figs. 21.7, 21., n 21.9. I y e ruen  review he 
nin nsensus guieines fr furher eis f vne r-
i ife sur grihs.

Epinephrine

Einehrine, n engenus neurrnsier, is inisere 
in 1-g ses s  10-L suin. Einehrine siues β

1

renergi n β
2
-renergi reers, whih re fun in ense 

rrins in he her n ungs. e ee f einehrine n 
α

1
 reers, e wihin he rnry n erer vsuure, 

is re sey rree wih ey. Siuin f α
1
 reers 

uses vsnsriin f he rnry n erer vsuure, 

• Fig. 21.7 Left,Ventricular brillation pattern and ventricular tachycardia pattern. Right, Algorithm for treatment of 

ventricular brillation and pulseless ventricular tachycardia.
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inresing  w  he hers yriu n he CNS. 
In nrs, siuin f β

1
 reers inreses HR, resuing in 

inrese O
2
 en n he her n iiring O

2
 eivery  

he yriu n he CNS.
One in ve ssie wih einehrine use is he 

urrene f erese reer ffiniy in he seing f 
ei isis. Mei isis y reiy ensue ur-
ing SCD euse f hyxi niins eing   shif in 
neri resirin. A he resen ie, here is n re-
ene xi se f einehrine in he ngeen f 
SCD. Psresusiin sie effes inue hyerensin n 
hyri.

Vasopressin

Vsressin, s knwn s antidiuretic hormone, is n eng-
enus hrne h s s  en vsnsrir. Befre 
2015, Vsressin ws inisere s  ne-ie IV se 
f 40unis. Beuse he effes f vsressin hve n een 
shwn  e exeeingy ifferen fr he effes f eineh-
rine, his se ws  e inisere in ieu f he firs r 
sen se f einehrine when reing ny fr f SCD.44

Mre reeny, vsressin ws reve fr he grih 
euse f k f enefi ver einehrine.45 In nrs  
einehrine, vsressin is  nnrenergi vsnsrir; 

• Fig. 21.8 Algorithm for treatment of asystole and pulseless electrical 

activity (PEA).

• Fig. 21.9 Algorithm for treatment of torsades de pointes. D5W, 5% dex-

trose in water.

is vsnsriing reries nifes s ivin f V
1

reers, whih re fun in he vsuure. One siu-
e, V

1
 reers reese C2+ fr he srsi reiu-

u in vsur sh use, eing  vsnsriin 
n inresing SVR n rnry n erer  fw. In 
nrs  einehrine, vsressin reer ffiniy is n 
rise in he seing f ei isis. In he se-
ing f ng-er ninuus infusin hery, vsressin 
y use gsrinesin n skin ishei; hwever, in he 
seing f SCD, hese verse evens wu e unikey.

Atropine AtroPen

Arine (ArPen) is inie fr erin frs f SCD, 
suh s syse r PEA, usuy given   se f 1 g s 
IV ush, ng wih einehrine r vsressin. Arine s 
y king he ins f eyhine, n engenus h-
inergi gen. The hinergi syse is yiy invve in 
HR reuin, n y king his effe, rine exers  
rnune (ei shr-ive) hrnri effe n he 
her. The reene xi se f rine use 
uring resusiin is 0.04 g/kg. Beuse rine ffes 
eyhine gy wihin he y, niee verse 
effes inue yrisis, ry uh, urinry reenin, n 
nsiin.

Sodium Bicarbonate

Siu irne (NHCO
3
) is ruiney n frequeny 

use fr he ngeen f ei isis. I is inie 
in  vriey f seings h y inue iei, inuing 
ei isis fr severe ren isese, shk, ri 
rres, unnre iees, exrrre iruin f 
, severe irrhe, r erin rug inxiins, suh s 
wih riyi nieressns, riures, n siyes.46

The urren Surviving Sesis Guieines5  n enrse 
NHCO

3
 infusins fr hyerfusin-inue i isis 

uness isis is severe (i.e., H <7.15) euse f  k f 
eviene suring is enefi.47 Furherre, sever suies 
in iens wih iei keisis (DKA) hve shwn n 
erese in ie  resuin f iei wih inisrin 
f NHCO

3
.4 Hwever, verse effes f NHCO

3
 infusins 

inue fui ver resuing fr he N+ nen (1L 
f 4.2% NHCO

3
 nins 11.5 g f N+; 1 L f .4% 

NHCO
3
 nins 22.9g f N+),  erese in seru C2+, 

n eevins in rn ixie (CO
2
) use y he nver-

sin f NHCO
3
  CO

2
.46 Beuse f he inrese in CO

2
 h 

urs wih NHCO
3
 infusins, iens us e n eque 

veniry sur. Desie hese nerns, rii re r-
iiners frequeny uiize NHCO

3
 infusins fr nge-

en f severe isis.
Treen f ei isis shu rs n fres 

invve rrein f he unerying use f isis. When 
inisering irne infusins, he g f hery shu e 
 nrize seru NHCO

3
 eves. Sys f iei n 

seru H (g H f 7.2) shu e nsiere in eerining 
wheher NHCO

3
 infusin is neessry. e kge inser iss 

 snr se f NHCO
3
  2  5Eq/kg. Ms rug ref-

erenes reen reeen f 50% f  NHCO
3
 se 

ver 3  4 hurs fwe y he reiner f he se ver   
24 hurs.1,4,30 T vi he verrrein f iei, he inii 
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g f NHCO
3
 inisrin shu e  wer he seru 

NHCO
3
 y 10  12Eq/L, rher hn  nrize he seru 

NHCO
3
 eve. Fu rrein f CO

2
 y use reun i-

sis euse here is  ey in veniin rejusen  CO
2

eves. Ahugh NHCO
3
 infusins n e rere in sever 

iuens, inuing 5% exrse in wer (D5W) r nr sine, 
rerin in nr sine inreses risk f eveing hyer-
nrei. In iens wih ri rres n isis, uniue 
irne n e given s n IV ush   se f 0.5  1Eq/
kg f y weigh.46

e resene f rn ixie hes he reese n eivery 
f O

2
 fr hegin, s knwn s he Bohr eect. When 

ring he O
2
 issiin urves f  seru se wih CO

2

n nher wih n CO
2
, O

2
 is e  issie re reiy in 

he frer se, s eie in Fig. 21.10
In iin, NHCO

3
 ereses hyrgen in (H+) nen-

rin in he seru y reing wih i, yieing rn ixie 
n wer. Fr his rein  ninue, he ru (CO

2
) us 

e reve. NHCO
3
 hery is in inresing exreur H 

ny if veniin is suien  reve he CO
2
. If hypercap-

nia (exess CO
2
 in ) ensues, s CO

2
 uues in seru, 

i evenuy rsses eur ernes reiy; inreur H 
y ninue  eine, n furher eeririn f eur 
funin urs.

Magnesium Sulfate

Mgnesiu is fen ieene in he ngeen f r-
ses e ines. Ahugh is ehnis hs n een fuy 
euie, gnesiu y exer is hrgi ee y 
rnging nuin ie; hwever, is re hs een ery 
einee. IV gnesiu y e eeive wheher r n  
ien is eumagnesemic (hving  nr seru gnesiu 
eve). e yi se nsiss f 1  2g n y e reee, 
sere y sever inues. N xi se f gnesiu 
hs een eerine s ye; hwever, iens wih nr ren 
funin re rere  ere u  16g in  24-hur eri. 
A ninuus infusin regien y e iniie   re f 0.5 

 1g/hr. Cuin is wrrne when reing iens wih ren 
insuieny. Signs n sys f gnesiu inxiin 
inue he fwing:
• Sweing
• Hyensin
• Hyheri
• Deressin f reexes
• CNS eressin

Severe hyergnesei y resu in resirry eres-
sin r f resirry rysis, irury se, n i 
rysis. Asene f er reex is  ini sign f gnesiu 
inxiin.

Alternative Routes of Medication 

Administration

Intraosseous Route

In he fe f ife-hreening ei eergenies in whih 
here is  ire nee fr eiin n ui eivery, i is inu-
en n he heh re wrker  rvie vsur ess in he 
s eien n sfes wy ssie. Ofen IV ess is if-
u, if n issie, in infns n yung hiren, er 
iens wih irury se, n IV rug users. In suh 
siuins, n inrsseus (IO) neee y e insere wih re-
ive ese, even in he s ry erfuse iens. e 2010 
Aerin Her Assiin guieines44 fr CPR n eer-
geny rivsur re reen IO hery s n ern-
ive  ire IV hery.

e rrw f IO ne rvies  rih newrk f vesses h 
uiey rins in he enr iruin, wing ei-
ins n uis  gin s insn ess  he enr iru-
in. IO ess is reene fr use in hiren n us. IO 
ess y e rei when ieene in er iens 
euse f he resene f  hiker rex f ne n ser 
rrw viy; iniiy  ener he rrw y inrese he risk 

• Fig. 21.10 Bohr effect. (From Kacmarek, R. M., Wilkins, R. L., 

Stoller, J. K., etal. [2013]. Egan’s fundamentals of respiratory 

care [10th ed.]. St. Louis, Missouri: Mosby.)
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f ne frure. Tyiy, n IO neee shu n rein  he 
sie f inserin fr greer hn 3  4 hurs.

C L I N I C A L  C O N N E C T I O N

The acronym NAVEL (Naloxone, Atropine, Vasopressin, Epinephrine, 

Lidocaine) is used for agents that can be used for endotracheal delivery.

Endotracheal Route

In he even h he IV rue is inessie,  few gens re 
ene  enrhe eivery; hese gens hve e  e 
knwn y he rny NAVEL:

Nxne
Arine
Vsressin
Einehrine
Liine

e fwing shu e ne when inisering he revi-
usy ise gens y he enrhe rue:
• e ien shu e e in he suine siin, s se 

 he Treneenurg siin, n hes ressins shu 
ese.

• A heer shu e insere in he enrhe ue n 
we  ss he i f he ue. e eiin suin 
shu e srye wn he ue, fwe y 5  10 ri 
veniins wih  resirr g.

• Meiins shu e iue wih rxiey 10L f 
isie wer r nr sine. Enrhe srin is 
greer wih isie wer, u isie wer hs  neg-
ive ee n he ri ressure f xygen. Genery, he 
sysei srin f hese eiins is reue vi he 
enrhe rue, n he se inisere shu wys 
e 2  2.5 ies he usu IV se, exe fr vsressin; 
he vsressin IV se f 40U y e given vi he en-
rhe rue.

11. In patients taking dofetilide, at what Q-T
c
 interval should the drug be 

discontinued because the risk for torsades de pointes becomes too 

great?

12. Which antiarrhythmic agent is highly associated with the development 

of SLE?

13. Identify the four categories of SCD.

14. What medication is indicated for treatment of asystole and pulseless 

electrical activity but not ventricular brillation or pulseless VT during 

cardiac arrest?

15. What are the two alternative routes of medication administration during 

cardiac arrest when an IV route is not available?

16. In a patient with septic shock, what is the pH in which the Surviving 

Sepsis Guidelines recommend utilizing NaHCO
3
 therapy?

17. When medications are administered via the endotracheal route during 

cardiac arrest, the dose should be increased by how many times the 

usual IV dose?

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. In which phase of the cardiac cycle does ventricular contraction 

occur?

2. Identify three functions that regulate MAP.

3. Which measurements, taken by a pulmonary artery catheter, are 

estimates of the intravascular volume?

4. Hypotension is rst managed by what mode of therapy?

5. What vasopressor acts only on the α receptors within the 

vasculature?

6. Which agents exert an inotropic effect on the heart?

7. What electrolyte abnormality may potentiate the adverse effects of 

digoxin?

8. What drug should be given for the management of extravasation 

caused by vasopressors?

9. What Vaughan Williams class of antiarrhythmics acts on the fast Na+

channels in the myocardium?

10. What antiarrhythmic agent is structurally similar to amiodarone but has 

an improved side effect prole?

CLINICAL SCENARIO 2

Answers can be found in Appendix A

R.W., a 49-year-old man, is visiting his mother, who had been admitted 

to a nursing home for long-term rehabilitation because of a spinal cord 

injury. He goes to the bathroom, and a few minutes later his mother 

hears a loud thud; she calls out to him, but there is no response. After an 

additional 3 minutes, the head nurse and the clinical pharmacist nd R.W. 

lying in the bathroom, initiate CPR, and obtain the code cart. The initial 

electrocardiography (ECG) reading reveals pulseless electrical activity, and 

one dose each of epinephrine and atropine is given as a rapid IV push, 

followed by a saline ush. The code team arrives to continue CPR, and 

a subsequent ECG reading reveals ventricular brillation. One shock is 

delivered, and a dose of amiodarone 300mg IVPB (intravenous piggyback) 

over 10 minutes is administered. The patient regains consciousness and 

becomes hemodynamically stable.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.

CLINICAL SCENARIO 1

Answers can be found in Appendix A

A.M., a 28-year-old female, was rushed to the emergency department 

of a local hospital by paramedic staff after she collapsed suddenly at 

work. When she collapsed, the staff in her ofce called for an ambulance, 

but basic life support was not started. It was reported that she was in 

ventricular brillation when the paramedic staff arrived at the scene. The 

paramedics promptly administered two shocks with a debrillator, and 

after the second shock a pulse could be felt. On arrival at the hospital, 

the patient’s blood pressure dropped to 85/42mm Hg, and the cardiac 

monitor showed supraventricular tachycardia of 170 beats/min. The 

patient was admitted to the intensive care unit for management of 

hypotension.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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C H A P T E R  O U T L I N E

Hypertension

Epidemiology and Etiology

2020 and 2021 Management of Hypertension Guidelines Update

Pathophysiology

Hypertensive Crisis

Hypertension Pharmacotherapy

Angiotensin-Converting Enzyme Inhibitors

Angiotensin II Receptor Blockers

Direct Renin Inhibitors

Calcium Channel Blockers

β Blockers

Diuretics

Potassium-Sparing Diuretics

Thiazide and Thiazide-Like Diuretics

Loop Diuretics

Aldosterone Antagonists

Centrally Acting Adrenergic Agents

α
1
-Adrenergic Antagonists

Antiadrenergic Agents

Vasodilators

Angina

Epidemiology, Etiology, and Pathophysiology

Pharmacotherapy

Nitrates

Ranolazine

Antithrombotic Agents

Formation and Elimination of Acute Coronary Thrombus

Anticoagulant Agents

Heparins: Unfractionated Heparin and Low-Molecular-Weight 

Heparin

Direct Thrombin Inhibitors

Direct Oral Anticoagulant Agents

Warfarin (Coumadin)

Direct Oral Anticoagulants and Drug Interactions

Potential Reversal Agents for Direct Oral Anticoagulants

Four-Factor Prothrombin Complex Concentrate (Kcentra) for 

Warfarin Reversal

2021 CHEST Anticoagulation Guidelines Update

Antiplatelet Agents

Aspirin

Dipyridamole

Clopidogrel (Plavix)

Ticlopidine (Ticlid)

Prasugrel (Eent)

Ticagrelor (Brilinta)

Cangrelor (Kangreal)

Cilostazol (Pletal) and Pentoxifylline (Trental)

Vorapaxar (Zontivity)

Glycoprotein IIb/IIIa Inhibitors

Thrombolytic Agents

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to drugs aecting circulation: 

antihypertensives, antianginals, and antithrombotics

2. Categorize the stages of normal to high blood pressure

3. Dene a hypertensive crisis and dierentiate between 

hypertensive emergency and hypertensive urgency

4. Design an algorithm for the pharmacotherapy of hypertension

5. Compare and contrast the clinical pharmacology of the agents 

used for hypertensive pharmacotherapy

6. Describe the chronotherapeutic eect of blood pressure and 

design a pharmacotherapy regimen based on this principle

7. Describe the mechanism of action of angiotensin-converting 

enzyme inhibitors, calcium channel blockers, and β blockers
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8. Compare and contrast the clinical pharmacology of 

spironolactone and eplerenone

9. List drug–drug interactions relevant to antihypertensives and 

plausible mechanisms

10. Describe the formation and elimination of an acute coronary 

thrombus

11. Describe the pathophysiology of angina and the drugs used to 

treat angina

12. List the agents in each of the following antithrombotic classes: 

anticoagulants, antiplatelets, and thrombolytics

13. Describe the mechanism of action of warfarin, direct oral 

anticoagulants (DOACs), heparin and low-molecular-weight 

heparin (LMWH)

14. Compare and contrast the clinical pharmacology of heparin 

and LMWH

15. Describe clinical pharmacology of DOACs

16. List the laboratory parameters that may be used to monitor for 

the eect of heparin, LMWH, and direct thrombin inhibitors

17. Describe the mechanism of heparin-induced and warfarin-

induced paradoxical thrombosis

18. Compare and contrast the clinical pharmacology of aspirin, 

clopidogrel, ticlopidine, and dipyridamole

19. Describe the role of genetic polymorphism in the antiplatelet 

activity of clopidogrel and anticoagulant eect of warfarin

20. Describe the indication and mechanism of action of 

glycoprotein IIb/IIIa inhibitors

21. List the indications and contraindication of thrombolytic 

agents

K E Y  T E R M S  A N D  D E F I N I T I O N S

Antithrombotics Drugs that prevent or break up blood clots in 

conditions such as thrombosis or embolism; antithrombotics 

include anticoagulants, antiplatelets, and thrombolytics.

Arterial blood pressure (blood pressure) Dened 

hemodynamically as the product of systemic vascular resistance 

and cardiac output (heart rate × stroke volume).

Cardiovascular disease (CVD) Damage to the heart and the 

blood vessels or circulation, including to the brain, kidney, and 

the eyes.

Chronotropic Inuencing the rate of rhythmic movements 

(heartbeat).

Circadian rhythm Human biologic variations of rhythm within a 

24-hour cycle.

Creatinine clearance (CrCl) Measurement of the renal clearance 

of endogenous creatinine per unit of time; approximates 

glomerular ltration rate (GFR) but overestimates GFR by 10% to 

15%; used for drug dosage guidelines.

D-dimers Covalently cross-linked degradation fragments of 

the cross-linked brin polymer during plasmin-mediated 

brinolysis; level increases after the onset of brinolysis and 

allows for identication of the presence of brinolysis.

Dose-ceiling eect Maximum dose of a drug, beyond which it 

no longer exerts a therapeutic eect; however, its toxic eect 

increases.

Fibrin split or brinogen degradation products (FDPs) Small 

peptides that result after the action of plasmin on brinogen 

and brin in the brinolytic process. FDPs are anticoagulant 

substances that can cause bleeding if brinolysis becomes 

uncontrolled and excessive.

Glomerular ltration rate (GFR) Volume of water ltered from 

the plasma by the kidney via the glomerular capillary walls 

into Bowman capsules per unit time; considered to be 90% of 

creatinine clearance and equivalent to insulin clearance.

Hypertensive emergency Blood pressure greater than 

180/120mmHg, with the elevation of blood pressure 

accompanied by acute, progressing target organ injury.

Hypertensive urgency Blood pressure greater than 

180/120mmHg without signs or symptoms of acute target 

organ complications.

Inotropes Drugs inuencing the contractility of a muscle (heart).

Intrinsic sympathomimetic activity (ISA) Having the ability 

to activate and block adrenergic receptors, producing a net 

stimulatory eect on the sympathetic nervous system.

Renin Enzyme, also known as angiotensinogenase, released 

by the kidney in response to a lack of renal blood ow and 

responsible for converting angiotensinogen into angiotensin I.

Substitute neurotransmitters Neurotransmitter or hormone 

replacements that may be weaker or inert.

e irury syse rises n inegr funin r f he 
riunry syse. Drug hery eing he iruin is 
seen in he ue rii re, uien re, n he re envi-
rnens. is her resens hree sses f rug hery r-
gee  he irury syse. Afer  rief review f he eiei-
gy, eigy, n hhysigy f hyerensin, he uie 
rug grus use s nihyerensives re esrie. Drugs use  
re ngin eris re he sen gru f rugs esrie. e 
hir gru f gens eing iruin, nihris, -
rises sever sses f rugs use  regue ing ehniss.

Hypertension

K E Y  P O I N T

Normal blood pressure is dened as blood pressure of less than 120/80mmHg. 

The diagnosis of hypertension and goal blood pressure are based on individual 

risk factors.

Epidemiology and Etiology

Beween 2017  201, i ws esie h s hf f he 
uin (∼49.6%) in he Unie Ses h hyerensin 
(ene s  ressure [BP] ≥ 130/0 Hg). Fr iens 
wih knwn hyerensin n nihyerensive heries, ess hn 
hf (∼39.6%) h BP wihin rge rnge. On  g se, 
re hn 1 iin ee ver he ge f 30 hve hyerensin, 
wih ess hn hf f his uin wre f heir ignsis. 
Aiiny, ny 20% f he uin ignse hyeren-
sin hve heir BP uner nr.1,2 Hyerensin versey es 
nuerus y rgns, inuing he her, rin, kiney, n 
eyes. Dge  hese rgn syses resuing fr hyerensin 
is ere en rgn ge (e.g. cardiovascular disease [CVD]). 
Unnre hyerensin inreses CVD riiy n r-
iy y inresing he risk f eveing ef venriur hyer-
rhy, ngin, yri infrin (MI), her fiure, srke, 
eriher reri isese, reinhy, n kiney isese. One 
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f eigh ehs n e riue  hyerensin, n he Wr 
Heh Orgnizin rers h sui  ressure (sys-
i  ressure [SBP] ve 115Hg) is resnsie fr 
62% f erervsur isese n 49% f ishei her isese. 
B ressure inreses wih ge, n hyerensin is re rev-
en in us er hn 65 yers. is f is f gre nern 
euse i is esie h y 2040, 25% f he Aerin u-
in wi e er hn 65. Hyerensin urs re frequeny 
in en hn in wen n urs in re iens f Afrin 
Aerin esen hn hse f Cusin esen. Eviene sug-
gess h inivius wh re nrensive hve  greer hn 
90% ifeie risk fr eveing hyerensin y ge 55.3

2020 and 2021 Management of Hypertension 
Guidelines Update

e 2020 Inernin Siey f Hyerensin (ISH) G 
Hyerensin Prie Guieines n he 2021 guieines fr 
he hrgi ngeen f hyerensin in us -
ie y he Wr Heh Orgnizin (WHO) re he s 
u--e guieines fr he ngeen f hyerensin.4 5

Bh guieines resse hreshs fr hrgi re-
en, gens f hie fr hyerensin ngeen, n re-
en gs fr vrius hyerensive uins. e ISH guie-
ine enes hyerensin s  ressure ≥130/5Hg, n 
hyerensin ws ssie in hree egries se n iens 
 ressure (Te 22.1).

B ressure rges vrie se n iens riiies 
n risks fr rivsur iseses. Fr iens wih hyeren-
sin n n her riiies, h he ISH n WHO guie-
ines reen rgeing BP f <140/90 Hg. If he rgee 
BP u n e hieve, he ISH guieine reens reu-
in f  es 20 Hg in sysi n/r 10 Hg in i-
si BP fr iens seine. Piens ess hn 65 yers f ge 
shu iy i fr  BP f <130/0 Hg, if ere. 
Fr iens wih hyerensin n her riiies (e.g. r-
nry rery isese, srke, her fiure, e), h he WHO n 
ISH reens wering SBP  <130 Hg. e ISH fur-
her reens rgeing DBP f <0 Hg fr iens wih 
hyerensin n her riiies n BP rge f <140/90 
Hg fr he eery uin4 5 (Te 22.2).

Bse n he ISH guieines, hrgi hery is re-
ene in  ien wih gre 2 hyerensin r gre 1 hyer-
ensin wih riiies. e WHO guieine reens 
iniiin f hrgi hery if BP is >140/90 Hg 
fr iens wihu riiies r if BP is >130/0 Hg fr 
iens wih riiies. e ien shu e fwe u in 
1  3 nhs fr  ressure hek. Fr  ien wih severe 
hyerensin (SBP ≥160 Hg r DBP ≥100 Hg), hr-
gi ngeen shu e iniie ieiey.4 5

TABLE 

22.1

Classication of Hypertension Based on Blood 

Pressure

Category

Systolic Blood 

Pressure

Diastolic Blood 

Pressure

High Normal 130 to 139 mmHg AND/OR 85 to 89 mmHg

Grade 1 140 to 159 mmHg AND/OR 90 to 99 mmHg

Stage 2 ≥160 mmHg AND/OR ≥100 mmHg

TABLE 

22.2

Target Blood Pressure by Age and 

Comorbidities

Patient Population Target Blood Pressure

No comorbidities

<65 years

SBP <140mmHg

DBP <90mmHg

No comorbidities

≥65 years

SBP <130mmHg

DBP <80mmHg

Comorbidities

<65 years

SBP <130mmHg

DBP <80mmHg

Comorbidities

≥65 years

SBP <140mmHg

DBP <90mmHg

DBP, diastolic blood pressure; SBP, systolic blood pressure; ASCVD, atherosclerotic cardio-

vascular disease.

In nrs  revius guieines, whih reene inii-
ing hery wih  singe gen, he urren guieines re-
en iniiing wih inin hery, refery s  singe 
i. e ISH guieines reen iu hnne kers 
(CCBs) ng wih ngiensin-nvering enzye inhiirs 
(ACEIs) r ngiensin II reer kers (ARBs) s inii -
inin hery fr iens n f Afrin esen. If iens 
u n hieve heir rge BP fer 3 nhs f hery, heh 
re riiners shu nsier ing n hizie-ike iure-
is. Fr iens f Afrin esen, inii inin hery 
f CCBs us hizie-ike iureis r CCBs us ARBs is re-
ferre. Be kers y e resrie in iens wih ini-
ins, suh s her fiure r ri riin. e WHO guie-
ine reens iniiing inin hery wih ny f he 
hree freenine rug sses.4,5 B ressure eiin 
ses n gens shu e juse  hieve rge  res-
sure (Te 22.3). If g  ressure is n hieve wihin 
 nh f iniiin f rug hery, inresing he se f he 
inii nihyerensive inin hery is wrrne. If g 
 ressure is si n hieve, ire eiin sges u 
n   hir nihyerensive gen. Anihyerensives fr 
nnreferre eiin sses n e use if rge  res-
sure nn e hieve esie use f hree nihyerensives r in 
he resene f nriniins  referre eiin sses.4

K E Y  P O I N T

When the cause is unknown, hypertension is termed primary or essential

hypertension.

In s  ses, he eigy f hyerensin is unknwn, n i 
is ere eiher primary hypertension r essential hypertension. e 
revene f senry hyerensin is ess hn 10%; senry 
hyerensin inues ny isese-inue n rug-inue ei-
gies. Disese-inue uses f hyerensin inue Cushing 
synre, hyerrhyriis, hyerhyriis, hehr-
y, riry sernis, n kiney isese. Drug-inue 
uses f hyerensin inue heines, riseris, 
ysrine, eryhriein, esrgens, nnseri niin-
ry rugs (NSAIDs) inuing yxygense-1 inhiirs 
(e.g., iurfen n nrxen) n yxygense-2 inhiirs 
(e.g., eexi), seueherine, siurine, rius, ven-
fxine, high siu–nining ver-he-uner (OTC) rus 
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hwever, iens y resen wih severe hehes, shrness f 
reh, nseees, r severe nxiey. In hese siuins, irve-
en in  ressure nr n e ishe ver  eri 
f 24  4 hurs. Overggressive use f inrvenus rugs n 
r eiins n use  ri  erese in  ressure. 
Ri erese in  ressure n resu in hyerfusin f 
rgns suh s he rin, kineys, n her. Or nihyeren-
sive gens suh s ri, niine, n e re ruiney 
use  nge hyerensive urgenies, fwe y se serv-
in fr sever hurs. Piens n ene fr nihyerensive 
eiin jusens, if hey re fun  e nnin 
wih king heir eiins.

A hypertensive emergency exiss when he eevin f  
ressure is nie y ue rgressing rge rgn injury. 
Exes f ue rge rgn injury inue enehhy, 
inrrni herrhge, severe reinhy, ren fiure, unse 
ngin, ue ef venriur fiure wih unry ee, is-
seing ri neurys, n esi. Hyerensive eergenies 
require issin  n inensive re uni, invsive reri  
ressure niring, n ieie u gru  ressure 
reuin ver inues  sever hurs wih inrvenus nihy-
erensives. e inii g is  reue  ressure y n re 
hn 25% wihin 1 hur fer sring hery.9

In he nex 2  6 hurs, he  ressure us e gruy 
erese  160/100  110Hg. If he erese  res-
sure is we ere y he ien, furher reuin f  
ressure wr nr n e ee ver he nex 24  
4 hurs. Reenins ier fr iens wih severe re-
esi r esi, ri issein, r hehry 
risis. Fr his ien uin, SBP shu e reue  <140 
Hg wihin he rs hur (<120 Hg fr hehry-
 risis). In iens wih ishei srke wh re  reeive 
IV rinyi hery, SBP shu e were  <15 Hg 
n DBP  <110 Hg efre iniiin f rinyi hery.9

Inrvenus niriine, eviiine, e, n nirrussie 
n e use  nge s yes f hyerensive eergenies. 
Deening n her ri niins, ernive inrvenus 
eiins n e eye (e.g., niriine, es, nir-
gyerin, ACEI, n hyrzine). Nirrussie  high ses 
r when use fr ng urins n use eheginei. 
Cssi ehegin  is he rwn n is wihu 
r hnge esie exsure  ir.

Hypertension Pharmacotherapy

K E Y  P O I N T

First-line drug groups used to treat hypertension include thiazide-type diuret-

ics, angiotensin-converting enzyme inhibitors (ACEIs), angiotensin II receptor 

blockers (ARBs), and calcium channel blockers (CCBs).4

K E Y  P O I N T

Second-line antihypertensives include α
2
 agonists, vasodilators, β blockers, α

and β blockers, direct renin inhibitors (DRIs), and antiadrenergic agents.9

AngiotensinConverting Enzyme Inhibitors

ACEIs  ririy hrugh suressin f he renin-ngi-
ensin-serne syse (RAAS). Beuse f  k f ren 
 w, renin is reese in he iruin, where i s 
n ngiensingen  rue ngiensin I. In he unry 

TABLE 

22.3

Titration of Antihypertensive Agents to Achieve 

Target Blood Pressure

Strategy A • Start with two antihypertensive medications (CCB 

plus ACEI or ARB, if not of African descent)

• CCB plus thiazide-like diuretics or CCB plus ARB, if 

of African descent

• Beta blockers for specic indications (e.g., heart 

failure, atrial brillation)

• If goal BP is not achieved: titrate doses of both 

medications as necessary

• If goal BP is still not achieved: add a third agent, 

such as thiazide-like diuretics and titrate dose to 

maximum as necessary to achieve target BP

Strategy B • Start with two antihypertensive medications (any 

combination of CCB, ACEI or

• ARBs, or thiazide-like diuretics)

• If goal BP is not achieved: titrate doses of both 

medications as necessary

• If goal BP is still not achieved: add a third agent and 

titrate dose to maximum as necessary to achieve 

target BP

BP, Blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; CCB, calcium 

channel blocker; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor 

blocker.

(e.g., Ak-Sezer eervesen ni es), OTC weigh ss 
rus (e.g., eherine-nining ie is), n hrni -
h ingesin.6,7

Pathophysiology

K E Y  P O I N T

Arterial blood pressure is a product of systemic vascular resistance and 

cardiac output ([heart rate] × [stroke volume]).

Arterial blood pressure, ere blood pressure, is genere 
y he inery eween  w n he resisne   
w. Areri  ressure rehes  ek uring ri sys-
e n  nir  he en f ise. Areri  ressure is 
ene heyniy s he ru f ri uu (her 
re × srke vue) n  eriher resisne. Venus 
ine, whih es he vue f  (preload), is  
jr eerinn f ri uu n SBP. Arerir i-
ne (afterload) is  jr eerinn f  eriher resis-
ne n DBP. Anihyerensives eii ins n se r  f 
he heyni reers h ene reri  ressure.

Hypertensive Crisis

K E Y  P O I N T

Hypertensive crisis is dened as systolic blood pressure (SBP) 180mmHg or 

greater and diastolic blood pressure (DBP) 120mmHg or greater, encom-

passing both hypertensive emergency and urgency.

A ien wih  ressure greer hn 10/120Hg is 
nsiere  e in  hyerensive risis. A hyerensive risis re-
resens eiher  hyerensive urgeny r  hyerensive eergeny. 
A hypertensive urgency usuy signies high  ressures 
wihu signs r sys f ue rge rgn iins; 
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vsuure, ngiensin I is nvere y ngiensin-nvering 
enzye (ACE)  ngiensin II. Angiensin II is  highy en 
engenus vsnsrir h s siues serne sere-
in fr he zn gerus es f he ren rex, n-
riuing  siu n wer reenin.10 Angiensin II s 
siues he reese f ehines fr he renergi nerve 
enings n eies he reese f enr syhei uw. 
ACE is unn in he enhei es f  vesses n,   
esser exen, in he kineys.

ACEIs k he nversin f ngiensin I  ngiensin II 
y eing wih he hysigi susre ngiensin I fr he 
ive sie f ACE (Fig. 22.1). e niy f ACEIs fr ACE is 
rxiey 30,000 ies greer hn fr ngiensin I. ACEIs 
s inhii kininse, whih is resnsie fr he egrin f 
rykinin n her vsiing susnes, inuing rs-
gnin E

2
 (PGE

2
) n rsyin (PGI

2
), whih enhnes he 

nihyerensive ees f hese rugs. Beuse ACEIs re en 
nihyerensives in iens wih w-renin hyerensin, he 
ees n rykinin y hve n inegr re in he ehnis 
f in f hese gens. e heyni ees f ACEIs re 
 reuin f eriher reri resisne, n inrese in ri 
uu, ie r n hnge in her re, n inrese in ren  
w, n unhnge glomerular ltration rate (GFR). ACEIs 
hve i nihyeriiei ees.

Ten ACEIs re vie in he Unie Ses. ACEIs n ARBs 
re he referre nihyerensives in he seing f CKD. ACEIs 
genery erese SBP n DBP y 15%  25%. ACEIs re s 
eeive in nr-renin r high-renin hyerensin; hwever, 
hey re s eeive in w-renin hyerensin, eseiy when 
use  xi ses. ACEIs re eeive ne n in in-
in wih her nihyerensive gens, eseiy hizie-ye 
iureis.

ACEIs re hgeneus, whih ens here is very ie vri-
iiy ng ACEIs in ers f ey n xiiy. In nrs 
 β kers n hizie iureis, ACEIs  n inue guse 

inerne, hyeriiei, r hyeruriei. Wih he exe-
in f ri,  ACEIs re genery inisere ne r 
wie iy. Enri is he ny vie rener ACEI. 
Te 22.4 resens he hrkineis n sge guieines 
fr ACEIs.11

e s n verse ee ssie wih ACEIs is  
ersisen nnruive ry ugh (20%–30%). e ugh y 
e ue  ACEI-inue uuin f kinins, rsgnins, 
r susne P in he resirry r. e ugh y eve 
wihin ys  1 yer fer he sr f hery. Aniussives re 
ineeive in reieving ACEI-inue ugh. Crss-reiviy 
ng he ACEIs is sue; hwever, ARBs rrey use ugh 
n y e nsiere n ernive. ACEI-inue rsh is s 
n; he iniene is 10%, n he rein is usuy rn-
sien. e rsh fen urs in he uer n wer exreiies 
n is fen nie y rurius n eryhe. A higher 
iniene f rsh wih ri reive  her ACEIs y e 
ue  he sufhyry-nining sruure f ri. A her 
ACEIs, wih he exein f fsinri (hshrus-nining), 
ssess  iry gru. ACEIs re knwn  use ysgeu-
si (6%), nifesing s  ei r sy se r ss f se 
erein.

ACEIs y use  sigh inrese in ssiu h is genery 
innsequeni. e risk f hyerkei y e inrese wih 
nin use f β kers, herin, w-eur-weigh 
herin (LMWH), riehri, irie, sirnne, 
n s susiues, n in iens wih iees r ren fi-
ure. Orhsi hyensin is n when iniiing ACEI 
hery, eseiy in iens wh re in  high-renin se, suh 
s iens wh re s r vue eee (e.g., iens wih 
her fiure, irrhsis, r iees, r reeiving iureis). Piens 
wih ier ren rery sensis, wih unier sensis f  
siry funining kiney, r in  high-renin se (eseiy 
iens wih her fiure) re suseie  eveing ACEI-
inue ue ren fiure. Preinuri, ene s  urinry 

• Fig. 22.1 Angiotensin II formation and actions. ACE, Angiotensin-converting enzyme; ACEI, angiotensin-

converting enzyme inhibitor; ARBs, angiotensin II receptor blockers; AT
1
, angiotensin II type 1; CAGE,

chymostatin-sensitive angiotensin II–generating enzyme.
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rein exeeing 1g/y n, rrey, nie y inreses 
in  ure nirgen (BUN) n seru reinine, y eve 
in iens reeiving high-se ACEIs r wih verge ACEI ses 
n reexising ren ysfunin. ACEI-inue  ysrsis 
suh s neureni n grnuyeni ur wih n ini-
ene f ess hn 1% n re re n in iens wih 
nneive issue iseses (e.g., sysei uus eryhesus). 
ACEIs shu e vie in wen f hiering ge euse 
f he eni fr fe n nen riiy n r-
iy in he sen n hir riesers f regnny nifesing 
s sku hysi, hyensin, nuri, n eh (regnny 
egry D).

Angiee is rre, urring in u 1  5 f 1000 iens, 
u i n e ife hreening when nie y ysne. 
Angiee n ur  ny ie uring ACEI hery, ese-
iy when sring n sing regiens. Angiee genery 
nifess in he uer exreiies, ririy he fe, is, ngue, 
gis, n rynx. ACEI-inue ngiee is n sue n-
riniin fr he inisrin f ernive ACEIs n  
reive nriniin fr ARBs, eseiy in iens wih  
hisry f ngiee wih ysne r wih uene i-
neise P eieny. Angiee sys y e ssi-
e wih high nenrins f rykinin. Brykinin exers 
is hrgi ees (vsiin n rinin) n 
rykinin-2 reers n is eize ririy y ACE,  

 esser exen y ineise P, n   inr exen y r-
xyeise N. Deineing whih iens hve n ine-
ise P s eve eieny y he rei whih iens 
re reisse  ngiee.

A signin rug inerin urs when ining ACEIs 
wih NSAIDs. NSAIDs inrese renin reese y inhiiing ren 
vsiing rsgnins (PGE

2
 n PGI

2
), herefre uning 

r neging he nihyerensive ees f ACEIs. NSAIDs ess 
ikey  reue ren rsgnins n  iniize r iru-
ven he inerin wih ACEIs re suin (Cinri), nu-
ene (Refen), e (Line), sse (Disi), n 
hine gnesiu risiye (Triise). ACEIs y inrese 
ihiu nenrins n hve een ssie wih ife-hre-
ening ihiu xiiy. ACEI-inue ren siu eein 
y inrese ihiu ren uue resrin. Piens reeiving 
his inin shu e nire fr sys f ihiu 
xiiy suh s nuse, viing, irrhe, rer, n en 
sus hnges. Lihiu eves shu e nire efre n 
fer iniiing he ACEI. A quinri e, in nrs  her 
ACEIs, nins gnesiu rne  suien nenrin 
 reue eryine srin y 40%. e ehnis f his 
inerin y e hein n usiy y ur wih qui-
nnes. T iruven his inerin, quinri inisrin 
shu e se 2  6 hurs r fr eryine n quin-
ne niiris.

TABLE 

22.4
Pharmacokinetics and Dosage Guidelines for Angiotensin-Converting Enzyme Inhibitors

ACEI Generic Name 

(Brand Name)

Active 

Metabolite Elimination Total

Half-Life 

of Parent 

Drug (hr)*

Duration of 

Action (hr)

Dosage 

Range 

(mg/day)

Daily 

Frequency

Effect of Food 

on Absorption

Benazepril (Lotensin) Benazeprilat 11%–12% bile 22 24+ 5–80 1 Slightly reduced

Captopril (Capoten) None 95% urine 2 6–10 12.5–450 2–3 Reduced by 

30%–40%

Enalapril (Vasotec) Enalaprilat 94% urine and 

feces

11 24 2.5–40 1–2 None

Enalaprilat (Vasotec IV) None >90% urine 35 1.25–5 Every 6hr NA

Fosinopril (Monopril) Fosinoprilat 50% urine, 50% 

feces

12–15 24 10–80 1 Slightly reduced

Lisinopril (Prinivil; 

Zestril)

None 29% urine, 

69% feces, 

2% unchanged

13 24 10–40 1 None

Moexipril (Univasc) Moexiprilat 13% urine, 53% 

feces

2–9 24 7.5–30 1–2 Markedly 

reduced

Quinapril (Accupril) Quinaprilat 60% urine, 37% 

feces

2–3 24+ 20–80 1–2 Reduced

Perindopril (Aceon) Perindoprilat 96%–78% bile, 

4%-12% urine

0.8–1 24 4–16 1 Reduced

Ramipril (Altace) Ramiprilat 60% urine, 40% 

feces

11–17 24+ 2.5–20 1–2 Slightly reduced

Trandolapril (Mavik) Trandolaprilat 33% urine, 66% 

feces

24 24+ 1–8 1 Reduced

*Assuming normal renal function.

NA, Not applicable.
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Angiotensin II Receptor Blockers

Sever nnrenin n nn-ACE hwys re use fr he ru-
in f ngiensin II (see Fig. 22.1). Nnrenin hwys gener-
e ngiensin II fr ngiensingen vi issue singen 
ivr, hesin G, n nin. Nn-ACE enzyes h gener-
e ngiensin II fr ngiensin I re hesin G, hy-
sin-sensiive ngiensin II–genering enzye, n hyse. 
ACEIs ineey k he synhesis f ngiensin II. ARBs 
re ngiensin II ye 1 (AT

1
) reer ngniss. AT

1
 ree-

rs re fun in ny issues, suh s ren gns (rex n 
eu); vsur sh use; n rin, kiney, iver, uerus, 
n yri issue. Mny issues s hve n ngiensin II 
ye 2 (AT

2
) reer; hwever, i is n knwn  hve ees 

n yri hessis. ARBs hve 1000-f greer niy 
fr AT

1
 reers hn AT

2
 reers n genery  n k 

he AT
2
 reer. Beuse ARBs  n inhii ACE, hey  n 

inerfere wih he nenrins f rykinins n susne P. 
is kinin-sring ee y exin why ARBs hve  w ini-
ene f inuing ugh r ngiee. Hwever, he enei 
ees f kinins, inuing  ressure n fer–wering 
eny, y e srie.

Eigh ARBs re vie in he Unie Ses. ARBs re ini-
e fr hyerensin n n e use  re her fiure. ARBs 
hve een shwn  reue riiy, suh s rge rgn -
ge (e.g., nehrhy) in iens wih hyerensin, rivs-
ur evens in iens wih sysi her fiure, n rgressin 
f nehrhy in iens wih ye 2 iees. In Bk iens, 
ARBs n ACEIs y e ess en nihyerensives; hwever, 
his n e iruvene y inisering xi ses.

Cre wih ACEIs, ARBs re nsiere s en r 
sighy weker nihyerensive gens. e inhiiin f ry-
kinin y ACEIs y un fr is ugene nihyerensive 
ee. Angiensin II reer kers rguy re nsiere 
sen-ine gens  ACEIs fr hyerensin n her fiure n 
re inie when ACEI-inue ugh r her verse ees 
re inere. Bh ACEIs n ARBs re nsiere rs-ine 
gens fr hyerensin in nnBk iens n in iens wih 
CKD, regress f re. ACEIs r ARBs re nsiere enei 

in iens wih iees n hyerensin  reven rgressin 
f ren iiren.9 Hwever, ARBs y e nsiere suerir 
 ACEIs in iens wih ye 2 iei nehrhy. ARBs re 
inisere ne r wie iy. Using he inin f n 
ACEI n n ARB is n reene ue  higher risks f 
nehrxiiy. Te 22.5 resens he hrkineis n s-
ge guieines fr ARBs.7 10 11

e sie ee re f ARBs sees  e siir  h f 
ACEIs. ARBs y use rhsi hyensin, hyerkei, 
neureni, nehrxiiy, n fexiiy. Siir wrnings 
n reuins exhiie wih ACEIs shu e unerken fr 
ARBs. ARBs n use ugh; hwever, he iniene is signi-
ny ess hn wih ACEIs. ARBs use signiny ess ngi-
ee hn ACEIs; rss-reiviy hs een rere. ARBs re 
n suey nrinie in ACEI-inue ngiee; 
hwever, heir use in his seing n e ngerus n shu e 
vie. Rsh n ysgeusi re rrey rere wih ARBs.

Lsrn is exensivey eize y he hei yhre 
P450 (CYP) 3A4 n CYP2C9 isenzyes  n ive rx-
yi i eie h is reinny resnsie fr he 
AT

1
 ke n nihyerensive ees f srn. Drugs 

h inue hese enzye syses (e.g., henyin, henri-
, rzeine, xrzeine, rifin, n rifuin) y 
inrese he nihyerensive ees f srn y inresing he 
nenrin f he ive eie. Phenri hs een 
shwn  erese he eves f srn n is eie y 20%. 
Cnversey, rugs h inhii CYP3A4 (e.g., kenze, u-
nze, eryhryin, rihryin, uxeine, n i-
rne) r CYP2C9 (e.g., irne, ieiine, n uxeine) 
r CYP3A4 n CYP2C9 siuneusy (e.g., uxeine, i-
rne) y erese he nihyerensive ees f srn y 
eresing he nenrin f he ive eie. Hwever,  
suy evuing he ees f ieiine (CYP3A4 n CYP2C9 
inhiir) n srn i n yie ny hnges in he issiin 
f srn’s rxyi i eie.

Teisrn hs een shwn  inrese igxin ek s 
nenrins y 50%. Digxin seru nenrins shu e 
nire efre n fer he iin f eisrn. Sever 
ehnisiy siir rug–rug inerins h ur wih 

TABLE 

22.5
Pharmacokinetics and Dosage Guidelines for Angiotensin II Receptor Blockers

ARB Generic Name 

(Brand Name) Elimination

Terminal 

Half-Life (hr)

Dosage Range 

(mg/day)

Daily 

Frequency

Effect of Food 

on Absorption

Azilsartan (Edarbi) 55% in feces and 42% in urine 11 40–80 1 No effect

Candesartan (Atacand) Ester hydrolysis/O-deethylation 9 8–32 1–2 No effect

Eprosartan (Teveten) 80% unchanged, 20% acyl 

glucuronide

5–9 400–800 1–2 No effect

Irbesartan (Avapro) CYP2C9, CYP3A4 11–15 150–300 1 No effect

Losartan (Cozaar) CYP2C9, CYP3A4 2 25–100 1–2 Slightly reduced

Olmesartan (Benicar) 35%–50% in urine and 

remainder in feces

13 20–40 1 No effect

Telmisartan (Micardis) Conjugation to acyl glucuronide 24 20–80 1 Slightly reduced

Valsartan (Diovan) Biliary metabolism 6 80–320 1 Markedly reduced

CYP, Cytochrome P450.
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ACEIs re ikey  ur wih ARBs, suh s wih NSAIDs n 
ihiu.

Direct Renin Inhibitors

DRIs  y inhiiing renin, he enzye h is he rs se f 
he RAAS (see Fig. 22.1). Renin is resnsie fr he nversin 
f ngiensingen  ngiensin I, whih is he re-iiing 
se in RAAS. Renin inhiiin s es  erese frin 
f ngiensin II n serne. Hwever,  gens h inhii 
he RAAS, suh s ACEIs, hve he eni  inhii feek 
inhiiin f renin, eing  inreses in renin n is iviy. 
is ee n e ke wih he use f  renin inhiir. DRIs 
n e use ne r in inin wih her nihyerensive 
gens.

Aiskiren (Tekurn) is urreny he ny DRI vie n 
he rke. I is inie ny fr he reen f hyerensin. 
Siir  ACEIs n ARBs, iskiren is nsiere  r nihy-
erensive gen fr Bk iens. In iin, n suies shw 
h iskiren is eeive in reuing rivsur risk. I n e 
use in inin wih ny her nihyerensive gens, u 
i hs een suie s rehensivey in inin wih 
ARBs n iureis.

e s n sie ees serve wih iskiren inue 
irrhe, hehe, izziness, figue, uer resirry r 
infein, nshryngiis, n k in. Aiskiren n s use 
ry ugh, u is iniene is uh ess hn h rere wih 
ACEIs. Siir  her gens h e he RAAS, iskiren hs 
een ssie wih ngiee n hs urre in iens wih 
n wihu  hisry f ngiee wih ACEI r ARB hery. 
Aiskiren ssiy y e fexi n is n reene fr 
use in regnn iens (regnny egry D). Rre sie ees 
inue inrese uri i eves, ren snes, nei, rsh, ren 
iiren, ysiis, n rhyysis. Aiskiren nher-
y hs  w iniene f hyerkei; hwever, hyerkei 
urs re frequeny when iskiren is use in inin 
wih ACEIs. I shu e use uiusy in inin wih 
her gens h use hyerkei, suh s ssiu-sring 
iureis n sufehxze-riehri (Bri). Aiskiren 
is nrinie in iei iens using n ACEI r ARB.

Aiskiren is inisere ne iy   se f 150  
300g. I hs very r r iviiiy; ny u 2.5% 
is sre. Asrin f iskiren is susniy erese y 
high-f es; iens shu wys ke i he se wy: eiher 
wih r wihu f. I unerges ini hei eis 
y CYP3A4. Cysrine n irnze, whih re en 
inhiirs f CYP3A4, were shwn  inrese iskiren ev-
es signiny n shu n e use niny. Oher 
CYP3A4 inhiirs were s shwn  inrese iskiren eves, 
u he ini signine f heir inerin is unknwn. 
Aiskiren hs s een shwn  reue he eeiveness f fur-
seie y 30%  50%. e eeiveness f furseie shu 
e nire when hese w gens re use niny. 
Arxiey 25% f he sre se is exree unhnge 
in he urine. Ms f he unsre rug is exree in he 
fees. N sge jusens re reene  his ie in 
iens wih ren r hei iiren.10–12

Calcium Channel Blockers

Vsur sh use n ri e nrin eens 
n free inreur iu in nenrin. Ciu eners 

vsur sh use es, yri es, n eker 
es hrugh vge-ge L-ye n T-ye iu hnnes. 
L-hnne ke eies rnry n eriher vsiin 
n y use reex syhei ivin r  negive inr-
i ee. T-hnne ke s eies rnry n erih-
er vsiin u is evi f  reex syhei ivin. 
e inux f iu fr exreur ui in es riggers 
 sen essenger, inositol triphosphate,  reese sre inr-
eur iu fr he srsi reiuu. is inrese 
in ysi iu resus in enhne ining  he rein 
calmodulin. A iu-uin ex ives ysin 
kinse, ring he inerin eween in n ysin, u-
ining in eur nrin. Cnvenin CCBs inhii ny 
L-hnnes. e hryni ees f he iu ng-
niss n sh use, yriu, r seiize nuin 
n eker issues ier ng he gens euse f ieren 
reer isriuin n ensiies n he rugs inheren ree-
r seeiviy n niy.

Nnihyryriine CCBs inue veri n iize. 
Veri n,   esser exen, iize ssess negive chro-
notropic ees y wering sinri (SA) ne uiiy n 
eresing rivenriur (AV) ne nuin; hese gens re 
inie fr he reen f ngin n rrhyhis in i-
in  hyerensin. Veri n,   esser exen, iize 
re s en negive inotropes n y exere her fi-
ure n shu e vie in iens wih severe ef venriur 
ysfunin.

Dihyryriine CCBs re en vsirs; hese gens 
inue iine, feiine, isriine, niriine, nifei-
ine, n nisiine. Wih he exein f nifeiine, ihyr-
yriine CCBs hve negigie hrnri ees. Ieie-
reese nifeiine, eseiy when inisere s  iqui, uses 
 en reex hyri h inreses rnry xygen en 
n hs een iie wih n inrese risk f MI n srke. 
Ony susine-reese sge frs f nifeiine re inie fr 
hyerensin.11 Aiine n, usiy, feiine y e use 
in iens wih her fiure euse hese gens  n erese 
ri nriiy. CCBs re very eeive nihyerensive 
gens in h eery n Bk iens. Te 22.6 resens he 
hrkineis n se guieines fr iu ngniss.7,11

Veri (e.g., Cver-HS, Veren PM) n iize 
(Crize LA) hve ng-ing fruins h re sei-
y esigne  rge he circadian rhythm f  ressure 
hrughu he y. Mny hyerensive iens hve  eh-
ine surge wih   ressure ek in he rning eween 
6 am n 12 pm, fwe y susine high (u wer hn he 
ek)  ressures hrughu he y n  nir  nigh. 
Ms MIs, srkes, ysrhyhis, n venus hrei 
evens ur in he rning hurs, in ner wih he irin 
 ressure eks. CCB fruins re genery esigne  
e inisere  eie n egin  reese eiin in he 
ery rning  hieve  ek ee in he rning hurs n  
susine ee uring he y.

ese nve irin sge frs y hve iie uiiy in 
hyerensive iens wh  n hve  nir in  ressure in 
he nighie, r “nniers. ese fruins eve iens 
unree wih  high risk f  rnry even n hve n 
een shwn  hve eer ees n riiy re wih 
hizies n β kers. Tyi hyerensive nniers (n 
nighie nir) re eery iens, iens wih ren insu-
ieny, n iens wih senry hyerensin. Bh veri 
n iize re vie in sever ieie, exene, n 
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susine reese rus. e ieren sge fruins f 
he se rug, wih r wihu irin ees, re usuy n 
inerhngee n shu n e swihe n  iigr--
iigr sis.

e iniene f veri-inue n,   esser exen, 
iize-inue nsiin is high n fen neessies he 
use f  siun xive suh s isy r sennsies. Dihy-
ryriines hve en eriher vsiing ees, n hey 
hve  high iniene f iins, rhsi hyensin, 
ushing, hehes, ighheeness, n syne. ese verse 
ees re iniize wih ng-ing gens. A CCBs y 
use eriher ee, gingiv hyersi, n gsresh-
ge reux (exe iize). CCB-inue eriher ee 
es n resn  iurei hery n requires isninuin 
f he ening gen.

Diize n veri inhii CYP3A4 eis n, 
usiy, he P-gyrein (P-g) rnsr f fenni, us-
irne, rzeine, ysrine, igxin, vsin, ehy-
renisne, quiniine, sivsin, n rius, resuing in 
higher seru eves n eni xiiy. Veri n iize 

inhii he hei eis f hehyine. Ahugh ihy-
ryriine CCBs re n inhiirs f CYP3A4, hey re jr 
susres f CYP3A4 n y resu in signin rug n 
f inerins hrugh eiive inhiiin (eis?). 
Grefrui juie inhiis he CYP3A4 in he gu n y inrese 
signiny he eves f feiine, nifeiine, n nisiine. 
Beuse ny CCBs re signiny eize y he CYP 
syse, CYP enzye inuers, suh s rzeine, xr-
zeine, henri, henyin, n rifin, y wer he 
seru nenrins f CCBs n rise ey.

β Blockers

e nihyerensive ees f β kers hve uie eh-
niss f in n re s fws:
• Bke f he β reers n he ren juxgerur 

es, eing  renin ke n erese ngiensin II 
nenrins

• Bke f yri β reers, eing  erese r-
i nriiy n her re, iinishing ri uu

TABLE 

22.6
Pharmacokinetics and Dosage Guidelines for Calcium Channel Blockers

Calcium Antagonist Generic 

Name (Brand Name)

Onset of Action of 

Oral Dose Forms (hr) Half-Life (hr)

Dosage Range 

(mg/day) Daily Frequency

Nondihydropyridines

Verapamil (Calan, Isoptin) 0.5 3–7 180–480 3–4

Verapamil SR (Calan SR, Isoptin SR) 0.5 3–7 120–480 1–2

Verapamil ER (Covera-HS) 4–5 2.8–7.4 180–420 Once at bedtime

Verapamil chronotherapeutic oral drug 

absorption (Verelan PM)

4–5 3–7 100–400 Once at bedtime

Diltiazem (Cardizem) 0.5 3.5 90–360 3–4

Diltiazem ER capsules (Cardizem CD, 

Cartia XT, Dilacor XR, Diltia XT, 

Tiazac, Taztia XT)

1 5 90–540 1–2

Diltiazem ER tablets (Cardizem LA) 3–4 6–9 120–540 Once daily (morning 

or evening)

Dihydropyridines

Amlodipine (Norvasc) 6–12 30–50 2.5–10 1

Felodipine (Plendil) 2–5 11–16 5–20 1

Isradipine (DynaCirc) 2 8 2.5–10 2

Isradipine CR (DynaCirc CR) 2 8 2.5–10 1

Nicardipine (Cardene) 20min 2–4 60–120 3

Nicardipine SR (Cardene SR) 20min 2–4 60–120 2

Nifedipine (Adalat, Procardia)* 20min 2–5 30–120 3–4

Nifedipine LA (Adalat CC, Procardia XL) 20min 7 30–120 1

Nimodipine (Nimotop)† ND 1–2 360 Every 4hr for 21 days

Nisoldipine (Sular) ND 7–12 20–60 1

*Nifedipine (prompt release) is not indicated for hypertension.
†Indicated for subarachnoid hemorrhage, not hypertension.

CC, Coat core; CD, controlled delivery; CR, controlled release; ER, extended release; HS, half strength; LA, long acting; SR, sustained release; XL, XR, extended release; XT, extended technology.
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• Bke f enr nervus syse (CNS) β reers, eing 
 erese syhei uu fr he CNS n usiy 
ke f eriher β reers, eresing nreinehrine 
nenrins
β Bkers nn e use inerhngey wih eh her. 

Inse, isese se guieines ie whih β kers  use 
fr eh riiy. β Bkers wih intrinsic sympathomi-
metic activity (ISA), inuing eu, re, enu-
, n in, use ess reuin f resing her re, 
ri uu, n eriher  w. ISA y e enei 
in iens wih se ngin, ryrrhyhis, rise 
unry funin, n eriher vsur (reri) isese. 
Le is n α n β ker wih wek β

2
 ISA; neverheess, i 

is reivey nrinie in iens wih sh n hrni 
sruive unry isese. Le is inie fr hyer-
ensin n is fen use  nge hyerensive urgenies (r 
fruin) n hyerensive eergenies (rener fru-
in). e α n β ker rvei is inie fr iens 
wih hyerensin n fr iens wih i  ere her 
fiure.

Neiv (Bysi) is  highy riseeive hir-generin 
β

1
 ker h s exhiis vsiry reries eie 

hrugh niri xie, resuing in erese eriher vsur 
resisne, inrese srke vue, n reserve ri uu. 
I is rxiey hree ies re β

1
-seeive hn isr. 

I is inie fr he reen f hyerensin n hs siir 
 ressure reuin ees s en, isr, ACEIs, 
ARBs, n CCBs.

β Bkers re inie fr hyerensin, ngin eris, 
ri ysrhyhis, senry revenin f MI, hrni her 

fiure, n hehry. β Bkers re n nger nsi-
ere rs-ine gens in reen f esseni hyerensin u 
shu e reserve s -n hery  her nihyerensive 
gens. β Bkers re s use fr igrine rhyxis, hyer-
rhi suri sensis, rers, h wihrw synre, 
rhyxis f eshge vrie reeeing, nxiey, sys 
f hyrxisis, n in inin wih α kers fr he-
hry. Te 22.7 resens he hrkineis n 
se guieines fr β kers.7–10

β Bkers inrese rigyeries n erese high-ensiy 
ireins; hwever, his eeerius ee y iinish fer 
rnge hery (1 yer). β Bkers y use hyergyei 
n guse inerne. ese gens n e eseiy ngerus 
in ieis euse hey sk se f he n sys f 
hygyei, suh s iins, rers, n hunger. e use 
f β kers in iens wih hyeriiei r iees is e-
e if he ii n guse res re sey nire. α n β
Bkers n gens wih ISA re ess ikey  e he ii n 
guse res versey.

β Bker–inue unry ysfunin y nifes s 
rnhss, rnhi sruin, wheezing, ysne, ugh, 
n exerin f reviusy se sh r hrni irwy 
sruin. Agens wih β

1
 seeiviy, suh s en n e-

r, re ess ikey  use unry ysfunin; hwever, 
hey se heir seeiviy wih inresing ses. β-Bking gens 
y exere inerien uiin n Rynu hene-
nn, n hey y use CNS isurnes, suh s verig, ire-
ness, figue, snene, en eressin, n nighres. A 
rrein eween he iniviu ii suiiy f  β ker 
n is iiy  enere he –rin rrier n use CNS 

TABLE 

22.7
Pharmacokinetics and Dosage Guidelines for ββ Blockers

β Blocker Generic 

Name (Brand Name) α Blockade β
1
 Selectivity ISA Lipid Solubility Half-Life (hr)

Dosage 

Range (mg)

Daily 

Frequency

Acebutolol (Sectral) 0 + + Low 3–4 200–200 2

Atenolol (Tenormin) 0 + 0 Low 6–9 25–100 1

Betaxolol (Kerlone) 0 + 0 Low 14–24 5–20 1

Bisoprolol (Zebeta) 0 ++ + Low 9–12 25–200 1

Carteolol (Cartrol) 0 0 + Low 6 2.5–10 1

Carvedilol (Coreg) + 0 0 High 7–10 6.25–50 2

Labetalol (Trandate, 

Normodyne)

+ 0 0 Moderate 3–5 100–2400 2

Metoprolol (Lopressor) 0 + 0 Moderate 3–5 50–200 1–2

Metoprolol ER 

(Toprol-XL)

0 + 0 Moderate 3–7 25–200 1

Nadolol (Corgard) 0 0 0 Low 14–24 20–240 1

Nebivolol (Bystolic) 0 +++ ? Low 11–30 5–40 1

Pindolol (Visken) 0 0 +++ Moderate 3–4 10–60 2

Propranolol (Inderal) 0 0 0 High 4–6 40–240 2

Propranolol LA (Inderal, 

InnoPran XL)

0 0 0 High 8–10 80–640 1

ER, Extended release; ISA, intrinsic sympathomimetic activity; LA, long acting; XL, extended release; 0, none; +, ++, +++, equals higher degree.
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verse ees y exis. Cnsequeny, gens wih high ihi-
iiy, suh s rrn n enu, hve  high iniene 
f CNS verse ees. β Bkers shu n e isninue 
ruy euse his uses  reun (rereen  res-
sure) r versh ( ressure higher hn rereen) 
hyerensin; he rug shu e ere swy ver 1  2 weeks 
efre isninuing enirey.

Sever β kers, inuing rvei, er, 
neiv, rrn, n i, re CYP2D6 susres. 
Fuxeine, rxeine, n serrine re en CYP2D6 
inhiirs n y signifiny inrese he effe f he su-
sre β ker. Beuse s  β kers re signifiny 
eize y he CYP syse, CYP enzye inuers, suh 
s igrees n rijun, rzeine, xrzeine, 
henri, henyin, n rifin, y wer seru 
nenrins f β kers n rise effiy. Aen-
 is s enirey reny eiine n y e use s n 
ernive  β kers h iner vi hei ehniss 
r in iens wih iver isese.

Diuretics

Diureis re ivie in he fwing ve sses:
1. izies n hizie-ike gens
2. L iureis
3. Pssiu-sring gens
4. Crni nhyrse inhiirs (CAIs) (e.g., ezie 

[Dix])
5. Osis (e.g., nni)

izies n e use s r f rs-ine reen in-
ins fr he ngeen f hyerensin in iens wihu 
riiies.4 izies,  iureis (exe ehryni i), 
n CAIs re sufnie-nining gens n y rss-re 
in iens wh hve  hisry f sufnie ergy. Sufn-
ie-nining gens inue sufnyure niieis, siver 
sufizine, susin, eexi, n renei. A signin 
rug–rug inerin urs when ining iureis wih 
NSAIDs n ining siu-eeing iureis wih ihiu. 
e ehniss f hese inerins re siir  he eh-
niss f ACEIs n hve een isusse reviusy in his her.

Potassium-Sparing Diuretics

Pssiu-sring gens re wek hyensive gens when 
use ne, u hey rvie n iive hyensive ee 
when use in inin wih hizie iureis. e w 
gens use iniy re irie (Mir) n rierene 
(Dyreniu). ese gens re eye ririy fr heir ni-
kiurei ees, whih se he ssiu exrein ees f 
her iureis. ese gens wrk y king siu hnnes 
in he uin erne f es in he is uue n e-
ing u, enuing he exrein f ssiu, iu, n 
gnesiu. Bh hykei n hygnesei hve een 
iie s  use f ri rrhyhis; here is n vn-
ge  ing hese gens  iurei nihyerensive hery. 
e gnesiu-sring ees f ssiu-sring iureis 
y e n e ene re wih  iurei us  s-
siu sueen.

Bh ssiu-sring iureis n use gsrinesin 
sie ees, suh s ysesi, in rs, nuse, n 
irrhe; CNS sie ees, suh s en nfusin, ehrgy, 
hehe, n izziness; n hegi, ergi, n 
ususkee (eg rs) verse ees. Trierene hs een 

ssie wih inersii nehriis n nehrihises; he ini-
ene y e 1 in 200. Trierene is hsensiizing, whih 
y e iive when ine wih hxi sufnie-
nining hizie iureis. Trierene y use hyerurie-
i n hyergyei.

Thiazide and Thiazide-Like Diuretics

izie iureis inrese siu n hrie exrein y iner-
fering wih heir resrin in he is uue;  i iure-
sis f sighy nenre urine resus. Exrein f ssiu, 
irne, gnesiu, hshe, n iie is s inrese, 
wheres iu exrein is erese. Ahugh hizies 
erese exreur ui vue, nihyerensive iviy is 
use ririy y ire vsiin. izies re inie fr 
hyerensin, hrni ee, hrni her fiure, n sies. 
izies genery ke 2  4 weeks  eii heir fu hr-
gi ee. izies hve  dose-ceiling eect,  whih in 
he nihyerensive ees  n inrese esie se inreses; 
hwever, he xi ees  not hve  se-eiing ee.

Beuse hizies use hyerei, hey y e  use-
fu jun in he ngeen n revenin f sersis. 
Ahugh hrhine, inie, n ezne  n 
ssess he enzhiizine sruure, hrgiy hey 
 ike hizie iureis—hey re hizie-ike in sruure n 
iviy. izie iureis se heir nihyerensive eny in 
iens wih  creatinine clearance (CrCl) ess hn 30 L/
in. Inie reins is eny, hwever, in iens wih  
CrC greer hn 15L/in. Mezne is he ny hizie-
ike iurei h reins eny in iens wih  CrC ess hn 
15L/in. Desie he hizie-ike sruure f ezne, is 
hrgi ees re siir  hse f  iureis. Me-
zne is fen e    iurei in iens wih iurei 
resisne, hieving  synergisi iurei ee. Mykrx es 
re  fruin f ezne wih  higher iviiiy hn 
nvenin ezne, resuing in  re ri iurei ee; 
Mykrx is n hereuiy equiven  Zrxyn, u i is 
n nger vie n he rke. Te 22. resens he hr-
kineis n se guieines fr hizie n hizie-ike 
iureis.4,7,11

Cn sie ees serve wih hizie n hizie-ike 
iureis inue hykei, hygnesei, hyerei, 
hyeruriei, hyergyei, hyeriiei, n sexu ys-
funin. ese nriies re se ree n y e ini-
ize y using w-se gens suh s hrhine, 12.5  
25g iy, r hyrhrhizie, 25 g ne iy. Less -
n hizie-inue verse ees inue ysesi, rshes, 
hsensiiviy, hryeni, n nreiis.

Loop Diuretics

L iureis, fen referre  s high-ceiling diuretics,  rin-
iy  he hik sening i f he  f Hene, where 
hey erese siu resrin y eing fr he h-
rie sie n he N+-K+-2C− syrer ( rnsr eue). 
Exrein f siu, hrie, ssiu, hyrgen in, iu, 
gnesiu, niu, irne, n ssiy hshe 
is enhne. Diureis suh s hizies hve  iie iurei 
eny wih  eu ee euse hey  ririy  sies 
s he sening i; ny  s erenge f he ere 
 rehes hese re is sies. Beuse re hn 25% f he 
ere  is resre in he sening i,  iureis re 
highy eius wih inresing ses, n his is why hey re 
ere high-eiing iureis.
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L iureis re inie fr hrni her fiure, si-
es wih r wihu hei irrhsis, ren fiure, unry 
ee, hyerei, hyergnesei, n synre f 
inrrie niiurei hrne. L iureis re sen-
ine iureis in he ngeen f hyerensin; hwever, 
hey re suerir  hizie iureis in iuresis n eresing 
 ressure fr iens wih ren insuieny. Te 22.9
resens he hrkineis n se guieines fr r  
iureis.4 7 11

L iureis re very en n nsequeny y use 
severe ehyrin, hyensin, hyhrei ksis, n 
hykei. L iureis shu n e inisere  e-
ie euse he ien wi hve  urine frequeny, using 
see isurnes. L iureis y use hyergyei (n 
rere wih uenie), hyeruriei, ysesi, h-
sensiiviy, n xiiy. Ehryni i is he s uiry 
xi  iurei n shu e nsiere ny fr iens 
refrry  her  iureis r when here is  hisry f  
ife-hreening sufnie ergy.

Aldosterone Antagonists

Sirnne (Ane) n eerenne (Insr) re se-
rne ngniss h exer heir ee n he e is uue n 
eing u. Sirnne,  wek iurei, is use rir-
iy fr is serne ngnis ees. Sirnne is ini-
e fr hyerensin, ngeen f hei irrhsis (iurei 
f hie), riry hyersernis, hykei, n her 

fiure. Fr hyerensin, sirnne is use in inin 
wih her nihyerensives r  sre ssiu when in-
isere wih iureis. e hei sruure f sirnne 
resees he sruure f he riseris n y exin is 
sexu verse ees, suh s iene, erese ii, gyne-
si, eeening f he vie, ensru irreguriies, n 
hirsuis. Oher sirnne-inue verse ees inue 
irrhe, gsriis, skin rshes, rwsiness, ehrgy, xi, he-
hes, n nfusin. Siir  he her ssiu-sring 
iureis, sirnne y use hyerkei. Te 22.10
resens he hrkineis n sge guieines fr he -
serne ngniss.4 7 11

Eerenne is inie fr her fiure fer MI n hyer-
ensin. Siir  sirnne, eerenne ks he in-
errii reer, u, in nrs  sirnne, i 
es n k he rgeserne r nrgen reer, iniiz-
ing he sexu verse ees suh s gynesi, res in, 
iene, n ensru irreguriies. Eerenne hs  higher 
iniene f severe hyerkei, eseiy in iens wih 
reue ren funin. Beuse f he risk f severe hyerke-
i, eerenne is nrinie in  iens wih ssiu 
vues greer hn 5.5Eq/L r CrC ess hn 30L/in n 
in hyerensive iens wih ye 2 iees n iruin-
ei, nin use f ssiu sueens r ssiu-
sring iureis, r seru reinine greer hn 2 g/L in 
en n greer hn 1.g/L in wen r  CrC ess hn 
50 L/in. Vigin niring f seru ssiu eves is 
neessry when eerenne is inisere wih ACEIs, ARBs, r 

TABLE 

22.8
Pharmacokinetics and Dosage Guidelines for Thiazides and Thiazide-Like Diuretics

Thiazide/Thiazide-Like 

Diuretic Generic Name 

(Brand Name) Bioavailability Peak Effect (hr)

Duration of 

Diuresis (hr) Half-Life (hr)

Dosage Range 

(mg/day)

Daily 

Frequency

Chlorothiazide (Diuril) 10–20 2 (PO), 0.5 (IV) 6–12 (PO), 2 (IV) 1–2 500–2000 1–2

Chlorthalidone (Hygroton) 65 2 24–72 35–55 15–200 1

Hydrochlorothiazide 

(Esidrix, HydroDIURIL, 

Oretic, Microzide)

65–75 4–6 6–12 2.5–4.5 25–100 1–2

Indapamide (Lozol) 95 2 24–36 14–18 1.25–2.5 1

Metolazone (Zaroxolyn) 65 2 12–24 6–20 5–20 1

Metolazone (Mykrox) 2–4 12–24 14 0.5–1 1

IV, Administered intravenously; PO, administered orally.

TABLE 

22.9
Pharmacokinetics and Dosage Guidelines for Oral Loop Diuretics

Loop Diuretic Generic 

Name (Brand Name)

Bioavailability 

(%) Onset (hr) Duration (hr) Half-Life (hr)

Dosage Range 

(mg/day)

Daily 

Frequency

Bumetanide (Bumex) 70–95 0.5–1 5–6 0.8 ± 0.2 0.5–10 1

Ethacrynic acid (Edecrin) 100 0.5 6–8 2–4 50–200 1–2

Furosemide (Lasix) 60 0.5–1 6–8 0.5–1.1 40–240 1–2

Torsemide (Demadex) 80 0.5–1 1 2–4 5–200 1
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β kers. Eerenne is  CYP3A4 susre; CYP3A4 inhii-
rs suh s veri, iize, eryhryin, unze, n 
squinvir y inrese eerenne eves y 50%. I is re-
ene  vi eerenne in iens wh re king srng 
CYP3A4 inhiirs.

Centrally Acting Adrenergic Agents

e enry ing renergi gens, r α
2
 gniss, erese 

 ressure y eing ri uu n eriher resis-
ne; hey re negive inres n hrnres. α

2
 Agniss 

siue rinse α
2
 reers, resuing in  erese in sy-

hei uw fr he CNS. α
2
 Agniss re very eeive 

nihyerensives; hwever, hey re n nsiere rs-ine 
hery euse f heir sie ee re. ey hve  high 
iniene f nihinergi-ike sie ees, suh s sein, 
urre visin, ry uh, nsiin, n urinry reenin; 
n CNS sie ees, suh s rwsiness, figue, hehes, 
eressin, syhsis, n nighres. Lng-er use f hese 
gens resus in siu n ui reenin n s wys 
neessies he use f nin iureis; his is eseiy 
seen wih ehy. α

2
 Agniss re n reene fr 

nnin iens n shu never e wihrwn ruy 
euse f he risk f eiher reun hyerensin r versh 
hyerensin.

e s eeive n es xi α
2
 gnis is he niine 

rnser hereui syse (Cres-TTS), whih hieves 
susine eves f niine fr 7 ys. e susine niine 
eves vi he eks n rughs ssie wih he r-
reese sge fr, n reen is reivey evi f he 
ruese nihinergi n CNS sie ees. e ni-
ine h is ie   hiress re f in skin n he uer 
rs. On he inii iin, he niine h kes 2  
3 ys  hieve rge  eves n  hereui ee. I is 

reene  -iniser niine r es ng wih 
he h fr he rs 2  3 ys f hery. e s n 
verse ees f he h re  skin rshes n irriin. 
Te 22.11 resens he hrkineis n sge guieines 
fr α

2
 gniss.4 7 11

α
1
Adrenergic Antagonists

α
1
-Arenergi reer ngniss seeivey k ssyni 

α
1
 reers. T eriher resisne is reue hrugh re-

ri n venus iin; hese gens erese h re n 
fer n use  en rs-se syhei reex inrese 
in her re n renin iviy.13 α

1
-Arenergi ngniss use 

 rs-se henenn h nifess wih rhsi hyen-
sin, hyri, iins, izziness, hehes, n syne. 
Afer sever ses, esie ersisen vsiin, erne  
he rs-se henenn eves, n her re, renin, n 
ri uu reurn  nr. T iniize he rs-se he-
nenn, inii ses f α

1
-renergi ngniss shu e w 

n inisere  eie.
α

1
-Arenergi ngniss re inie fr hyerensin, 

enign rsi hyersi (BPH), her fiure, n Rynu 
vsss; n exein is urseeive α

1
-renergi ngniss 

(susin n fuzsin), whih re inie ny fr BPH. 
In nrs  her nihyerensives, α

1
-renergi ngniss 

hve fvre ees n he irein re n y erese 
rigyeries n w-ensiy ireins n inrese high-
ensiy ireins y 5%  10%, king he n ie rug 
f hie. Hwever, he ALLHAT (Anihyerensive n Lii-
Lwering Treen  Preven Her Ak Tri) suy -
re xzsin wih her nihyerensives (hrhine) 
n revee  25% higher iniene f ine rivsur 
riiy in iens reeiving xzsin.14 A higher iniene 
f xzsin-inue srke, her fiure, ngin, n rnry 

TABLE 

22.10
Pharmacokinetics and Dosage Guidelines for Aldosterone Antagonists

Aldosterone 

Antagonist 

Generic Name 

(Brand Name)

Active 

Metabolite Elimination Total

Onset of 

Action 

(hr)

Peak 

Response

Duration of 

Action (hr)

Half-Life 

of Parent 

Drug (hr)

Dosage 

Range 

(mg/day)

Daily 

Frequency

Effect of 

Food on 

Absorption

Spironolactone 

(Aldactone)

Canrenone 47%–57% renal, 

35%–41% fecal

2–4 6–8 hours 16–24 1.4 25–400 1–2 Increased

Eplerenone 

(Inspra)

None 67% renal, 32% 

fecal

1–2 4 weeks 24 3.5–6 50–100 1–2 No effect

TABLE 

22.11
Pharmacokinetics and Dosage Guidelines for Centrally Acting Adrenergic Agents (α


 Agonists)

α
2
 Agonist Generic 

Name (Brand Name)

Onset of 

Action (hr)

Peak Effect 

(hr)

Duration of 

Action (hr)

Half-Life 

(hr) Elimination

Dosage Range 

(mg/day)

Daily 

Frequency

Methyldopa (Aldomet) 4–6 6–9 24–48 1.25 Renal (biphasic) 500–2000 2–3

Clonidine (Catapres) 0.5–1 3–5 24 6–20 Renal (40%–60%) 0.1–2.4 2–4

Guanfacine (Tenex) 2.5 6 24 17 Renal (50%) 1–3 Once at bedtime

Guanabenz (Wytensin) 1 2–5 6–8 7–10 Renal (70%–80%) 4–32 2



366 UNIT C Critical Care, Cardiovascular, and Polysomnography Agents

revsurizin ws rere. On he sis f he resus f his 
suy, α

1
-renergi ngniss re nsiere sen-ine ni-

hyerensive hery. Te 22.12 resens he hrkineis 
n sge guieines fr α

1
-renergi ngniss.4 7 11

Antiadrenergic Agents

Reserine is n nirenergi nihyerensive gen n is  
sen-ine nihyerensive. Reserine wrks y ining  sr-
ge vesies f eriher n enr sgngini renergi 
neurns n eeing nreinehrine. Susequeny, reserine 
reners he neurn srge vesies ysfunin. Reserine 
y use sein, eressin, suii iein, syhsis, e-
i uer isese, n ns suness. e sie ees f reserine 
n e iniize wih w ye eeive nihyerensive ses 
(0.25g r ess). e nihyerensive ees y e iinishe 
when ine wih riyi nieressns, heines, 
n eherine.

Vasodilators

e w n vsirs use in he ngeen f hyer-
ensin re hyrzine (Aresine) n inxii (Lnien). 
Beuse f heir sie ee re, he vsirs re sen-ine 
nihyerensive gens. Hyrzine hs s een use fr ngin 
n is inie fr her fiure in inin wih issrie 
inire. Hyrzine n issrie inire re reene 
 reue riiy n riy in iens sef-ienie s 
Afrin Aerins wih New Yrk Her Assiin (NYHA) 
ss III  IV her fiure wih reue ejein frin reeiv-
ing i hery wih ACEIs r ARBs n β kers n in 
iens wih urren r rir syi her fiure wih 
reue ejein frin wh hve  nriniin  ACEI 
r ARB use.15–17

Hyrzine n inxii reue  eriher resisne y 
 ire in n vsur sh use, inresing inreur 

nenrins f yi gunsine 3′,5′-nhshe (GMP). 
ese vsirs re s en h hey use  rfun iv-
in f rreers, eing  reex hyri, renin reese, 
n n inrese in ri uu. T iniize hyri n 
ui reenin, hese gens re fen inisere niny 
wih  β ker n   iurei, reseivey. Hyrzine hs 
een ssie wih eriher neurhy n rug-inue 
sysei uus eryhesus–ike synre. When hyr-
zine is inisere wih f, is iviiiy y ue n 
y use ri xiiy. Hyrzine shu e inisere 
nsiseny wih r wihu f. Minxii-inue verse 
ees inue hirsuis, nuse n viing, n eriri 
eusins.1 Te 22.13 shws he hrkineis n sge 
guieines fr he r vsirs.

Angina

Epidemiology, Etiology, and Pathophysiology

K E Y  P O I N T

Angina pectoris is a marker for myocardial ischemia.

Ishei her isese n nifes s ny ini vrins suh 
s se exerin ngin; unse (res, reinfrin, resen) 
ngin; rnry vsin; vsss ssie wih yi, 
vrin, r Prinze ngin; sien yri ishei, r MI. 
Angin eris (hes in) is  sy r rker f yri 
ishei. Ishei is ene s  k f xygen n erese r 
n  w  he yriu. Fr 199  2012, 3.4 i-
in Aerins ver he ge f 40 exeriene ngin eh yer.19

Wen fen iniiy resen wih ngin, wheres en resen 
wih MI. Crnry rery isese (CAD), when resen, ens  
e ess severe in wen hn en.

Angin eris n nifes wih  hevy weigh r ressure 
n he hes,  urning sensin, r shrness f reh. e hes 

TABLE 

22.12
Pharmacokinetics and Dosage Guidelines for α


-Adrenergic Receptor Antagonists

α
1
 Antagonist 

Generic Name 

(Brand Name) Elimination Routes

Peak 

Effect (hr)

Duration of 

Action (hr) Half-Life (hr)

Dosage Range 

(mg/day)

Daily 

Frequency

Doxazosin (Cardura) 63% feces, 9% urine 6 18–36 11 1–16 1

Prazosin (Minipress) 90% feces, 10% urine 1.5 8–10 2 3–40 2–3

Terazosin (Hytrin) 60% feces, 40% urine 2 24 14 1–20 1–2

TABLE 

22.13
Pharmacokinetics and Dosage Guidelines for Oral Vasodilators

Vasodilators Generic 

Name (Brand Name) Bioavailability (%)

Onset of 

Action (min)

Terminal 

Half-Life (hr)

Dosage Range 

(mg/day)

Daily 

Frequency

Hydralazine (Apresoline) 30–5 20–30 2–8

ESRD: 7–16

40–300 3–4

Minoxidil (Loniten) 90 30 3.5–4.2 5–100 1

ESRD, End stage renal disease.
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ighness r ressure n ur ver he sernu, ef shuer, 
n wer jw. Ches in n e reiie y hysi exer-
ise,   envirnen, r ein sress (nger). e urin 
f in inensiy y rnge fr  few inues  hf n hur. 
During ngin, n ine f yri xygen suy n 
yri xygen en urs. Frs h inrese yr-
i xygen en inue inrese her re, inrese sys-
i w fre r ensin, r inrese nriiy. Frs h 
erese yri xygen suy inue  erese in he n-
enrin f xygen (e.g., nei),  erese in rnry  
w (e.g., hrus), r iniiy f he yriu  exr 
xygen fr he .

Pharmacotherapy

K E Y  P O I N T

Pharmacotherapy for angina includes nitrates (e.g., nitroglycerin), β blockers, 

and calcium antagonists.

Phrhery fr ngin eris inues nires, β k-
ers, CCBs, n rnzine (Rnex). Rnzine ws rve y 
he US F n Drug Ainisrin (FDA) in 2006 fr he 
reen f hrni se ngin in inin wih i-
ine, β kers, r nires.20 21 Fr he ngeen f vsssi 
n hrni se ngin, iize, veri, iine, n 
nifeiine re inie. Fr he ngeen f ngin, β k-
ers re usuy se  hieve  resing her re f 50  60 
es/in n  xi exerise her re f 100 es/in. A 
iens wih ngin shu reeive iy sirin (75  100g/
y)  reven MI.20–22

Nitrates

Nirgyerin reues yri xygen en y using 
veniin f rnry reries n ers, resuing in 
erese en-isi ressures. Venus ees reine; 
hwever, nirgyerin n e reries  high ses. e eur 
ehnis f in f nires is eie in Fig. 22.2. Nires 
re inie fr ue reen r rhyxis f ngin, ue 
MI, ue her fiure, w-uu synres, n hyerensin 
(inrvenus). Nires y e inisere y vrius rues n 
re reiy vie in uie rerins, inuing r, inr-
venus, inen, rnser, rnsingu, n suingu -
es. Suingu nirgyerin is inie fr ue ngin reief. 
Suingu nirgyerin hs n nse f in f inues n 
urin f in f 30 inues. Suingu nirgyerin shu 
e inisere every 5 inues u  hree ses. If in reief is 
n hieve wihin 3  5 inues fer he rs se, eergeny 
re shu e sugh.22 Suingu es us wys e sre 
in heir rigin gss niner, n ny unuse es shu e 
isre 6 nhs fer he rigin niner is ene euse 
f ss f eny. Oher frs f nirgyerin re issrie 
inire (Isri) n issrie nnire (Iur, Is, n 

Mnke). Te 22.14 resens he hrkineis n sge 
guieines f nires.

Serius verse reins  nires re unn n invve 
iny he rivsur syse. e s frequen verse 
ees inue hyri, iins, sur hyensin, 
izziness, ushing, n hehe. Cse rers f iniy signi-
n eheginei re rre  nvenin ses. Mehe-
ginei frin is se ree n urs y he nirie 
in reing wih he ferrus hegin. Terne  he vsu-
r n ningin ees y ur fer 24 hurs f ninuus 
hery wih ny fruin. Beuse s eviene surs 
he enr re f GMP siuin in nire-inue vsi-
in, i hs een suggese h he erne resus fr sufhy-
ry eein  he nire reer. Sufhyry eein es  
reue S-nirshi ruin n  erese ruin f 
GMP. ereiy, inisrin f  sufhyry nr, suh 
s N-ey yseine r ri, y resre vsur resnse 
 nires. Inresing ses f nirgyerin vere erne, 
u his is shr ive. T iruven nire erne,  nire-
free inerv f 10  14 hurs is suggese. Nires re nrin-
ie in iens niny king hshieserse ye 
5 inhiirs fr ereie ysfunin, suh s sien (Vigr), 
vren (Levir), n  (Ciis), euse f rnune 
eniin f niri xie resuing in rfun hyensin, 
MI, n even eh.

Ranolazine

Rnzine is inie fr he reen f iens wih hrni 
ngin wh hve n hieve n eque resnse wih her 
ningin rugs. In 2012 he Aerin Cege f Cri-
gy Funin (ACCF) n he Aerin Her Assiin 
(AHA) suggese h rnzine y e sfey inisere fr 
syi reief, u i es n see  reue signiny 
rivsur eh, MI, r reurren ishei. Rnzine 
rvies ni-ishei ees h een he enes f 
CCBs, β kers, n nires. Ahugh he ex ehnis 
f hw rnzine exers is ningin n niishei ees 
is unknwn, i y ish h y seeivey inhiiing he 
e hse f he inwr siu hnne in ishei yyes, 
resuing in erese yri xygen nsuin.23 24 Rn-
zine inreses exerise erne, whih reues ngin frequeny 
n he nee fr eergen nirgyerin inervenins. In nrs 
 snr ningin eiins, rnzine es n er 
 ressure r her re. e inii u se f rnzine 
exene-reese es is 500 g wie iy, wih  xi 
se f 1g wie iy.

Averse reins serve wih rnzine inue izziness, 
iins, hehe, nsiin, nuse, in in, n 
eriher ee. S, reversie inreses in seru reinine 
n BUN hve s een serve wihu he iniene f ren 
xiiy. Rnzine is exree ririy in he urine (75%) n, 
  esser exen, in he fees (25%); hwever, he nufurer 
suggess h n sge jusens re neee in iens wih 

• Fig. 22.2 Mechanism of action of nitrates on smooth muscle relaxation. Nitrates are converted intracellu-

larly (denitration) to nitric oxide and 5-nitrosothiol. Nitric oxide interacts with and activates guanylyl cyclase 

to increase intracellular concentrations of cyclic guanosine 3′,5′-monophosphate (cGMP). Increased 

cGMP results in phosphorylation of various proteins, which reduces calcium (Ca++) release from the sarco-

plasmic reticulum, subsequently causing smooth muscle relaxation.
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ren iiren. Neverheess, iens wih ren iiren 
king rnzine were serve  hve  15- Hg inrese 
in  ressure—frequen  ressure niring is ru-
en in suh iens. Rnzine n rng he ri Q–T



inerv (Q–T inerv [urin f venriur eeri iviy], 
rree fr her re) n e iens  risk f rses e 
ines; his ee is se eenen. A se f 1g wie iy r-
ngs he Q–T


 y 6 se n is re rnune wih hei 

ysfunin. Rnzine is nrinie in iens wih ny 
egree f hei ysfunin r wh re reeiving her gens 
h rng he Q–T


. Bseine n fw-u eerrigr-

hy (ECG) shu e ee uring rnzine hery.
Rnzine is exensivey eize in he gu n iver y 

CYP3A4 n,   esser exen, y CYP2D6. CYP3A4 inhiirs, 
suh s kenze, unze, ries, iize, n ver-
i, n signiny inrese he s eves f rnzine 
n re nrinie. Rnzine is  susre f P-g, n i 
shu n e ken wih veri,  knwn inhiir f P-g. 

TABLE 

22.14
Pharmacokinetics and Dosage Guidelines for Nitrates

Name Dosage Forms Onset of Action (min) Duration of Action (hr) Initial Dosage

Nitroglycerin Buccal tablet, ER

Oral capsule, ER

Oral tablet, ER

Sublingual spray

Sublingual tablet

Intravenous solution

Topical ointment

Transdermal patch

Angina pectoris

• Oral ER: 20–45

• Sublingual: 1–3

• Topical ointment: 30–60

• Transdermal patch: 30–60

• Translingual spray: 2

• Perioperative hypertension

• IV: 1–5

Oral ER: 3–8

Sublingual: up to 1

Topical ointment: 7

Transdermal patch: 8–10

Transdermal spray: up to 1

Angina pectoris

• IV: 5–25mcg/min to response

• Oral capsule, ER: 2.5–9mg every 12hr; may 

increase to every 8hr if needed and if tolerated

• Topical ointment: 7.5–30mg applied twice daily 

to a 36-square-inch area of truncal skin

• Transdermal patch: 0.2–0.4mg/hr

• Sublingual tablet: 0.3–0.6mg every 5min, 3 

times

• Sublingual spray: 1–2 metered sprays onto or 

under the tongue; may repeat in 3–5min, with 

no more than 3 metered sprays in 15min

• Chronic heart failure

• IV: non-PVC tubing, 5mcg/min, initial titration 

should be in 5-mcg/min increments at intervals 

of 3–5min guided by patient response

• Perioperative hypertension

• IV: 5mcg/min, initial titration should be in 

5-mcg/min increments at intervals of 3–5min, 

guided by patient response

Isosorbide 

dinitrate

Oral capsule, ER

Oral tablet

Oral tablet, chewable

Oral tablet, ER

Sublingual tablet

Oral: 60

Oral tablet, chewable: 2–3

Sublingual tablet: 2–10

Oral: 8

Oral tablet, chewable: 2

Sublingual tablet: 1–2

Angina pectoris

• Oral tablet (immediate release): 5–20mg two or 

three times daily

• Oral tablet/capsule, ER: 40mg once or twice 

daily

• Oral tablet, chewable: 5–10mg every 2–3hr or 

as needed; titrate to effect

• Chronic heart failure

• Sublingual tablet: 5–15mg every 2–3hr

• Oral: 30–160mg/day in divided doses

Isosorbide 

mononitrate

Oral tablet

Oral tablet, ER

45–60 6–12 Angina pectoris

• Oral tablet (immediate release): 5–20mg twice 

or three times daily

• Oral tablet: 20mg every morning, then 20mg 

7hr later

• Oral tablet, ER: 30–60mg once daily

Myocardial infarction

• Oral tablet: 20mg once to three times daily

ER, Extended release; IV, intravenous; PVC, polyvinyl chloride.

Rnzine is  P-g inhiir n hs een shwn  inrese 
he s nenrin f igxin y 1.5-f. Rnzine is 
s n inhiir f CYP3A4 n CYP2D6, usiy inresing 
he s eves f rugs h re susres f hese enzyes, 
suh s sins, riyi nieressns, n nisyhis. Dse 
f sivsin shu e iie  20 g er y when king 
rnzine.24

Antithrombotic Agents

K E Y  P O I N T

Antithrombotic agents include anticoagulants (e.g., heparin, low-molecular-

weight heparin [LMWH], direct thrombin inhibitors [DTIs], factor Xa inhibitors, 

and coumarins); antiplatelet agents (e.g., aspirin, dipyridamole, cilostazol, 

pentoxifylline, ticlopidine, clopidogrel, prasugrel, ticagrelor, cangrelor, 

glycoprotein [GP] IIb/IIIa inhibitors, and vorapaxar); and thrombolytic agents 

(i.e., agents that lyse clots, such as streptokinase and alteplase).
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(rinysis).26 rses re iniie y n injury  he en-
hei w f  rnry vesse. When injury urs, he ni-
gue enhei surfe is isrue, n he highy rg-
un suenhei surfe is exse. Insnneusy ees 
ggrege in resnse  he reese f hei susnes, 
suh s hrxne A

2
; his is fwe y ee hesin 

 he suenhei vesse surfe, reresening he inii se 
in  frin. Pee hesin is eie iny y vn 
Wiern fr, whih is resen in he suenheiu n is 
ivey reruie when he suenheiu is injure. Ahere 
ees re exse  ny suenhei reins, suh s -
gen n hrin. Cgen n hrin s re e-
e ivin. Aive ees reese ee gniss suh s 
ensine ihshe (ADP), nreinehrine, sernin, n 
rhini eies, iiging n ifying ee ggre-
gin n fring n unse hrus r ee ug.

e s irn nsequene f ee ivin is he 
exressin f ee reer gyrein (GP) II/III n he 
ees surfe, wing ining  ringen. Firingen 
ins  he w GP II/III eues, using  rss-inking f 
reers n jen ees n iniiing ee ggregin. 
Triggers eing ee ggregin n heir ngniss re 
eie in Fig. 22.3. Firingen is nvere in rin n-
ers y he in f hrin; his is he n se in  fr-
in. Hessis is ee when he rin  ees 
insue wihin he vesse. is se rin  is he en resu 
f he guin se. Uner nr niins, uie 
inhiirs n nr ehniss kee hese reins ize 
 he sie f he injury.

e rin  uiey us e reve fr hessis  
e inine. Aivin f he rinyi syse y issue s-
ingen ivrs (PAs), whih re resen in s y uis 
n issues, resus in he nversin f singen  sin, 
iniiing he issuin f rin n ringen. e rekwn 
f ringen n rin resus in yeies ere brin split
r brinogen degradation products (FDPs). FDPs re ni-
gun susnes h n use eeing, if rinysis ees 
unnre n exessive. D-dimers re frgens f sin-
igese, rss-inke rin h inrese in nenrin fer 
he nse f rinysis. B esing fr D-ier frgens y 
ssis in he ignsis f hgeni venus hreis 
(VTE). e exrinsi n inrinsi hwys f he guin 
syse27 re eie n esrie in Fig. 22.4

Anticoagulant Agents

Heparins: Unfractionated Heparin and Low-Molecular-
Weight Heparin

Herin is  nnini sufe gysingyn nigu-
n nury resen in he serery grnues f hun s 
es. When herin is reese fr s es, i is ingese n 
esrye y rhges. Herin is n eee in s 
exe in hgi irusnes (e.g., sysis). Cer-
iy vie unfrine herin (UFH), r siy heparin,
is inie fr revenin n reen f VTE, revenin 
n reen f unry eis (PE), reen f ri 
riin wih eizin, ignsis n reen f issei-
ne inrvsur guin, n rhyxis n reen f 
eriher reri eis.

Herin is exre fr rine inesin us r vine 
ungs; hwever, euse f he high rensiy f hryeni 

List of Antithrombotic Agents

Anticoagulant Agents

Parenteral Anticoagulants
• High-molecular-weight heparin

• Unfractionated heparin

• Low-molecular-weight heparins

• Dalteparin (Fragmin)

• Enoxaparin (Lovenox)

• Selective factor Xa inhibitor

• Fondaparinux (Arixtra)

• Direct thrombin inhibitors

• Argatroban

• Bivalirudin (Angiomax)

• Desirudin (Iprivasc)

• Lepirudin (Reudan)

Oral Anticoagulants
• Warfarin sodium (Coumadin)

• Direct thrombin inhibitor

• Dabigatran (Pradaxa)

• Selective factor Xa inhibitors

• Apixaban (Eliquis)

• Rivaroxaban (Xarelto)

• Edoxban (Savaysa)

• Betrixaban (Bevyxxa)

Antiplatelet Agents

• Aspirin

• Clopidogrel (Plavix)

• Prasugrel (Efent)

• Ticagrelor (Brilinta)

• Cangrelor (Kangreal)

• Cilostazol (Pletal)

• Dipyridamole (Persantine)

• Aspirin and extended-release dipyridamole (Aggrenox)

• Ticlopidine HCl (Ticlid)

• Vorapaxar (Zontivity)

• Glycoprotein IIb/IIIa inhibitors

• Abciximab (ReoPro)

• Eptibatide (Integrilin)

• Tiroban (Aggrastat)

Thrombolytic Agents

• Alteplase (Activase)

• Reteplase (Retavase)

• Streptokinase (Streptase)

• Tenecteplase (TNKase)

• BOX 22.1

Antithrombotics y e ene s gens h reven r rek 
u  s in niins suh s hrsis r eis. 
ree egries f nihri gens re urreny vie 
in he Unie Ses: niguns, niees, n hr-
yis. Anigun gens wrk y revening he frin f 
he rin  n revening furher  frin in rey 
exising hri. Aniee gens inhii he in f ees 
in he inii sge f he ing ress. ryis rek 
u hri y egring rin. Bx 22.1 iss urreny vie 
nihri gens.25

Formation and Elimination of Acute 
Coronary Thrombus

Uner nr niins, he y inins n equiiriu 
se eween  frin (hrsis) n  rekwn 
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• Fig. 22.3 Triggers affecting platelet aggregation and their antagonists. Numerous agonists can mitigate 

platelet activation, which can be inhibited by drugs with corresponding mechanisms of action. Expression 

of the platelet receptor glycoprotein (GP) IIb/IIIa on the platelet surface causes brinogen to bind to the 

platelet and subsequent linking of the two platelets (aggregation). This is the nal common pathway to 

platelet aggregation. ASA, Aspirin; DTIs, direct thrombin inhibitors; LMWH, low-molecular-weight heparin; 

SSRIs, selective serotonin reuptake inhibitors.

• Fig. 22.4 Extrinsic and intrinsic pathways of the coagulation system. The coagulation system is divided 

into the intrinsic pathway and extrinsic pathway. The intrinsic or contact activation pathway is activated by 

trauma or infection, which causes inammatory proteins to be released in the circulation. The main role of 

the extrinsic pathway is to initiate coagulation during hemostasis. In the presence of calcium, the activated 

forms of factors X and V catalyze the conversion of prothrombin to thrombin.
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wih he vine ung erivive, ny he rine erivive is ru-
iney eye in rie. Herin serves s  ys h e-
eres he re f he hrin--nihrin III rein y  
es 1000-f y serving s  yi ee  whih h 
in, resuing in  ernry ex (herin, hrin, n ni-
hrin). Anihrin III is  rge rein (5,000 D) h is 
synhesize in he iver n is knwn s  suicide substrate. Herin 
is  high-eur-weigh ex uyshrie nin-
ing sei enshrie unis n rxiey 45 ns-
hrie sie hins wih  en eur ss f 12,000 D 
(rnge 5,000  30,000 D).2–30

Ms f he nshrie sie hins f UFH re re hn 
1 nshries ng n re neessry  fr he ernry 
ex. Herin eues h ssess ess hn 1 ns-
hrie unis (ess hn 5400 D)  n yze he hrin-
-nihrin III rein. Hwever, he herin eues h 
inue ess hn 1 nshries yze  nfrin 
hnge n nihrin III h inhiis he ees f fr X 
(Sur fr) n es n require  ernry ex. LMWHs 
re genery u 4500 D (rnge 1000  10,000 D) n n-
in 15 nshrie unis n  n fr  ernry ex. 
eir nigun iviy is exhiie vi fr X inhiiin. 
Beuse fr X urs erier in he guin se, he 
inhiiin f  singe eue f fr X revens husns f 
hrin eues fr fring. e nifr X/nifr 
II ri f UFH is 1 : 1; he ni-fr X/ni-fr II ri 
f LMWH rnges fr 2 :1 (erin)  3. : 1 (enxrin). 
Herin s inhiis he nversin f ringen  rin n 
inhiis he ivin f fr XIII, revening he frin 
f  se rin . LMWH is sue  suress vn Wi-
ern fr, whih inreses ee ggregin, n  siu-
e he reese f issue fr hwy inhiir, whih inhiis 
fr X.

LMWHs inue erin (Frgin) n enxrin 
(Lvenx). In nrs  LMWHs, UFH ins exensivey  
s reins suh s GPs, virnein, ireins, ringen, 
ee reins, ue-hse ren reins, n enhei 
es, yieing r UFH iviiiy n n unreie 
ee. e reie iviiiy f LMWHs ws fr su-
uneus inisrin fr  iniins. UFH is inisere 
suuneusy fr VTE rhyxis u us e inisere s 
 ninuus infusin fr serius iniins suh s MI n  
iniize he risk f herrhge.

Herin (UFH) is ere fser n requires re frequen 
sing r n inrvenus ninuus infusin. e hf-ife f 
UFH is rxiey 30  60 inues, wheres he hf-ife f 
LMWH is 4  5 hurs, wing fr ne-iy r wie-iy 
LMWH inisrin. e nse f in f herin is wihin 6 
hurs f iniiin f  ninuus infusin. LMWH ie  ek 
nifr X iviy is 2  5 hurs. Eh eriy vi-
e LMWH is synhesize y ieren ehniss, ssesses 
erey ieren hrkinei n hryni 
hrerisis, n hs ieren FDA-rve iniins n 
se regiens; hese gens re n inerhngee. Te 22.15
resens he hrkinei reries n se reers fr 
 herins.

Aive ri hrsin ie (PTT) is use  ni-
r he ees f herin euse i is sensiive  he inhiiry 
ees f hrin, fr X, n fr IX n rrees wih 
herin eves. When he nenrin f s herin is 0.1 
 1U/L, PTT n hrin ie re rnge. e g 
f herin hery is  reven unwne ing wihu n 

inrese risk f herrhge. is g y e ishe y 
inining PTT eween 1.5 n 2 ies he uer ii f 
he nr vue. PTT shu n e use  nir LMWHs. 
e ee f LMWHs y e nire n he sis f nifr 
X eves; hwever, euse he reinshi eween nifr X 
eves n ini ues is enuus, ruine esureen is 
n inie n shu e reserve fr sei uins, suh 
s iens wih ren isese, ese iens, n unerweigh 
iens.29

Mre reeny, here hs een  jr hnge in he United 
States Pharmacopeia (USP) ngrh f UFH. As  resu f he 
herin ninin re enunere fr 2007  2009, 
 new referene snr fr herin n  new es  eerine 
eny were esishe y he FDA. ese hnges hve resue 
in n esie 10% reuin in nigun iviy f UFH, 
whih ws vie. Beuse f his erese in eny, he inr-
venus se f UFH y nee  e inrese  hieve rge 
PTT, n re frequen r inensive PTT niring y e 
require. N se jusen is neee fr suuneus in-
isrin f UFH.30

Averse ees inue y UFH n LMWHs inue ee-
ing, he, ery hryeni, eye hry-
eni wih r wihu whie  synre, hyerkei, se-
rsis (wih rnge use), n inrese in iver enzye ess 
(LETs). An inrese in LETs y ur in 10%  30% f iens 
reeiving LMWHs r high-eur-weigh herins. Hwever, 
he inrese in LETs sees enign n hs n een ssie 
wih ny ses f hei sequee. Ery-nse herin-inue 
hryeni ye 1 (HIT-1) nifess wih  erese in 
ees f rxiey 50,000/3. e erese in ees 
is rnsien n innsequeni. Deye-nse herin-inue 
hryeni ye 2 (HIT-2) is ue  he frin f ni-
ee niies eween ys 6 n 12.

If  ien hs herin-eenen niies resen in s 
fr revius herin exsure, HIT-2 y ur  ny ie. 
HIT-2 is eenen n ee fr-4 ining. ese ee 
niies ggrege n fr he sis fr he rxi he-
rin-inue whie  synre. e whie  synre is  
ei eergeny h y nifes s PE, MI, srke, ren r 
hei hrsis, r skin nersis n gngrene. e ignsis 
f HIT-2 is ini n y e nre y sever rry 
ess. Cini ignsis f HIT-2 inues  signin reu-
in in he ee un f greer hn 50%,  erese in he 
ee un  ess hn 100,000/3, r h. Osensiy he 
risk f hryeni is grees wih UFH n wes wih 
LMWHs; hwever, LMWHs nn e inisere s n er-
nive  herin euse f greer hn 95% rss-reiviy.31

Curren reen ins fr HIT-2 inue he ire hr-
in inhiirs (DTIs) rgrn, n iviruin, he nigu-
n nri h is n urreny vie in he Unie Ses, 
seeive fr X inhiir fnrinux, r  ire r ni-
gun (DOAC) suh s rivrxn, ixn, igrn, r 
exn.31

e nie fr herin is rine sufe. Prine sufe 
is erive fr he ser f ure eses f sn n ree 
seies. Prine is eersiive n riy ins  he ee-
rnegive herin  fr ss h hve n nigun ee. 
Prine s uses  issiin f herin–nihrin III 
exes in fvr f  herin-rine ex. e re-
ene neurizing se f rine is 1g fr every 100U 
f herin, u    f rine 50g er se. Prine 
shu e inisere y sw inrvenus infusin ver  es 



372 UNIT C Critical Care, Cardiovascular, and Polysomnography Agents

T
A

B
L

E
 

2
2

.1
5


P

h
a

rm
a

co
k

in
e

ti
c 

P
ro

p
e

rt
ie

s 
a

n
d

 D
o

sa
g

e
 G

u
id

e
li

n
e

s 
o

f 
H

e
p

a
ri

n
s

H
e
p

a
ri

n
 

F
o
rm

u
la

ti
o
n

M
o
le

cu
la

r 

W
e
ig

h
t 

(D
a
)

A
n

ti
-X

a
/

A
n

ti
-I

Ia
 R

a
ti

o

H
a
lf

-L
if

e
 

(m
in

)

D
O

S
A

G
E

P
ro

p
h
yl

a
xi

s
Tr

e
a
tm

e
n

t

D
al

te
p
ar

in
 

(F
ra

g
m

in
)

4
0
0
0
–

6
0
0
0

2
:1

1
1
9
–

1
3
9

G
en

er
al

 s
u
rg

er
y:

 5
0
0
0
U

 e
ve

ry
 2

4
h

r

H
ip

/k
n
ee

 o
rt

h
op

ed
ic

 s
u
rg

er
y:

5
0
0
0
 u

n
it
s 

on
ce

 d
ai

ly
 w

it
h
 in

it
ia

l d
os

e 
ad

m
in

is
te

re
d
 ≥

1
2
 

h
ou

rs
 p

re
op

er
at

iv
el

y 
or

 p
os

to
p
er

at
iv

el
y 

on
ce

 h
em

os
ta

si
s 

is
 a

ch
ie

ve
d
 o

r 
2
5
0
0
 u

n
it
s 

p
re

- 
or

 p
os

to
p
er

at
iv

el
y 

w
it
h
 a

 

m
ai

n
te

n
an

ce
 d

os
e 

of
 5

0
0
0
 u

n
it
s 

on
ce

 d
ai

ly

A
cu

te
 m

ed
ic

al
 il

ln
es

s:
 5

0
0
0
U

 e
ve

ry
 2

4
h

r

2
0
0
U

/k
g
 e

ve
ry

 2
4
h

r 
or

 1
0
0
U

/k
g
 e

ve
ry

 1
2
h

r

K
id

n
ey

 im
p
ai

rm
en

t:
 N

o 
sp

ec
i

c 
d
os

ag
e 

ad
ju

st
m

en
t 

re
co

m
m

en
d
ed

E
xt

en
d
ed

 V
T
E
 t

re
at

m
en

t 
in

 p
at

ie
n
ts

 w
it
h
 c

an
ce

r:

D
ay

s 
1
–

3
0
: 2

0
0
U

/k
g
 e

ve
ry

 2
4
h

r

M
on

th
s 

2
–

6
: 1

5
0
U

/k
g
 e

ve
ry

 2
4
h

r

U
n
st

ab
le

 a
n
g
in

a 
or

 n
on

-Q
 w

av
e 

M
I: 

1
2
0
U

/k
g
 (

m
ax

im
u
m

 o
f 

1
0
,0

0
0
U

) 
ev

er
y 

1
2
h

r 
w

it
h
 c

on
cu

rr
en

t 
as

p
ir

in
 t

h
er

ap
y 

u
n
ti
l 

cl
in

ic
al

ly
 s

ta
b
le

E
n
ox

ap
ar

in
 

(L
ov

en
ox

)

3
5
0
0
–

5
5
0
0

3
.8

:1
1
2
9
–

1
8
0

G
en

er
al

 s
u
rg

er
y:

 4
0
m

g
 e

ve
ry

 2
4
h

r;
 f

or
 C

rC
l <

3
0
m

L/
m

in
 u

se
 

3
0
 e

ve
ry

 2
4
h

r

O
rt

h
op

ed
ic

 s
u
rg

er
y:

 3
0
m

g
 e

ve
ry

 1
2
h

r 
(T

K
R

/T
H

R
);

 4
0
m

g
 

ev
er

y 
2
4
h

r 
(T

H
R

 o
n
ly

);
 if

 C
rC

l <
3
0
m

L/
m

in
, u

se
 3

0
m

g
 

ev
er

y 
2
4
h

r

A
cu

te
 m

ed
ic

al
 il

ln
es

s:
 4

0
m

g
 e

ve
ry

 2
4
h

r;
 if

 C
rC

l <
3
0
m

L/
m

in
 

u
se

 3
0
m

g
 e

ve
ry

 2
4
h

r

A
cu

te
 D

V
T:

 1
m

g
/k

g
 e

ve
ry

 1
2
h

r 
or

 1
.5

m
g
/k

g
 e

ve
ry

 2
4
h

r

K
id

n
ey

 im
p
ai

rm
en

t:
 C

rC
l <

3
0
m

L/
m

in
 u

se
 1

m
g
/k

g
 e

ve
ry

 2
4
h

r

S
T
E
M

I:

A
g
e 

<
7
5
 y

ea
rs

: 3
0
m

g
 IV

 b
ol

u
s 

p
lu

s 
1
m

g
/k

g
 S

Q
 e

ve
ry

 1
2
h

r

A
g
e 

≥
7
5
 y

ea
rs

: 0
.7

5
m

g
/k

g
 S

Q
 e

ve
ry

 1
2
h

r

N
S

T
E
M

I: 
1
m

g
/k

g
 S

Q
 e

ve
ry

 1
2
h

r 
in

 c
on

ju
n
ct

io
n
 w

it
h
 o

ra
l 

as
p
ir

in

Fo
n
d
ap

ar
in

u
x 

(A
ri

xt
ra

)

1
7
2
8

N
A

G
en

er
al

 s
u
rg

er
y 

(a
d
u
lt
s 

≥
 5

0
k

g
): 

2
.5

m
g
 d

ai
ly

 b
eg

in
n
in

g
 

6
–

8
h

r 
af

te
r 

su
rg

er
y

H
ip

 o
r 

kn
ee

 o
rt

h
op

ed
ic

 o
p
er

at
io

n
s:

 2
.5

m
g
 e

ve
ry

 2
4
h

r 

b
eg

in
n
in

g
 6

–
8
h

r 
af

te
r 

su
rg

er
y

A
cu

te
 m

ed
ic

al
 il

ln
es

s:
 2

.5
m

g
 e

ve
ry

 2
4
h

r

W
ei

g
h
t 

≤
 5

0
k

g
: 5

m
g
 e

ve
ry

 2
4
h

r

W
ei

g
h
t 

5
0
–

1
0
0
k

g
: 7

.5
m

g
 e

ve
ry

 2
4
h

r

W
ei

g
h
t 

>
1
0
0
k

g
: 1

0
m

g
 e

ve
ry

 2
4
h

r

K
id

n
ey

 im
p
ai

rm
en

t:
 C

rC
l <

3
0
m

L/
m

in
: c

on
tr

ai
n
d
ic

at
ed

U
n
fr

ac
ti
on

at
ed

 

H
ep

ar
in

 

(U
FH

)

1
0
,0

0
0
–

1
5
,0

0
0

1
:1

3
0
–

1
5
0
*

5
0
0
0
U

 e
ve

ry
 8

–
1
2
h

r
D

V
T
/P

E
:

IV
: 8

0
 u

n
it
s/

kg
 (

or
 5

0
0
0
 u

n
it
s)

 IV
 p

u
sh

 f
ol

lo
w

ed
 b

y 
co

n
ti
n
u
ou

s 

in
fu

si
on

 o
f 

1
8
 u

n
it
s/

kg
/h

r 
(o

r 
1
3
0
0
 u

n
it
s/

h
r)

S
Q

 (
O

u
tp

at
ie

n
t 
Tr

ea
tm

en
t)

:

In
it
ia

l: 
3
3
3
 u

n
it
s/

kg
 t

h
en

 2
5
0
 u

n
it
s/

kg
 e

ve
ry

 1
2
h

r

S
T
E
M

I: 
B

ol
u
s 

of
 6

0
 u

n
it
s/

kg
 (

m
ax

im
u
m

: 5
0
0
0
 u

n
it
s)

, t
h
en

 

1
2
 u

n
it
s/

kg
/h

r 
(m

ax
im

u
m

: 1
0
0
0
 u

n
it
s/

h
r)

 a
s 

co
n
ti
n
u
ou

s 

in
fu

si
on

, w
it
h
 t

ar
g
et

 a
P

T
T
 o

f 
1
.5

–
2
 t

im
es

 u
p
p
er

 li
m

it
 o

f 

co
n
tr

ol
 (

5
0
–

7
0
s

ec
)

N
S

T
E
M

I: 
In

it
ia

l b
ol

u
s 

of
 6

0
 u

n
it
s/

kg
 (

m
ax

im
u
m

 o
f 

5
0
0
0
 u

n
it
s)

 

fo
llo

w
ed

 b
y 

1
2
 u

n
it
s/

kg
/h

r 
(m

ax
im

u
m

 o
f 

1
0
0
0
 u

n
it
s/

h
r)

. 

D
os

ag
e 

ad
ju

st
m

en
t 

to
 c

or
re

sp
on

d
 t

o 
th

er
ap

eu
ti
c 

ra
n
g
e 

eq
u
iv

al
en

t 
w

it
h
 t

ar
g
et

 a
P

T
T
 o

f 
1
.5

–
2
 t

im
es

 u
p
p
er

 li
m

it
 o

f 

co
n
tr

ol
 (

5
0
–

7
0
s

ec
)

*H
al

f-
lif

e 
of

 U
FH

 h
as

 s
at

ur
ab

le
 b

in
di

ng
, a

nd
 h

al
f-

lif
e 

in
cr

ea
se

s 
w

ith
 d

os
es

 m
or

e 
th

an
 4

0
0

U
/k

g.

aP
T

T,
 A

ct
iv

at
ed

 p
ar

tia
l 

th
ro

m
bo

pl
as

tin
 t

im
e;

 C
rC

l, 
cr

ea
tin

in
e 

cl
ea

ra
nc

e;
 D

V
T,

 d
ee

p 
ve

in
 t

hr
om

bo
si

s;
 I

V,
 i

nt
ra

ve
no

us
 a

dm
in

is
tr

at
io

n;
 M

I, 
m

yo
ca

rd
ia

l 
in

fa
rc

tio
n;

 N
A

, 
no

t 
av

ai
la

bl
e;

 N
S

T
E

M
I,
 n

on
–

S
T 

se
gm

en
t 

el
ev

at
io

n 
m

yo
ca

rd
ia

l 
in

fa
rc

tio
n;

 P
E

, 
pu

lm
on

ar
y 

em
bo

lis
m

; 

S
Q

, 
su

bc
ut

an
eo

us
 a

dm
in

is
tr

at
io

n;
 S

T
E

M
I,
 S

T 
se

gm
en

t 
el

ev
at

io
n 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 T

H
R

, 
to

ta
l h

ip
 r

ep
la

ce
m

en
t;

 T
K

R
, 

to
ta

l k
ne

e 
re

pl
ac

em
en

t;
 V

T
E

, 
ve

no
us

 t
hr

om
bo

em
bo

lis
m

.



373  CHAPTER 22 Drugs Aecting Circulation: Antihypertensives, Antianginals, Antithrombotics

1  3 inues  reven hyensin, ryri, r ysne. 
Piens wh hve reviusy reeive rine-nining 
insuin, hve unergne  vsey, r hve  knwn sensiiv-
iy  sh r eiins erive fr sh (inin-sn, 
 wer sh is nining eg-3 fy is, n yser 
she–erive iu sueens) re  n inrese risk fr 
exeriening ergi reins suh s nhyxis n eve-
ing nirine niies.26 Exessive rine y  s 
n nigun, resuing in eeing iins;  refu 
unerse sregy is suggese. ere is n rven eh fr 
neurizing LMWHs. Prine sees  neurize rxi-
ey 60% f he nifr X iviy f LMWHs. UFH y 
e he referre rener nigun in iens wh re  
risk fr iniy signin eeing, suh s iens wih en-
sge ren isese reeiving heiysis reens.

Direct Thrombin Inhibitors

ere re fur highy sei rener DTIs n ne ry vi-
e DTI. Digrn (Prx), he ny ry vie DTI, 
is use fr ee vein hrsis (DVT) serive rhy-
xis in knee n hi surgery iens, reen f DVT n PE, 
n revenin f srke n sysei eis in iens wih 
nnvvur ri riin. Prener DTIs inue iviru-
in (Angix), whih is inie fr unse ngin, n rg-
rn (Argr), whih is inie fr rhyxis r reen 
f hrsis in iens wih HIT-2. Desiruin (Irivs) n 
eiruin (Reun) re w iin rener DTIs h re n 
nger vie n he US rke. DTIs exer heir nigu-
n ees y irey inhiiing he ees f hrin n  sus-
ine rin . One eue f  DTI ins  ne eue 
f hrin. DTIs re ineenen f nihrin III reins 
n re n inhiie y ee fr IV. PTT is use  ni-
r he ees f DTIs n is genery inine  u 1.5  
2.5 ies he uer ii f he nr.

e s n verse ees f DTIs re inr n 
jr herrhge. DTIs y use ergi skin reins n 
nhyi reins nifesing wih rnhss, srir, 
n ysne. ere re n rven nies fr he rener 
DTIs. Hwever, here y e  re fr reinn hun f-
r VII (rFVII; NvSeven) in DTI eeing xiiies. rFVII is 
ne fr hser kiney es; i is  viin K–eenen GP 
(eur ss 50 D) sruury siir  hun s–
erive fr VII. rFVII n ive fr IX  IX n fr 
X  X, nvering rhrin  hrin n ringen  
rin n fring  hesi ug.

Argrn is  synhei gen erive fr l-rginine h 
reversiy ins  he hrin ive sie. I is inisere 
hrugh ninuus inrvenus infusin. e hf-ife f rg-
rn is 30  50 inues. e rue f eiinin is ririy 
vi he hei CYP3A4/5 isenzye syse, n he eni 
fr rug inerins exiss wih CYP3A4/5 inhiirs n inu-
ers. ere re fur rgrn hei eies; ny M1 is 
ive. I is u hreef  vef weker hn he ren 
rug n is resen  0%  20% reive  he ren. e 
reene inii se f rgrn is 2g/kg/in f y 
weigh u  130kg. PTT shu e ine 1  3 hurs fer 
iniiin. e se shu e juse uni sey-se PTT 
is 1.5  3 ies he inii seine vue u es n exee 
100 sens   xiu f 10g/kg/in. In riiy i 
iens r iens wih hei ysfunin, he inii se f 
rgrn shu e reue  0.2g/kg/in r 0.5g/kg/
in. e ees f rgrn re n signiny inuene 

y ren iiren, n sge jusens re unneessry in 
his seing.

When use in inin wih wrfrin, eseiy  ses 
exeeing 2g/kg/in, rgrn hs he eni  rng 
he INR eyn h f wrfrin ne. Hwever, rgrn 
exers n iin ees n viin K–eenen fr X 
iviy. Sei wrfrin sing nsierins re require when 
niny using rgrn n wrfrin.

Direct Oral Anticoagulant Agents

Ahugh wrfrin is very eeive in revening hrei 
evens, is nrrw hereui inex n hrgeni vri-
iiy ise he nee fr ruine niring n iery resri-
ins. erefre, he ques ninues fr he eveen f n 
ie nigun f siir rising riues f wrfrin, 
u wihu he unesire ses, suh s he risk f eeing. 
Wihin  ee, fur r niguns (OACs) hve een e 
vie n he Aerin rke:  DTI, igrn (Prx), 
n hree ire X inhiirs, rivrxn (Xre), ixn 
(Eiquis), n exn (Svys). A furh ire X inhiir, 
erixn (Bevyxx), ws rve in 2017 u reine n he 
rke fr jus uner 3 yers efre is ruin ws isnin-
ue. An verview f he hrgy f he ire r ni-
guns (DOACS)32–36 is rvie in Te 22.16.

Digrn eexie is  DTI. As  rrug, igrn eexi-
e is riy nvere  igrn un r inisrin 
n hieves  xiu s nenrin (T

x
) wihin 2  

3 hurs. When inisere ry igrn eexie hs re-
ivey w iviiiy f 7.2%, uning fr he high ses 
h re neee  inin hereui s nenrins. 
e hf-ife f igrn is 14  17 hurs. Digrn is re-
inny exree in he kineys (u  0%) n in he fees.32

Ahugh is eis is ineenen f CYP, eni rug 
inerins wih quinine, quiniine, veri, n wih P-g 
inhiirs n/r inuers hve een rere. When ig-
rn is use fr srke revenin in nnvvur ri riin 
iens, he reene se is 150g wie iy. Hwever, 
iens shu reeive 50% f he reene se (75g 
wie iy) fr srke revenin if CrC fs eween 15  
30L/in  vi igrn uuin n eni risk 
f eeing.32 e se shu e s reue  75g wie 
iy if he CrC is 30  50L/in n he ien is n n-
in rnerne r kenze, n i shu e vie 
in iens wh re king ny P-g inhiirs wih CrC <30L/
in r ny iens wh re king ny P-g inuers suh s 
rifin. In iens wh re ignse wih ue DVT r PE 
n hve reeive 5  10 ys f rrie rener ni-
gun, he igrn se in iens wih CrC >30L/in 
is 150g wie iy n is n reene fr iens wih 
CrC <30L/in r iens wih CrC <50L/in wh re 
king nin P-g inhiir, r ny iens h re king 
P-g inuers. Fr he revenin f DVT r PE fer hi ree-
en surgery, iens shu reeive  ne-ie se f 110 g 
fr he rs y, fwe y 220 g iy, if CrC > 30 /in. 
N sing reenin is vie fr iens wih CrC ≤ 
30 /in. I shu e vie in iens n heiysis in 
 iniins. Unike wrfrin, igrn es n require ru-
ine  es niring n iery resriins. In he RE-LY 
ri ring he ey n sfey f igrn n wrfrin, 
h rugs ensre  siir ey n sfey re. e 
re f serius eeing ws siir eween he w rugs n 
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TABLE 

22.16

Direct Oral Anticoagulants Indications, Dosage Guidelines, Pharmacokinetics, Cautions, and Reversal for 

Elective Surgery

Apixaban Rivaroxaban Dabigatran

Brand name Eliquis Xarelto Pradaxa

FDA indication(s) Thromboembolism treatment and 

prophylaxis, stroke prevention in 

nonvalvular atrial brillation

Thromboembolism treatment and 

prophylaxis, stroke prevention in 

nonvalvular atrial brillation, reduction 

of risk of major cardiovascular and 

thrombotic vascular events

Thromboembolism treatment and 

prophylaxis, stroke prevention in 

nonvalvular atrial brillation

Dosage

Stroke prevention in 

nonvalvular atrial 

brillation

5mg twice daily (2.5mg twice daily 

if two of the following: age ≥80 

years, body weight ≤60kg, or 

serum creatinine ≥1.5mg/dL)

20mg daily with evening meal (15 mg 

daily with evening meal if CrCl 15–50 

mL/min)

150mg twice daily (75 mg twice 

daily if CrCl 15–30 mL/min)

DVT/PE treatment 10mg twice daily for 7 days then 

5mg twice daily

15mg twice daily for 3wk then 20mg 

daily with food

150mg twice daily (after 5–10 days 

parenteral anticoagulation)

DVT/PE prophylaxis 2.5mg twice daily

(If used for prevention of recurrent 

DVT or PE, start 6 months after 

previous treatment for DVT or PE)

10mg daily 110 mg x 1 dose, 220 mg daily 

starting on the following day 

(after total hip replacement 

surgery)

Pharmacokinetics/Pharmacodynamics

Cmax (hr) 3–4 2–4 1–2

Bioavailability 50% 80%–100% 3%–7%

Volume of distribution (L) 21 50 50–70

Protein binding 87% 92%–95% 35%

Half-life (hr) 12 5–9; 11–13 elderly 12–17; 14–17 elderly

Clearance 25% renal, 75 % biliary 60% renal, 33% biliary 80% renal

Metabolism CYP3A4 CYP3A4, CYP2J2 Hepatic glucuronidation

P-glycoprotein substrate Yes Yes Yes

Drug interactions Avoid with strong dual inhibitors 

of P-gp and CYP3A4 if already 

taking 2.5mg twice daily

Avoid with strong CYP3A4 inhibitors 

or inducers; avoid with strong dual 

inducers of P-gp and CYP3A4; avoid 

with dual strong inhibitors of P-gp 

and CYP3A4

Avoid with P-gp inducers; avoid with 

P-gp inhibitors

Cautions

Boxed warning D/c therapy increases risk of 

thrombotic events; epidural or 

spinal hematomas may occur if 

used while receiving neuraxial 

anesthesia or spinal puncture

D/c therapy increases risk of thrombotic 

events; epidural or spinal hematomas 

may occur if used while receiving 

neuraxial anesthesia or spinal 

puncture

D/c therapy increases risk of 

thrombotic events

Insert or remove a spinal epidural 

or lumbar puncture when 

anticoagulant effect is low

Contraindications Active bleed, hypersensitivity, 

prosthetic heart valve

Active bleed, hypersensitivity Active bleed, hypersensitivity, 

mechanical prosthetic heart valve

Reversal for elective 

surgery

High bleeding risk procedure: d/c at 

least 48hr prior

Low bleeding risk procedure: d/c at 

least 24hr prior

D/c at least 24hr prior CrCl≥ 50mL/min, d/c 1–2 days prior 

CrCl< 50mL/min, d/c 3–5 days 

prior

igrn ws ssie wih fewer srkes hn wrfrin.37 Afer 
igrns rv,  rge nuer f rers f eeing were 
suie  he FDAs Averse Evens Rering Syse (AERS) 
se,  srkeing surveine rgr. In he  ssess-
en, igrn ws ssie wih  wer risk f -ree 
srkes, eeing in he rin, n eh hn wrfrin. Hwever, 

he suy fun n inrese risk f jr gsrinesin ee-
ing wih use f igrn re wih wrfrin. e MI risk 
ws siir fr wrfrin n igrn. is es ning ini-
e h he serve eeing res ssie wih new use f 
igrn i n er  e higher hn he eeing res 
ssie wih he use f wrfrin, whih resne wih he 
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RE-LY suy.3 Digrn is nrinie in iens wih 
ive eeing, iens wih ehni rshei her vves, 
n iens wih serius hyersensiiviy  ny nens f 
is fruin.32 An verview f igrn hrgy is r-
vie in Te 22.16

Rivrxn is  ire fr X inhiir wih  eiive 
n reversie ining  fr X. Unike igrn, rivrx-
n hs  high r iviiiy f 60%  0% n  T

x
 f 

3 hurs un r ingesin. Ineresingy, suies h shwn h 
rivrxn exhiie  sighy wer ni-X iviy in fsing 
iens re wih iens wh were fe; herefre, i is re-
ene  iniser wih f fr  rivrxn se equ 
r greer hn 15g. Fr iens wh nn sww whe 
es, he nufurers eing ses he 10 g, 15g, n 
20g es y e rushe n ixe wih wer r e-
sue. e ixure is se fr u  4 hurs. e hf-ife f 
rivrxn is eween 5  9 hurs, wih rxiey 33% f 
he rug exree unhnge reny n 66% eize in he 

iver ririy vi CYP. Beuse f is ssiin wih he CYP 
syse, i is sujee  rug inerins f CYP3A4 enzyes, 
n i is s ee y P-g inhiirs n/r inuers. Fr re-
en f VTEs, he reene sge is 15g wie iy wih 
f fr 3 weeks fwe y 20g ne iy wih f fr  
 urin f 3 nhs in iens wih rvke DVT r ≥3 
nhs wih unrvke DVT eening n he iens risk fr 
eeing n reurren hreis. In seee iens, 
rivrxn n e use fr u  6  12 nhs fer he ini-
i reen fr furher reuin f reurren DVT r PE. Ini-
iin f rivrxn fr serive DVT rhyxis shu 
sr wihin 6  10 hurs serivey wih 10g iy fr 12 
 14 ys in knee reeen n 35 ys in hi reeen. 
Lsy, fr iens wih nnvvur ri riin requiring 
niguin fr srke revenin, he nufurer re-
ens king 20g iy f rivrxn wih he evening e. 
Siir  igrn, rivrxn requires sge jusen in 
iens wih ren iiren. In iens wh re ree fr 

TABLE 

22.16

Direct Oral Anticoagulants Indications, Dosage Guidelines, Pharmacokinetics, Cautions, and Reversal for 

Elective Surgery—cont’d

Edoxaban

Brand name Savaysa

FDA indication(s) Stroke prevention in nonvalvular atrial brillation, treatment of DVT or PE

Dosage

Stroke prevention in nonvalvular atrial brillation 60 mg daily for CrCl 51–95 ml/min

30 mg daily for CrCl 15–50 ml/min

DVT/PE treatment After at least 5 days of initial therapy with a parenteral anticoagulant then 60 mg once daily or

30 mg once daily for CrCl 15–50 mL/min, weigh ≤60 kg, or on certain P-glycoprotein inhibitors

DVT/PE prophylaxis N/A

Pharmacokinetics/Pharmacodynamics

C
max

 (hr) 1–2

Bioavailability 62%

Volume of distribution (L) 107

Protein binding 55%

Half-life (hr) 10–14

Clearance 50% renal, 50% biliary/intestine/metabolism

Metabolism Minimal through CYP enzymes

P-glycoprotein substrate Yes

Drug interactions When used for DVT or PE, maximal daily dose is 30 mg when used with certain P-gp inhibitors 

(verapamil, quinidine, or short term azithromycin, clarithromycin, erythromycin, oral 

itraconazole, or oral ketoconazole)

Cautions

Boxed warning D/c therapy increases risk of thrombotic events; epidural or spinal hematomas may occur if used 

while receiving neuraxial anesthesia or spinal puncture; DO not give for nonvalvular atrial 

brillation with CrCl > 95 ml/min

Contraindications Active bleed

Reversal for elective surgery D/c at least 24 hr prior

CrCl, Creatinine clearance; CYP, cytochrome P450; d/c, discontinue; DVT, deep vein thrombosis; FDA, US Food and Drug Administration; IV, intravenous administration; N/A, not available; P-gp, p-glycoprotein; 

PE, pulmonary embolism.
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DVT r PE r in iens wih serive rhyxis, he use 
f rivrxn shu e vie if CrC is ess hn 30L/in. 
In iens wih nnvvur ri riin, he sge shu 
e reue  15g ne iy if CrC is eween 15 n 50L/
in n vie in iens wih CrC ess hn 15L/in. I 
shu e vie in iens n heiysis in  iniins. 
Cuin shu e exhiie when rivrxn is inisere 
wih  srng CYP3A4 n P-g inhiir r inuer.33 In he 
ROCKET-AF ri ring he ey n sfey re f 
rivrxn n wrfrin in iens wih ri riin, rivr-
xn ws nninferir  wrfrin fr he revenin f srke r 
sysei eis. In he suy, h rugs ensre siir 
risk f jr eeing h require  rnsfusin. Hwever, 
rivrxn ws ssie wih ess frequen inrrni her-
rhge n f eeing re wih wrfrin.39 Rivrxn is 
nrinie in iens wih ive eeing r iens wih 
hyersensiiviy  ny nens f is fruin.33 e n-
ufurers reene sges regring ieren iniins 
is uine in Te 22.16.

Aixn is n r ire fr X inhiir wih  reversie 
ining. Un r inisrin, i hieves T

x
 rxiey 

wihin 3 hurs wih n r iviiiy f 50%. Aixn hs 
 hf-ife f 9  14 hurs. Siir  rivrxn, he rug is 
eize in he iver vi  CYP-eenen hwy, fwe 
y eiinin f 25% hrugh he kineys n he reiner 
in he fees. I is ee y CYP3A4 n P-g inuers n/
r inhiirs. Fr srke revenin in iens wih nnvvu-
r ri riin, he nufurer reens  in-
iser ixn 5g wie iy, uness he ien hs ny w 
f he fwing ien-sei hrerisis, inuing ge 
≥0 yers, y weigh ≤60kg, r seru reinine ≥1.5g/L; 
hen reue sge  2.5g wie iy. Fr serive VTE 
rhyxis, i is reene  iniser ixn 2.5 g 
wie iy eginning 12  24 hurs serivey fr 35 ys 
in hi reeen n 12 ys in knee reeen. Fr he 
reen f DVT r PE, he reene se is 10 g wie 
iy fr 7 ys, fwe y 5 g wie iy fr ≥3 nhs. Fr 
iens wh require exene hery s he inii 3-nh 
eri, nsier  reue se f 2.5 g wie iy. If ixn 
is inisere niny wih  srng CYP3A4 n P-g 
inhiir suh s rihryin, kenze, irnze, r 
rinvir, he sge shu e reue  2.5g wie iy, if 
he ien ws reviusy inie fr 5 g wie iy. Piens 
wh re  e given ixn 2.5 g wie iy fr revenin 
f reurren DVT r PE r fr eeing he reviusy enine 
se reuin rieri shu n e reeive srng CYP3A4 n 
P-g inuers niny euse f he risk f suhereu-
i nenrins.34 Cre wih wrfrin in iens wih 
nnvvur ri riin n rir hisry f srke in he 
ARISTOTLE ri, ixn ws shwn  e suerir  wr-
frin. As iusre in he suy, ixn ws ssie wih  
signin reuin f srke n sysei eis re 
wih wrfrin.40 In iin  is ey, ixn ensre 
 sfey re suerir  h f wrfrin, suh h ixn 
ws ssie wih ess frequen inrrni eeing, jr r 
nnjr eeing, n riy f ny use. Siir   
niguns, ixn is nrinie in iens wih ive 
eeing n iens wih hyersensiiviy  ny nens f 
is fruin.

Exn (Svys), rve in 2015 ws he hir seeive 
fr X inhiir  jin he US rke.35,36 Siir  rivrx-
n, i irey ins  fr X n revens he frin f  

. Exn hs n r iviiiy f 62%, n he xi-
 seru nenrin is hieve wihin 1  2 hurs fw-
ing inisrin. F es n e is srin. I is 55% 
rein un n is iniy eize y CYP enzyes. I 
is  susre fr he P-g rnsrer. Exns riry ive 
eie (M4) rises f ess hn 10% f he nenrin 
f he ren rug. I is ririy eiine s n unhnge 
rug in he kineys (∼50%) s we s he iiry n inesines. 
Hf-ife f exn is run 10  14 hurs. Fr srke re-
venin in nnvvur ri riin, he reene se 
is 60 g ne iy fr iens wih CrC > 50 /in n 30 
g ne iy fr hse wih CrC f 15  50 /in. Hwever, 
exn is nrinie in iens wih CrC ve 95 /
in. Fr DVT r PE, fer 5  10 ys f rener nigu-
n reen, iens shu e sre n 60 g ne iy if 
CrC >50 /in n 30 g ne iy fr hse wih CrC f 15 
 50 /in, y weigh ≤60 kg, r nin use f P-g 
inhiirs (veri, quiniine, zihryin, rihryin, 
eryhryin, r irnze r r kenze).35 Exn 
ws re  wrfrin in he ENGAGE AF-TIMI 4 ri fr 
he revenin f srke in iens wih nnvvur ri ri-
in. Piens enre in he suy were rnize  reeive 
wrfrin, exn 30 g iy, r exn 60 g iy. Ex-
n 60 g se ws rven  e suerir  wrfrin in reuing 
he risk f srke r sysei eis, whie exn 30 g 
ws fun  e nninferir  wrfrin in he freenine 
enins. Bh ses f exn ws ssie wih wer risks 
f eh ue  rivsur uses n wer risks f jr 
eeing evens.35,41

As fr erixn, i hs  34% iviiiy, n is sr-
in is signiny erese y nin inisrin 
wih f. Is xi seru nenrin is reue y 70% 
if ken wih  w-f e n y 50% if ken wih  high 
f e. Mxi seru nenrin is hieve wihin 3  
4 hurs fer inisrin. Berixn is 60% rein un, 
n  s erenge (15%

–
1%) unerges CYP-ineenen 

hyrysis  ee inive eies. I hs  hf-ife f 
19  27 hurs n is ririy exree in he s (5%) n 
urine (15%). I is s  susre fr he P-g. Berixn is ny 
rve fr he revenin f venus hreis, n he 
reene se is 160 g, fwe y 0 g iy fr 35  
42 ys. Fr iens wih CrC eween 15 n 29 /in, he 
reene se is 0 g, fwe y 40 g iy fr 35  42 
ys.36 Berixn ws re  enxrin fr venus hr-
eis rhyxis in he APEX ri. Piens ie  
he hsi fr ei iness were rnize  reeive enx-
rin 40 g suuneusy fr 10 ± 4 ys r erixn fr 35 
 42 ys. Berixn signiny reue he risks f ee vein 
hrsis, unry eis, r eh ue  venus hr-
eis. Res f jr eeing evens were siir eween 
he w grus.42

A is f he reene sges fr ieren iniins is 
rvie in Te 22.16.

Warfarin (Coumadin)

Wrfrin (Cuin) is n OAC inie fr rhyxis n 
reen f venus hrsis, PE, hrei i-
ins ssie wih ri riin n ri vve ree-
en, n s n jun in he reen f rnry usin. 
Wrfrin is s use  reue he risk f eh, reinfrin, 
n hrei evens suh s srke r sysei eiz-
in fer MI. Wrfrin is  rei ixure; he (S)-iser hs  
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hf-ife f 2 ys, n he ess en (R)-iser hs  hf-ife f 
1.3 ys; wrfrin is inisere ne iy. e fu nigu-
n ee f wrfrin hs  eye nse f 5 ys, neessiing 
ver wih  rener herin gen when ri nigu-
in is referre fr  es 5 ys.

e inii se f wrfrin fr  jriy f iens shu 
e he exee inenne se, whih is usuy 5  10g. 
Ling ses f 10g fr 2 ys re ny reene fr suf-
ieny hehy iens wh re ree s uiens fwe 
y sge se n INR.29 Wrfrin sring ses f ess hn 
5g y e s rrie in eery iens. Wrfrin iner-
feres wih he hei synhesis f viin K–eenen ing 
frs II, VII, IX, n X n engenus nigun reins 
C n S. e ie  ee niguin wih wrfrin is 
n ieie. Inhiiin f guin frs egins 12  24 
hurs fer inisrin; hwever, he ee nihri 
ees f wrfrin y n ur uni 5  7 ys fer iniiin 
f hery.

e INR is he snr fr niring wrfrin hery. 
Prhrin ie (PT) s   fr niring wrfrin her-
y is rei euse hrsin regens vry in heir 
resnsiveness  wrfrin-inue reuin in ing frs, 
 vriiiy h eens n heir eh f rerin. e 
INR is  mathematical correction f he resus f he ne-sge PT 
h snrizes he rering f PT eerinins wrwie. 
e INR kes in un he sensiiviy f he hrsin 
use in eh sei rry  eerine he PT. e rge 
INR rnge fr wrfrin in s ini senris is 2  3. e 
INR shu e use exusivey  inie ses f wrfrin ini-
y; hwever, he PT shu e reviewe in njunin wih he 
INR  i in eeing rry errrs in uin r ssy 
ehgy.

Herrhge is he s n verse ee ssie 
wih wrfrin n rnges fr inr  ife-hreening jr 
eeing. Beeing nifesins y inue ehyses, ee-
hie, urur, een, hehezi, heuri, heysis, 
heeesis, eisxis, r gingiv eeing. Beuse wrfrin 
inhiis rein C (hf-ife  hurs) n rein S (hf-ife 30 
hurs), whih hve shrer hf-ives hn frs II (hf-ife 60 
hurs), IX (hf-ife 24 hurs), n X (hf-ife 72 hurs), here 
is  risk f  rxi hyerguiiy, hrus frin, 
n skin nersis wih gngrene. e rgun ee f wr-
frin n e enhne in iens wh hve rein C n rein 
S eieny. T iniize he ieie rgun ee f 
wrfrin, n ver f 5 ys wih  rener nigun is 
wrrne. Pure e synre, use y he reese f her-
us que ei n heser-rih ireizin, 
urs rxiey 3  10 weeks fer iniiin f urin 
hery. Pure e synre is reversie n is yiy hr-
erize y  urish r e isrin f he nr 
surfes n sies f he es h nhes n ere ressure 
n fes wih eevin f he egs. Or r rener viin K

1

(hynine) y e inisere  reverse he nigun 
ees f wrfrin.

Mny frs suh s ie, isese ses, n rugs n er 
he hrgi hrerisis n ees f wrfrin.29

Piens shu e unsee  e  hehy n nsisen 
ie. An inrese inke f viin K–nining sueens 
n fs, suh s green efy vegees, y resu in  reue 
nigun resnse, erese INR, n susequeny re-
en fiure suh s n eis. Cnversey, ru ereses in 
viin K iery inke y resu in n inrese nigun 

resnse wih n inrese INR n susequen risk f her-
rhge. Hei isese n,   esser exen, ren isese y 
erese eiinin f wrfrin n inrese he ees f wrf-
rin. A ehr f rugs n inrese r erese he ees f wr-
frin. I is ruen  esure he INR frequeny when frs 
h iner wih wrfrin re e   iens regien. Te 
22.17 iss seee signin wrfrin rug inerins.

e re f genei yrhis in he ngeen f 
wrfrin hs een he fus f ineres in re reen suies. 
CYP2C9, whih ys n inegr re in he eis f he 
S-iser f wrfrin, n VKOR ex suuni 1 (VKORC1), 
he gene h eerines he iviy f viin K exie reu-
se, h unerg genei yrhis eing  vrines 
in wrfrin resnses eween iens. Suies hve shwn h 
esing fr  iens genei ye n e  erese jr 
eeing r hrei evens resuing in hsi is-
sin; hwever, urren guieines reen gins he routine 

use f hrgenei esing fr guiing se inisrin 
f viin K ngniss (VKAs).29 Genei es kis (e.g., Gen-
eMeRx) re vie fr urhse, FDA rve, n vere 
y insurne ns; sge guieines re vie in he ru 
kge inser.

Beuse wrfrin is  high-risk eiin h n signi-
ny iner wih ny eiins, requires frequen INR 

TABLE 

22.17

Selected Signicant Drug Interactions With 

Warfarin

Precipitant Drug Mechanism

Amiodarone

Cimetidine

Lovastatin

Metronidazole

Omeprazole

Quinidine

TMP-SMX

These agents may increase anticoagulant 

effect of warfarin by inhibiting hepatic 

cytochrome P450 isozymes (CYP2C9, 

CYP3A4, or CYP1A2) involved in its 

metabolism; risk of bleeding may be 

increased

Chloral hydrate

Loop diuretics

Nalidixic acid

NSAIDs

These agents may increase anticoagulant 

effect of warfarin by displacement from 

protein-binding sites (albumin); risk of 

bleeding may be increased

Antimicrobials

NSAIDs

Salicylates

These agents may increase anticoagulant 

effect of warfarin by inhibiting 

gastrointestinal vitamin K or by inhibiting 

platelet aggregation; risk of bleeding may 

be increased

Barbiturates

Carbamazepine

Oxcarbazepine

Etretinate

Glutethimide

Rifampin

Rifabutin

These agents may decrease anticoagulant 

effect of warfarin by induction of hepatic 

cytochrome P450 isozymes (CYP2C9, 

CYP3A4, or CYP1A2) involved in its 

metabolism; lack of warfarin efcacy and 

thrombosis may occur

Cholestyramine

Estrogens

Oral contraceptives

Spironolactone

Sucralfate

Thiazide diuretics

Vitamin K

These agents may decrease anticoagulant 

effect of warfarin by various mechanisms; 

lack of warfarin efcacy and thrombosis 

may occur

NSAIDs, Nonsteroidal antiinammatory drugs; TMP-SMX, trimethoprim-sulfamethoxazole.
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niring, n is hrkineiy henging  eerine 
rre se, hris-se wrfrin inis wih hysiin 
suervisin n rin hve ee  snr f es 
rie. Mre hn 1500 suh inis re ive in he Unie 
Ses y.

Direct Oral Anticoagulants and Drug Interactions

Wrfrin, s enine reviusy, resens he eni fr sev-
er rug inerins euse f is eis vi CYP2C9, 
CYP1A2, CYP3A4, n CYP2C19. In iin  CYP e-
is invving rivrxn n ixn, he DOACs (i.e., i-
grn, rivrxn, ixn, n exn) re P-g susres. 
P-g is  rug rnsrer fun in he gsrinesin eneryes 
n heyes. P-g wrks y uing he rug k in he 
inesin uen, whih nsequeny reues he iviiiy 
n he s nenrin f ry inisere rugs. ese 
rug rnsrers re s fun in he kineys n riie 
in rug eiinin vi his rue. erefre, P-g inhiirs n 
signiny inrese he iviiiy n s nenr-
ins, n inuers n signiny erese he iviiiy 
n s nenrins f rugs eize vi his h-
wy. Oher susres f P-g inue hiine, ysrine, 
igxin, fexfenine, ininvir, rhine, n sirius. Inhii-
rs f he P-g inue irne, rihryin, eryhry-
in, kenze, quiniine, squinvir, veri, n gre-
frui juie. P-g inuers inue rzeine, exehsne, 
henri, henyin, rifin, S. Jhns wr, irnvir, 
n rzne. I is irn fr he iniin  e wre f 
ny nin P-g inhiirs r inuers when  ien is 
king ne f he DOACs euse f he risk f xiiy r inee-
iveness, eening n inhiiin r inuin f his rnsrer 
syse.43–46 Te 22.1 shws he s n P-g susres, 
inhiirs, n inuers.

Potential Reversal Agents for Direct Oral Anticoagulants

e ven f he DOACs hers he isussin fr eni 
revers gens in he even f iniy severe eeing. An ir-
n vnge f wrfrin ver he new OACs is he viiiy 
f n FDA-rve r n rener viin K nie wih 
we-esishe se guieines n he FDA-rve fur-f-
r PCC (Kenr) fr urgen revers f wrfrin-inue jr 
eeing. Sine 2015, iruizu (Prxin) ws rve fr 
he revers f igrn when eergeny surgi reures is 
neessry r iens resen wih ife-hreening ees. Irui-
zu is  hunize nn niy n wrks y in-
ing  igrn n neurizing i wihin inues. I es s 

w vis (2.5g eh) n n e given s inrvenus ninuus 
infusin r us. Asei ehnique us e rie when hn-
ing iruizu, n  reexising ine us e ushe wih 
nr sine rir  inisrin. In  rseive, hr 
suy, he jriy (>90%) f he iens hieve revers f 
he niguin ee f igrn, n he verge ie  
revery f eeing even ws 11.4 hurs. Digrn shu e 
sre 24 hurs fer he s se f iruizu  iniize 
he risks f ing. Piens nee  e nire fr eni 
hrei even n hyersensiiviy rein.47 4 Anex-
ne f (Anexx), he newes f he revers gens, reeive 
FDA rv in 201 fr revers f rivrxn n ixn 
in ses f ife-hreening eeing. Whie n rve fr 
revers f exn, i is ikey eeive fr exn revers s 
we. Anexne f ws suie in he ANNEXA ri. e suy 
fuse n ey f nexne f in he revers f rivrx-
n n ixn n fun h i reues he eves f ni-X 
iviy wihin 2  5 inues fer inisrin f he us 
se. e ee f nexne f ninues fr u  2 hurs fer 
ein f hery. I is sre wih  us se f 400  00 
g   rge re f 30 g/in fwe y n infusin f 4  
 g/in fr u  120 inues. Piens shu e nire 
fr signs n sys f reri n venus hrei 
evens, ishei evens, n ri rres. T reue he risk f 
hreis, nigun hery shu e resue s 
sn s eiy rrie fer nexne f use.49

Reinn fr VII (Nv Seven) iniies hrin gen-
erin y iving fr X, hus ruging he guin 
se. Prhrin ex nenrin (PCC) rus 
re nenre e s rus h yiy nin 
ing frs. ese frs re genery n ive n wi 
require ivin vi he guin se. In iin, se 
PCC rus s nin reins C n S, n in se ses,  
ini un f herin n nihrin  reven hr-
i iins. ree-fr PCC (Beuin n Prnine) 
nins re r suhereui uns f nnive fr 
VII reive  frs II, IX, n X. Fur-fr PCC (Kenr) 
nins reivey rge uns f fur nnive viin K–
eenen rgun frs II, VII, IX, n X. Unike revi-
usy enine PCC rus, ive PCC (FEIBA) nins 
ive fr VII n frs II, IX, X, ei iny in nn-
ive fr. erefre, ive PCC (FEIBA) ines he 
ee f h reinn fr VII (Nv Seven) n fur-f-
r PCC (Kenr).50–55 ese gens re n nsiere nies 
n n rve y he FDA fr he revers f he DOACs. An 
verview f ieren hesi gens fr revers f DOACs is 
surize in Te 22.19

If nnurgen revers is require ue  n eeive surgery r 
invsive reure, i is reene  h he DOACs fr 
 erin eri f ie efre he reure eening n he 
iens risk fr eeing n he iens ren funin. Dig-
rn shu e isninue 1  2 ys efre eeive surgery in 
iens wih CrC >50L/in n 3  5 ys in iens wih 
CrC <50L/in. Lnger ies shu e nsiere fr iens 
unerging jr surgery, sin surgery, r inserin f sin r 
eiur heer r r.32 e rivrxn kge inser re-
ens hing rivrxn fr 24 hurs efre  reure; hw-
ever, se hve reene hing rivrxn fr iniu 
f 3 ys efre surgery in iens wih CrC >50L/hr n 
5 ys in iens wih CrC <50L/in. e risk f eeing 
shu e weighe gins he urgeny f he reure.33 56 Fr 
iens wh re king ixn n re sheue fr surgery 

TABLE 

22.18

P-Glycoprotein Substrates, Inhibitors, and 

Inducers

Substrates Inhibitors Inducers

Apixaban

Colchicine

Cyclosporine

Dabigatran

Digoxin

Fexofenadine

Indinavir

Morphine

Rivaroxaban

Sirolimus

Amiodarone

Clarithromycin

Erythromycin

Grapefruit juice

Ketoconazole

Quinidine

Saquinavir

Verapamil

Carbamazepine

Rifampin

St. John’s wort

Tipranavir
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r invsive reure wih ere--high risk f eeing, i 
is reene fr ixn  e he fr 4 hurs efre he 
reure. If he reure rries  w risk f eeing, hen 
ixn n e he fr 24 hurs efre he reure.34 As fr 
exn, he kge inser reens  wihh hery 
fr  es 24 hurs rir  surgi reures. If surgery nees 
 e erfre righ wy, he enes f he surgery nee  e 
weighe gins he risks f eeing.35

Four-Factor Prothrombin Complex Concentrate (Kcentra) 
for Warfarin Reversal

In 2013, he FDA rve he fur-fr PCC (Kenr) fr 
he urgen revers f wrfrin niguin in us wih 
ue jr eeing. Like s, Kenr is use in njun-
in wih he inisrin f viin K  reverse he ni-
guin ee n s he eeing. Unike he s 
unerr, Kenr es n require  gru ying r 
hwing, ing he iin vnge fr sge nve-
niene n ese. Kenr sge is iniviuize se n he 
rereen INR. Fr rereen INR f 2  <4, Kenr is 
 e inisere  25 unis/kg   xiu se f 2500 
unis. Fr rereen INR f 4  6, Kenr is  e inis-
ere  35 unis/kg   xiu se f 3500 unis. Fr re-
reen INR f >6, Kenr is  e inisere  50 unis/
kg   xiu se f 5000 unis. In iin  inisr-
in ese, Kenr is given in  signiny wer vue hn 
s, rviing n ernive fr hse iens wh y n 
ere he vue f s require fr wrfrin nigu-
in revers. Siir   rguns, Kenr is ssie 

wih he urrene f  s; herefre, i rries  xe 
wrning regring he risk f hrei evens, requir-
ing se niring fr signs n sys f  ing 
iins.57 5

2021 CHEST Anticoagulation Guidelines Update

e CHEST Guieine is  uiin ie y he ACCP 
n rvies eviene-se reenins n vrius VTE 
ses, inuing PE n DVT. e s reen eiin f he 
guieines ws uishe in 2021.29 Fr ue DVT in he eg r 
PE n n hisry f ner, he guieines reen inii 
reen wih ny f he DOACs, inuing igrn, ix-
n, exn, r rivrxn.29 Or X inhiirs ixn, 
exn, r rivrxn re reene in iens wih n-
er wh resen wih  DVT r PE, hugh LMWH r ixn 
y e referre in iens wih uin gsrinesin ig-
nnies ue   erese risk fr gsrinesin eeing. Fr 
 DVT r PE rvke y  jr r inr rnsien risk fr, 
3 nhs f reen is reene. Fr n unrvke even 
r n even rvke y  ersisen risk fr, exene re-
en wih n sheue s e is reene. Hwever, i is 
irn h eeing n hreis risk re ninu-
y ressesse  ienify he i urin f hery when 
exene hery is inisere.59

Benes fr he use f he DOACs inue he fs nse f 
in, k f nee fr ninuus rug hery niring, 
n he nveniene f n requiring riging wih rivrxn 
n ixn. Brriers  heir use inue he iie eviene 

TABLE 

22.19
Potential Reversal Agents for Direct Oral Anticoagulants

Idarucizumab Andexanet Alfa

Recombinant 

Activated Factor VIIa Three-Factor PCC Four-Factor PCC Activated PCC

Brand name Praxbind Andexxa Novo Seven Bebulin or 
Prolnine

Kcentra FEIBA

Onset Minutes 2 minutes 10min 10min 10min 10min

Duration of 
action

At least
24 hours

At least 22 hours 2–6hr 12–24hr 6–8hr 12–24hr

Dosage 5 g (given as 
two 2.5 g 
doses within 
15 minutes)

400–800 mg IV, varies 
by dose and timing 
of factor Xa inhibitor 
given

Hemophilia with 
inhibitors: 90mcg/
kg/2 hr

Factor VII deciency: 
15–30mcg/
kg/4–6hr

Acquired hemophilia: 
70–90mcg/
kg/2–3hr

Hemorrhage:
Minor: 25–35 units/

kg
Moderate: 40–55 

units/kg
Major: 60–70 units/

kg

INR 2 to <4: 25 
units/kg

INR 4–6: 35 units/
kg

INR >6: 50 units/
kg

50–100 units/
kg/6–12hr

Monitoring Control of 
bleeding

Control of bleeding; 
signs of clotting; anti-
factor Xa activity

Control of bleeding Factor IX level, 
PT, PTT, INR 
(in warfarin 
reversal)

INR Control of 
bleeding

Cost in a 70-kg 
patient

$5000 $13,200–$26,400,
Varies by dose given

$2,000–$10,000, 
varies with 
indications

$2000–$5000, 
varies with 
severity of 
bleeding

$2000–$4000, 
varies with 
level of INR

$6000–$12,000

INR, International normalized ratio; PCC, prothrombin complex concentration.
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regring heir use in reny iire iens, rug inerins, 
n s. In iens wih ehni vves r vvur ri 
riin, iver ysfunin, r severe ren iiren, wrf-
rin wu genery e he rug f hie.43

Antiplatelet Agents

Aspirin

In ees, he rsgnin erivive hrxne A
2
 is  

jr inuer f ee ggregin n vsnsriin. Asi-
rin is hyryze  siyi i n inhiis rsgnin r-
uin y eying yxygense, he inii enzye in he 
rsgnin isynhesis hwy. is inhiiin f ee 
ggregin ss fr he ife f he ee, whih is rxiey 
7  10 ys. By inhiiing ee ggregin, sirin inreses 
eeing ies. Lw ses f sirin inhii ee ggregin, 
wheres rger ses inhii yxygense in reri ws, whih 
inerferes wih PGI

2
 ruin. PGI

2
 is  en vsir n 

inhiir f ee ggregin. Lwer ses re referre ver 
higher ses in revening rnry her isese.22,23

Asirin hs ny iniins inuing fever n in ssi-
e wih hehes, neurgis, ygis, n rhrgis. Ani-
hri iniins fr sirin inue reuing he risk f 
hrsis, suh s in he riry n senry revenin 
f nnf r f MI in iens wih r wihu revius MI 
r unse ngin, n revening reurren rnsien ishei 
ks (TIAs) r srke. e se f sirin fr is ngesi, ni-
inry, n niyrei ees is nsiere high se n 
y e 325  650g u  every 4 hurs iy s neee. e 
se f sirin fr is nihri iniins is nsiere w 
se; he rnge fr revenin f MI is 1  325g iy n fr 
TIA r srke is 75  100g iy. Of iens king sirin s 
n nihri, 25% y e geneiy rne  sirin resis-
ne, n higher ses y e neessry  vere resisne 
(e.g., 500 g  1.5 g iy). Sine 2016,  24-hur exene 
reese (ER) fruin f sirin (Durz) ee vie n 
he rke. ER sirin is ny inie fr hrni CAD n his-
ry f ishei srke r TIA. e reene se fr h 
iniins is 162.5 g iy.60 Asirin resisne is es eee 
vi eeing ie ess; hwever, hese ess re n ye vie 
r snrize, n hey re n ruiney eye in ini 
rie.

Asirin-inue verse ees re se eenen n inue 
ei uer isese, ren ysfunin, inrese  ressure, 
innius, unry ysfunin, n eeing. e risk f ini-
y signin herrhge wih sirin (e.g., gsrinesin 
ees) is se eenen. Hwever, ny se f sirin rries  
risk f jr eeing re wih e nrs. Piens 
shu e unsee n he signs n sys f eeing, 
whih y inue nei, nr ruising, eisxis, eeing 
f he gus, izziness n ighheeness ssie wih w 
 ressure, n ri her re. Asirin, eseiy  high 
ses, n inue r exere sh y inhiiing rnhi-
ry rsgnins (PGE

2
 n PGI

2
) n n exere ysne 

in iens wih hrni sruive unry isese. Asirin is 
nrinie in iens wh hve  hisry f ergy, eseiy 
nhyxis  NSAIDs. Piens wih rhinrrhe, ns ys, 
n sirin-inue r NSAID-inue ysne re  grees 
risk f sirin-inue r NSAID-inue nhyxis. Asirin 
shu n e inisere  hiren r eengers wih vir 
infeins euse f he risk f Reye synre.

An irn rug–rug inerin eween iurfen n 
sirin hs een ienie. Iurfen inerferes wih sirin 
ess  he ee serine-ining sie n inhiis he hr-
gi ee f sirin. is rug inerin urs uring 
singe ingesin when iurfen is inisere efre sirin r 
wih ng-er use f iurfen n sirin regress f wheher 
iurfen is inisere efre r fer sirin. When sirin 
is ingese 30 inues fer nrxen, nrxen n signiny 
inerfere wih sirins iiy  inhii hrxne A

2
. Dif-

en (Vren) n eexi (Ceerex)  n see  iner 
wih sirin; her NSAIDs hve n een suie.61,62 e -
inin f sirin n NSAIDs y e   high risk f ife-
hreening gsrhy, eseiy in eery iens r iens 
using nin nihri gens. Asirin n NSAIDs 
inhii gsrinesin vsiry rsgnins (PGE

2
 n 

PGI
2
), inresing he uuin f ggressive frs (i) n 

eresing he suy f efensive frs (siu irne). 
Piens shu e ieiey e n gsrhy rhyxis 
wih rn u inhiirs (PPIs) (e.g., erze, nr-
ze, eserze, r nsrze) r isrs (Cye).

Dipyridamole

Diyrie is  vsir n ee hesin inhiir. 
I hs een sue h iens wih rshei her vves 
hve nry shrene ee surviv ie. Diyrie 
enghens he nry shrene ee surviv ie in  
se-eenen nner. e riry ee f iyrie is  
inhii GMP-sei hshieserse, inresing GMP eves 
n ugening he ees f niri xie. Diyrie weky 
inhiis re  e, enhei e, n ee uke f he 
ee iviy inhiir ensine n inhiis he frin f 
hrxne A

2
; his ee urs in  se-eenen nner 

(0.5  1.9 g/L). is uke inhiiin resus in iyri-
e inhiiing ee funin y inhiiing yi ensine 
3′,5′-nhshe (AMP)–sei hshieserse, whih 
es  inrese eur nenrins f AMP wihin e-
es, revening ee ggregin y siui suh s gen 
n ADP. Diyrie es n er PT eves u n inrese 
he ee eeing ie.

Diyrie (Persnine) is inie ny s n jun  
wrfrin in he revenin f serive hrei -
iins f ri vve reeen. Inrvenus iyrie, 
siny use fr ri exerise sress esing, y erese 
 ressure n inrese her re n ri uu; his 
ee is genery n seen wih he r sge fr. Diyri-
e is eiine vi hei njugin n guurniin; i 
es n unerg hei CYP eiinin. Diyrie hs  
wek eie n unerges negigie ren eiinin. e 
hf-ife f iyrie is 13 hurs. Averse reins re rn-
sien n inue hehe, izziness, hyensin, n i-
n isress. Rrey, iyrie hs ggrve ngin sy-
s; he inrvenus fr hs reiie ue yri 
ishei. Diyrie n enie he ees f inrvenus 
ensine, using f syse r susine venriur hyr-
i;  erese se f ensine shu e use when reing 
rxys survenriur hyri.

Aggrenx is  inin gein sue nining 200g 
f exene-reese iyrie wih 25g f sirin n is ini-
e  reue he risk f srke fr iens wh hve h TIAs 
r ee ishei srkes. Sey-se iyrie ek n 
rugh s eves re 2 n 0.5g/L, wing fr iyri-
e  hieve is ees n AMP n GMP hrughu 
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he sing inerv; his is n ikey  ur wih r-reese 
iyrie. Diyrie requires n ii envirnen fr 
gu srin; Aggrenx nins rri i, wing fr x-
i iviiiy in iens wh hve gu hyhrhyri r 
hrhyri (e.g., eery iens).

e sen Euren Srke Prevenin Suy (ESPS-2) 
shwe h iyrie ie-reese fruin, 200g 
given wie iy, is eeive in he senry revenin f srke 
n TIA re wih  e n h inisrin wih 
sirin, 25g wie iy, rvies n iin ene.62 ESPS-2 
shwe h he reive risk reuin fr srke wih sirin 
inisrin re wih  e ws 1.1% (P = .013); 
fr ie-reese iyrie, he reive risk reuin 
ws 16.3% (P = .039); n wih he inin, i ws 37% 
(P < .001). Aggrenx us n e susiue wih r-reese 
iyrie n sirin. e reene sge f Aggrenx 
is ne sue wie iy, swwe whe. Beuse f inrese 
risk f hehe, i y e vise  sr wih ne sue 
iy  eie n w-se sirin in he rning fr u  
1 week uni ere efre inresing he Aggrenx se  
wie iy.63 e Trie Aniees fr Reuing Deeneny 
fer Ishei Srke (TARDIS) ri re he ey f 
rie niee hery (sirin, igre, n iyri-
e) wih h f singe r u niee hery (igre 
r sirin n iyrie). e resus shwe h rie ni-
ee hery ws n suerir  u hery in reuing risks 
f reurren srke r TIA ( = 0.47) n inrese risks f ee-
ing evens. erefre, inin hery f sirin, igre, 
n iyrie shu e vie.64

Clopidogrel (Plavix)

Cigre (Pvix) is  rrug hienyriine erivive e-
e ggregin inhiir h inerferes wih ee erne 
funin y inhiiing ADP-inue ee-ringen ining 
n susequen ee-ee inerins. Iniins fr -
igre inue he reuin f herseri evens in iens 
wih  hisry f MI, srke, r eriher rerir isese n 
ue rnry synre (ACS) regress f wheher  ien is 
nge eiy, y eruneus rnry inervenin (PCI), 
r y rnry rery yss grfing. Cigre is sighy re 
eeive hn sirin in reuing he ine risk f ishei 
srke, MI, r vsur eh in iens wih herseri vs-
ur isese.65 Fr iens wih ACS, igre us sirin ws 
fun  e suerir  sirin ne in reuing sie en-
ins f MI, srke, n rivsur eh. Cigre hs 
n shwn sueririy  sirin fr srke rhyxis exe in 
iens wih eriher vsur isese.

Cigre is exensivey eize y he iver; is e-
ies re eiine equy vi he kineys n he fees. e hf-
ife f igre eies is  hurs; sey se is rehe 
in 3  7 ys. e nse f in f igre n e seen in 
2 hurs. e verge ee inhiiin seen wih igre is 
eween 40% n 60%. Pee ggregin n eeing ie 
reurn  nr wihin 5 ys fer igre isninu-
in. e se f igre in ACS is  300-g ing se 
fwe y 75 g ne iy (us sirin). A higher ing 
se f 600 g is reene fr iens unerging PCI. 
Fr he revenin f rivsur evens suh s ACS, srke, 
n eriher reri isese, he se is 75g f igre 
ne iy.

Beuse igre is  rrug, i us unerg  w-se 
hei nversin  e ive. Ony u 15% f he rug 

is nvere  is ive fr, iny hrugh CYP2C19 n 
CYP3A4. Sever ris hve evue he ssie inerins 
eween igre n her rugs h n inhii r ei-
ivey in  hese se isenzyes, eniy inhiiing he 
nversin f igre  is ive fr n renering he rug 
ineeive. PPIs, whih re ny resrie fr rhyxis 
f sress uer, gsrinesin reux isese, n rhyxis f 
gsrinesin eeing, re eize y CYP2C19  vrying 
egrees. Suies hve rere h here is  signin inrese 
in ini even res (e.g., MI, eh) r greer ee re-
iviy wih nurren use f igre n  PPI. Pnr-
ze (Prnix) is he ny PPI h es n unerg CYP2C19 
eis n y eniy e evi f his inerin, u 
re suies nee  e nue  nr his. Oher ei-
ins suh s ieiine, ervirine, fee, unze, u-
vxine, uxeine, kenze, vrinze, n iiine 
shu s e vie euse hey n reue niee iv-
iy f igre.

Sins r reuse inhiirs hve s een n re f ineres 
wih regr  igre rug inerins. Siir  i-
gre, sins re CYP3A4 susres. In viv suies h exine 
he egree f ee inhiiin y igre in iens king 
 sin hve shwn h here is  signin eine in ee 
inhiiin wih he use f sins. Hwever, n rge ini ri-
s hve shwn h his inerin n e  negive ini 
ues. Desie he k f ini ris evuing he iner-
in eween sins n igre, uin is vise when 
ining hese w eiins. If sin hery is require, 
rvsin (Prvh) r rsuvsin (Cresr) shu e n-
siere euse hese rugs  n unerg CYP3A4 eis 
n eniy re evi f ny signin rug inerins.66

Tesing fr genei yrhis hs s reeive nsi-
ere ehsis in he FDA xe wrning fr igre. 
Ahugh genei yrhis fr CYP2C19 hs een shwn 
in sever suies  reue niee iviy n inrese jr 
verse ri evens (MACEs), rseive suies shw ini 
ey f ersnizing niee hery se n genye 
nysis. e reenin issue y he FDA  iniins 
is  nsier ernive reen sregies, suh s ining 
igre wih isz r using high-se igre (600g 
ing se fwe y 150g iy fr ACS) in iens ien-
ie s r CYP2C19 eizers.

Unree  genei yrhiss n igre resis-
ne,  suy f 25,06 iens evue he se f igre 
us he se f sirin fr iens wih ACS n hse unerg-
ing PCI.67 ere ws n ierene in he riry enin f CV 
eh, MI, r srke  30 ys eween he ue-se i-
gre (600g n y 1, fwe y 150g fr 6 ys, hen 75g 
iy) versus  snr-se igre 75g iy wih eiher 
w-se r high-se sirin. e senry enin f e-
nie sen hrsis in hse unerging PCI ws reue in he 
igre higher-se gru fr h rug euing sen (DES) 
versus nn-DES suyes, u his ene ws se y inrese 
jr eeing in he higher-se igre gru. e ey 
n sfey f hese rhes rein unerin n re su-
ies re neessry.67 Aernivey, ne y nsier swihing  
nher niee gen, suh s rsugre r igrer, whih 
es n unerg CYP2C19 eis.

e s n verse ee f igre is herrhge, 
nifesing wih urur n eisxis; her verse ees 
inue hehes, izziness, in in, irrhe, rsh, 
n rurius. In nrs  iiine, igre hs  wer 
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iniene f rsh, gsrinesin isurnes, neureni, n 
hri hryeni urur (TTP), n hesi 
junie hs n een rere wih igre.

Ticlopidine (Ticlid)

Tiiine (Tii),  hienyriine, is  ee ggregin 
inhiir h inerferes wih ee erne funin y 
inhiiing ADP-inue ee–ringen ining n suse-
quen ee-ee inerins. e ee f iiine n 
ee funin is irreversie n ss fr he ife f he ee. 
Tiiine ws inie fr srke revenin. In he Tii-
ine Asirin Srke Suy (TASS), he iiine gru h  
21% greer reive risk reuin fr srke re wih he 
sirin gru n  9% greer reuin in srke, MI, r vsu-
r eh  3 yers.6 e Cnin-Aerin Tiiine Suy 
(CATS) shwe h iiine reue he reive risk f srke, 
MI, r vsur eh y 30% re wih  e (10.%; 
P = .006).69 e hf-ife f iiine is 14 hurs; hwever, wih 
ree ses i rhes 4  5 ys. Sey se is hieve 
wihin 14  21 ys. Pee ggregin is inhiie 50% wihin 
4 ys n 60%  70% wihin 10 ys. Pee ggregin n 
eeing ie reurn  nr wihin 14 ys fer iiine 
isninuin. Tiiine is exensivey eize y he 
iver; ive eies hve n een euie. A his ie, 
iiine is n nger vie n he US rke.70

Prasugrel (Eent)

Prsugre (Een) is  rrug hienyriine-erivive e-
e ggregin inhiir h inerferes wih ee erne 
funin y inhiiing ADP-inue ee–ringen ining 
n susequen ee–ee inerins. When rsugre is 
re wih her gens in he se ss, i hs  very i-
ie se; i is inie ny fr he revenin f hrsis 
in iens wih ACS unerging PCI. Prsugre in inin 
wih sirin ereses nnf MI sighy re hn igre 
in inin wih sirin u wih n inrese risk f ee-
ing. Prsugre is nrinie in iens wh hve h hisry 
f  TIA r srke. In iens er hn 75 yers r in iens 
wh weigh ess hn 60kg, rsugre ws shwn  hve  greer 
risk f eeing, whih uweighs is ene.71 Prsugre is exen-
sivey eize y hyrysis in he iver fwe y CYP3A4 
n CYP2D6; is eies re eiine vi he kineys n 
fees. e hf-ife f he ive eie f rsugre is 7   
hurs. e nse f in f rsugre n e seen in 30 in-
ues. e verge ee inhiiin serve wih rsugre is 
50%  0%. Pee ggregin n eeing ie reurn  
nr rxiey 5  9 ys fer rsugre isninuin. 
e se f rsugre in ACS is  60-g ing se fwe y 
10g ne iy (us sirin). In iens wh weigh ess hn 
60kg,  erese se f 5g is reene, hugh here 
hve n een ny ini ris  sur his rie.

e s n verse ee f rsugre is herrhge, 
whih is greer hn h serve wih igre. Oher 
verse ees re siir  igre. A higher iniene f 
ni nes ws seen uring he ri fr is rv.71,72

Ticagrelor (Brilinta)

Tigrer (Briin) is  reversie n nneiive inhiir 
f he ADP P2Y12 reer n he ee surfe.73 I revens 
ADP-eie ivin f he GPII/III reer ex, 
resuing in erese ee ggregin. Tigrer is inie 
 reue he re f hri rivsur evens in iens 

wih ACS n he re f sen hrsis in iens ree 
wih PCI n fr ue ishei srke. Fr ngeen f ACS, 
igrer hs een shwn  erese he ine re f ri-
vsur eh, MI, n srke re wih igre, hugh 
n ierene in re f srke ws evien. Hwever, igrer 
hs een ssie wih inrese nnrnry rery yss grf 
(CABG)-ree eeing n isninuin use y verse 
ees re wih igre.73,74 Siiry, rsugre hs s 
een shwn  reue he ine re f rivsur eh, 
nnf MI, n nnf srke re wih igre, u 
i  hs n inrese eeing risk.72,74 Ahugh here is  eh-
r f  ring igrer r rsugre  igre, here 
is  erh f  regring he ey n sfey f igrer 
re wih rsugre.22 When igrer is use, i shu e 
iniie wih  ing se f 10g n ninue wih  se 
f 90g wie iy. Piens wih ue ishei srke shu e 
king igrer fr u  30 ys, whie hse wih ACS shu 
e king i fr  iniu f 1 yer. Afer 1 yer, se shu e 
were  60 g wie iy. Tigrer shu e use geher 
wih n inii ing se f sirin 325g fwe y sirin 
75  100g iy. Ms signin verse ee is herrhge 
n ysne n is use is nrinie in iens wih ive 
hgi eeing n  hisry f inrrni herrhge; 
i shu s n e use in iens wih severe hei iir-
en r hyersensiiviy  igrer r ny f is nens. 
e risk fr eeing wih igrer is inrese in iens wih 
 reen ru r surgery, reen gsrinesin eeing, ei 
uer isese, ere  severe hei iiren, surgi r-
eure, vne ge, r nin use f rugs h inrese 
eeing risk, inuing niguns, niees, NSAIDs, 
seeive sernin reuke inhiirs, n sernin nrei-
nehrine reuke inhiirs. Oher verse ees h y ur 
wih igrer use inue ysne, hehe, ryrrhyhis, 
n inrese seru reinine. Tigrer is  CYP3A4 susre 
n shu n e use geher wih srng CYP3A4 inhiirs 
suh s kenze, irnze, snze, rihryin, 
nefzne, rinvir, nenvir, squinvir, r ininvir; his y 
inrese he seru nenrin f igrer. I shu s n 
e use wih srng CYP3A4 inuers suh s rifin, r-
zeine, S. Jhns wr, n henyin, whih y erese he 
seru nenrin f igrer. Aiiny, hugh igre-
r is use geher wih sirin, sirin inenne ses greer 
hn 100g reue he eeiveness f igrer n shu e 
vie.73,74

Cangrelor (Kangreal)

Cngrer (Kngre) is  nnhienyriine P2Y12 reer 
ngnis h seeivey n reversiy ins  ees n 
revens furher ivin f ees  he GPII/III reer. 
Cngrer is inie s jun  PCI  reue he risks f 
erireur MI, reurren rnry revsurizin, n sen 
hrsis in iens wh hve n reeive  P2Y12 inhiir 
efre n re n given GPII/III inhiir, n is unique in h 
i is he rs r P2Y12 inhiir vie. Cngrer ws -
re  igre in hree ini ris: CHAMPION-PCI, 
CHAMPION PLATFORM, n CHAMPION PHOENIX. In 
he ris, ngrer infusin ws re  600 g f i-
gre ing se given efre PCI, 600 g f igre ing 
se given fer PCI, r 300 g r 600 g f igre -
ing se given shry efre r fer PCI, reseivey. Ony he 
CHAMPION PHOENIX ri (ngrer versus 300 r 600 g 
f igre ing) shwe h ngrer signiny reue 
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risks f riry enin (sie f eh ue  ny use, 
MI, revsurizin, r sen hrsis), n ws n ssi-
e wih inrese risks f jr eeing r inr evens.75,76

Cngrer is  e inisere s  30 g/kg IV us, fwe 
y 4 g/kg/in IV ninuus infusin fr  iniu f 2 
hurs r fr he enire urin f PCI, whihever kes nger. T 
rnsiin  n r P2Y12 inhiir, ing se f igre 
(600 g) r rsugre (60 g) shu e given ieiey fer 
erinin f ngrer infusin, whie igre (10 g) n 
e given uring infusin r ieiey fer infusin. Mxi 
seru nenrin is hieve wihin 2 inues fer IV us 
n infusin re iniie. Cngrer is 97  9% rein un 
n is n eize y CYP enzyes. I hs  shr hf-ife 
f 3  6 inues n is eiine in he urine (5%) n fees 
(35%).76

Due  is shr hf-ife, ngrer hs n vnge ver he 
her P2Y12 inhiirs s i n e isninue righ efre 
ri surgery, rher hn hving  e he 5  7 ys rir. 
In he BRIDGE ri, ngrer 0.75 g/kg/in signiny 
reue eves f ee reiviy s re  he e 
gru rir  ri surgery. Beeing res were re 
eween ngrer n e.76 As he BRIDGE suy i n 
invesige ini ey enins (e.g. MI, eh ue  r-
i uses), he re f ngrer s  rige hery  surgery 
fr r P2Y12 inhiirs reins uner. Cngrer n reue 
he niee ee f igre r rsugre, n herefre, 
igre r rsugre us e iniie fer ein f n-
grer infusin.76

Cilostazol (Pletal) and Pentoxifylline (Trental)

Cisz (Pe) is  quininne erivive h seeivey n 
reversiy inhiis eur hshieserse III y inresing he 
eves f AMP, resuing in vsiin n inhiiin f ee 
ggregin. Cisz is inie fr inerien uiin 
in iens wih eriher reri isese. Cisz ws fr 
inrese wking isnes n irves sys n quiy 
f ife in iens wih inerien uiin. e ini en-
es y n e nie fr  es 2  4 weeks n y ke 
12 weeks. e ny ernive  isz fr inerien u-
iin is enxifyine (Tren); hwever, i hs een rven 
ineius. Penxifyine is  xnhine gen wih rhegi 
reries h erese  vissiy n irve eryhrye 
exiiiy.

Cisz is ssie wih  high iniene f rnsien verse 
ees, suh s hehe, irrhe, izziness, n iins. In 
iens wih her fiure, r hshieserse inhiirs suh 
s irinne hve een ssie wih inrese riy resu-
ing fr rrhyhis; isz n sever f is eies re 
nrinie in iens wih her fiure n shu e use 
rueny in iens wih CAD. Cisz hs een ssie 
wih inreses in her re n reuins in P–R, QRS, n Q–T 
inervs n ECG. In he g e, isz hs een ssie 
wih ri esins n enri herrhge, siir  xii-
ies ne wih irinne; he risk f eveing ri esins 
wih ng-er isz use is unknwn. Cisz is  CYP3A4 
n CYP2C19 susre n hs een ssie wih signiny 
eeve eves when ine wih he CYP3A4 inhiirs ke-
nze, iize, n eryhryin. Skers exhiie 20% 
wer eves f isz. Cisz is inisere  100 g 
wie iy; he se shu e reue in he resene f CYP3A4 
inhiirs  50g wie iy. F inreses he ivii-
iy f isz y 90%; isz shu e inisere n n 

ey sh  iruven his inerin. Grefrui juie 
inhiis gu CYP3A4 n y inrese s isz eves n 
shu e vie uring isz use.

Vorapaxar (Zontivity)

Vrxr (Zniviy) is he ny rese-ive reer-1 
(PAR-1) ngnis urreny n he rke. Vrxr inhiis 
PAR-1 n he ee surfe, resuing in inhiiin f hrin-
inue n hrin reer gnis eie (TRAP)–inue 
ee ggregin.77 Ahugh is niee iviy is revers-
ie, euse f is rnge hf-ife i is eeivey irreversie. 
Vrxr is inie fr he reuin f hri rivs-
ur evens in iens wih eriher reri isese r  hisry 
f MI.77 Vrxr hs een shwn  erese he ine re 
f rivsur eh, MI, srke, n urgen rnry revs-
urizin. Vrxr is given   se f 2.0g ne iy 
geher wih sirin n/r igre. Vrxr shu gener-
y n e use s he se niee gen r wih her ni-
ee gens esies sirin n igre euse f iie 
 regring ey n sfey. Beuse f risk fr eeing wih 
vrxr, use is nrinie in iens wih ive hgi-
 eeing r  hisry f srke, rnsien ishei k, r 
inrrni herrhge. Risk fr eeing is highes in iens 
wh re er in ge, hve  w y weigh, hve reue ren 
r hei funin, hve  hisry f eeing isrers, r re 
using vrxr geher wih her rugs h inrese eeing 
risk, inuing niguns, niees, NSAIDs, seeive 
sernin reuke inhiirs, n sernin nreinehrine reu-
ke inhiirs. Vrxr is  susre f CYP3A4 n CYP2J2. 
Vrxr shu n e use geher wih srng CYP3A4 
inhiirs, whih y inrese he seru nenrin f vr-
xr, r wih srng CYP3A4 inuers, whih y erese he 
seru nenrin f vrxr.77

Glycoprotein IIb/IIIa Inhibitors

GP II/III inhiirs re inie fr he reen f iens 
wih ACS—unse ngin r nn–ST segen eevin ue 
MI—n iens wh re eiy nge n iens 
unerging PCI. Aixi (RePr) is he GP II/III inhiir 
f hie fr PCI. e ngeen f unse ngin r nn–ST 
segen eevin ue MI inues he use f sirin, herin, 
n  GP II/III inhiir. is inin hs e   erese 
in he sie enins f new MI r eh.7 In iens wh 
re eing nge eiy fr  nn–ST segen eevin 
ACS, he use f GP II/III inhiirs hs een rginize  
iens wih ere  high risk se n  risk ssessen 
sre n ninue ishei r iens wih iees. GP II/
III inhiirs re inisere vi ninuus inrvenus infu-
sins.7 Or fruins f GP II/III inhiirs fie  is-
y ey in ini ris n re unvie.

e s n verse ee rere uring hery ws 
eeing. e iniene f jr eeing nifesing s gsrin-
esin, geniurinry, r inrrni herrhge wih he hree-
rug inin ws ny sighy greer hn wih sirin n 
herin ne, iusring he sfey f he GP II/III inhiirs. 
Ahugh inr eeing wih GP II/III inhiirs is n 
(10%), i is genery innsequeni. Beuse hese gens y 
use hryeni, niring f he iy ee, he-
gin, n heri is require. Aixi hs een ii-
e s  use f iune-eie hryeni in 5% f 
iens. Te 22.20 resens he hrgi hrerisis f 
GP II/III inhiirs.
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ryis re inie fr he ngeen f PE, ishei 
srke, n ue ST segen eevin MI—he s exensive 
n ife-hreening ye f her k. ryis reue 
he iniene f her fiure n eh ssie wih ue MI 
n resre rnry  w y issving he hrus, i-
iing he exen f ishei n nersis. ryis nver 
singen  sin. Susequeny, he reyi enzye 
sin iniies  ysis n rues FDPs.

Fr he reen f ST segen eevin ACS nifesing 
wih  es 1 f ST segen eevin in w r re nig-
uus ECG es,  vie hryis (ese, reese, 
n eneese) re inie. Eigie iens shu reeive 
hryi hery wihin 12 hurs f sy nse; hw-
ever,  ene n e reize fr 24 hurs. ryis re 
referre  riry PCI when iens resen wihin 12 hurs 
f sy nse n he rst medical contact to primary PCI 
time wu e greer hn 120 inues. Fr ue ssive PE, 
ese is he ny hryi inie. Aese is reserve 
fr iens wih ue ssive PE wh resen wih sys 
wihin 2 weeks u iy wihin 5 ys. Aese is he ny 
hryi inie fr he ngeen f ue ishei 
srke fr iens wh resen wihin 3 hurs f sy nse 
n n er hn 4.5 hurs fer nse.79 e use f hryis 
is fen reue euse f heir exensive is f nrini-
ins.0 e sue n reive nriniins fr he use f 
hryis re ise in Bx 22.2

e s n verse ee ssie wih hese gens 
is jr n inr eeing. Mjr eeing inues gsr-
inesin, geniurinry, resirry r, rererine, n 
inrrni herrhge. Minr eeing fen nifess s 
sueri r surfe eeing s  resu f reri unures 
n surgi inervenin. ryi-inue herrhgi 
srke in iens er hn 75 yers urs re fen wih 
ese hn wih srekinse. Aese n eneese re 
knwn  e rin sei euse hey re he nver-
sin f singen in sin in he resene f -un 

TABLE 

22.20
Characteristics of Glycoprotein IIb/IIIa Inhibitors

Abciximab Tiroban Eptibatide

Brand name Reopro Aggrastat Integrilin

Common uses Adjunct to PCI Management of ACS, 

medically or with PCI

Management of ACS, medically or with 

PCI; adjunct to PCI

Pharmacology Chimeric human-murine monoclonal 

antibody Fab fragment GP IIb/IIIa inhibitor

Nonpeptide GP IIb/IIIa 

inhibitor

Cyclic heptapeptide GP IIb/IIIa inhibitor

Origin Antibodies from immunized mice Chemically derived Active component of snake venom 

peptides

Binding to platelets Irreversible Reversible Reversible

Elimination half-life 30min 2hr 2.5hr

Platelet function 

recovery

Approximately 48hr Approximately 4hr Approximately 4hr

Elimination Renal, lymphatic system 65% renal, 25% biliary 50% renal, 30% metabolized in plasma 

into amino acids

ACS, Acute coronary syndrome; PCI, percutaneous coronary intervention.

Thrombolytic Contraindications in Acute 

Treatment of Stroke

Absolute

• History or evidence of intracranial hemorrhage

• Clinical presentation suggestive of subarachnoid hemorrhage

• Known arteriovenous malformation

• SBP greater than 185mmHg or DBP greater than 110mmHg despite 

repeated measurements and treatment

• Platelet count less than 100,000/mm3

• Prothrombin time greater than 15 seconds or INR greater than 1.7

• Active internal bleeding or acute trauma (fracture)

• Head trauma or stroke within previous 3 months

• Arterial puncture at noncompressible site within 1 week

• Active internal bleeding

• Concurrent use of direct thrombin inhibitors (DTIs) or direct factor Xa 

inhibitors with elevated sensitive laboratory tests (such as activated partial 

thromboplastin time [aPTT], international normalized ratio [INR], platelet 

count, and ecarin clotting time [ECT]; thrombin time [TT]; or appropriate 

factor Xa activity assays)

• Blood glucose concentration less than 50mg/dL (2.7mmol/L)

• Heparin received within 48 hours, resulting in abnormally elevated aPTT 

greater than the upper limit of normal

• Recent intracranial or intraspinal surgery

Relative

• Rapidly improving stroke symptoms

• Myocardial infarction in the previous 3 months

• Recent gastrointestinal or urinary tract hemorrhage (within previous 21 

days)

• Major surgery or serious trauma within previous 14 days

• Seizure with postictal residual neurologic impairment

• Pregnancy

• BOX 22.2

rin ny, wih iie sysei reysis. e inrese 
rin seiiy is eieve  inue ess exensive sysei 
eein f ing frs suh s ringen n sin-
gen. e ini reevne f hryi rin seiiy 



385  CHAPTER 22 Drugs Aecting Circulation: Antihypertensives, Antianginals, Antithrombotics

hs n een euie. ryis hve rrey een ss-
ie wih heser eizin nifesing s ure 
e synre, ivi reiuris, ue ren fiure, gngrene, 
MI, we infrin, srke, n rhyysis. When 

hryis re use fr ACS, hey n use reerfusin 
rrhyhis nifesing s ryri r venriur hyr-
rhyhis. Te 22.21resens he hrgi reries 
f hryi gens.1 2

TABLE 

22.21
Pharmacologic Properties of Thrombolytic Agents

Alteplase (rtPA) Reteplase (rPA) Tenecteplase (TNK-tPA)

Brand name Activase Retavase TNKase

Source Recombinant DNA technology using 

heterologous mammalian tissue 

culture

Recombinant DNA technology 

using Escherichia coli

Recombinant DNA technology 

using Chinese hamster 

ovary cells

Common uses Pulmonary embolism, stroke, clearance 

of occluded central venous access 

device, ST segment elevation

Myocardial infarction, ST 

segment elevation

Myocardial infarction, ST 

segment elevation

Type of agent Tissue plasminogen activator Tissue plasminogen activator Tissue plasminogen activator

Plasma half-life (min) 2–6 13–16 90–130

Fibrinolytic activation Systemic Systemic Systemic

Antigenic No No No

Fibrin specic +++ ++ ++++

Systemic bleeding risk ++ ++ +

ICH risk ++ ++ ++

ICH, Intracranial hemorrhage; rPA, recombinant plasminogen activator; rtPA, recombinant tissue-type plasminogen activator; TNK, tenecteplase; tPA, tissue-type plasminogen activator.

SELF-ASSESSMENT QUESTIONS

Answers can be found in Appendix A

1. What is the systolic and diastolic blood pressure goal for patients 

without any comorbidities?

2. List adverse effects associated with angiotensin-converting enzyme 

inhibitors (ACEIs).

3. Which antihypertensive agents are preferred in the treatment of Black 

patients without any comorbidities?

4. Which of the β blockers possess intrinsic sympathomimetic activity 

(ISA)?

5. Which of the β blockers possess selective β
1
-blocker activity?

6. List adverse effects associated with α
1
-adrenergic antagonists.

7. What are the most common side effects of nitrates?

8. List metabolic effects associated with thiazide diuretics.

9. Name ve medications that may cause drug-induced increases in 

blood pressure.

10. Which calcium channel blocker is most likely to cause constipation?

11. Identify the best available parameter to monitor the effects of warfarin.

12. What is the antidote for heparin?

13. What is the mechanism of action of warfarin?

14. List the commercially available oral factor Xa inhibitors.

15. Identify the commercially available oral direct thrombin inhibitor.

16. List the common CYP3A4 and P-glycoprotein inhibitors.

17. Name the pharmacologic class responsible for inhibiting the nal 

pathway in platelet aggregation.

18. Which thrombolytic is preferred for massive pulmonary embolism?

19. Name the only ACEI that is available in a parenteral dosage form.

20. Identify the best available parameter to monitor the effects of heparin.

21. Is clopidogrel or ticlopidine superior to aspirin for stroke prevention?

CLINICAL SCENARIO

Answers can be found in Appendix A.

A 75-year-old man presents to the emergency department complaining 

of chest pain of 1 hour in duration. He has had intermittent chest pain for 

the past week. He describes experiencing substernal pain that radiates 

down his left arm. The pain is associated with diaphoresis and is not 

relieved by change in body position. He has had a history of hypertension 

for the past 10 years. He has no history or family history of coronary artery 

disease. He is currently taking labetalol, 200mg twice daily, and an enteric-

coated aspirin, 81mg daily. He has no known allergies.

On physical examination, he appears anxious and is complaining 

of chest pain. His vital signs are as follows: blood pressure (BP) of 

140/70mmHg, pulse (P) of 74 beats/min, and respiratory rate (RR) of 

20 breaths/min. His heart sounds are normal, with no murmurs or gallops 

present. His lungs are clear on auscultation, and his abdomen, extremities, 

and funduscopic examination are unremarkable. His skin is cool and 

clammy.

Electrocardiography (ECG) shows evidence of sinus bradycardia with a 

heart rate of 49 beats/min. His cardiac enzymes all are elevated (creatine 

kinase [CK] of 200U/L, CK-MB [CK isoenzymes found in muscle and brain 

fractions] of 20U/L, and troponin I of 2mcg/mL).

Based on his history, physical examination, and ECG, this 75-year-old 

man is diagnosed with non–ST segment elevation myocardial infarction (MI).

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.
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Two-Process Model of Sleep Regulation

Circadian Processes and Chronobiology

Circadian Timing System
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Melatonin as a Chronobiotic and Chronohypnotic Agent
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Insomnia

Restless Legs Syndrome and Periodic Limb Movement Disorder

Narcolepsy

Parasomnias

O B J E C T I V E S

After reading this chapter, the reader will be able to:

1. Dene terms that pertain to sleep and sleep pharmacology

2. Describe sleep, its individual stages, and their electrophysiologic 

correlates

3. Comprehend the basic neurophysiologic mechanisms that 

promote brain arousal and wakefulness

4. Comprehend the basic neurophysiologic mechanisms that 

promote sleep onset and maintenance

5. Describe basic circadian processes and their interaction with 

thesleep–wake cycle

6. Recognize several sleep disorders that are amenable to 

pharmacotherapy

7. Describe the rationale for using certain classes of drugs to treat 

specic sleep-related disorders

K E Y  T E R M S  A N D  D E F I N I T I O N S

Barbiturates Compounds whose parent structure is uric acid. 

These compounds depress central nervous system activity. 

Long-acting barbiturates such as pentobarbital have been 

used to treat epilepsy. Barbital was used during the early 

20th century to facilitate sleep in individuals with insomnia.

Benzodiazepines Compounds whose parent structure is a fusion of 

a diazepine ring with a benzene ring. Benzodiazepines enhance 

the activity of the inhibitory neurotransmitter γ-aminobutyric acid 

(GABA). Benzodiazepines, which reduce anxiety and promote muscle 

relaxation, also promote sleep. The earliest benzodiazepines were 

chlordiazepoxide (Librium) and diazepam (Valium). Benzodiazepines 

for insomnia are now being replaced by nonbenzodiazepines such 

as zolpidem (Ambien), eszopiclone (Lunesta), and others.

Circadian rhythms “Circa” is Latin for “about,” and “diem” is Latin for 

“day.” Circadian rhythms refer to the approximately 24-hour cycle 

of biochemical, physiologic, and behavioral processes.

Electroencephalography (EEG) Measurement and recording of 

the gross electrical activity of the brain. During EEG recordings, 

electrodes are typically placed across multiple scalp regions. The 

electrodes are connected to ampliers and lters that detect, 

magnify, and record the electrical activity of the brain.

Hypersomnolence Refers to the symptom of excessive sleepiness. 

Daytime sleepiness is so great that it leads to inappropriate 

daytime napping or sleep.

Hypersomnia Indicates specic disorders, such as idiopathic 

hypersomnia. Excessive sleepiness is not alleviated by 

prolonged sleep times or by napping.

Hypnotic Class of drugs used to induce sleep.

Nycthemeron A period of 24 consecutive hours consisting of day 

and night

Parasomnia The International Classication of Sleep Disorders, 3rd 

Edition (ICSD-3) denes parasomnia as “undesirable physical 

events or experiences that occur during entry into sleep, 

within sleep, or during arousal from sleep. Parasomnias may 

occur during non-rapid eye movement sleep (NREM), rapid eye 

movement sleep (REM), or during transitions to and from sleep.”

More commonly encountered parasomnias include confusional 

arousals, sleep terrors, sleepwalking, and nightmares.
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History of Treatment of Sleep Disorders

e rigins f see n he ening f res hve fsine 
ee fr enuries—fr hishers  es, ies f he 
signine f see un. Egr Aen Pe esrie see s 
“ie sies f eh, wheres Wii Shkesere regre i  
e he “hief nurisher in ifes fes. Uni re reeny, see 
ws nsiere  e  ssive, rn unerr  wking 
ife. We nw knw h see is n ive ress h y k 
siir  u is very ieren fr neshesi r .

Huns sen u  hir f heir ives seeing. See isr-
ers, whih e  rge rrin f he gener uin n 
ur in  ge grus, reresen  jr ui heh n g 
eni uren.1 I is esie h 50 iin  70 iin 
us in he Unie Ses hve  hrni see isrer h iner-
feres wih heir iy funining n versey es heir heh 
n quiy f ife. Uni he i-1960s, he e f see ei-
ine fuse ririy n esriing n reing insni, r-
snis (e.g., seewking, nigh errrs), n hypersomnias, 
suh s nresy. Piens exeriening hese sys yiy 
sugh nsuins fr neurgiss, syhiriss, syh-
giss, r heir fiy hysiins. Uni re reeny, reens 
were genery se n eiri hreui inervenin n 
ehvir iin rs r syhhery r h.

e re f he resirry heris in see eiine is si 
eerging, n res f neessry rieny n exerise re ye 
 e fuy ene. An uhriive knwege u see, see 
isrers, hrgy, n he hereui ins f rugs n 
see rhieure is require, geher wih knwege f ss-
ie sie ees r verse rug reins n xiiies. In he 
fuure, resirry heriss y e invve wih he ening 
hysiin in eerining rrie hrhery fr see-
ree isrers, suh s nresy r erii i veen 
isrer (PLMD). A  iniu, i is highy re h uring 
see ignsi reures, he resirry heris wi ssess he 
iens urren hereui regien n, fer nsuin wih he 
hysiin, eerine wheher eiins shu e erriy 
susene efre ignsi reures. is her rvies si 
knwege u see eiine fr h he resirry heris 
wh is si eveing ini skis n he exeriene heris 
wh is ivey riiing in ien re wih hysiins.

K E Y  P O I N T

The most recent version of the International Classication of Sleep Disorders, 

3rd Edition (ICSD-3), published in 2014 by the American Academy of Sleep 

Medicine (AASM), classies sleep disorders and diagnostic criteria. Diagnos-

tic codes for each disorder are also provided. Currently, more than 60 sleep 

disorders are described in the ICSD-3 (Table 23.1).2

I is eyn he se f his her  ress he enire se-
ru f see isrers ssie in he International Classication 
of Sleep Disorders, 3rd Edition (ICSD-3) r  rvie n exhus-
ive sury f  he hrgi, neureui, r gniive 
ehvir heries eye in his e. is her esries 
he sses f rugs h re ikey  e enunere when reing 

TABLE 

23.1
ICSD- Major Diagnostic Sections

Section

Insomnia

Sleep-related breathing disorders

Circadian rhythm sleep–wake disorders

Parasomnias

Sleep-related movement disorders

Other sleep disorders

ICSD-3, International Classication of Sleep Disorders, 3rd edition.

iens wih see isrers. Firs,  r u rief verview f 
he hisry n evuin f see reserh n see hrgy 
is resene, fwe y  rief verview f he rin ehniss 
unerying he resses f wkefuness n see, inuing ir-
in ses. Se key see-ree isrers re esrie, n 
yi uns h y e use  re hse isrers re 
reviewe. Au see ne synre, whih is ririy ree 
wih ehni evies suh s r ines r iin 
f ninuus siive irwy ressure (CPAP), is n isusse. 
Ane n ryri f reuriy, whih is ree ririy 
wih resirry siuns, re isusse in Cher 17.

e nse n urin f see re rhesre hrugh ui-
e rin sruures n neurrnsier susres, n hgy 
wihin hse sruures r neurrnsier syses ee ni-
fes s  see isrer. Fr exe, ss f rexin/hyrein-r-
uing neurns in he er hyhus is ssie wih he 
iniiy  inin rnge eris f wkefuness r see n 
he inrusin f ri eye veen (REM) see, r he signs f 
REM see, in wkefuness. See hrhereuis evve 
wih he unersning h nrizin f iviy wihin er-
ure rin regins r neurrnsier syses, r h, es  
 reuin f he signs n sys f sei see isrers.

K E Y  P O I N T

Compounds to induce and sustain sleep have been in use for almost 5000 

years. The oldest may be opium (which contains morphine), whereas the 

most recent are orexin receptor antagonist hypnotics.

As  resu f inrese ui wreness u see isrers 
n sieni vnes, ses f see-ree rugs hve inrese 
rkey. Aring   rke rer uishe y he Per-
sisene Mrke Reserh, “G Mrke Suy n See Ais: 
See Ane  Winess Highes Grwh y 2020, he g 
see is rke ws vue  US$ 5.1 iin in 2014 n is 
exee  exn   un nnu grwh re f 5.7%  
un fr US$0. iin y 2020.3

Hwever, he ineres in hreui see is is n new; 
see-inuing uns were isvere n use husns 
f yers g. Perhs he rs un  e use s  see-
inuing i ws he juie fr he iu y. Se f he 
eries wrien esriins f he iu y hve een fun 
n Suerin y es ing  rxiey 3000 bc. A h 

Polysomnography Measurement and recording of EEG activity, 

typically coupled with measurement and recording of 

cardiorespiratory activity and eye movements, during sleep.

Smith-Magenis Syndrome (SMS) A rare genetic disorder that 

is caused by a small deletion of human chromosome 17p. It 

manifests with physical, mental, and behavioral problems, and 

a prominent feature of it is a severe sleep disorder combined 

with considerable disruption in the lives of patients and their 

families.
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ie, he juie f he y ws hrvese n nsue euse 
f is iiy  inue  euhri se; his e  he n eing 
nsiere  Gi Hu, r “jy n. Desriins f he iu 
y hve s ere in wriings f he Assyrins n Per-
sins. e Greeks evenuy were inrue  he iu y, 
whih y reresen he rs ie i ws use exressy fr see 
inuin. Greek yhgy eis ny see-ree eiies, 
inuing Hyns (see), Mrheus (res), Nyx (nigh), n 
ns (eh, he win rher f Hyns), in ssiin wih 
iu exre fr he y. Her esrie he reries 
f iu in h e Iliad n e Odyssey s n inxiing, 
in-reieving, n see-inuing susne.

Mre reen ierure s exuns n he see-inuing wer 
f iu in e Wizard of Oz wih Drhy, her g T, n he 
Cwry Lin fing in  ee see s hey sse hrugh  e 
f ies n heir rh  he Eer Ciy. e see-inuing 
ees f he iu y n e riue  nuerus kis 
nine wihin he n, inuing rhine n eine. Bh re 
enr nervus syse (CNS) eressns n ii in reievers.

e eveen f see-inuing uns ws rev-
uinize in he ery 19h enury y he synhesis f iu. 
Shry fer his, hr hyre n he ries were eve-
e. Chr hyre,  CNS eressn, riy inues ee 
see. Bries, invene in he i-19h enury, re s CNS 
eressns n inue see reivey quiky. eir uriy 
s see is inrese hrugh he e 19h enury n in he 
ery 20h enury. As, uring he 19h enury, nirus xie 
ws reisvere, n eher n nirus xie were inhe s 
“ry fvries f uer-ss Eurens n Aerins. e ini-
i isveries f eher y he Snish heis Luius in 1275 
n nirus xie y he Engish heis Priesy in 1772 were 
s  ei siene uni heir reinruin in 142. A h 
ie, Lng,  surgen in Gergi, eye he rerein rug 
eher in surgi reures euse f is inreiy ri inu-
in f “see, nesi n in reief. In ing s, he unknw-
ingy ushere in he ern er f neshesi.

Barbiturates, rs isvere in he i-19h enury, sn 
ree ries s he “seeing is f hie in he ery 20h 
enury. is ss f rugs rises re hn 25,000 -
uns h were synhesize y ining vrius uns 
wih riuri i. Ahugh uie riuri i uns 
were evee, ny  see few (inuing  iehy erivive) 
resue in see-ring reries. Briures, suh s hen-
ri, re very eeive  inuing see. Hwever, hey s hve 
uie sie ees, n he es f whih is he eni risk fr 
riure iin, n, if ken wih h, hey n resu in 
resirry suressin n eh. ese hyni gens hve een 
ree y newer, re eeive, n sfer uns.

Benzodiazepines, suh s ize (Viu), eze 
(Resri), n nze (Knin) were rs rkee in he 
1970s. Ery fruins f hese CNS eressns shre sii-
r sie-ee res  he riures, hugh heir rgin 
f sfey ws uh greer. Hwever, enzizeines ssess he 
eni fr iin, n euse f he ng hf-ife n he 
urin neee  eiine se enzizeines fr he y 
(re hn 12  24 hurs), nex-y “hngver seeiness ees 
n ery iirens re n. Sine he inruin in 
he 1990s f nnenzizeine n ngs f hese uns 
(e.g., zine, zie, zen, n eszine), he use f 
enzizeines fr insni hs eine.

e “ie hypnotic shu ssess he fwing rini 
hrerisis. I shu inue see riy (in u 10  15 
inues); inin see ver rnge eris (u 7   

hurs); n e evi f yie resiu sie ees n ery, 
gniin, r erness. I shu s ssess iin hrer-
isis suh s ri srin, i hf-ife, reer-sei 
ining, n ive eie, n eni fr use, erne, r 
eenene, n resirry eressive ee, n n inerin 
wih h r her CNS eressns.

In iin  “seeing is, ny nneressn ei-
ins re use in see eiine. In isrers suh s resess egs 
synre (RLS) n PLMD, see nse is fen eye n 
frgene. Firs-ine hery fr hese isrers inues -
ine gniss n, in se ses, ies. Resirry siuns 
re nher ss f eiins seies eye in he re-
en f see isrers. Merxyrgeserne n ezie 
hve een use in n er  enhne veniin in iens wih 
high iue–inue enr see ne r esiy–hyveni-
in synre. Mre reeny, he nieressn irzine hs 
een shwn  reue ne severiy in ni es euing 
see ne s we s in se iens.2 An eeive hreui-
 reen fr sruive see ne es n ye exis.

K E Y  P O I N T

Manifestations of sleep disorders can emerge from within different sleep 

states. REM behavior disorder occurs only during REM sleep. Confusional 

arousals tend to occur when awakening from slow-wave sleep (stage N3). 

Somnambulism (sleepwalking) is also known to occur during the rst third of 

the night; the sleep period is predominated by slow-wave sleep (stage N3).

Progession of Sleep

See ws riginy hugh  e  ssive rher hn n ive 
ress. Rihr Cnn (142–1926),  hysigis  he Ry 
Inrry in Liver, is reie wih he isvery f he eeri-
 nure f he rin, whih uiey e  he isvery f 
electroencephalography (EEG) y Hns Berger (173–1941), n 
irn iesne in he unersning f hun see s n 
ive ress. Cnns exerien servins n ri ur-
rens in ris n nkeys were uishe in e British Jour-
nal of Medicine.4 Using  irrr gvneer, Cnn serve 
n inrese in he iue f wves esure fr he rex 
uring ses f see s se   ereen in ri i-
ues uring wkefuness. Cnn ws he rs  erfr see 
EEG in s.5 Susequeny, sever servins, inuing 
hse f Cnsnin vn En (176–1931) n he exeri-
ens y Giusee Mruzzi (1910–196) n Hre Winhe 
Mgun (1907–1991), ery shwe h see ws n  ssive 
henenn u invves sever rin regins, eseiy he ien-
ehn n he rinse, whih ivey nr see n ses 
f rus.6–9 In 1957, Wii Chres Deen (192–2020) n 
Nhnie Kein (195–1999) rere he yi erning 
ern f nn–ri eye veen (NREM) n REM see.10

When eerining he s rrie hreui inerven-
in fr  see isrer, i is irn rs  nsier hw see is 
ene n esure n he nrive vues f ie sen in see 
n eh see sge (i.e., see rhieure). Min see n e 
ene s  yi, reversie ehvir se f ereu isengge-
en fr n unresnsiveness  he exern envirnen. Wihin 
nr hun nhsi see, see is ygrhiy hrer-
ize in w isin sges se n  nsein f ehvir n 
eerhysigi reers. ese w sges re NREM n REM 
see. NREM see is egrize furher in sges N1–N3 (fr-
ery knwn s sges 1  4); N1 is he ighes, n sge N3 is he 
eees see sge. Figs. 23.1  23.4 shw exes f EEG-ene 
wkefuness fwe y exes f sges N1  N3.
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• Fig. 23.1 A 30-second epoch of wakefulness.

• Fig. 23.2 A 30-second epoch of sleep scored as stage N1, formerly known as stage 1.

e er fr REM see is erive fr he erii urss 
f REMs uring see. REM see hs h ni (ersisen) 
n hsi (eisi) nens. During ni REM see, he 
EEG ring shws  siir ern  h f N1, u i y s 
exhii inrese iviy in he he frequeny rnge (3–7 Hz) n 
swh-ye wves. REM see is s nie y  gener-
ize use ni, exe fr he exrur uses n he i-
hrg. Fig. 23.5 shws n exe f EEG-ene REM see.

Aserinsky n Kein were he firs  serve he ee-
rhysigi hrerisis f REM see n, in riur, 
he ri, jerky, n inury syeri eye veens 
in his see sge.11 EEG erns siir  wkefuness 
were ne, shwing he hrerisi fs esynhrnize 
rhyhs in he ri EEG, n he er rxi see 
ws inrue y Mihe Juve in 1960;12 he er ive 
see ws use y her reserhers. These ers re use 
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• Fig. 23.3 A 30-second epoch of sleep scored as stage N2, formerly known as stage 2.

• Fig. 23.4 A 30-second epoch of sleep scored as stage N3, formerly known as stages 3 and 4.
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inerhngey in he ierure, hugh sue ifferenes 
exis. Aiiny, uni ivin urs in his se 
s resirry n her res re inrese. Dre re is 
s n when sujes re wkene uring his sge, 
wheres re re uring NREM see is reivey rre 
(Te 23.2).

See sges ur in yes h ree rxiey every 90 
 120 inues. A nr see ye egins wih N1 n r-
ees hrugh N3. See riy sses hrugh he se sges in 
reverse rer efre REM see is iniie, usuy rs urring 
u 90 inues fer see nse. Ahugh signin inerin-
iviu vriin in see nee is ne, u huns yiy 

• Fig. 23.5 A 30-second epoch of sleep scored as stage REM sleep.

TABLE 

23.2
Electroencephalographic Correlates of Sleep Stages

Sleep Stages TST (%)

CHARACTERISTICS

EEG EOG EMG Other Variables

Stage awake 

(relaxed 

wakefulness)

Alpha activity (8–12 Hz) 

or low-amplitude beta 

(13–35Hz), mixed-

frequency waves

REM (in sync or out of 

sync deections), 

eye blinks

Relatively high tonic 

EMG activity

Alpha activity in occipital leads 

compared with central leads, 

eye-opening suppress alpha 

activity, movement artifacts

N1, formerly known 

as stage 1

2–5 Low-voltage, mixed-frequency 

waves (2–7 Hz range), 

mainly irregular theta activity, 

triangular vertex waves

SEMs, waxing and 

waning of the alpha 

rhythm

Tonic EMG levels are 

typically below the 

range of relaxed 

wakefulness

Alpha ≤50%, vertex sharp waves 

in central leads, the absence 

of spindles and K complexes

N2, formerly known 

as stage 2

45–55 Relatively low-voltage, mixed-

frequency waves, some 

low-amplitude theta and 

delta activity

No eye movement Low chin muscle 

activity

Sleep spindles (7–14 Hz) 

and K-complexes occur 

intermittently

N3, formerly known 

as stages 3 and 4

5–20 >20% epoch consists of delta 

(0.5–2 Hz) activity

No eye movement Chin muscle activity is 

lower than N1 and N2

Sleep spindles may be present

Stage REM 20–25 EEG is relatively low voltage 

with mixed frequency 

resembling N1 sleep

Episodic rapid, jerky, 

and usually lateral 

eye movements in 

clusters

EMG tracing almost 

always reaches its 

lowest levels owing 

to muscle atonia

Phasic and tonic components, 

the presence of sawtooth 

waves, alpha waves are 1 

to 2 Hz slower than waves 

occurring during wakefulness 

and non-REM sleep

EEG, Electroencephalography; EMG, electromyography; EOG, electrooculography; REM, rapid eye movement; SEMs, slow eye movements; TST, total sleep time.
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see u 7  9 hurs er nigh n sen s ne-hir f 
heir ife seeing. Fig. 23.6 rvies  grhi reresenin f 
he yi isriuin f see ses rss  singe nigh in  
nr hehy u.

Neurophysiologic Mechanisms

Arousal and Wakefulness

K E Y  P O I N T

The neural arousal or activating mechanisms that produce the state of 

wakefulness reside within multiple brain regions, and each region uses a 

different neurotransmitter. Activities within brain regions using histamine, 

norepinephrine, orexin, serotonin, dopamine, and acetylcholine are correlated 

in the production and maintenance of wakefulness.

In  series f s-re exinins f he rins f iens 
wh h ie s  resu f he urek f enehiis ehrgi 
fer Wr Wr I, vn En serve h esins in he rs-
r irin n serir hyhus h  rfun ee 
n see n wkefuness. He erive w signin rrees 
fr his servins. e rs ws h esins in he rei 
n s frerin (BF) res use severe insni. e sen 
ws h esins in he serir n er hyhus (LH) 
use severe hyersni. Bse n hese , vn En 
hyhesize he exisene f  gru f see-ring neurns 
run he hyhi i his n, nversey,  gru f 
wke-ring neurns in he re f he serir hyh-
us. Bh servins hve een rve  e esseniy r-
re, u i ws ny wr he en f he 20h enury h he 
hyhi inuenes n see n wkefuness were inegre 
in he ehniss f vigine se nr. Befre h, he 
ehsis h een n rinse ehniss n he sening 
reiur iving syse (ARAS).

Ascending Reticular Activating System

Physigi nysis f he ehniss f EEG rus n wkefu-
ness egn wih he ssi suies f Breer, wh, in 1935, shwe 
h if he rinse f   ws eey rnsee  he eve 
f he irin (i.e.,  rue he erveu isé), he resu ws h 
he  inine  ersisen se f see. Dieren inerreins 
f his resu were n ssie uni Mruzzi n Mgun9 en-
sre he exisene f n ive rus ener ew he eve f he 
rnsin, in he ns (i.e., he rinse). Susequen esin n 
eeri siuin suies ienie he rinse re, r nine 
reiur syse, s  rii nen f rus n wkefuness. 
is syse ws ere he sening reiur iving syse n 
ws rhgiy ene y e ies h rjee fr he 
rinse  innerve he irin n rex.

A re reen vne hs een he ieniin f he ir-
ne f  hinergi iving syse in EEG rus. is is 
ne f he jr nens f he ARAS, n is ieniin 
eens n ehs h were evee fr eing neurns h 
nin sei neurrnsiers. Mire Serie (1924–2006) 
n egues13 ienie es e ner he ns–irin 
junin h inrese heir ishrge re u 60 sens efre 
he rs hnge  n ruse se ws ne n he EEG. ese 
neurns were fun  rje  he hus, n he hnge in 
heir ishrge re ws he rs iniin f rus. Susequen 
wrk ienie hese neurns s nining he neurrnsier 
eyhine n eing ize  he errs nine eg-
enu/eununine egenu (LDT/PPT) regin.

Chinergi syses re n he exusive susre f EEG 
rus. Eviene h uie syses re invve in rus 
n wkefuness es fr he iniiy f esins f ny sin-
ge ne f hese syses  isru EEG rus n  ernen 
sis.14 Oher rinse reiur neurn rjeins  he 
hus using gue neurrnsissin n nrrenergi 
n serninergi rjeins fr he us erueus n rhe 
nuei s y irn res in inining wkefuness. In 
iin  rinse nuei,  hinergi inu  he rex 
h sens fr he BF nuei, eseiy he nueus sis f 
Meyner, ys n irn re. Hisinergi neurns -
ize in he ueriry nueus (TMN) f he serir 
hyhus s re wkefuness. e isvery f he 
rexin/hyrein syse in 199 (see he sein n Nresy 
er) e  nher CNS rus syse eing ienie. I is 
ry he er hyhi syses h were ee in he 
rins exine y vn En.

e urren nein f he ehniss f rus n 
wkefuness n e surize y ning h wkefuness n 
he nin EEG rus is  se f rin ivin resu-
ing fr he inuene f sever exiry neurrnsiers. 
e er ARAS hs een ree y sening iving syse 
(AAS). NREM see is he sene f suh exiry rive fr 
he nse f see hrugh  he ee sges f sw-wve see 
(SWS) (N3), NREM see is rke y he gru reuin 
f his rusing inuene. REM see hen urs s  ieren 
ruse se, u ne h is si ue y se f he se 
exiry hwys h re ive uring wkefuness. Wkefu-
ness is sure y sever, reny reunn re neu-
rrnsier hwys, whih inue gue, eyhine 
(rjeing fr h he LDT/PPT nuei in he rinse n 
he BF), n nines (i.e., nreinehrine, sernin, n 
hisine). Wih he exein f he hyhi TMN n 
LH rjeins, whih s innerve he rex, n he hin-
ergi BF rjein, whih exusivey innerves he rex, hese 
sening rjeins f he AAS innerve he hus.

Thalamic Mechanisms of Arousal

Ms AAS rjeins eie EEG rus n wkefuness syn-
se in he hus, whih is n esseni ener fr he rgniz-
in f EEG rus n inining ivin   ri eve. 
i ehniss   eur eve inuene he ierenes 
eween wkefuness n NREM see. A eie nsierin 
f hese hi ehniss is eyn he se f his her; 
hey een ririy n he es in he hus h rje  
he rex (i.e., hri neurns).15 ri neu-
rns ier in heir re n ern f ishrge eening n 
he vigine se. When he rus-ree guergi, h-
inergi, nrrenergi, n serninergi rjeins re ive, 

• Fig. 23.6 Sleep hypnogram displaying the distribution of sleep stages 

across the night.
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hey rive he hri neurns  ishrge in singe sike 
e. is ishrge kees he EEG in n ive se, whih n-
riues  rus n wkefuness.

In nrs, in he sene f iving r rusing inus, 
hri es ify heir ishrge re   urs e. 
is ursing rives siins in hi n ri  
iruis, n hese siins re he susre f he swing 
n inresing iue f he EEG h hrerizes NREM 
see. e gru n ninuing reuin in he rusing inu 
resus in he gru eeening f NREM see uni e wves 
ine he EEG uring SWS.

Sleep Onset and Processes That Maintain Sleep

K E Y  P O I N T

The neural mechanisms that produce the state of sleep also reside within 

several brain regions, and each region uses a different neurotransmitter. The 

onset of activity within the ventrolateral preoptic nuclei orchestrates the onset 

and maintenance of NREM sleep.

An irn nsierin is  ehnis h egins his 
ress f reuing he rive fr he iving (wkefuness) 
syses.16 In her wrs, hw es see egin? Eerhysi-
gi rerings f es in he BF n nerir hyhi 
regins shwe h se f hese neurns ishrge ny uring 
see, n his ws hyhesize  e n ive see-ring 
ehnis. Cnrin e fr suies y Sherin n -
egues,17 wh use ni ehniques  ee neurns in 
he venrer rei (VLPO) re h ws seeivey ive 
uring NREM see. Susequen iunhishei suies 
ienie he neurrnsiers nine in hese es s inhii-
ry γ-inuyri i (GABA) n gnin. Ani wrk 
shwe neurns nining GABA n gyine rjee n ny 
 wkefuness-ring hisinergi neurns in he TMN 
n her hyhi eners, inuing he BF, u s   
he rinse nuei irn in EEG rus.1 is gru f 
es rines he inhiiin f iviy in  nens f he 
AAS  fiie see nse. Curren suies ninue  inves-
ige he inerin f hese neurns wih her syses h 
re irn in see n, in riur, hw her es wihin 
 regin run he VLPO re, ne he exene VLPO re, 
re invve wih iniiing he nse f REM see.

Two-Process Model of Sleep Regulation

Homeostatic sleep drive. See rensiy is eerine y 
hesi n irin see rives. e hesi -
nen f see nee is he seeiness h fws rnge wke-
funess, n here is nw nsiere eviene  sur he 
re f ensine s  eir f his nen. is re f 
ensine sees  een ririy n is inhiiry in n 
he BF wkefuness-ring neurns. Cnsense eviene 
fr  see-enhning ee f ensine es fr he uiqui-
us use f ee n e  inrese erness euse hese ever-
ges nin eine, n ensine reer ngnis.19 Rer 
W. MCrey (1937–2017) n egues20 21 hyhesize h 
uring rnge wkefuness, ensine uues seeivey 
in he BF n res he rnsiin fr wkefuness  see 
y inhiiing he wkefuness-ring BF neurns hrugh is 
in  he ensine A1 reer. Reguin f exreur 
ensine eves eens ririy n ei re: Inrese 
eis es  reue high-energy hshe sres n 

inrese ensine, whih, vi n equiirive nuesie rns-
rer, es  inrese exreur ensine. e BF wkefu-
ness-ring neurns inhii he VLPO re, n he ens-
ine-eie inhiiin f BF es is ne ehnis y whih 
he VLPO es egin  ishrge s seeiness inreses n he 
see eise egins.

K E Y  P O I N T

The suprachiasmatic nuclei (SCN) are the neuroanatomic sites of the primary 

mammalian biologic clock. Subpopulations of SCN neurons exhibit spontane-

ous patterns of discharge activity and are described as self-sustaining neural 

oscillators or pacemakers. Cell-autonomous oscillations are observed in SCN 

neurons dispersed in cell cultures, with periods ranging from 20 to 28 hours.

Circadian process. In iin  he hesi nee fr see, 
seeiness eens n  sen jr inuene, he irin 
hse. Like ny her seies, huns ninue  shw regur, 
irin see/wke yes n her hysigi n hrn 
rhyhs in he sene f  24-hur igh/rk (LD) ye. ese 
rhyhs us een n n inern “k r eker h is 
sef-susining in he sene f exern ie ues n n e rese 
y hnges in he envirnen. e ehniss f his inern 
k hve een suje  reserh ver ny yers, n signi-
n rgress hs een e using genei  ine fr  
wie vriey f seies, inuing he re  Neurospora, he 
frui y Drosophila, n he use.22 e iversiy f he seies 
fr whih hese resus hve een ine ehsizes rerk-
e nservin f funin in ie-keeing in igi syses 
uring evuin.

is irin inuene n see s s hrugh he VLPO 
re  wrk in ner wih he hesi rive  inin see 
y nsiing he see eri. e irin eker hieves 
his nsiin y  ehnis h,  rs sigh, sees  e in 
 rxi hse reinshi  he nr iing f he see 
eri. is ssuin fws fr he f h he irin 
rive fr wkefuness is srnges in he evening hurs, jus efre 
he nr ie f see nse. Cnversey, he irin rive fr 
seeiness is srnges in he rning hurs, jus efre he usu 
wking ie. is ress hes nsie he see hse esie 
he hesi rive fr seeiness in he evening n he he-
si rive fr wkefuness in he rning.

Cining he hrerisis f he engenus see–wke 
rhyh wih hse f  irin sir hs e  ese h-
ei es f see rensiy. One f he s signin f 
hese es ws evee y Aexner A. Bréy (1939–),23,24

wh se his e n  w-ress singe-sir e. In 
his e, see is seen s he ne resu f w resses. One, 
ress S, r see rensiy, uis uring wkefuness n 
eines exneniy uring see n is inexe y he e 
wer f he EEG. As ne erier, ensine is  ikey nie 
fr he engenus eir f ress S. e sen ress, 
ress C, is n engenus irin sir h sey r-
es re y eerure. e uu fr he engenus 
k is ry he eir f ress C.

Cirin see–wke n hysigi rhyhs re ree s 
sinusi vries in his e, ssuins h re n su-
re y u . e see/wke se is esseniy  inry 
ress, n he u she f he vriin in hysigi vri-
es rss he nyheern is syeri n is ue, 
uner nr niins, y hnges ree  iviy n see 
nse. e rering f re y eerure uner sever if-
feren niins, inuing nr exressin f he see–wke 



396 UNIT C Critical Care, Cardiovascular, and Polysomnography Agents

ye, see erivin wih nsn iviy ver 24 hurs, n 
ninuus e res wih ini iviy u nr see–wke 
ehvir, igh rvie re ure eing  fer r-
rie surive niuin.25 is in is resse in re 
ei susequeny.

Circadian Processes and Chronobiology

e irin resses f see n wkefuness re s ir-
n fr nsierins ree  hrhery.26 e si 
unerying igi sirs e he resnse   rug in 
iin  riving he igi rhyhs suh s see rensiy 
n re y eerure.

Circadian Timing System

Bigi rhyhs vry syseiy rss he 24 hurs f he 
nyheern. In riur, circadian rhythms re riven y 
engenus ekers h hve eris (T, u) rxi-
ing 24 hurs.27 As ne reviusy, hese re sef-susine, iner-
ny genere igi signs h, in he nur envirnen, 
re nry synhrnize r enrine  he 24-hur LD ye. 
Bh see n er rgnizin re evuinriy nserve 
ehvirs, hugh hey n hnge uring he ifesn f n 
rgnis.2 Suh evuinriy nserve, he inrinsi er 
rer is rui fr hun heh n we-eing, n isurnes 
in hese rhyhs resu in ehvir, hysigi, syhgi, 
ihei, n enringi nriies.

Suies ver ny yers hve ee  erive n ure 
esiin f he eri f he engenus eker. T  s 
require he sujes n ny  e e uner “free-running 
niins in whih he envirnen ws eey evi f 
ny ie ues u s uner niins in whih he eri f 
he engenus eker u n e enrine  he res–
iviy ye. ese nsierins e  he in f he 
fre esynhrny r, riginy evee y Kein in 
193.10 In his ye f suy, sujes were ke n  res–iviy 
ye h ws suieny ng (e.g., 2 hurs)  reven he 
enrinen f he engenus eker  his rhyh. Resus 
were vrie, hwever, uni Chres A. Czeiser (1952–) n -
egues29 in 1999 hnge he r s h heir sujes were 
exse  very i igh (u 10  15 ux) hrughu. In his 
wy, Czeiser n egues were e  eerine he “verge 
eri f he hun irin eker  24.1 hurs; hey 
s rere h hehy er sujes h he se eriiiy, 
wih he se siiy n reisin, s yunger sujes.

Uner nr irusnes, irin rhyhs ee syn-
hrnize r enrine  he envirnen LD ye, whih s 
s  ervsive n rinen synhrnizer, r zeigeer.30 Ligh 
signs re reeive in he rein n re rnsie vi  n-
syni hwy, he reinhyhi r (RHT),  he 
surhisi nueus (SCN). Nn–ige-fring ees f 
rein igh exsure rnge fr ees n vrius hysigi 
esures, suh s shifs in he irin rhyhs f enin 
n y eerure,  ees n syhgi esures—fr 
exe, high envirnen igh inensiy inreses rus n 
erness. Reen eviene ensres h he er henu 
( key regin eiing uniin eween he frerin n 
ninergi syses in he irin n hinrin) reeives 
irin infrin fr he SCN n igh signs fr he 
eye h y e e  exress inrinsi irin reries.31,32

Ahugh he ehnis y whih igh exers hese ering 
ees is unknwn,  re reeny isvere newrk f ue 

igh–sensiive rein gngin es (RGCs)33,34 is ikey r f 
he inu syse fr he hysigi ees. In nis35,36 n 
huns,37 he suressin f enin n shifs in irin 
rhyhs re riury sensiive  he shr-wveengh, ue 
nen f igh. e ue igh–sensiive RGCs exress he 
higen ensin n  neureie, iuiry eny-
e yse-iving yeie (PACAP).33,34,3 Signiny, 
he RGCs rje  rin regins iie in see eh-
niss, inuing he SCN n he VLPO re.34,39 is ning 
suggess h hey igh eie he ee f igh n seeiness.40

Suprachiasmatic Nucleus: The Central Oscillator

e SCN, whih is ize  he nerir hyhus, s s 
he “igi k  rine he irin rhyh.41,42 e 
SCN reeives hi infrin vi he guergi RHT n 
he geniuhyhi r (GHT), whih nins NPY n 
nnhi infrin vi serninergi neurns rigining in 
he rs rhe nueus (DRN). SCN neurns, whih rje  
he rsei n serir hyhi res n he VLPO 
re, ivey re n inin wkefuness uring he y 
n see  nigh (Fig. 23.7). e SCN is invve in he regu-
in f he iing f see–wke ses n he exressin f 
he see–wke ye n y y  re in he rinin f 
sei see sges.41–43 e re f he SCN in he nr f 
see hs een suie exensivey in sever seies. In squirre 
nkeys,  iurn seies siir  huns, he irin sign 
rue y he SCN res wkefuness uring he suje-
ive y n nsiin f see  nigh. Lesins f he SCN 
hve een fun  isru he nsiin f h see n 
wkefuness ue   isrue irin rhyh.44 Neurns in 
he SCN exress w enin reers (MT1 n MT2) wih 
ieren funin res.

Circadian Rhythm and Metabolism

See n see isurnes re viewe inresingy in he nex 
f eis. Meis n ei funins re ee 
y he ie f y n he ignen f he irin eker 
 he igh/rk ye.23 us, he ni n i r-
esses re segrege in he eriher issues, where gygen n 
heser synhesis re re in he wke-feeing eri, 
n uring he see-fsing eri, gunegenesis n gy-
genysis revi.45

Chronopharmacology

Chrnigy is nerne wih he ehniss f erii 
igi inuenes n heh n isese;46 hrgy refers 
 he ei isiine nerne wih he ihei n 
hysigi ses f rug ees, inuing srin, isriu-
in, eis, eiinin, xiiy, n sei ehniss 
f rug in. e eeiveness f rugs, s  rii se f 
hrgy, eens n he hrynis (i.e., wh he 
rug es  he y) n hrkineis (i.e., wh he y 
es  he rug). ese nsierins invve he quniive 
ses f rug srin, isriuin, n exrein h re 
rui fr he esign f rin sge regiens.

Chrnhrgy, r he suy f ie-eenen vri-
ins in hrgy,47 ws evee fr he inusin f 
hrnigi rinies in he suy f hrgy. Tri-
iny, rug eivery hs ssue h  hei is sre 
reiy fr he sie f inisrin. A sen-generin 
rug eivery g hs een he hieveen f  ninuus 
nsn re (i.e., zer-rer) eivery f rugs. Hwever, iving 
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rgniss re n “zer-rer in heir resnse  rugs. As en-
ine erier, iving rgniss re reie resning yni 
syses gverne y inrinsi sirs, s hey require ieren 
uns f rugs  ieren ies wihin he irin ye  
xiize he esire n unesire (i.e., hrnxiiy) ees f 
he rug. Tw nes re irn when nsiering hnges 
in rug ey ver he 24 hurs. e rs is irin hnges in 
rug iviiiy (i.e., hrnkineis), n he sen is ir-
in hnges in he suseiiiy  he rug (hrneshesy). In 
rief, ini hrnhrgy, r hrnhereuis, is he 
ursefu erin f rug eves  h igi rhyhs 
n iize hereui ues n iniize sie ees.

Melatonin as a Chronobiotic and Chronohypnotic Agent

Drugs h irey inuene irin ehniss re fen 
referre  s hrniis.4 e rye fr his ye f rug 
is enin (N-ey-5-ehxyryine),  ine hrne 
h hs een ienie s n irn engenus regury 
fr, wih eves h vry wih irin ie. Menin is n 
irn sign fr inining engenus rhyhs in syn-
hrny wih he envirnen LD ye in huns. Menin 
is exusivey seree uring he sujeive nigh, n is s 
eve inreses uring he evening n eines in he ery rn-
ing.49 e ning h enin is seree ririy uring he 
nigh n he se reinshi eween he nurn inrese in 
engenus enin n he iing f hun see hve sug-
gese h enin igh e irn in see reguin. e 
nse f enin serein urs rxiey 2 hurs efre 
eie n hs een shwn  rree wih he nse f evening 
seeiness. In her wrs, he rnsiin hse fr wkefuness 
n rus  high see rensiy inies wih he nur-
n inrese in engenus enin. As ne erier, SCN 

neurns exress high nenrins f h enin reers, 
MT1 n MT2, hugh h reers re s fun wiey 
exresse hrughu he CNS. Signing vi MT1 es rir-
iy  inhiiin f iviy in SCN neurns.50 51 In nrs, he 
rini MT2-eie ins in he SCN re ree  ir-
in hse shifs n nsiue ivin f rein kinse C n 
inrese e iviy.52 53

Menin y nriue  see iniiin y inhiiing 
he irin wkefuness-genering ehniss, n ee 
h MT1 reers u eie in he SCN. Menin 
reese is usie uring igh see, n he hrne u 
funin  inue eeer see n reven wkening y n-
inuing  inhii rus  he eve f he SCN. Over, he 
hyni n hrnii ees f enin igh e ei-
e in he SCN n ssiy hrugh he MT1 reer.54–56

Inuin n inenne f see  he rrie ir-
in hse, whih u e MT1 eie, is ieren fr 
shifing he hse f see, whih u e MT2 eie, s  
resu f n exgenus hnge in he zeigeer.

I is reevn h he hyni ee f enin eens 
n he irin hse f inisrin. Sne n wrkers,57

using  ue-in e-nre suy, fun h e-
nin inisere  nigh (23:30 hurs) h n signin ee 
n see in hehy inivius, wheres enin inisere 
in he evening (1:00 hurs) exere  hyni iviy. Desie 
suh eviene fr he hyni in f enin, is ey 
in ring see is si nrversi, eseiy euse s 
resus shw ny rerine signine r re herwise iu 
 evue euse f ehgi innsisenies.5 Hwever, 
he reivey r ues in hese suies in ers f see 
eieny r  see ie y e ue  he shr hf-ife f 
enin in s (ess hn 30 inues). A enin reer 

• Fig. 23.7 Primary afferent and efferent pathways of suprachiasmatic nuclei (SCN). In addition to the well-

described retinohypothalamic tract, which provides SCN with extrinsic stimuli (light), the lesser described 

serotoninergic afferent pathway arising from the raphe nuclei and cholinergic afferent pathways originating in 

the pedunculopontine, parabigeminal, and laterodorsal tegmentum nuclei are illustrated. This gure graphi-

cally illustrates a conceptual model through which intrinsic behavioral state-related stimuli could affect neu-

ronal activity in SCN. (From Decker, M. J., Lee, S. Y., Rye, D. B., etal. [2010]. Paradoxical sleep suppresses 

immediate-early gene expression in the rodent suprachiasmatic nuclei. Frontiers in Neurology, 1, 122.)
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gnis hving  nger hf-ife n he iiy  uy SCN 
reers fr nger eris f ie y e re hefu in r-
ing see in insni suerers hn enin.59

Reen is  enin reer gnis h is seeive fr 
MT1 n MT2 reers h hs n niy 3  16 ies higher 
hn h f enin, u wihu niy fr he enin-
ining sie, quinne reuse 2, reviusy ene MT3.60,61

Reen hs n niy fr her jr CNS reers, inu-
ing ining sies fr neurrnsiers, neureies, regury 
enzyes, r in hnnes.60,61 Hwever, vrius iin nn–
erne-ining sies f enin rein  e ese.62

In 2007, he Euren Meiines Ageny EMA rve  Pr-
nge Reese (PR) fr f enin 2 g (Cirin) fr he 
reen f hrni insni yie y r see quiy in 
iens ge >55 yers.63,64 e PR fr eks in s in 2.6 
hurs fer ingesin n is inine fr  es 3.5 hurs. Reen 
eviene suggess h PR enin is hefu in he reen f 
insni ri wih ieren neursyhiri niins.64

Tsieen (HETLIOZ) is n r gnis f he enin h 
MT1 n MT2 reers h hs een rve in he US F n 
Drug Ainisrin (FDA) n EMA  re nn-24-hur see–
wke isrer 65 n reeny rve y he US FDA  re nigh-
ie see isurnes in Sih–Mgenis synre (SMS).

Sleep Disorders: Causes and Treatments

As ne  he eginning f his her, here re re hn 60 
ienie see isrers. Eieigi  reve h he ini-
ene n revene f hese isrers vry in he gener u-
in. Ahugh se f hese isrers n e eeivey nge 
y nnhrgi heries r ei ngeen (e.g., 
CPAP fr sruive see ne), hers re ree eeivey 
wih hrgi gens. Avie hrgi reen 
ins fr se f hese isrers re uine in his sein.

Insomnia

Insni is hrerize y iuy in fing see (i.e.,  see 
eny f greer hn 30 inues), insuien see (i.e.,  
see ie f ess hn 5.5  6 hurs), uie nurn wken-
ings, r ery rning wkening wih iniiy  resue see. 
Cn yie ins inue snene, figue, irri-
iiy, n iuy nenring n erfring everyy sks. 
In iin, sujes wih  ignsis f insni re  higher 
risk fr iness n fr injury use y rwsiness whie riving. 
Beuse insni is ssie wih iuy in nenrin, 
i is  jr risk fr fr iens.66 Insni is  n 
in h es 30%  35% f he US u uin 
n is hrni in u 10%.67 e risk f insni is grees in 
eery us. e verse hysigi n syhgi sequee 
f insni hve  jr negive i n he quiy f ife 
in ee inivius.6,69 As 10% f ee wih hrni 
insni hve yie nsequenes f figue, irriiiy, n 
iire nenrin h e heh, , n nr 
funining. Wih reue ruiviy n n inrese risk f 
iens, he ver eni uren f insni is esie 
 e 1% f he grss esi ru.70–72 Insni is s 
exeriene s  sressr y iens wh hve jr eressive 
isrers, n isure see hs een ienie s  hrk f 
eressin; his is n nsiseny regnize in ini rie.

Phrgi reen f insni in he s few ees 
hs een se n sever sses f eiin (Te 23.3). 

Benzizeines were inrue in he 1970s n riy inrese 
in uriy euse f heir ey n reive sfey re 
wih riures, res, hr erivives, n ehqu-
ne. In reen yers, hwever, resriins fr enzizeines 
hve eine euse f heir ssie sie-ee re, inu-
ing he eneny f enzizeines  re eenene, he 
urrene f reun insni fer wihrw f shr-ing 
n inereie-ing erivives, n he ss f ey fer  
few weeks f reen. e reuin in enzizeine use hs 
s inie wih he inruin f  sruury issiir 
gru f nnenzizeine erivives, inuing he yyrr-
ne gens zine n eszine, he iizyriine eriv-
ive zie, n he yrzyriiine un zen.

A new ss fr he ngeen f insni is u rexin ree-
r (OXR) ngniss h k OXR1 n OXR2 n enhne 
see hrugh  erese in rus signing.73 Curreny, w rugs 
f his ss hve een rve y he US FDA, suvrexn (Be-
sr) in 2014 n erexn (Dyvig) in 2019. is ss f 
rugs hs een serve  uri REM eny n inrese  
see ie, ririy hrugh inresing REM see.73 is ss f 
rugs es n er  e ssie wih erne, wihrw, 
r reun insni if sueny wihrwn.73

Restless Legs Syndrome and Periodic Limb 

Movement Disorder

e rs ini esriin f RLS ws e in he 17h enury 
y Wiis, n Engish hysiin, wh se, “Wherefre  se, 
when eing e hey eke heseves  see, reseny in he 
Ars n Legs, eing n Cnrins f he enns, n s 
gre  Resessness n Tssing f heir eers ensue, h he 
isese re n re e  see hn if hey were in  Pe f 
grees rure. Mre hn 200 yers er, he hysiin Ek 
ine he hrse “resess egs n se h “he synre is 
s n n uses suh suering h i shu e knwn  
every hysiin.

RLS is nw regnize s  hrni n rgressive neurgi 
isrer hrerize y unesn sensins in he egs n  
eing urge  ve he whie he ien is wke. ese 
sys ur s frequeny uring he evening r  nigh 
s we s uring eris f res. Arxiey 5%  15% f 
Euren n US uins re ee y RLS. Averse u-
es ssie wih RLS inue hyerensin, h use, 
neurgniive eis, n ereens in en n hysi 
heh. Piens wih RLS rer n urge  ve heir is ur-
ing he yie if hey ee nne in  einee se fr 
exene eris, fr exe, hving  si   esk. Unesn 
sensins in he is yiy ine wih urges  ve 
he egs urring in he evening fen e  iuies wih 
see nse r see inenne. When hese sys re exe-
riene y hiren, hey hve fen een inrrey ienie s 
“grwing ins.

Perii i veens uring see (PLMS) re frequeny 
ssie wih RLS. PLMS is ene s erii eises f sn-
neus, reeiive, n highy sereye invunry i ve-
ens h ur uring see. Fur r re reeiive use n-
rins sing 0.5  5 sens n sere y 4  90 sens 
re nveniny regre s iniive f PLMS. e nigh--
nigh vriiiy in heir urrene n vriiiy in he inensiy f 
yie n evening sensry sys fen e  PLMD eing 
unerreie r isse uring  ini evuin. Chrni 
see resriin n see frgenin is ne verse ue 
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riue  h RLS n PLMD; his is eieve  nriue 
 he eeerius hysi, en, n si ees ssie wih 
he isrers. Cnsequeny, he negive i f RLS n quiy 
f ife is siir  h serve wih her hrni isrers suh 
s eressin, her fiure, n iees.

Mre reen eieigi n genei inkge suies isin-
guish w frs f RLS: ery-nse, r riry, RLS, n e-
nse, r senry, RLS. e ery-nse fr yiy egins in 
hih r yung uh wih  gru rgressin in sy-
 severiy. Ery-nse RLS is inherie in n us i-
nn fshin, shws genei niiin, is wie s reven in 
fees, n is ssie wih  es w sere genei i.74 In 
iin, PLMD is re yiy ssie wih his fr f RLS.

Le-nse RLS is hrerize y  er ge f sy 
nse, usuy er hn 45 yers; n equ fee--e ri; 
 riy rgressive urse; n  reinshi wih nei n 
her ssie ienie uses suh s iees, kiney is-
ese, neurhy, n even nervus syse ru.74 In iin 
 hese inrinsi hhysigi ehniss, erin exrinsi 
frs re ssie wih inrese frequeny n severiy f 

sys. H2 hisine ngniss suh s rniiine r iei-
ine hve een rere  wrsen sys f RLS.75 Ceine, 
h, n se nieressns, inuing uxeine, s re 
rere  wrsen he frequeny n severiy f RLS r PLMD 
sys.76 Eieigi suies sugges h he nse f RLS 
inreses wih ge, wih  revene re f 2% in hiren, 3% in 
30-yer-s, n u  20% in 0-yer-s. Genei suies n 
inkge nyses s shw h ery-nse RLS is  herie ri, 
u he hhysigi ehniss f RLS rein uner.74

Beuse f he esseni r nen f he isrer, 
ine eienies y nriue  he eigy f RLS 
n PLMD. Reserh hs fuse n eerining if reuins 
in exreur ine eves wihin he CNS r eienies 
in ssyni resnsiviy  ine igh nriue  he 
sys f RLS n PLMD. Reue exreur ine 
eves re enr  sever hyheses regring neurhei-
 susres nriuing  RLS. Hwever, euiin f ny 
u inergi ysfunin hs reine enigi. Is s-
sie h erese exreur ine is use y erese 
ine ruin r greer sequesrin insie e ies 

TABLE 

23.3
Medications Approved by US Food and Drug Administration for Treatment of Insomnia

Medication Trade Name Dose (mg) Half-Life (hr) DEA Schedule

BZD Receptor Agonists

Immediate-Release BZDs

Estazolam ProSom 1, 2 10–24 IV

Flurazepam Dalmane 15, 30 2.3 (active metabolite: 48–160) IV

Quazepam Doral 7.5, 15 39 (active metabolite 73) IV

Temazepam Restoril 7.5, 15, 22.5, 30 3.5–18.4 IV

Triazolam Halcion 0.125, 0.25 1.5–5.5 IV

Immediate-Release Non-BZDs

Eszopiclone Lunesta 1, 2, 3 ∼6 (∼9 in elderly) IV

Zaleplon Sonata 5, 10 1 IV

Zolpidem Ambien 5, 10 ∼2.5 IV

Modied-Release Non-BZDs

Zolpidem CR Ambien CR 6.25–12.5 2.8 in males (longer in females) IV

Nonbenzodiazepines Alternate Delivery

Zolpidem oral spray Zolpimist 5, 10 2.7–3.0 IV

Zolpidem sublingual Edluar 5, 10 ∼2.5 IV

Zolpidem sublingual Intermezzo 1.75, 3.5 ∼2.5 IV

Selective Melatonin Receptor Agonist

Ramelteon Rozerem 8 1–2.6 None

Histamine Receptor Antagonist

Doxepin Silenor 3–6 15 None

Orexin receptor antagonist

Suvorexant Belsomra 5, 10, 15, 20 mg 12 IV

Lemborexant Dayvigo 5, 10 mg 17–19 IV

BZD, Benzodiazepine; DEA, Drug Enforcement Administration.
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n erins. Aernivey, ine ruin n reese 
y e nr, u he nuer r ye, r h, f ssyni 
ine reers, y e ere n s resu in he sys.

e rs ink e eween ine n RLS ws se 
n he servin h ny iens erive reief fr -
ine ugening rugs. is ws knwege in he “Prie 
Preers fr he reen f RLS n PLM,77 whih se 
h inergi gens re he es-suie n s suessfu 
gens fr he reen f RLS n PLMD. Fwing uie 
ini ris wih ine-enhning uns, ev 
wih erxyse inhiirs n ine gniss suh s 
rinire n riexe were fun  e he s eeive 
fr he reen f RLS n PLMD.77 Desie he rise h 
ine-enhning uns n reue RLS sys, i 
shu e ne h heir use fr RLS is urreny rve ny 
fr us;  re king wih regr  heir use fr RLS in 
eiri uins n uring regnny. When resriing 
ny ye f inergi eiin fr RLS sy reief, 
he eni fr sie ees, suh s nuse, gsrinesin is-
ress, reue  ressure, n seeiness, shu e ken in 
un n isusse wih  see eiine hysiin. In i-
in, euse ine ues , gniin, wkefuness, 
n see, ny ine reursr, gnis, r ngnis n fe-
siy resu in ue hugh n ehvir hnges. Given h 
s RLS iens nee very w ses f inergi ei-
ins fr syi reief, he ikeih f  serius r verse 
ue is ree. Reeny, iu hnne α2δ igns hve 
een shwn  e eeive in reing RLS sys wih n 
rere ugenin.7 Genin enri79 is he ny rug 
in his ss iy rve fr RLS (Te 23.4).

ere is g eviene iniing h RLS iens hve wer 
hn nr irn sres in erin rin regins even if he ien 
hs n nei; herefre, irn hery n e enei in seee 
iens.0 A nsensus f RLS exers reene h  RLS 
iens wih seru ferriin nenrin f 75 g/L r ess n 
rnsferrin surin f ess hn 45% hve  reeive  ri f 
r irn hery.0 Neverheess, i shu e reeere h 
sysei esures f irn sus  n wys rei hse wh 
wi resn  irn reen. In iens wih ere  severe 

hrni ersisen r refrry RLS n seru ferriin nenr-
in is eween 76 g/L n 100 g/L, inrvenus inisr-
in f irn shu e nsiere.1 As, inrvenus irn her-
y shu e nsiere if r irn is n equey sre 
euse f srin isrers, r irn is n ere, r 
RLS sys  n irve esie  3-nh ri f r 
irn.1 A f he inrvenus irn rerins rve y he 
FDA  re irn eieny nei n e use  re RLS.1

Narcolepsy

e eries ini esriins f nresy were uene 
y he Gern hysiin Wesh in 177 n y Fisher in 17. 
Hwever, he Frenh hysiin Geineu, wriing in 10, is gener-
y knwege s he rs iniin  regnize nresy s 
 isin ini eniy. Inii esriins inue hreriz-
in f exessive yie seeiness n “see ks. Ahugh 
 hree f hese ery esriins uene he erne f 
see ks, hey i n isern he sys f suen use 
wekness riggere y n ein even (i.e., exy) s se-
re fr he see k even. is is s evien fr he rs 
esriin f nresy s  ini eniy: “I rse  give he 
ne f nresy (“narco ≡ snene n “lepsy ≡ seize y) 
  rre neursis r  es ie knwn uni nw, hrerize 
y  nry nee  see, suen n f shr urin, h 
reurs  re r ess se inervs.2 In 1902, Lewenfe reg-
nize h ein-inue use wekness ws  sere feure 
f he isrer n rs use he er exy  esrie i.3

Ty, nresy is hrerize y  er f ini 
sys. Tw feures f he er—ersisen exessive y-
ie seeiness n exy—were uene in he rigin 
esriins f he isrer n reine he ny w ini 
feures esseni fr ignsis. e regniin f w iin 
feures—hynggi huinins (he nse f res whie 
si wke) n see rysis ( erry ss f use ne 
r n iniiy  erfr vunry veens eiher  see 
nse r n wkening)—were e er.4 Anher n 
sy f nresy is frgene see wih uie russ 
n wkenings  nigh.

TABLE 

23.4
Pharmacologic Management of Restless Legs Syndrome

Drug Dose (mg/day)

Time To Peak Plasma 

Level(min) Half-Life (hr)

Mode of 

Elimination

Levodopa 100–400 30 1.5–3 Hepatic

Carbidopa/Levodopa 10/100–25/250 120 6–8 Hepatic

Bromocriptine 2.5–10 45–60 3–4 (up to 40) Hepatic

Cabergoline 0.25–3.0 120 63–68 Hepatic

Pramipexole 0.25–1.5 120 8–12 Renal

Ropinirole 0.5–4.0 60–120 Approximately 6 Hepatic

Rotigotine patch 1–3 mg/24 hours Approximately 24 hr 

post-application

5–7 Renal

Gabapentin enacarbil 300–1200 mg day 180 5–6

Methadone 2.5 mg and 20 mg/day 150 to 240 12–18 hours with a mean 

of15hours

Hepatic
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Nresy y n e s rre  isrer s ne hugh; 
ring  he Nin Insiue f Neurgi Disrers n 
Srke (NINDS), nresy is n unerregnize n uneri-
gnse niin. Neverheess, in he Unie Ses, nresy 
is he hir s frequeny ignse riry see isrer fer 
see ne n RLS. Curren esies sugges h 1 in u 
2000 Aerins re nrei. e revene f nresy is 
signiny greer in Jn, eing 1 in 600 ee, u su-
sniy ess in Isre, eing ny 1 in 500,000, hugh if-
ferenes in ignsis y un fr  es r f his vriin. 
ere is n gener ierene in he revene f he isrer.

e nse f nrei sys yiy urs eween 
he ges f 15 n 30, hugh here re rers f sy 
nse urring in very yung hiren n us er hn 30. 
In iin, i is n unusu fr 12 yers  ese eween he 
inii nse f sys n  eniive ignsis. U  10% 
f iens ignse wih nresy rer h  se reive 
hs siir sys. e fii ssiin f nresy ws 
regnize in he ery esriins, s ne in he her f 
he nrei ien rs exine y Wesh n he siser 
f he rs nrei ien esrie y Fisher. Suh fi-
i usering suggess  genei rigin fr his isrer. Ahugh 
ieie fiy eers f nreis re   sisiy 
greer risk f eveing he isrer, his risk is w re 
wih urey genei isrers n inies h her frs us 
e invve.

Ms ses f nresy re sri n ur wihu evi-
ene f genei inherine. Uni re reeny, he eigy f 
nresy ws unknwn, u i ws ssie wih he sei 
hun eukye nigen (HLA) ee, DQB10602, n fen in 
inin wih HLA-DR2 (DRB115). In 199, w reserh 
grus rs esrie, usere run he er n erifr-
ni hyhus,  gru f es h nine  reviusy 
unknwn neurrnsier.5,6 ese es nine rexin/
hyrein, n se n he neurny, hey were hyh-
esize  e invve in he reguin f see n wkefuness. 
Hwever, hysigy suggese  jr re in f inke n 
energy ne, whih ws he fus f reserh uring he rs 
12 nhs. Wihin 1 yer f he isvery, hwever, w ine-
enen grus isvere in 1999 h he ini sys f 
nresy were ssie wih  ss r ysfunin f rexin/
hyrein-nining es.7,

Fwing he inii esriins f nresy, vrius eiri 
reens were rie wih ie suess. Ang hese were sin 
ui s, inrhe ir injein, x-ry irriin f rins f 
he hyhus, n er eherine inisrin. In 1935, 
Prinze n Berg synhesize  new un, enze-
rine, he rigin rug in he ss er knwn s heines. 
Ahugh riginy evee  re ns ngesin, i h n 
ee n he ns us, u when given ry, enzerine e 
  reuin in weigh, n i ws sn ruiney use s n 
eie suressn. Susequeny, he CNS-siuing ee f 
he heines ws regnize, eing  heir use  re 
hyersnene. Fr ny yers,  regien f heines 
in njunin wih  riyi nieressn suh s iirine, 
whih reues REM see, ws he snr hreui iner-
venin fr nresy. en, ni, rni, srife-
, iisn, n nnheine wke-ring gens, 
were evee.

Wih  sie-ee re free fr iin, erne, n 
her verse ues ssie wih heines, ni/
rni sn ee he reen f hie fr eviing 

he sys f exessive yie seeiness ssie wih nr-
esy. Srife is  seeive ine n nreinehrine 
reuke h he US FDA reeny rve in 2019  re 
exessive seeiness in nresy n sruive see ne 
iens.9,90 I is we ere n n ernive  ni 
r rni. Mrever, i es n use ri sie ees, 
reun hyersni, r wihrw ees.9 Reeny, u-
ishe  n he reen f nresy wih iisn,  s 
eue ing s n ngnis/inverse gnis  he resyn-
i H3 reer suye h enhnes he iviy f hisin-
ergi neurns, re rising.91 Curreny, he rug is rve 
y he Euren Unin (EU) n he US FDA  re EDS 
in nresy in u iens wih n wihu exy. e 
US FDA hs s rve i fr he reen f exy.92 A 
newrk e-nysis f 14 rnize ini ris (RCTs) 
ensre h iisn, ni, n siu xye 
hve siir ey in reuing EDS; hwever, ny siu xy-
e n iisn were serve  hve re ey n 
exy.93 Anher reen nninfeririy e-nysis f RCTs 
ensre h iisn ws nninferir  ni in e-
viing EDS; hwever, i ws suerir  ni in reuing 
exy.94 A nern f iisn is h i n isur nurn 
see ue  is wke-ring reries.91

In 2002, siu xye (Xyre), knwn s g-hyrxy-
uyri i (GHB),  CNS eressn, gine US FDA rv 
fr he reen f exessive yie seeiness n exy 
in nrei iens.95 e use f  CNS eressn y see 
unerinuiive s  sregy fr reing exessive yie seei-
ness. Hwever, siu xye, ken ieiey efre see n 
gin 2  4 hurs er, uses n inrese in SWS, reues he 
nuer f nurn wkenings, n enhnes see ninuiy.96

e resu is  reuin in yie seeiness n exy n  
ess frgene see eri. e ehnis y whih siu xy-
e reues exessive yie seeiness n exy is unknwn, 
u i y invve he ivin f GABAB reers.95

Tw reen frs f siu xye hve een reese. 
Ciu, gnesiu, ssiu, n siu xye (Xywv) 
is  wer siu ernive  siu xye h hs een 
rve in he Unie Ses fr reing exy n EDS in 
nresy iens. I nins he se ive rin s siu 
xye wih 92% ess siu, whih y rvie  sfer ern-
ive fr nresy iens wih her fiure, hyerensin, r 
ren iiren.97 Anher fruin is FT21, n exene-
reese siu xye fr ne-nighy inisrin is uner 
review  he US FDA fr reing EDS n exy in us 
iens wih nresy.97 In iin, he siu xye ini-
ins hve reeny een exene  inue reen f hi-
ren (≥7 yers f ge) wih nresy,9 se n  reen e-
nre, ue-in, rnize ini ri h esishe 
is ey, sfey, n eriiy in hiren n esens 
wih nresy.99,100 e Aerin Aey f See Meiine 
(AASM) hs u  niin reenin  use siu 
xye fr he reen f nresy in eiri iens.101

A few her eni heries fr EDS in nresy re uner 
eveen.9

Deerining he s rrie reen fr  nrei 
ien is inuene y sever frs, inuing ge, he sever-
iy f sys, resene r sene f exy, her ei 
niins, n nin eiins. Cnservive re-
en f nresy invves inisering w r re ei-
ins wih  siun fr exessive yie seeiness,  riyi 
nieressn, sernin seeive reuke inhiirs (SSRIs), r 
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sernin-nreinehrine reuke inhiirs (SNRIs) fr -
exy, n  hyni fr insni n frgene nurn 
see. A yung nrei ien wihu exy y hieve 
se reief f sys y inining  xe sheue f see 
ie ine wih resheue yie ns (sregi ns), 
if fesie. is rh ensures n eque runiy fr 
see n ue wih n ering un suh s ni 
r rni (he R-ennier f ni wih  nger hf-
ife f 10  15 hurs), i y he  resre  funin eve f 
yie erness.

In nrs,  ien resening wih re severe sys, 
inuing exy, hynggi huinins, n see frg-
enin, y require ggressive reen. In iin  g 
see hygiene, n heine suh s ehyhenie igh 
e resrie  he susin yie wkefuness, geher wih 
siu xye. is regien u e ine wih n SSRI, 
n SNRI, r  riyi nieressn  re exy n he 
her sys f REM see ysreguin, inuing hyng-
gi huinins. In  ien wih see frgenin, siu 
xye is fen usefu euse see ninuiy is enhne, n 
exessive yie seeiness n exy re nre. C-
exy n hynggi huinins require iin gens 
suh s siu xye, n SSRI, r  riyi nieressn. 
Nnhrgi heries, suh s sheue ns, regur 
see n wke sheues, n rer see hygiene, re esseni 
eeens f ny suessfu reen regien.

e AASM hs reeny uishe  ini rie guieine 
fr he reen f enr isrers f hyersnene se 
n he urreny vie eviene.101

Reen eveens inue he 2021 US FDA rv f 
iu, gnesiu, ssiu, n siu xyes (Xywv) s 
he rs inie reen fr iihi hyersni in us. 
A hse 3 ue-in, e-nre, rnize ri 
ensre sisiy n iniy signin irveens 
in he Ewrh Seeiness Se sre, Pien G Iressin 
f Chnge, n he Iihi Hyersni Severiy Se.102

Parasomnias

Parasomnias re unesire r, sensry, r ehvir he-
nen h ur ririy uring see.103 ese henen 
rnge fr nr  nr n fr enign  eniy 
eh n n e ssie wih nr eveen r-
esses r neuregenerin. e ICSD-3 iss sever rs-
nis enssing NREM see (rus isrers), REM see-
ree isrers, n her rsnis suh s exing he 
synre, see-ree huinins, see enuresis, n r-
sni ue   ei isrer r  eiin.2 e fus 
here is n re n NREM n REM see rsnis. 
NREM see rsnis, s ere rus isrers, inue 
nfusin russ, see errrs, seewking, n see-ree 
eing isrer. e hhysigi ehniss unerying 
rus isrers re si unknwn, u urren hyheses sug-
ges h hey y resu fr he rin eing siuneusy in 
 se f ri wkefuness n NREM see. is se es 
 n iiy  erfr ex r r ver ins wihu 
nsius wreness f he ins.

Priry rus isrers shre sever n frs, 
inuing fii usering, whih suggess  genei reissi-
in, hih reinne, n  eneny  ur uring 
NREM see. Cnfusin russ re hrerize y eises 
f rke en nfusin uring r fer n rus fr see. 

ey usuy ur uring he rs hir f he nigh, s 30 se-
ns  5 inues, n y e nie y uing r 
ui ehvirs, r h. During he even, he ersn es 
n eve he e, n here re n signs f fer r errr. F-
wing nfusin rus, he iniviu usuy fs k  
see wih n reein f he even (i.e., rergre nesi) 
n wkening. Triggers fr nfusin russ inue nyhing 
h eiher frgens see r enhnes SWS. Exes inue 
envirnen frs suh s nise r eerure, sress, fever, 
in, regnny, revery fr see erivin, r CNS-ive 
eiins. As ne erier, yuh,  fiy hisry, n  his-
ry f eing  ee seeer re reissing frs.

See errrs, whih re serve ririy in hiren, re 
siir  nfusin russ n ur uring he rs hir f 
he nigh. ey s egin in NREM see, yiy uring SWS 
  ie when n eise f REM see wu e exee, n 
s 30 sens  5 inues. e riggers fr see errrs re sii-
r  hse fr nfusin russ; he rini ierene is h 
see errrs re nie y n ru wkening, inense 
vizin, n innse fer r errr. See errrs s 
frequeny ur in hiren 5  7 yers  n er wih equ 
revene in ys n girs. Ms hiren wih see errrs u-
grw he y  yers f ge, hugh u 30% y ninue 
 exeriene he in esene; ny u 1% exeriene 
see errrs s us.

Anher rsni, snuis r seewking, s 
urs uring NREM see u is hrerize y he resene 
f ui ehvirs f vrying exiy, inuing wking, 
eing, uing, n, rrey, viene. e urin f hese ei-
ses n e 15 inues  sever hurs. e eise is usuy 
sef-iiing n erines wih  reurn  see. Cini evi-
ene shws h es  inervene y e e wih resisne 
n uurss.

As wih her NREM see rsnis, he fii usering 
f snuis suggess  genei reissiin. Triggers fr 
snuis, suh s see frgenin n inrese eh 
r urin f SWS, re siir  hse f he her rus isr-
ers. e ge f nse fr snuis is u 5 yers, wih he 
highes revene  u 12 yers f ge. Snuis n 
ur in 15%  30% f hiren n yung esens, equy 
eing ys n girs. Ms hiren wh re seewkers yi-
y ugrw he evens y ge 15, u 1% y ninue  exe-
riene eises in uh.

e see-ree eing isrer is usuy ssie wih see-
wking n invves ri russ fr see n enggeen 
in invunry eing r rinking. As wih her rus rs-
nis, iens hve iie r n re f he evens. Fs n-
sue n nsis f unusu inins r even ineie/xi 
susnes suh s ee gruns, ke ixes, frzen r unke 
rus, eggshes, r ening eris. Piens y hve unex-
ine weigh gin n rning nrexi. Cerin eiins 
hve s een rere  inue see-ree eing isrer 
(e.g., zie, nihinergis, n ihiu).103

Anher iniy ienie egry f rsnis urs 
uring REM see n, fr his resn, yiy in he sen hf 
f he nigh. ese inue REM see ehvir isrer (RBD), 
nighre isrer, n ise see rysis. In nrs  
NREM rus isrers, REM see rsnis usuy e 
us re frequeny hn hiren, n hey  n exhii  
genei ern f inherine. RBD, in riur, is ssie 
wih neuregenerive isrers suh s Prkinsns isese n 
uie syses rhy n usuy urs in er en. I hs 
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s een rere in iens wih nresy n in ssiin 
wih h n se eiins suh s nieressns n 
β-kers.104 Sys y rrey inue vien re en-
en ehvir wing   ss f ni uring REM see. Hw-
ever, in s ses, here u e ini veens uring 
REM see. If ef unree, RBD n use serius injury  he 
ien n he seeing rner. During he k, ysng-
rhy shws ss f nr eerygrhi ni, whih is 
e REM see wihu ni (RSWA).

Treen fr NREM n REM see rsnis frequeny 
inues vine f eni riggers n, in he se f s-
nuis n RBD, neessies  sfe, we-nire seeing 
envirnen. ere re n rnize nre ris f re-
ens fr NREM n REM rsnis. e s n 
hreui reen fr REM n NREM see rsnis 
is usuy  nger-ing enzizeine. rugh he reuin 
f h SWS n REM see ie n he nuer f rnsiins 
eween see ses, enzizeines esseniy reue he ur-
rene f he se in whih n rus isrer r RBD eise 
n ur. Benzizeines were iniiy evee s nxiyis 
n susequeny s hynis. e suess f he rs uns 
e  furher reserh n eveen, n ny uns 
f his ss evenuy ee vie. Ne hyni en-
zizeine uns re nirze (Mgn), eze 
(Resri), urze (Dne), n iz (Verse); h-
ers, suh s nze (Knin), re frequeny use in he 
reen f rsnis n s niseizure eiins.

Cnsierins fr eying enzizeine uns in 
reen inue heir hf-ife (i.e., he ie require fr ne-hf 
f he ive rug  e eize r eiine fr he y). 
Shr-ing enzizeines hve hf-ives f 6   hurs r ess, 
u ng-ing enzizeines hve hf-ives h fen exee 
24 hurs. A gru inrese in he  eves f  nger-ing 
rug hs he eni  use resiu ees. A enzizeine 
ken in he evening  reue he ikeih f exeriening n 
rus even y inue resiu seeiness he nex y. Regr-
ing heir use fr he reen f rus isrers, r fr 
heir re in reuing he ver urin f ie in ses, s 
ne erier, n eniive nusins re ye ssie nerning 
heir ehnis f in. Cnze, s  nger-ing en-
zizeine, is  frequen rs hie, hugh he refu see-
in f he rrie enzizeine fr  riur ien is 
esseni  reue he ikeih f resiu yie seeiness. 
is is eseiy irn  nsier when reing rsnis 
euse ny iens re hiren r eery us.

Fr REM rsnis, s se series n se rers 
esrie he ey f  wie rnge f eiins, s ri-
neny nze u s enin, riexe, eyhin-
eserse inhiirs, rxeine, L-DOPA, zine, eze, 
riz, rz, Yi-Gn Sn, esirine, rzeine, 
zine, n siu xye.104

SELF-ASSESSMENT QUESTIONS

1. What is the International Classication of Sleep Disorders, 3rd Edition, 

and what information does it contain?

2. What are the electroencephalographic correlates of wakefulness and 

sleep stages N1, N2, N3, and REM?

3. What type of drug had been used for centuries to promote sleep onset 

and maintenance?

4. What class or classes of drugs have replaced opium?

CLINICAL SCENARIO

A 59-year-old White man with a body mass index of 27 and a history of 

hypertension, arthritis, and depression presents to the sleep clinic with chief 

complaints of excessive daytime sleepiness, awakening from nocturnal 

sleep after 2 to 3 hours, and prickly sensations in the legs that coincide 

with nocturnal awakenings but are temporarily relieved by walking. He also 

reports experiencing the same prickly sensations in his legs during long 

trips in the car, regardless of the time of day. The sensations in his legs also 

occur spontaneously two to three times a week, during the evening hours.

The patient underwent full overnight polysomnography during which 

the following parameters were monitored: electroencephalography (EEG), 

electrooculography (EOG), submental and leg electromyography (EMG), 

electrocardiography (ECG), oxyhemoglobin saturation, respiratory effort, and 

nasal and oral airow. Analysis of data revealed a sleep efciency of 94% 

with a sleep latency of 5 minutes. The arousal index was 15 arousals per 

hour of sleep. The distribution of sleep stages was notable for an increased 

amount of N2 and REM sleep with a reduced amount of N3 sleep. The REM 

latency was normal.

Periodic leg movements occurred 41 times per hour of sleep and 

resulted in 11 arousals per hour of sleep. No arrhythmias were noted on 

ECG. No snoring was noted with the patient in the lateral position. The 

apnea/hypopnea index (number of apneas and hypopneas per hour of sleep) 

was mildly elevated at 8.2, with a further increase to 13.6 events per hour 

during REM sleep. Oxyhemoglobin desaturation reached a nadir of 82% in 

REM sleep and 86% in non-REM sleep.

Using the SOAP (subjective, objective, assessment, and plan) method, 

assess this clinical scenario.

5. How many people in the United States experience chronic sleep 

disorders?

6. Who was von Economo, and what theories guided his neuroanatomic 

exploration of brain regions involved in the processes of initiating and 

maintaining wakefulness and sleep?

7. What is the ascending activating system (AAS)?

8. How do neurons within the ventrolateral preoptic (VLPO) area affect 

sleep?

9. What are the suprachiasmatic nuclei (SCN), and what are intrinsic 

discharge properties exhibited by many of its neurons?

10. Dene chronobiology and chronopharmacology.

11. Describe pharmacologic treatments for insomnia.

12. What is the difference between restless legs syndrome (RLS) and 

periodic limb movement disorder (PLMD)?

13. What is the tetrad of clinical symptoms that denes narcolepsy?

14. Give two examples of a parasomnia, and name the class of drugs 

routinely used in the treatment of these sleep disorders.

15. What types of principal complaints characterize insomnia, and what 

drug classes are used to treat this disorder?
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Appendix A
Answers to Self-Assessment Questions 

and Clinical Scenarios

Chapter 1

SelfAssessment Questions

1. Wh is he eniin f he er drug?
Answer: A rug y e ene s ny hei h ers n 

rgniss funin.
2. Wh is he ierene eween he generi ne n re 

ne f  rug?
Answer: e generi ne f  rug is nnrriery, wheres 

he rn ne is he ne given y  riur nuf-
urer f he rug. If  hysiin resries  riur rn 
f  rug, he hris us se h rn uness generi 
susiuin is inie n he resriin.

3. Wh r f  resriin nins he ne n un f 
he rug eing resrie?
Answer: e insriin.

4. A hysiins rer res s fws: “g IV f rei eineh-
rine, ̄ f nr sine, q4h, whie wke. Wh hs een 
rere?
Answer: Fur rs f rei einehrine wih 3 f nr-

 sine,  e given inrvenusy every 4 hurs whie he 
ien is wke.

5. e rug seer ws reese fr gener ini use in he 
Unie Ses in 1994. Where wu yu k  n infr-
in u his rug, suh s he vie sge frs, s-
ges, reries, sie ees, n in?
Answer: Sever sures f infrin wu e vie n 

 new rug in iin  reserh rers in he jurn 
ierure: he kge inser wih he rug, he Physician’s 
Desk Reference (PDR), n he Unie Ses Phrei–
Nin Frury (USP–NF). Usuy  new rug reese 
is nie y he nufurers rkeing ierure, 
whih is vie fr rug reresenives r  nferenes.

Clinical Scenario

Sujeive: He ye gf n  newy wn urse. He h exhi-
ie ergies in he s few yers n ws ignse s hving 
sh. He egn  exeriene iuy rehing er in 
he y, wih wheezing n se shrness f reh n i 
exerin. His her re inrese fr 66  4 es/in, 
n he fe shky. By inigh, his wheezing h reurne. He 
ninue using Priene Mis hrugh he nex rning. A 
frien fun hi er h evening uiy wheezing, gsing 
fr ir, n in severe resirry isress.

Ojeive: N jeive  were resene in he senri. 
Ahugh se infrin y e isnsrue s jeive, 
i is n. A jeive  us e ine y  heh re 
rfessin uring he hysi exinin.

Assessen: Fiure  seek ei he whie sef-reing wih 
n ver-he-uner (OTC) rug ru. He ry i n 
reize h (1) Priene Mis is einehrine, whih is shr 
ing (1–2 hurs in urin) n wi n nr he fu 
eveen f n sh exerin, ere he late-phase
rein; n (2)  rgressive sh eise n use seri-
us sruin f he irwy n fen wrsens in he evening 
r nigh. Given his ninue sys, he require re 
ggressive hery hn Priene Mis.

Pn: Inue n venie he ien. Pe he ien n 
inhe uer r evuer. Inhe nihinergi y 
e f ene. Sr he ien n inrvenus (IV) seris.

Chapter 2

SelfAssessment Questions

1. If  rug is in iqui suin, wh rues f inisrin re 
vie fr is eivery, nsiering ny is sge fr?
Answer: Or, injein, inhin (neuizin), n i-

 (ssiy). e ye f rug, hrkineis, n 
inene ee wi furher nrrw he hie f rue f 
inisrin.

2. Ahugh generi rug equivens  hve he se un f 
ive rug,  fruins f he se rug fr ieren 
nufurers  hve he se ingreiens?
Answer: N, n neessriy. Ingreiens her hn he ive 

rug y ier. Fr exe, in  e rerin, he 
susnes use  fr he ive rug in  e e 
y vry.

3. If 200 g f  rug resus in  s nenrin f 
10g/L, wh is he ue vue f isriuin (V

D
)?

Answer: V
D

≡ 200g/(10g/L) ≡ 20L.
4. If he V

D
 f  rug, suh s henri, is 3L/70kg, n 

n eeive nenrin is 10g/L, wh ing se wu 
e neee fr n verge u (ssuing  iviiiy)?
Answer: Dse ≡ V

D
× nenrin ≡ 3 L × 10 g/L ≡

30g.
5. If n inhe ers hs zer gsrinesin srin f 

ive rug n ny ung srin, wh is he L/T ri?
Answer: 1; L/T ≡ ung viiiy/(ung + sh vii-

iy); n sh ≡ 0.
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6. True r Fse: A ien uses  reservir evie wih n inhe 
ers, n here is n swwe rin f he rug; here-
fre here re n sysei sie ees.
Answer: Fse. Sysei rug eves re use y total rug 

sre fr he gsrinesin r n ungs. Suf-
ien ung srin f he ive rug u rue 
exrunry sie ees.

7. Whih reer syse sign ehnis is resnsie fr he 
ees use y β-reer ivin, suh s hse seen wih 
renergi rnhirs (e.g., uer)?
Answer: G rein–inke reers.

Clinical Scenario

Sujeive: A 67-yer- n wih  hisry f hrni sru-
ive unry isese (COPD) hsiize fr  resirry 
infein. An ers reen f rei einehrine fur 
ies iy (qi) is rere.

Ojeive: Afer he ers reen, his her re (HR) 
erese fr 26  1 rehs/in. Aeque reh suns 
were usue wih  erese in wheezing. I is ne h 
essry use use hs essene n shrness f reh hs 
een reue fer reen  :00 am. A 10:00 am, es-
sry use use, wheezing, n shrness f reh reurn.

Assessen: Afer reviewing he hrkineis f he rug, i 
is n suie fr  qi sheue. e urin f he rugs 
ee is  shr. e irveen in irwy resisne hs 
eine, n he ien is wrking hrer  rehe gin.

Pn: Yu u iniser rei einehrine re frequeny, 
n  q2h (every 2 hurs) sheue inse f he qi sheue. 
Hwever,  eer hie igh e  ienify  nger-ing 
rnhir wih  urin f 4  6 hurs, suh s -
uer r evuer. Bh re nnehine gens (see 
Cher 6) h u e use in  qi sheue. Less frequen 
sing is s re s eeive fr n in-hsi ien.

Chapter 3

SelfAssessment Questions

1. Wh re he hree s n ers-genering evies 
use  eiver inhe rugs?
Answer: S vue neuizer (SVN), eere se inher 

(MDI) wih r wihu  reservir evie, n ry wer 
inher (DPI).

2. Desrie he insirry ern yu wu insru  ien 
 use wih n MDI.
Answer: Exhe  en-i vue; egin  inhe swy 

hrugh he uh n siuneusy ue he MDI; 
ninue  inhe   ung iy n h he reh 
fr 5  10 sens.

3. Wh re hree vnges ere wih use f  reservir evie 
wih n MDI?
Answer: Reservir evies n ify he ers ue 

fr n MDI in hree wys: (1) ey w ie/isne 
eween uin n inhin fr rie evrin 
n reue rie size; (2) w isne fr he high ini-
i rie veiy  sw; n (3) sewh siify he 
hn–rehing rinin require wih MDI use. e 
ne ee f he rs w inuenes reues rhrynge 
iin n ss.

4. Wu  DPI e rrie fr  3-yer- hi wih sh?

Answer: N. ese evies require n insirry w re f 
60L/in r re fr i use. is ry exees 
he iiy f s 3-yer- hiren. DPIs re n re-
ene fr hiren yunger hn 5 yers.

5. Wh is en y he er dead volume in n SVN?
Answer: De vue is he resiu un f suin ef in 

 neuizer when he neuizer “suers n is n nger 
e  genere ers. is is usuy run 0.5  1L 
in s isse neuizers.

6. Wh re he i ing vue n wer gs w re  
use wih n SVN?
Answer: Fr s isse neuizers, he i ing v-

ue is 3  5L n he wer gs w re is   10L/
in. A w re f  L/in ry gives he xi 
rie size enerin in he wer resirry r n 
herefre rues he xi rug ss e  reh he 
irwy. Hwever,  w re f 10L/in wi reue rie 
size furher n erese he reen ie.

7. Hw es he eersi hrge e n MDI when use 
wih  hing her?
Answer: e eersi hrge us he ries u f sus-

ensin, herey eresing he un f rug vie  
he ien. A resen, se nufurers rue “ni-
si hers; hwever, i hs een fun h wshing 
 snr hing her wih huseh eergen n 
wing i  ir ry wi erese he si. Deresing 
si inreses he vie rug  he ien.

. Whih evie wu e eer  eiver  β gnis  n u 
ien in he eergeny eren (ED)—SVN, MDI, r DPI?
Answer: I rey eens n  nuer f frs, inuing 

rug viiiy, ien r ini referene, riiy, 
n nveniene. e es hie wu e n SVN r MDI 
wih  hing her. An MDI wihu  hing h-
er r  DPI wu n e g seeins euse f he 
ien n eing e  rine n erese insir-
ry w.

Clinical Scenario

Sujeive: A 17-yer- esen e wih  hisry f er-
gi sh ins h he n fee rug in he niser when 
he shkes i efre using, u i fees s if “very ie sry is 
ing u when he inhes  u. He eieves he MDI is 
n funining rery n h he is n geing he regur 
inhe se.

Ojeive: N vie.
Assessen: Chek MDI fr rre use n eue ien n 

rre MDI use.
Pn: Firs hek  e sure here re in f n sruins in he 

uhiee f he ur. Afer shking we, ishrge  se 
 r ir (wy fr everyne)  see wheher here is  vis-
ie ue. If ssie, yu igh re he ers ue 
fr his niser wih nher MDI  see wheher hey er 
re. If yu hve  rry (i.e., in he hsi), ry 
 hve he niser weighe  ensure eque funess. Shr 
f nyzing he ers, yu nn gurnee  rre se 
f uer, u yu n esure he ersns ek exirry 
w wih  ek w eer r his fre exirry vue in 1 
sen (FEV

1
) wih  re sirery sreening uni efre 

n fer use. If he exhiis his usu un f reversiiiy, his 
is inire eviene f rug eivery. As, sk hi if he ins 
reief when he uses he MDI uring wheezing r hes ighness. 
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e HFA fruin f uer hs  higher ue eer-
ure n  wer ue fre n uin. I is  sfer n 
gener sry. Piens wh y hve use  hrurrn 
(CFC) fruin f uer y MDI fen hink hey re 
n geing he usu se euse hey nn fee he er, 
frefu s hey exeriene wih he CFC fruin.

Chapter 4

SelfAssessment Questions

Prepared-Strength Dose Calculations

1. A e is ee Deer (eeriine) 50 g/. Hw 
ny ui enieers re neee  give  125-g se?
Answer: 50g/1 ≡ 125g/x ; x ≡ 2.5.

2. An gen es s 500g/10L. Hw ny iiiers re 
neee  give  150-g se?
Answer: 500g/10L ≡ 150g/x L; x ≡ 3L.

3. Hyurnise es s 150U/. Hw ny ui eni-
eers re neee fr  30-U se?
Answer: 150U/ ≡ 30U/x ; x ≡ 0.2.

4. Mrhine sufe 4 g is rere; yu hve  vi wih 
10g/L. Hw uh  yu nee?
Answer: 10g/L ≡ 4g/x L; x ≡ 0.4L.

5. A sge sheue fr he surfn rn s fr n 
infn wih  2.5L/kg irh weigh. Hw uh f he rug 
wi yu nee fr n infn weighing 00g?
Answer: 00g × 1kg/1000g ≡ 0.kg; 2.5L/kg × 0.kg ≡

2L.
6. Dihenhyrine (Benry) eixir nins 12.5 g f 

ihenhyrine HC in eh 5L f eixir. Hw ny 
iigrs re here in  ½ esnfu se (1 s ≡ 5L)?
Answer: ½ esn ≡ 2.5L.
12.5g/5L ≡ x g/2.5L; x ≡ 6.25g.

7. A eiri se f 100g f  syru is rere. e sge 
fr is n r susensin nining 125 g/5 . Hw 
uh f he susensin nins  100-g se?
Answer: 125g/5 ≡ 100g/x ; x ≡ 4.

. Hw ny unis f herin re fun in 0.2L, if yu hve 
1000U/L?
Answer: 1000U/L ≡ x unis/0.2L; x ≡ 200U.

9. Auer syru is vie s 2g/5L. If  sge she-
ue f 0.1g/kg is use, hw uh syru is neee fr  
30-kg hi? Hw ny esns is his?
Answer: 30kg × 0.1g/kg ≡ 3g
2g/5L ≡ 3g/x L; x ≡ 7.5L
7.5L × 1 s/5L ≡ 1.5 s

10. Teruine is vie s 2.5-g es. Hw ny es 
 yu nee fr  5-g se?
Answer: 2.5g/1  ≡ 5g/x ; x ≡ 2 es.

11. If  ugh syru is vie s 120g/5L, hw uh f 
he rug is here in ½ s?
Answer: ½ s ≡ 2.5L; 120g/5L ≡ x g/2.5L; x ≡

60g.
12. ehyine is vie s 250 g/10 L n is given 

inrvenusy  6g/kg y weigh. Hw uh suin 
 yu give   60-kg wn?
Answer: 60 kg × 6 g/kg ≡ 360 g; 250 g/10 L ≡

360g/x L; x ≡ 14.4L.
13. Teruine sufe is vie s 1 g/L in n ue. 

Hw ny iiiers re neee fr  0.25-g se?

Answer: 1g/L ≡ 0.25g/x L; x ≡ 0.25L.
14. A ien is   ke 4g f uer fur ies iy. 

e eiin es in 2-g es. Hw ny es 
re neee fr ne 4-g se?
Answer: 2g/ ≡ 4g/x ; x ≡ 2 es.

15. An gen is vie s  syru wih 10 g/5 L. Hw 
ny esns shu e ken fr  20-g se?
Answer: 1 s ≡ 5L.
10g/5L ≡ 20g/x L; x ≡ 10L.
10g × 1 s/5L ≡ 2 s.

16. If n gen is vie  3g/L, hw ny iiiers re 
neee fr  se f 9g?
Answer: 3g/L ≡ 9g/x L; x ≡ 3L.

17. If  sge sheue requires 0.25 g/kg f y weigh, 
wh sge is neee fr n -kg ersn?
Answer: 0.25g/kg × kg ≡ 22g.

1. If hehyine is vie s 0g/15L, hw uh is 
neee fr  100-g se?
Answer: 0g/15L ≡ 100g/x L; x ≡ 1.75L.

19. Hw uh f  rug is neee fr  65-kg u, using 
0.5g/kg?
Answer: 0.5g/kg × 65kg ≡ 32.5g.

20. e eiri sge f n niii is 0.5-g/20- y 
weigh, n  exee 75g/kg/24hr.
. Wh is he se fr  40- hi?
. If his se is given wie in 1 y, hs he xi se 

een exeee?
Answers:

. 0.5g/20 × 40 ≡ 1.0g.
. 2 ses ≡ 2 × 1.0g ≡ 2.0g ≡ 2000g

40 × 1kg/2.2 ≡ 1kg
2000g/1kg ≡ 111.1g/kg
Yes, he xi se hs een exeee: w ses 

give 2000 g/40 , whih is 2000 g/1 kg, r 
111.1g/kg/y.

Percent-Strength Solutions

1. Hw ny grs f ine re neee  rere 120g f 
n inen nining % ine?
Answer: 0.0 ≡ x g/120g; x ≡ 9.6g.

2. In 147L f suin, here is 1L f ive enzye. Wh 
is he eren srengh f ive enzye in he suin?
Answer: x ≡ 1L/147L; x ≡ 0.006 ≡ 0.6%.

3. If hehyine is vie in  250g/10L suin, wh 
eren srengh is his?
Answer: x ≡ 0.25g/10L; x ≡ 0.025 ≡ 2.5%.

4. Yu hve einehrine 1 : 100. Hw ny iiiers f 
einehrine wu e neee  nin 30 g f ive 
ingreien?
Answer: 0.01 ≡ 0.03g/x L; x ≡ 3L.

5. A se f 0.4L f einehrine HC 1 :100 is rere. is 
se nins hw ny iigrs f einehrine HC (he 
ive ingreien)?
Answer: 0.01 ≡ x g/0.4L; x ≡ 0.004g ≡ 4g.

6. If yu iniser 3 L f  0.1% srengh suin, hw 
ny iigrs f ive ingreien hve yu given?
Answer: 0.001 ≡ x g/3L; x ≡ 0.003g ≡ 3g.

7. A rug is vie s  1:200 suin, n he xi se h 
y e given y ers fr  riur ien is 3g. Wh is 
he xi un f suin (in iiiers) h y e use?
Answer: 1 : 200 ≡ 0.5% ≡ 0.005; 3g ≡ 0.003g; 0.005 ≡

0.003g/x L; x ≡ 0.6L.
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. Einehrine 1 : 1000 nins hw ny iigrs f 
ive ingreien er iiier?
Answer: 1 : 1000 ≡ 0.1% ≡ 0.001; 0.001 ≡ x g/1L; x ≡

0.001g ≡ 1g.
9. Hw ny iigrs er iiier re here in 0.3L f  

5% srengh gen?
Answer: 0.05 ≡ x g/0.3L; x ≡ 0.015g ≡ 15g.

10. Hw ny iigrs f siu hrie re neee fr 
10L f  0.9% suin?
Answer: 0.009 ≡ x g/10L; x ≡ 0.09g ≡ 90g.

11. If yu hve iine (Xyine)  5g/L, wh eren 
srengh is i?
Answer: x ≡ 0.005g/L; x ≡ 0.005 ≡ 0.5%.

12. A 0.5% srengh suin nins hw ny iigrs in 
1L?
Answer: 0.005 ≡ x g/L; x ≡ 0.005g ≡ 5g.

13. Cryn siu nins 20g in 2L f wer. Wh is 
he eren srengh?
Answer: x ≡ 0.02g/2L; x ≡ 0.01 ≡ 1%.

14. Hw uh ive ingreien f eyyseine hve yu given 
wih 4 f  20% suin?
Answer: 0.2 ≡ x g/4; x ≡ 0.g ≡ 00g.

15. Yu hve 20% eyyseine; hw ny iiiers f his  
yu nee  fr 4L f n % suin?
Answer: 0.0 ≡ 0.2(x) L/4L; 0.2(x) ≡ 0.32; x ≡ 1.6L, 

n sine qs (s require) fr 4L.
16. e reene se f n gen wih  eren srengh 

f 5% is 0.3. Hw ny iigrs f sue re here in 
his un?
Answer: 0.05 ≡ x g/0.3; x ≡ 0.015g ≡ 15g.

17. Aeyyseine ws rkee s 10% eyyseine wih 
0.05% isreren. Hw ny iigrs f eh ingrei-
en were in  4- se f suin? (Isreren: 0.0005 = x
g/4; x = 0.002g = 2g.)
Answer: Aeyyseine: 0.10 ≡ x g/4; x ≡ 0.4g ≡ 400g.

1. Whih nins re rug: ½  f  1% rug suin wih 
2L f sine r ½ f  1% rug suin wih 5L f 
sine?
Answer: ey eh nin he se un f rug: 5g 

(0.01 ≡ x g/0.5; x ≡ 0.005g ≡ 5g). e ieren 
uns f iuen (2L, 5L) wi hnge he resu-
ing erenge srengh n he  un f new 
suin u n he un f rug.

19. Hw ny iigrs er iiier re in  20% suin?
Answer: 0.20 ≡ x g/L; x ≡ 0.2g ≡ 200g.

Clinical Scenario

Yu hve  1 nr (N) suin f sine (NC) n yu nee 
isni sine 0.9%, s e “nr sine, fr iuen 
in  neuizer suin. Can you use the 1 N solution as diluent, 
unchanged?

Answer: A 1 nr (N) suin nins 1g equiven weigh 
(GEW) f sue er ier f suin. If we ue he er-
enge srengh f  1 N suin f NC, we n re 
his wih 0.9%  eerine equivene r k f equivene. 
e eur weighs f siu (N) n hrine (C) re 23 
n 35.5, reseivey. A GEW is he eur weigh ivie 
y he vene f he eeens:
1 GEW, NC ≡ 23.0g + 35.5g ≡ 5.5g. 1 N suin ≡

1GEW/L ≡ 5.5g/L r 5.5g/100L ≡ 5.5%.

erefre,  1 N suin f NC is 5.5% srengh n is n he 
se nenrin s nr sine, whih is 0.9% srengh. 
A 0.9% suin wu e 0.9g/100L, n 5.5g/100L. 
Use f he re nenre 1 N suin, whih is hyer-
ni reive  y ui, y use rnhi irriin in  
neuizer suin fr inhin.

Chapter 5

SelfAssessment Questions

1. Whih rin f he nervus syse is uner vunry 
nr: he uni r he skee use r nerve 
rin?
Answer: e skee use r nerve rin.

2. Wh is he neurrnsier  eh f he fwing sies—
neurusur junin; uni gngi; n s sy-
hei en sies?
Answer: Neurusur junin—eyhine; u-

ni gngi—eyhine; s syhei en 
sies—nreinehrine.

3. Where re usrini reers fun?
Answer: A rsyhei nerve erin sies.

4. Wh is he ee f hinergi siuin n irwy 
sh use?
Answer: Brnhnsriin.

5. Wh is he ee f renergi siuin n he her?
Answer: Inrese re n fre f nrin.

6. Cssify he rugs irine, hyssigine, rrn, 
n einehrine.
Answer: Pirine—ire-ing hinergi; hyssig-

ine—inire-ing hinergi; rrn—ren-
ergi-king gen (β

1
 n β

2
); einehrine—rener-

gi gnis (siues α n β reers).
7. Hw  inire-ing hinergi gniss (rsyh-

ieis) rue heir in?
Answer: Inire-ing rsyhieis, suh s 

nesigine, inhii he enzye hineserse, whih 
inreses he un f eyhine vie  siu-
e ssyni sies  he nerve erin.

. Wh ee wu he rug rine hve n he eye n n 
irwy sh use?
Answer: Arine is  eiive king gen fr us-

rini reers. e rug wu k he eye irur iris 
use  ie he ui (yrisis), ryze he iiry 
use  en he ens (yegi), n ngnize 
hinergiy inue rnhnsriin in he irwy.

9. Wh is he gener ierene eween α n β reers in 
he syhei nervus syse?
Answer: e α reers genery use n exiry ee 

(e.g., vsnsriin), n β reers genery r-
ue inhiiin (e.g., irwy sh use rexin).

10. Wh is he riry ehnis fr erining he neu-
rrnsiers eyhine n nreinehrine?
Answer: Aeyhine is eize y hineserse 

enzyes; nreinehrine is resre k in he 
resyni neurn.

11. Wh is he reinn syhei reer ye fun 
n irwy sh use?
Answer: e β

2
 reer.

12. Ienify he renergi reer referene fr henyeh-
rine, nreinehrine, n einehrine.
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Answer: Phenyehrine—α reers (α
1
 seiy); 

nreinehrine—α > β reers; einehrine—α n β
reers equy.

13. Wh is he uregury reer n he syhei re-
syni neurn?
Answer: α

2
 Reers.

14. Cssify he fwing rugs y uni ss n reer 
referene: ine, eherine, uer, henine, 
rrn, n rzsin.
Answer: Dine—syhiei (ine ree-

rs, α, n β); eherine—syhiei (α n 
β); uer—syhiei (β

2
 refereni); hen-

ine— syhyi (α
1
 n α

2
); rrn—β

syhyi (β
1
 n β

2
); rzsin—α

1
 syhyi.

15. Wh is he uregury reer n he rsyhei 
resyni neurn  he erin nerve sie?
Answer: e usrini reer suye M

2

16. Cnrs gener, α
1
-reer n α

2
-reer ees.

Answer: α
1
-Reer ees re genery exiry (e.g., 

vsnsriin f eriher  vesses). α
2
-Reer 

ees re genery inhiiry (e.g., inhiiin f nrei-
nehrine reese fr nerve erins).

17. Wh susne y e he neurrnsier in he NANC 
inhiiry nervus syse in he ung?
Answer: Vsive inesin eie (VIP) r ssiy niri 

xie (NO).
1. Wh susne is he neurrnsier in he NANC exi-

ry nervus syse in he ung?
Answer: Susne P.

Clinical Scenario

Sujeive: A 42-yer- whie fee wih  ng-sning his-
ry f sh resens  he ED. She ses h she hs een 
feeing s if her “her ws ring y. She urreny uses  
β-renergi rnhir (uer), s neee, n inhes 
n nihinergi rnhir (irriu rie) 
efre eie.

Ojeive: On issin  he ED, she hs he fwing vi 
signs: use (P), 155 es/in n regur;  ressure 
(BP), 146/90 Hg; n resirry re (RR), 22 rehs/
in, wih i isress. Her reh suns re er  usu-
in n  hes rigrh (sernerir [PA]) shws n 
nriies. A e II eerrigr reves survenri-
ur hyri (SVT). Oxygen surin s revee y use 
xiery (surin f eriher xygen [SO

2
]) is 90%.

Assessen: is is n exe f ering he ne f uni 
nr in he ung. Prrn (Iner) is  nnsei β
ker (β

1
 n β

2
). As  β

1
-king gen he rug wi sw her 

re. Hwever, he ke f β
2
 reers in he irwy revens 

engenus einehrine n exgenus renergi gens fr 
siuing hse reers. e IV se irey ngnizes 
he ee f he β-reer siuin in he irwys wih he 
renergi rnhir uer, n i inhiis he egree f 
rnhiin hieve in his ien wih sh, whse ir-
wys en  re  siui n nsri. e ne eween 
renergi rexin f he irwy n hinergi nsriin is 
ie in fvr f unne hinergi iviy. She egins  
exhii sys f rnhnsriin (wheezing, ysne).

Pn: Prevenin is he es rh. In  ien, suh s ne 
wih sh, β-reer siuin is n irn rery 
 reserve. e use f  rug her hn  β-king gen 

wu e inie fr he survenriur hyri (SVT) 
 vi he unesire sie ee f β ke in he ung. 
Aernive rugs fr hyri re isusse in susequen 
hers; hese wu inue  iu hnne–king 
gen, suh s veri, r n gen suh s iine. Her 
use f he β-renergi rnhir uer, whih is  β

2

gnis, shu s e reviewe  ensure rer sge n 
frequeny f use. Ahugh i is β

2
 sei, n renergi g-

nis n siue he her.

Chapter 6

SelfAssessment Questions

1. Ienify n renergi rnhir use iniy h is  
ehine.
Answer: Rei einehrine.

2. Whih ehine hs een use s  rnhir n 
is ny given  re ergi rein y sef-injein?
Answer: Einehrine.

3. Wh is he urin f in f he ehine 
rnhirs?
Answer: Arxiey 1.5 hurs; u  3 hurs  s.

4. Ienify w vnges inrue wih he iins f 
he ehine sruure in renergi rnhirs.
Answer: Inrese β

2
 seiiy n nger urin f in.

5. Ienify he usu se y ers fr  s vue neu-
izer (SVN) fr evuer n uer.
Answer: Levuer—0.63  1.25g; uer—0.5 f 

 0.5% nenrin.
6. Wh is n exreey n sie ee wih β

2
-renergi 

rnhirs?
Answer: Muse rer.

7. Ienify he rxie urin f in fr rei ei-
nehrine, uer, seer, n er.
Answer: Rei einehrine—1  3 hurs; uer—4  

6 hurs; seer—12 hurs; er—24 hurs.
. Ienify he generi rug fr eh f he fwing rn 

nes: Brvn, Sereven Diskus, n Venin HFA.
Answer: Brvn—rfrer; Sereven Diskus—se-

er; n Venin HFA—uer.
9. Whih rue f inisrin is re ikey  hve greer 

severiy f sie ees wih  β-gnis, r r inhe 
ers?
Answer: Or (rer is re severe).

10. Yu nie  inkish inge  ers rinu in he rge-re 
uing nneing  iens uhiee   neuizer fer 
 reen wih rei einehrine; wh hs use his?
Answer: e ehine einehrine wi e rken wn 

y igh n ir  he renhre fr, ruing  
inkish r inkish-rwn resiue in uing.

11. A ien exhiis rxi rnhnsriin fr he 
ren when using  hyrurkne eere se 
inher (HFA MDI). Sugges n ernive fr he ien.
Answer: Cnsier rying he iqui fruin, DPI, r  

Resi eening n viiiy f he rugs n 
evies.

12. Wu yu sugges use f seer   ien wih sh 
wh exerienes sin sys f wheezing n hes 
ighness, whih resn we  n inhe β gnis?
Answer: N; seer is inie fr inenne hery 

in iens wih sh neeing regur use f  β gnis 
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(regur β gnis n inhe riseri r her 
gens); i s shu e use in njunin wih n 
inhe riseri.

13. Sugges  β gnis h wu e rrie fr he ien 
in quesin 12.
Answer: Any f he fwing: uer r evuer.

Clinical Scenario

Sujeive: A 24-yer- Whie e resens wih he -
in f iuy rehing. He hs n hisry f sh r 
her revius unry isese. He is n unn wih  
eiu-size r. He nie  few “hes s fr O-
er hrugh Jnury, u hese resve wih ver-he-uner 
 eiins, suh s engesns n ugh sures-
sns. During  run f gf in e My, he h iuy 
rehing. On inerview, he esrie ighness in his hes n 
he sun f wheezing. e urse h reeny een wn. 
e en un ws quie high  he ie, n here ws n 
inrese zne nenrin, eing   sg er n he 
y f his run. He s ine f wking u sever 
ies uring he nigh wih i shrness f reh.

Ojeive: His resirry re (RR) is 14 rehs/in wih n 
vius isress  res;  ressure (BP) is 12/74 Hg; 
her re (HR) is 76 es/in; n eerure (T) is wihin 
nr iis. His xygen surin y use xiery (SO

2
) 

is 93% n r ir. On usuin yu ee i exir-
ry wheezing iery.

Assessen: Ash exerin.
Pn: Ainiser  ek w. Aernivey, e sirery 

wu rvie re ee infrin n his FEV
1
 n 

ixi w res. A “efre n fer rnhi-
r suy wu furher eerine wheher he hs reversible

sruin; hwever, his hisry n sys sugges his. If 
w, reen wih  shr-ing rnhir, suh s -
uer r evuer, wu e rrie. Beuse he wi e 
ging he, n HFA MDI wu e es. Crre euin 
n is use is  us.

Chapter 7

SelfAssessment Questions

1. Wh ws he rs FDA-rve nihinergi rnh-
ir fr ers inhin?
Answer: Irriu (Arven).

2. Lis  FDA-rve ng-ing nihinergi in-
in ru(s) n he rke.
Answer: Anr Ei, Bevesi Aershere, Dukir Pressir, 

n Si Resi
3. Wh is he usu reene se f irriu y 

MDI n y SVN?
Answer: MDI—34g, w uins, eh 17g (fr 

he uhiee). SVN—500g, 2.5L f  0.02% 
suin.

4. Ienify  ng-ing nihinergi rnhir n 
give is urin f in.
Answer: Tiriu (Siriv), iiniu (Turz Pres-

sir), ueiiniu (Inruse Ei) n revefenin 
(Yueri);  u  24 hurs.

5. Wh is he usu ini iniin fr use f n nihin-
ergi rnhir, suh s irriu?

Answer: Minenne reen f COPD.
6. Whih isese se—sh r COPD—y shw greer 

resnse  n nihinergi rnhir rher hn  β
gnis?
Answer: COPD iens re ikey  hve  greer resnse 

 n nihinergi gen rher hn  β gnis in 
reversiiiy f irw sruin.

7. Wih whih ye f nihinergi gen re yu re ikey 
 serve sysei sie ees: eriry niu r qu-
ernry niu uns?
Answer: Teriry; hese re ess inize n re eer sre 

n isriue hrugh y issues.
. Wh re he s n sie ees seen wih inhe 

irriu n iriu?
Answer: Dry uh n ugh.

9. Cn irriu e use wih iens wh hve gu?
Answer: Yes. Hwever, use wih uin, hve he ien 

nify his r her hhgis, n nir inru-
r ressures.

10. Cn irriu e erne wih r ine wih  β
gnis in he reen f COPD n sh?
Answer: Yes. e w yes f gens y hve iive ees 

in reversing irw sruin. In iin, hey hve 
eenry sies n ehniss f in, n he 
ie  ek ee is er fr irriu re 
wih h f  β gnis, resuing in re susine ek 
rnhiin.

11. Wh reuins shu yu serve if inisering 
irriu y SVN?
Answer: Pre he eyes fr exsure  he neuize 

rug y using  uhiee inse f  sk whenever 
ssie r vering he eyes if  fesk is use fr 
inisrin. is is ne  vi he ur ees f 
yrisis n yegi.

12. Wh is he ini iniin fr he use f n nihiner-
gi inrns sry?
Answer: Rhinrrhe ssie wih nnergi erenni 

rhiniis, s, n ergi rhiniis if unresnsive  
inrns riseris.

Clinical Scenario

Sujeive: On inerview, he ses h he hs inresingy 
nie exerin ysne wih i hysi iviy ver 
he s few nhs. Wih quesining, he is  -
sin si h inke f ne r w eers r  ue 
f ixe rinks sever ies  week. He hs een hiy 
rrie  he se wn sine he ws 24 yers f ge. He 
s is  regur igree sking f u 1 k/y 
sine he ws 20 yers f ge. He es  seenry ife wih 
n hysi exerise. He ses h he es hve  hrni 
ugh, whih is wrse in he rning, hugh he enies 
uh ruiviy.

Ojeive: Physi exinin reves very i igi u-
ing,  sighy inrese nerserir (AP) ieer, iin-
ishe n isn reh suns iery wih se rhnhi, 
iy hyerresnn erussin nes, n jugur venus is-
enin urigh r suine, n n eriher ee. His vi 
signs re s fws:  ressure (BP), 146/90 Hg; e-
erure (T), 99°F; use (P),  es/in; n resirry 
re (RR), 16 rehs/in wih n ring. His reri  
gs (ABG; r ir) resus re s fws: H, 7.40; reri 
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rn ixie ressure (PCO
2
), 42.5 Hg; reri xy-

gen ressure (PO
2
), 62 Hg; se exess, 1.9Eq/L; n 

hegin (Hg), 14.5g/L. Ches rigrh (PA, er) 
shws se ss f ung rkings, i ening f he hei-
ihrgs, n inrese AP ieer. His eeryes n 
whie  e (WBC) un re nr. Mere irw 
sruin is resen, s eviene y he FEV

1
 f 1.94 L, 

n FEV
1
/FVC f 65%, n n inrese resiu vue/ 

ung iy (RV/TLC) ri. Gs exhnge is iire, s 
seen in he ew-nr iusing iy f he ungs fr 
rn nxie (DL

CO
).

Assessen: COPD, ry rnhiis n ehyse.
Pn: Firs n fres, he ien shu qui sking. Give 

sking essin eri n rgr infrin  hi. 
Sen, nsier  rehiiin r isese ngeen eu-
in rgr  inrre knwege f he isese, is 
reen ins, exerise, n nuriin. A rnhir 
shu e nsiere fer ssessing he egree f reversiiiy 
f his irw sruin y sirery fer rnhir 
inisrin. Furherre, he use f h  β gnis n 
nihinergi y e wrrne. If he sssessen f si-
rery is siive,  shr-β gnis shu e resrie n 
n s-neee sis. Mre ne wu e  e he ien 
n  ng-ing β-gnis n nihinergi. e iin f 
“rie hery y s e nsiere.

Chapter 8

SelfAssessment Questions

1. Wh rug in he xnhine gru is use s fen 
hereuiy?
Answer: ehyine.

2. In whih fruins is hehyine vie?
Answer: Tes, sues, syru, eixir, exene-reese es, 

sues, injein.
3. Wh is he reene hereui s eve fr heh-

yine in sh n COPD?
Answer: 5  15g/L, sh; 5  10g/L, COPD.

4. Hw  yu knw wheher  given se f hehyine wu 
rue  sisfry reen ee in  ien wih sh?
Answer: e s ex eh is  nir he s eve 

f hehyine n jus he se  inin  hereu-
i s eve. Aernivey, n ess reisey, he se 
n e juse  nr sys n sie ees.

5. Ienify  es hree verse sie ees seen wih hehyine.
Answer: Gsri irriin, insni, nxiey/shkiness, hy-

ri, nuse, ss f eie, n hehe.
6. Wh is en y  “nrrw hereui rgin?

Answer: Fr  rug wih  nrrw hereui rgin, he se 
require  rue  hereui ee is se  he se 
h egins  rue xi sie ees.

7. Ahugh hehyine is  wek rnhir, wh her 
ees ke i usefu in reing hrni irw sruin?
Answer: (1) Siuin f veniry rive in he enr ner-

vus syse n (2) srenghening f ihrgi n-
rie fre.

. True r Fse: ehyine uses rnhiin n 
irve irw sey y inhiiing hshieserse, whih 
reks wn AMP.
Answer: Fse. e ehnis f in f hehyine is 

uner.

Clinical Scenario

Sujeive: A 70-yer- Whie e rrive  he hsi ED 
ining f ysne. He rere ughing u hik, green-
ish suu wih se inges f  in he s few ys. In 
he inerview, he ie  sking w ks f igrees  
y sine ge 1 yers, sing u 2 yers g. He hs h 
six hsiizins wihin he s 2 yers. Curren eiins 
inue irriu rie y MDI, 2 us fur ies iy, 
wih  β

2
 gnis y MDI s neee, 1  3 us. He rers 

he hs een using he β
2
 MDI regury uring he s nh, 

 es fur ies iy.
Ojeive: On hysi exinin, he ws very shr f reh 

(SOB), even  res, n use essry uses wih  resir-
ry re (RR) f 22 rehs/in. ere ws ie isernie 
hes exnsin. His reh suns were isn in  res 
wih exirry wheezes n ir veen ere r. He 
ws ferie wih  use (P) f 120 es/in n  res-
sure (BP) f 170/112 Hg. He ere riene, her-
en, n sewh nurishe, wih hin rs. Lrry 
vues n issin shwe nr eeryes, u his whie 
 e (WBC) un ws 15.2 × 103/ n his heg-
in ws 10.6g/L. Areri  gs (ABG) vues n r 
ir were s fws: H, 7.40; reri rn ixie res-
sure (PCO

2
), 42.4 Hg; reri xygen ressure (PO

2
), 

64  Hg; se exess, + 1.9 Eq/L; n reri xygen 
surin (So

2
), 90%. A hes rigrh (sernerir 

[PA]) shws hyerinin f he ung es wih ene 
ihrgs.

Assessen: He hs n exerin f COPD.
Pn: Ainiser xygen. Ahugh  PO

2
 f 64 Hg n r 

ir wih  surin f 90% ers  e sisfry, his is 
hieve y  re ern f resirin wih hyne 
(resirry re [RR], 22 rehs/in) n is nie y 
inrese  ressure (170/112 Hg) n hyri 
(120 es/in). In iin, he is iy nei. Reieving 
his hyxei, n herey reuing his wrk f rehing n 
yri wrk, y reven he nee fr veniry su-
r. Ainiser  shr-ing β gnis n nihinergi. 
Cnsier use f IV seris wih ssie nsierin f he-
hyine. Afer exerin is reieve, nsier iriu 
rie  ree irriu rie  he.

Chapter 9

SelfAssessment Questions

1. Ienify he uyi gens rve fr inhin s 
n ers in he Unie Ses—give he generi n rn 
nes.
Answer: Drnse f (Puzye), given 2.5g iy y je 

neuizin; hyerni (7%) sine, 4L y je neui-
zin u  fur ies iy, n N-eyyseine (NAC; 
r Muys), 4 L f  10% suin y je neuiz-
in (hwever, he er is n f rven ene fr irwy 
isese).

2. Wh is he e f in fr rnse f?
Answer: Deyerizes exreur DNA, eresing suu 

eniy.
3. Wh is he ini iniin fr use f rnse f?

Answer: T re serein erne in ersns wih ysi 
rsis (CF).
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4. Wh re nriniins  he use f uyi eiins?
Answer: Pr r sen ugh reex, wekness, iniiy  r-

e he irwy, n ergy r uene sensiiviy  he 
eiin use.

5. Hw  rie niiis e uus, n wh re heir 
iniins fr use?
Answer: Lw-se rie niiis re uregury 

eiins h erese uus hyerserein use y 
inin n s reserve he nr r nsiuive 
serein.

6. Hw shu rnse f e inisere when high-frequeny 
ressin is use?
Answer: I y e  es s eeive, n ry esier  

iniser, when given nin wih high-frequeny 
hes w ressin (HFCWC).

7. Wh is  n sie ee seen wih NAC y ers?
Answer: Brnhss, irwy inin, n erese 

unry funin.
. Wh re he iniins fr he use f eyyseine?

Answer: Aeyyseine is rve fr sysei use in reing 
einhen verse. ere re n iniins fr giv-
ing his s n ers.

9. Hw n when shu irne ers r insiin e 
use?
Answer: I shu n e use s  uive rug.

Clinical Scenario

Sujeive: A 17-yer- wn wih CF ws ie  yur 
hsi wih n ue resirry infein (unry exer-
in). She is esn, ure, n we infre nerning 
her isese. She ins f n inrese ugh, inrese 
suu ruin wih se heysis, n weigh ss 
ver he s 2 weeks.

Ojeive: She ws ignse wih CF  he ge f 2 yers euse 
f fiure  hrive n i we iniy uni ge 12 yers. She 
h  ns yey n  G-ue e fr nigh fee-
ing sever yers g, whih resue in  weigh gin f 30 
(13.6kg). She is hrniy infee wih resisn Pseudomonas
n Stenotrophomonas, n her uure resus h ensre 
yi Mycobacterium in he s. She hs een ie wih 
exerins f CF wie in he s yer. She hs een king 
300g f ryin (TOBI) w ies iy (i) y ers 
 he regury his yer, wih urses f r irxin 
when sys f resirry infein surfe. Vi signs 
re s fws: eerure (T), 99.5°F; use (P), 110 es/
in n regur; resirry re (RR), 26 rehs/in; n 
 ressure (BP), 110/50  Hg. Oxygen surin y 
use xiery (SO

2
) is 0.92 in ien ir. She hs i ys-

ne whie wking. Ausuin f he hes revee rk-
es in  es, wih re in he righ uer e. Exreiies 
shwe uing wih n ynsis. She hs  ugh ruive 
f greenish, hik suu. N ns ys re visie  exi-
nin. Ches rigrh (sernerir [PA] n er) 
shws iuse hrni hnges wih hik inersii rkings 
nsisen wih rnhiesis, n  nr ri sihuee. 
ere is n inre in he righ uer e. Her unry 
funin es resus shw  erese in irw n hyerin-
in f he ung nsisen wih n sruive isese se.

Assessen: Exerin f CF irwy isese.
Pn: Her unry funin ess inie ere irwy 

sruin, nie y he usu rei sereins 

seen in CF. Her hisry s suggess inrese rnhiesis 
wih uruen suu ruin n  nee fr IV niii 
hery n hsiizin. She y ene eiher fr r-
nse f (Puzye), 2.5g iy y neuizer, r hyers-
r (7%) sine. She y s n use f  β gnis, suh 
s uer, hefu  irve r inin ung funin n 
serein erne. Finy, ninue use f ersize ni-
ii shu e nsiere  reue he eri uren f 
her resirry sereins. Cninue  ssess he fwing  
eerine eeiveness f her rnse f reen: (1) he 
use f rener niiis ver he ing yer; (2) he use f 
r niiis ver he nex yer; (3) he nee fr hsiiz-
ins fr ue exerins; n (4) inenne r hefuy 
even irveen in her unry funin.

Chapter 10

SelfAssessment Questions

1. Wh is he eniin f  surface-active substance?
Answer: An gen h n hnge surfe ensin  iqui–ir 

inerfes.
2. In gener, wh is he ini iniin fr use f exgenus 

surfns?
Answer: Prevenin (rhyxis) f resirry isress syn-

re (RDS) in reure newrns wih iure ungs 
r newrns wih eviene f iure ung eveen, 
n reen (resue) f infns wh hve evee RDS

3. Se he ye (egry) f exgenus surfn fr eh f 
he fwing: ern, fn, n rn f.
Answer: Bern (Survn)—ie nur vine 

exr; fn (Infsurf )—nur vine exr; r-
n f (Cursurf )—nur rine exr.

4. Wh re he jr ingreiens f nur unry surfn?
Answer: Liis (u 90%), inuing iiyhshi-

yhine (DPPC); reins, 10%.
5. Give he sge sheue f eh f he urren exgenus 

surfns.
Answer: Survn—4 L/kg; Infsurf—3 L/kg; 

Cursurf—2.5L/kg.
6. Wh is he ierene eween “resue n “rhyxis 

reen wih surfns?
Answer: Resue—rug given in he resene f RDS. Prhy-

xis—rug given before he nse f RDS.
7. Ienify  es hree ssie verse ees wih he use f 

exgenus surfn reen.
Answer: Ane, verveniin, verxygenin, irwy 

usin, esurin, n ryri.
. Why es he irveen in ung ehnis s fer ny 

ne r w inisrins f exgenus surfn?
Answer: Areny exgenus surfn eners he reying 

 in ver es.
9. Hw wu yu ssess he eeiveness f exgenus surfn 

reen in  reure newrn wih resirry isress?
Answer: Mnir vi signs, inuing r n iviy, fr 

eviene f irwy usin, esurin, n ryri. 
Be rere  nuy venie n suin he irwy. 
Assess hnges in eve f veniin n xygenin: hes 
rise, reri xygen surin (SO

2
) r rnsuneus 

xygen ressure (PO
2
), exhe vues, n ine. 

Mify venir seings n frin f insire xygen 
(FiO

2
) n he sis f hnges.
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Clinical Scenario

Sujeive: A 16-yer- fee gve irh   25-week, 515-g 
y gir y vgin eivery. e her h n ren re 
n she h reure ruure f he ernes 12 ys 
efre eivery.

Ojeive: Agr sres fer inuin n iin f si-
ive-ressure veniin wih  g n sk were 7 n 9  
1 n 5 inues, reseivey. Physi exinin revee 
he fwing: use (P), 140 es/in;  ressure (BP), 
34/22 Hg; eerure (T), 99.6°F; n xygen sur-
in y use xiery (SO

2
), 5%  90%. Lrry 

resus revee guse, 39g/L; whie  e (WBC) 
un, 11,900/3; heri, 47%; n ees, 297,000/
3. Ches rigrh shwe resirry isress synre, 
sge II.

Assessen: e gesin ge n w irh weigh inie re-
uriy, whih is ssie wih ung iuriy n k 
f engenus surfn. e hes rigrh nrs he 
resene f nen RDS.

Pn: Ainiser n exgenus surfn  he y  he 
rer se resrie. Cnsier  sen se f surfn 
if susequen eine in ung funin is inie y he 
erese in ine, eeriring vi signs, n xygen-
in. Veniin n xygenin shu e nire fer 
 ree se, n jusens e  vi verveniin 
n verxygenin.

Chapter 11

SelfAssessment Questions

1. Ienify  riseris, using generi nes rve in 
he Unie Ses fr ini use y r inhin.
Answer: Beehsne, uisne, uesnie, e-

sne, n iesnie.
2. Wh is he jr hereui ee f riseris?

Answer: eir niinry ee.
3. Ne w n resirry iseses in whih inhe 

riseris re resrie.
Answer: Ash n (ess frequeny) COPD

4. Wh is he rine fr inisering riseris y he 
inhin rue, rher hn y he r rue, in sh?
Answer: By rgeing he ung irey wih riseris 

h hve high i eny, sysei eves n e 
iniize n sysei sie ees erese r vie.

5. Cnrs he ees f β gniss wih he ees f ri-
seris n he ery hse n e hse f sh.
Answer: β gniss y reieve he ery hse f rnh-

nsriin, wheres riseris n reue irwy 
inin, revening h he ery n e hses 
f sh.

6. Wh is he ee f ry inisere riseris n 
grwh, ne ensiy, n ren funin?
Answer: Grwh is erese in hiren; ne ensiy is 

erese, using sersis; nr ren seri 
serein is suresse, n in gener he hyhi–
iuiry–ren (HPA) xis iviy is suresse.

7. Wh is he urse f erne-y seri hery?
Answer: T reue exsure f he y  exgenus ri-

seris n herey reue sysei sie ees, suh 
s ren suressin.

. Cn yu swih fr r seri use  inhe seri use 
in  ien wih sh? Exin he reuins r resns, 
s rrie.
Answer: Trnsfer n e ishe; hwever, he ien 

shu e wene fr he r se, using ering 
ses whie iniiing inhe seris  w eque 
revery f ren funin euse inhe seris 
wi n inin signin s eves  he re-
ene ses.

9. Se w n sie ees wih inhe seris.
Answer: Or hrush (niisis) n yshni.

10. Ienify w ehs f iniizing he sie ees ieni-
e in quesin 9.
Answer: (1) Use f  reservir evie wih MDI ry inhe 

riseris; (2) rinsing f he hr y grging fer 
inhing  riseri.

11. Hve inhe riseris riiny een use wih n 
shi uring n ue eise?
Answer: N; here is n ue rnhiing ee n he 

se f inhe seris is  w fr ue ngeen 
f irwy inin. Hwever, inhe rise-
ris hve een invesige fr ED reen f ue 
severe sh, ng wih ggressive rnhir 
hery.

Clinical Scenario

Sujeive: A 55-yer- Whie fee resens  he ED wih 
 hief in f ugh, wheezing, shrness f reh, 
n hes in. Tw ys erier, she rere rhinrrhe, sre 
hr, sinus ngesin, n susequen inrese in ysne 
n wheeze.

Ojeive: Physi exinin n issin  he ED exhiie 
wheezing n usuin, use f essry uses, n ynsis 
r ihresis, n i resirry isress. Vi signs were s 
fws: eerure (T), 9.4°F; use (P), 96 es/in n 
regur; resirry re (RR), 22 rehs/in; n  res-
sure (BP), 92/6 Hg. Ches rigrh shwe hyerin-
in u n inres r her nriies. Eerrigr 
revee sinus hyri. Areri  gs (ABG) eerin-
in n r ir inie he fwing: H, 7.44; reri rn 
ixie ressure (PCO

2
), 3 Hg; reri xygen ressure 

(PO
2
), 54 Hg; se exess (BE), 2.2; irne (HCO

3
−), 

25.9 Eq/L; n reri xygen surin (SO
2
), 9.4%. 

Hegin ws 13.3 g/L, n he whie  e (WBC) 
un ws . × 103/3. Ainisrin f MDI uer y 
reservir shwe ie irveen in her ek w res.

Assessen: Punry exerin.
Pn: Aie  he hsi. Ainiser 2.5g uer n 

0.5g irriu rie vi SVN; e n xygen  3L/
in y ns nnu. Ainiser 40g f IV ehyre-
nisne n  rn f henyehrine fr ns engesin 
n sinus erne.

Chapter 12

SelfAssessment Questions

1. Ienify fur nnseri nish rugs use in he n-
geen f hrni sh; give generi n rn nes.
Answer: Cryn siu, neuks (Singuir), zru-

ks (Ae), n zieun (Zy).
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2. Whih iunguin is iie in ergy n is 
ere cytophilic?
Answer: Iunguin E (IgE).

3. Whih ye f sh invves ergi rein  n ni-
geni siuus?
Answer: Exrinsi, r i.

4. Whih ye f heer T e, 1 r 2, is invve rir-
iy in he i ergi resnse?
Answer: 2 es (heer ye 2 yhyes).

5. A resien wishes  rer neuize ryn siu fr 
 yung ien wih sh in he eergeny r wh is 
wheezing n in ere isress. Wu yu gree?
Answer: N. Cryn siu, s  eir ngnis, is 

 rhyi gen  prevent s e egrnuin 
n eir reese; he rug hs n rnhiing 
reries.

6. Whih f he fwing u e reene s ssie 
hies fr he ien wih sh in quesin 5: inhe 
uer, inhe seer, inhe irriu rie, 
hehyine (eiher ry r inrvenusy)?
Answer: A he gens ise u e use in n ue sh 

eise exe fr seer euse is hrkine-
is re n usefu fr n ue k.

7. A ien wih sh hs een king 40g f r reni-
sne fr 1 week fer n ue sh k n n eergeny 
eren visi. His hysiin nw wns  swih hi  
inhe ryn n isninue he r renisne. Wh 
is he risk in ing his, n wh wu yu reen?
Answer: ere is  risk f ren insuieny use y he 

seri hery n HPA xis suressin n y he f 
h ryn is n  seri. A ere se regien f 
he r renisne whie he ryn is sre u 
e reene.

. Hw es he ehnis f in f zruks n n-
euks ier fr h f zieun?
Answer: Zruks n neuks  y eiive ng-

nis f eukriene reers (CysLT
1
 reers), wheres 

zieun s y inhiiin f he 5-ixygense enzye.
9. Wh is he reene sge n rue f inisr-

in fr zruks, neuks, n zieun?
Answer: Zruks—20 g wie iy, y he r 

rue; neuks—10 g ne iy, ry; zieu-
n—600g fur ies iy, r w 600g exene 
reese (Zy CR) wie iy, ry.

10. Whih f he hree nieukriene gens in quesin 9 ers 
he s nvenien sing n he fewes rug inerins?
Answer: Mneuks (Singuir), wih ne-iy sing, 

n n signin rug inerins, suh s hse h 
n ur wih zieun r zruks.

11. When wu yu reen using izu?
Answer: In  ien wih unnre ere  severe 

sh, eseiy unnre y riseris.
12. A 17-yer- ien wih sh hs een ree fr 

sys fr he s 12 nhs. His sys hve n 
irve esie he use f he highes sge f n inhe 
riseri gen n regur use f seer; in i-
in, ris n neuks, ryn siu, n r he-
hyine hve een unsuessfu. Wh wu yu re-
en fr his ien?
Answer: Oizu wu e  gre reenin. 

e use f izu y e e  erese he use 
f riseris eing inisere.

Clinical Scenario

Sujeive: A 45-yer- whie fee is seen in he ED wih  
in f hes ighness, shrness f reh, n wheezing 
fr he s 1.5 ys. She s ins f  ugh, wih ny 
sin hin whiish suu uring h eri. She enies 
ny fever r his. She ws ignse wih u-nse sh 3 
yers g n is sirin sensiive. She hs n hisry f  
use. She hs een using OTC rei einehrine s neee 
n, sine u 4 nhs g, hs een king r hehy-
ine 300g wie iy. She is er u iy nxius. On 
quesining, she ses h she hs een using OTC rei 
einehrine s every 2 hurs ver he s 24 hurs wih 
ie irveen. She ses h she hs een exeriening 
ny hehes, use sh, se k f eie, n 
insni fen uring he week. I hs een 2  3 hurs sine 
she s h n OTC rei einehrine reen.

Ojeive: e iens vi signs re s fws: eerure (T), 
97°F; use (P), 112 es/in n regur;  ressure 
(BP), 135/90 Hg; n resirry re (RR), 22 rehs/
in wih n ring. Exirin is sighy rnge, u 
here is n use f essry uses. N ynsis is evien. 
Ausuin reves iuse wheezes, greer n exirin hn 
insirin, n rhnhi iery. Ruine  wrk er 
shwe he fwing: hegin, 13.5g/L; n whie  
e (WBC) un, 6.1 × 103/3 wih 13% esinhis. Ee-
ryes were s fun  e wihin nr iis exe fr  
s guse eve f 21g/L. A hes rigrh shwe 
se hyerinin iery, wih n inres, n neu-
hrx, n nr her size. An reri  gs (ABG) 
esureen n r ir revee he fwing: H, 7.3; 
reri rn ixie ressure (PCO

2
), 42 Hg; reri 

xygen ressure (PO
2
), 72 Hg; se exess, + 0.3Eq/L; 

n reri xygen surin (SO
2
), 96%.

Assessen: Ash exerin; inrese her re n  
ressure senry  sh n use f rei einehrine.

Pn: Pe ien n xygen  2L/in y ns nnu euse 
f her hyxei (PO

2
, 72 Hg) n give 4 uins 

f uer using n MDI wih  hing her every 20 
inues. Cee  s hehyine eve  rw  
nr hehyine eve. If she is eer fer hery isiss 
 he n r renisne, ere se fr 1 week. Cnsier 
reving hehyine euse f her hehes n re-
ing wih w-se inhe riseri; hwever, given her 
reen ugh sys n sirin sensiiviy, she y e  
g nie fr use f n nieukriene gen. Cninue  
shr-ing β gnis s neee, n nir iy wih  ek 
w eer. Insis h she n use OTC rei einehrine.

Chapter 13

SelfAssessment Questions

1. Ienify he isese ses fr whih eh f hese rugs is 
use when inhe s n ers: eniine, rivirin, 
ryin, zren, n znivir.
Answer: Peniine—Pneumocystis jiroveci neuni 

(PJP) rhyxis in quire iuneieny syn-
re (AIDS) (s in); Rivirin—resirry 
synyi virus (RSV) reen wih risk f severe r 
ie infein; Tryin—ngeen f 
Pseudomonas aeruginosa in CF; Azren—ngeen 
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f Pseudomonas aeruginosa in CF; Znivir—reen 
f ue inuenz infein.

2. Briey exin he rine fr ersizing n niii, 
suh s ryin r zren, in CF.
Answer: e r rue gives ineque ung eves; inhe 

n IV rues give higher ung issue eves.
3. Wh is he rn ne f ersize eniine?

Answer: NeuPen.
4. Wh is he se n frequeny fr ersize eniine?

Answer: 300g fur ies  week (q4wk).
5. Wh evie is rve fr ersizin f eniine?

Answer: Resirgr II.
6. Ienify he n irwy ees wih ersize en-

iine n sugges  eh fr revening r essening 
hese ees.
Answer: Cugh, rnhnsriin; rere wih  β

gnis.
7. Wh is  jr risk  he regiver when ersizing en-

iine   ien wih AIDS?
Answer: Cnrin f uerusis (TB) infein.

. Wh is he urren CDC-reene rhyi re-
en fr PCP in iens wih AIDS?
Answer: Use riehri-sufehxze (TMP-SMX) 

ry s ng s sie ees re ere n ee. 
e use f inhe eniine is n in.

9. Wh is he rn ne n se fr ers rivirin?
Answer: Virze 6g/300L (2%), 12  1hr/y fr 3  

7 ys.
10. Wh is he ehnis f in f rivirin?

Answer: Virsi; s  nuesie ng, rivirin inerferes 
wih vir rnsriin n reiin.

11. Ne w serius hzrs when rivirin is given   ien 
unerging ehni veniin.
Answer: (1) Ousin f enrhe ue; (2) exirry 

vve n sensr usin.
12. In gener, hw n yu reven envirnen nin-

in when eivering rivirin  n xygen h?
Answer: By using  ninen/svenging syse run 

he h.
13. Wh is he reene sge fr inhe ryin?

Answer: Aersize 300g wie iy, erning eween 
2 ys n n 2 ys .

14. Ienify n sie ees h hve een serve wih 
ersize ryin.
Answer: Tinnius n vie hnges.

15. Ne w eni hzrs  fiy eers wih ers-
ize ryin  he.
Answer: Exsure  ersize rug in ien ir y 

e  (1) ergi reins in hse sensiive  he rug 
n (2) fe hr in  regnn fee.

16. Wh is he reene sge fr inhe zren?
Answer: 75g y Aer Neuizer Syse hree ies iy 

(i), erning eween 2 ys n n 2 ys .
17. Wh shu e ne efre  ien is resrie inhe 

zren?
Answer: Ce seine unry funin resus  n-

ir FEV
1
 n rere wih  rnhir.

1. Give he rn ne n sge fr znivir.
Answer: Reenz; 2 inhins (10g) wie iy 12 hurs 

r, fr 5 ys.
19. In ne senene, esrie he ehnis f in f 

znivir.

Answer: Znivir inhiis he vir enzye neurinise, 
using vir ggregin n uing, hus revening 
vir reese n sreing.

20. Ienify n hzrs in he use f inhe znivir.
Answer: Punry funin eeririn, inuing rn-

hss in hse wih reive irwy isese, n in-
rrie reen r unerreen f nnvir e-
ri infeins.

21. Wh frs use ee ver he use f znivir in re-
ing inuenz?
Answer: Esseniy s versus ey—s reuin in 

sys; n inexensive, esiy vie es  n-
r inuenz infein; n inrese ssie risk in 
irwy isese.

Clinical Scenario

Sujeive: Bry Henrix is  29-yer- u e wih CF. He 
hs een ie  he hsi wih ins f inres-
ing ugh, shrness f reh, n suu ruin. He 
rers h his suu is greenish. His reen hisry reves 
h his s issin fr exerin f ysi rsis ws 
rxiey 6 nhs g. He hs use uer y MDI, 
wih 2 us qi, n reeny egn  use seer, 2 us 
i. He inins hisef n  regur regien f CF ei-
ins, inuing irn n viin sueens n nrei-
se (Pnrese). Arxiey 3 weeks g, he ine 
f inresing unry sereins n ne  i eevin 
f his eerure. A h ie, his hysiin resrie i-
rxin, 500g ry i, n he ee  urse f 14 
ys, ening 5 ys g.

Ojeive: He is er, riene, n in n ue isress  his 
ie. His skin is wr n ry. His vi signs re s fws: 
 ressure (BP), 106/66  Hg; use (P),  es/
in n regur; resirry re (RR), 20 rehs/in; n 
eerure (T), 9.9°F. His resirry ern is nr, 
n here is n use f essry uses. Ausuin reves 
sere res n wheezes iery, h neriry n s-
eriry. His ugh is nnruive uring he exinin. 
Ches rigrh shws hyerexne ung es wih iner 
ri hnges iery ver he ung es. Cri sihu-
ee shws i righ ri hyerrhy. N nsiin r 
eur eusin is seen. Cee  un (CBC) resus 
re s fws: hegin, 13.2g/L; heri, 3.6%; n 
whie  e (WBC) un, 13.5 × 103/3. Reining 
 vues re wihin nr iis. Puse xiery esures 
9% surin n r ir. His unry funin, e-
sure rxiey 2 nhs g, shws fre vi -
iy (FVC), 67% f reie; FEV

1
, 40% f reie; fre 

exirry w 25%  75% (FEF
25-75

), 17% f reie; RV, 
260% f reie; n TLC, 115% f reie.

Assessen: Mr. Henrix hs n ue exerin f CF.
Pn: Cninue wih his usu ysi rsis eiins (vi-

ins, irn sueen, nrese enzyes). Oxygen is ini-
e y his SO

2
 (xygen surin y use xiery) vue. 

Antibiotic therapy wi e neee  reue his eri uren, 
s inie y his eerure n WBC un. Beuse he 
hs ee  urse f irxin n sys re nw 
reurring, here is he ssiiiy f resisne  he irx-
in. A ieren, r  he es n iin, niii y 
e neee. Reen inisering ersize ryin 
r zren. An ggressive rgr f rnhi hygiene is 
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usu  er his sereins n wu inue chest physio-
therapy wih sur ringe n erussin s ere fr 
iizin f sereins; β

2
 agonist y ers  inin 

irwy eny; ssie inisrin f he nihiner-
gi rnhir ipratropium y eiher SVN r MDI; n, 
ny, eque ui inke n ne nuriin.

Chapter 14

SelfAssessment Questions

1. Wh is he ierene eween erisi n eri-
i niiri gens?
Answer: Berisi gens inhii he grwh f eri, 

wheres erii gens ki eri.
2. Give n exe f  ss f niiris h ki in  

nenrin-eenen nner and in  nenrin-
ineenen nner.
Answer: Cnenrin-eenen niiris inue 

ingysies, urquinnes, n yin. 
Cnenrin-ineenen niiris inue β
s, eryines, gyeies, n ries.

3. Desrie  es hree reers h y inie nii-
i fiure in  ien.
Answer: Cninue fever sikes, eeve WBC un, 

reee siive uures, n nnresuin r wrs-
ening f sys (e.g., hyensin r en sus 
hnge) y inie niii fiure.

4. Why is inin niii hery usefu? (Be sei.)
Answer: Aniiri inins n rvie r-

seru iviy s r f n eiri regien. Cerin 
infeins re yiri n s require  in-
in f niiris  e hereuiy eeive. 
Aniiri inins n e use fr heir syner-
gisi ee n  reue he eergene f resisne.

5. Desrie he ehnis f in f eniiin niiis. 
Ne  es w iin niii sses wih siir 
ehniss f in.
Answer: Peniiins in  e w reins  inhii he 

rss-inkge f eigyn, whih reues he sru-
ur inegriy f he e w, resuing in ysis. Ceh-
srins, renes, n ns hve  siir 
ehnis f in.

6. Whih β- niii is es ikey  use n ergi 
rein in  ien wih  eniiin ergy?
Answer: Azren.

7. Ne hree niiri gens h wu e usefu in he 
reen f uniy-quire neuni (CAP).
Answer: Mrie (zihryin r rihryin), 

keie (eihryin), urquinne (evxin 
r xixin), β  (xiiin-vune), r 
xyyine.

. Wh is he niiri gen f hie fr reen f 
Pneumocystis neuni (PCP)?
Answer: Triehri-sufehxze (TMP-SMX).

9. Wh gens re nsiere rs-ine hery fr reen f 
unry uerusis?
Answer: Isnizi, rifyin (rifin, rifuin, r rifen-

ine), yrzinie, n ehu.
10. Whih niiri gens re usefu fr he reen f 

nsi neuni use y Pseudomonas aeruginosa?

Answer: Crene (exuing erene), efeie, 
efziie, r ieriin/z us n in-
gysie (geniin, ryin, r ikin) r u-
rquinne (irxin r evxin).

Clinical Scenario

Sujeive: is is  64-yer- Whie e wih  hisry f 
COPD n reurren neuni. e ien ins f 
ruive ugh wih green suu, fever, n wrsening 
shrness f ir (SOA). He s hs gsreshge reux is-
ese (GERD) n hrni h use.

Ojeive: Physi exinin revee he fwing vi signs: 
eerure (T), 102.2°F;  ressure (BP), 150/5  
Hg; her re (HR), 105 es/in; resirry re (RR), 29 
rehs/in; n xygen surin y use xiery (SO

2
), 

90% n 2 L xygen (O
2
), 2% n r ir. e ien is 

n eery e in ue isress; hyri, wih  regur 
rhyh; ier rkes, wih erese reh suns ver 
wer ef e. His whie  e (WBC) un is 1.4 × 103

es/3. Suu ensre ny WBCs, few eihei 
es, ny gr-siive i in users wih uure en-
ing. His hes x-ry (CXR)  revee ef wer e (LLL) 
inre.

Assessen: Beuse f he iens s ei hisry f 
uie hsiizin wih reurren neuni (inu-
ing ehiiin-resisn Staphylococcus aureus [MRSA]) n 
sys nsisen wih  ignsis f heh re–ssi-
e neuni (HCAP) inuing ruive ugh, fevers, 
n SOA. e signs f infein inue his eeve eer-
ure, eeve her n resirry res, ier wheezing, 
eeve WBC un, ny WBCs in his suu gr sin, 
n LLL inre n CXR. e Gr sin revee gr-
siive i in users, whih is nsisen wih he s 
ikey hgen in his ien, ehiiin-resisn Staphylo-
coccus aureus (MRSA).

Pn: Aniiri hery shu e iniie ieiey wih 
eiher IV vnyin r IV inezi. Ahugh yin 
s hs exeen iviy gin MRSA, i nn e use fr 
neuni euse his gen is inive y ung surf-
ns. Afer rrie resnse  IV hery, he ien 
u e ishrge n r (PO) inezi  nish his urse 
f reen. Befre ishrge, he ien nees  e un-
see n he irne f sking essin n erese 
h nsuin.

Chapter 15

SelfAssessment Questions

1. Ienify he fur sses f ingreiens fun in  
eiins.
Answer: Arenergi engesns, nihisines (H

1
 k-

ers), exerns, n niussives. Note: An ngesi 
y e e.

2. Fr eh f he fwing gens, ienify he egry (e.g., 
renergi, niussive): eine, hrhenirine, heny-
ehrine, exrehrhn, n seueherine.
Answer: Ceine—niussive; hrhenirine—ni-

hisine; henyehrine—renergi; exreh-
rhn—niussive; seueherine—renergi.
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3. Wh is he inene urse f α-renergi gens in  
eiins?
Answer: Ti vsnsriin  en he uer (ns) 

irwy.
4. Wh is he inene ee f nihisines (e.g., hisine 

[H
1
] kers) in  eiins?

Answer: T ry sereins (rhiniis) rue y hisine 
reese n siuin f H

1
 reers.

5. Are nihisines in  reeies H
1
 r H

2
 kers?

Answer: H
1
 kers. (H

2
 kers, e.g., rniiine [Zn], 

re niuer rugs.)
6. Afer yu hve iie sever eers   friens huse fer 

king  se f Benry, shu yu rive he? Why, r 
why n?
Answer: N. Anihisines use rwsiness n h r-

ues n iive ee n his—reexes re erese.
7. Ienify he s n exern in ver-he-uner 

(OTC)  reeies.
Answer: Guifenesin (gyery guie).

. Briey exin hw guifenesin siues uus ruin.
Answer: Pry hrugh siuin f vg reers in 

he sh.
9. Lis se sei uis yu wu reen  sene 

wih  .
Answer: Wer, juies, r ik.

10. Dierenie  “ fr he “u.
Answer: C—nneri uer resirry infein wih 

i ise n runny, suy nse (re ize hn 
he u); u—sysei vir infein wih fever, his, 
hehe, use he, n exree figue.

Clinical Scenario

Sujeive: A 24-yer- suen,  reviusy hehy e, is 
wihin nr weigh iis n erfrs i u irregur 
hysi iviy. He ins f i ise,  runny suy 
nse, sneezing, n  sigh sre hr. He enies hehe 
r use he, esries he ise s  very i figue, 
n ses h he nie  gruy inresing rhiniis ver 
 eri f hurs, wih sneezing eginning uring he rs 6 
hurs f hese sys.

Ojeive: He hs n fever.
Assessen: His sys inie   rher hn he u.
Pn: Pin u h here is n “ure if his is  rhinvirus infe-

in. He shu re his sys, hwever. An renergi 
decongestant y e hefu in ening his ns ssges n 
reuing se f he rhiniis. e use f  i gen wi 
give fewer sysei ees, suh s  feeing f shkiness, n 
enr nervus syse siuin hn n r gen. Cu-
in hi  use he engesn sringy  vi reun 
ns ngesin; reing he reun ngesin wih i-
in srys n rue  sef-susining ngesin. An 
niussive gen, suh s exrehrhn, n e hefu 
if he hs  nnruive, ry, irriing ugh, riury 
if his revens eque res  nigh. e use f n nihis-
ine shu e vie, if ssie,  reven iin 
f sereins n susequen sinus res. Hwever, if n 
nihisine is use, i shu e ken ny  nigh r when 
er iviy (inuing riving) is n neee. Res n g 
nuriin, inuing ui inke, wi ssis his wn iune 
resnse  rever fr he infein.

Chapter 16

SelfAssessment Questions

1. Fr whih isese se is n α
1
-reinse inhiir (API) 

inie?
Answer: Cngeni α

1
-nirysin (α

1
-AT) eieny.

2. Wh is he rue f inisrin fr n API?
Answer: Inrvenus.

3. Wh is he e f in f APIs in reing ehyse 
ssie wih ineque API eves?
Answer: IV inisrin f exgenus API inreses 

 eves n iuses in he ung issue  inrese 
eihei ui eves, where he API inives he 
enzye neurhi esse (NE), whih n esry 
ung issue.

4. Is reen wih n API inie fr ge-ree ehy-
se r in gener fr inivius wh ske n hve 
ehyse er in ife?
Answer: N. Use f API is reene ny fr hse wh 

hve ngeni α
1
-AT eieny n severe COPD. 

Suh inivius fen re skers, whih is  risk fr 
fr eveen f COPD in α

1
-AT eieny, usuy 

 n ery ge (hir r furh ee).
5. Ienify hree hreui fruins f niine h 

re use s sking essin is.
Answer: e rnser h, hewing gu, zenge, ns 

sry, n inher.
6. Wh is he usu ee f niine, wheher in  sking 

essin i r in igrees, n  ressure?
Answer: Niine s  he gngini synses  inrese 

 ressure, wih eriher vsnsriin; ei-
nehrine is reese fr he ren eu, nriu-
ing  hyerensin, hyri, n vsnsriin.

7. Ne w nnniine gens use in he reen f 
sking essin.
Answer: Vreniine (CHANTIX) n urin (Zyn, 

Weurin).
. Wh is he ee f inhe niri xie (NO)?

Answer: Rexin f he unry vsur enheiu 
n reuin f unry hyerensin.

9. Ienify w eniy xi yrus f inhe NO.
Answer: Mehegin n nirgen ixie.

10. Wh is he usu se f inhe NO?
Answer: e reene se is 20, inine u 

 14 ys r uni he unerying xygen esurin 
hs resve n wening fr inhe niri xie n 
e ishe.

11. Ienify w isese ses in whih NO hs een use  
reverse unry hyerensin.
Answer: Persisen unry hyerensin f he newrn 

n ue resirry isress synre.
12. Wh is he grees hzr in ers f unry heh 

wih he eivery f Venvis?
Answer: Venvis is knwn  use rnhss.

13. Wh is he inii se f Tyvs?
Answer: ree rehs er reen sessin (1g), fur 

ies iy uring wking hurs.
14. Wh eer in he COPD eviene-se sregy shu 

ruis e uiize?
Answer: D
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15. Wh re he fur CTFR gens rve fr use in he US?
Answer: Ivfr (Kye)
Lufr/ivfr (Orki)
Tezfr/ivfr (Syek)
Eexfr, ezfr, n ivfr es; ivfr es; 

-kge (Trikf)
16. Wh is he re ne f he ny inhe insuin n he 

rke?
Answer: Afrezz

17. Wh ien uin shu vi he use f inhe 
insuin?
Answer: Punry iens, eseiy hse wih sh 

n COPD.

Clinical Scenario

Sujeive: e ien ins f shrness f reh n exer-
in n inresing figue uring her usu iviies. She 
rere h she h n une wh h ie “ny yers re-
viusy in his ie ge s  resu f ung isese. She i-
e h she h een  hevy sker (run  k er y) 
fr 5 r 6 yers u qui re hn  yers g. She esrie 
hving sever ks f “rnhiis in he s yer. She s 
esrie  s, u inresing, ruin f suu ur-
ing he s yer, usuy er uness she h n eise f 
rnhiis.

Ojeive: Ausuin f her hes reves exirry wheezing, 
iinishe reh suns iery, n  sewh r-
nge exirry hse. ere is n igi uing, ynsis, 
e ee, r jugur isenin. Vi signs re s fws: 
eerure (T), 9.°F;  ressure (BP), 110/76  
Hg; use (P), 76 es/in; n resirry re (RR), 24 
rehs/in n regur. On r ir, her reing n use 
xiery is 91%. ere is  i eevin f her whie  
e (WBC) un (13.1 × 103/3), nr hegin n 
heri, nr eeryes, n Pseudomonas n nr 
r ws fun in her suu. A hes rigrh shwe 
se hyerueny; hyerinin wih erey were, 
sewh ene heiihrgs n fu insirin; n 
n inre in he righ wer e. Areri  gs (ABG) 
vues n r ir were s fws: H, 7.35; ri ressure 
f reri rn ixie (PCO

2
), 54 Hg; ri ressure 

f reri xygen (PO
2
), 66 Hg; irne (HCO

3
), 

30Eq/L; n surin f reri xygen (SO
2
), 92%. Pu-

nry funin ess revee fre exirry vue in 1 
sen (FEV

1
) h ws 60% f reie, wih n eeve 

resiu vue (RV) n RV/ ung iy (RV/TLC) 
ri, n inrese TLC ve reie, n  erese if-
fusing iy f he ung fr CO (DL

CO
).

Assessen: Her ini n rry nings sur  ig-
nsis f COPD. Hwever, her sking hisry is n suien 
 rue he egree f severiy seen, n her ge is in-
ie wih he usu resenin f COPD.

Pn: Oin n API  eve euse f susiin f ngeni-
 α

1
-AT eieny.

Chapter 17

SelfAssessment Questions

1. Cn n ers fruin fr r inhin e egy 
inisere  nenes, infns, n eiri iens?

Answer: Yes, using rrie evies n ehniques n wih 
 uy iense hysiins rer.

2. Cn n renergi rnhir, suh s uer, reue 
irwy resisne when use in nenes?
Answer: Yes. Muie suies hve fun irve irwy 

ehnis wih ersize uer eivere y eiher 
MDI/reservir syse r neuizer.

3. Aring  he  reviewe in his her, es he u 
se f n ers rug nee  e reue fr nen n 
eiri iens se n weigh?
Answer: N. Beuse f uie frs in nen n ei-

ri iens, he u se f n inhe ers rehing 
he ungs is rriney ess hn n u ung se n 
inreses/ereses wih inresing/eresing ge.

4. Wh ers eivery evies u e use wih  2-yer- 
hi?
Answer: A neuizer (wih sk if neessry) r n MDI wih  

reservir n sk.

Clinical Scenario

Sujeive: A 24-nh- y wh ws rn  27 weeks ges-
in is rugh  he ED in resirry isress. His ei 
hisry is signin fr rnhunry yssi.

Ojeive: Vi signs re s fws: eerure, 99.5°F; use, 
175 es/in; resirry re (RR), 76 rehs/in;  
ressure (BP), 5/55 Hg; surin f eriher xygen 
(SO

2
), 5% n r ir. e hysi exinin reves 

he resene f iners rerins, inrese ners-
erir ieer, ns ring, n ier iuse exirry 
wheezing.

Assessen: e ien reeives 1.25 g uni se vi SVN. 
Whie reeiving he ers, he iens use re is  
220 es/in n he ees yni esie he use f xy-
gen  neuize he rug. e ien is ry inue 
n ehniy venie.

Pn: Ahugh he ien reeives uer hrughu his sy, 
ne y reen evuer. Ahugh he se i n 
ei he se f uer given uring he his sy, i wu 
e sfe  sy h i ws  wer se. e ien ws resrie 
uer syru  ishrge; hwever, her hies y inue 
MDI fruins f uer r evuer wih  ser 
evie wih he sk r SVN fruin wih sk.

Chapter 18

SelfAssessment Questions

1. Lis fur gener uses f skee use rexns.
Answer:
• T fiie enrhe inuin.
• Fr use rexin uring surgery, riury f he 

hrx n en.
• T enhne ien-venir synhrny.
• T reue inrrni ressure in inue iens wih 

unnre inrrni ressure.
• T reue xygen nsuin.
• T erine nvusive status epilepticus n tetanus in 

iens refrry  her heries.
• T fiie reures r ignsi suies.
• Fr seee iens wh us rein iie (e.g., 

ru iens).
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2. Wh re he w ssiins f neurusur king 
gens?
Answer: Nnerizing n erizing.

3. Ienify eh f he fwing gens y ssiin ye: 
veurniu, suinyhine, n nurniu.
Answer: Veurniu—nnerizing; suinyhine—

erizing; nurniu—nnerizing.
4. Whih ye f neurusur ker n e reverse?

Answer: Nnerizing.
5. Wh ye f rug wu yu use  reverse veurniu?

Answer: Chineserse inhiir (e.g., nesigine).
6. Ienify nher rug h yu wu wn  give efre 

yu reverse veurniu.
Answer: Arine r gyyrre (i.e., niusrini 

gens).
7. Briey exin why yu igh nee  ryze  ien 

reeiving ehni veniin.
Answer: T rex he hes w n reven snneus 

rehing ers h re u f hse wih he venir, 
using inrese inrhri ressure n erese 
ver veniin.

. Neurusur king gens  n k nsiusness; 
wh w yes r sses f rugs wu e inie in  
ryze ien n ehni veniin?
Answer: Angesis n seives.

9. Ienify  es w neurusur king gens h 
wu e referre fr rysis in  ien reeiving 
ehni veniin (ssue nr ren n hei 
funin).
Answer: Veurniu hs ini hisine reese n r-

ivsur ees; ruriu n rurniu re s 
ernives.

10. Yu re e  he revery r  se u  venir fr 
n er ien wh hs jus unergne   hi ree-
en n hs se rehing fer  singe se f su-
inyhine. Wh igh he re e?
Answer: Ayi s hineserse.

11. Wh wu yu  rs  ssess  venie ien wh is 
resess n “ghing he venir efre using  ryzing 
gen?
Answer: Assess venir funin n ien sus: (1) 

venir—ssie funin; inrrie seings 
(w, FiO

2
, vue, insirry/exirry [I:E] ri); 

(2) ien–irwy eny, SO
2
 r SO

2
, ssie in 

r nxiey requiring ngesi n sein rher hn 
rysis.

Clinical Scenario

Sujeive: A 64-yer- Whie fee resens wih  -
in f shrness f reh n ngesin ng wih 
figue n ehrgy ver he s 3 ys. She hs  hisry 
f iees eius, hyerensin, n COPD senry  
sking. She hs h  ruive ugh f yew-greenish 
suu n ses she hs h fever n his ver he s 
sever ys.

Ojeive: Puse (P), 130 es/in;  ressure (BP), 
100/72  Hg; eerure (T), 101.3°F; n resirry 
re (RR), 30 rehs/in, wih  ere un f resi-
rry isress. On usuin, reh suns re iinishe 
iery. An eerrigr shws sinus hyri. 
Ches rigrh shws ier inersii inres. Her 

whie  e (WBC) un is 23.7 × 103/3 wih 35% 
ns, hegin is 11.2 g/L, heri is 33.2%, n 
eeryes re wihin nr iis, exe fr guse, whih 
is 250 g/L. Areri  gs (ABG) vues n  100% 
nnrereher sk re s fws: H, 7.2; reri rn 
ixie ressure (PCO

2
), 50 Hg; reri xygen ressure 

(PO
2
), 55  Hg; n reri xygen surin (SO

2
), 

2%.
Assessen: e ien is n eeivey xygening. As  resu, 

he ien hs  PO
2
/ FiO

2
 ri f 55. e ien is very 

hynei n hs iening veniry fiure.
Pn: Inue n venie.

Chapter 19

SelfAssessment Questions

1. Wh is  iurei?
Answer: A iurei is ny susne h inreses urine 

uu.
2. Ienify he ve jr grus f iureis use iniy.

Answer: Osi, rni nhyrse inhiirs, hizie, 
, n ssiu sring.

3. If n gen, suh s ne f he  iureis, uses ss f 
K

+
, hw wu his e  ei ksis?

Answer: Siu h is si resre wi exhnge fr 
eiher ssiu r hyrgen. Lw ssiu, resuing 
fr exrein, fres resre siu  exhnge 
fr hyrgen, eeing hyrgen ins n rising H. 
Hyrgen is s exree s  resu f he iurei, -
ing  he ksis. Pssiu reeen is usuy 
neessry  reven hykei.

4. Whih iureis wu reserve K
+
?

Answer: e ssiu-sring gens, suh s irie, ri-
erene, r sirnne.

5. Wh is he eni ee f  rni nhyrse inhiir 
n i–se ne?
Answer: A ss f irne, eing  ei isis.

6. Exin hw  iurei, suh s furseie, n e hefu in 
ue CHF wih unry n vsur ee.
Answer: A en iurei suh s furseie wi use exre-

in f vue fr he irury syse y iiing 
siu n herefre wer reenin. is wi erese 
he un f vue eking fr he vsuure h 
in he ung n in he erihery, s we s venus reurn 
 he her. Reue unry ee wi irve 
xygenin, whih wi s irve xygen vie 
 he her. Reue re s reues he wrk f 
he yriu. Reue re n irve xy-
genin re enei  resring her funin.

7. Whih iurei gen hs  vsiry ee when use fr 
ng-er reen?
Answer: Hyrhrhizie (HCTZ).

. In n herwise hehy u wih i hyerensin, 
wh iurei gen shu e nsiere he rs-ine 
reen?
Answer: HCTZ.

9. Whih iurei gen hs een suessfuy use in he n-
geen f ARDS?
Answer: Furseie.

10. Mh eh f he fwing ses f rugs n he ef wih he 
s ikey inerin n he righ.
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Answer:

Gentamicin PLUS furosemide Hyperglycemia

Hydrochlorothiazide PLUS prednisone Ototoxicity and 
nephrotoxicity

Spironolactone PLUS enalapril Hyperkalemia

Hydrochlorothiazide PLUS

carbamazepine
Hyponatremia

Clinical Scenario

Sujeive: A 73-yer- Whie e resens  he eergeny 
eren wih  hief in f severe ysne h egn 
u  hurs efre resenin. e iens hisry is sig-
nin fr ng-sning hyerensin n rnry rery 
isese. He ses h he egn feeing ysnei he nigh 
efre resenin n hen wke  u 5:00 am severey 
ysnei n ughing u whie, fy heg. When que-
rie u his ine wih his eiines, he is h 
he seies frges  ke his niine. e ien hs 
hrni ren insuieny n hs h righ inguin herni 
reir. He enies ny ergies. e ien is king he fw-
ing eiins: niine 0.1g PO i; en 50g PO 
hs ( eie) eh nigh; sirin 325g PO q; rnser 
nirgyerin 0.4g/h (he es  h n in he rning 
n kes i   eie); n furseie 40g PO q am.

Ojeive: Physi exinin reves n eery whie e in 
vius resirry isress. His vi signs re s fws: use 
(P), 120 es/in n regur; resirry re (RR), 32 es/
in;  ressure (BP), 230/140 Hg, n he is ferie. 
His nek shws siive jugur venus isensin. Her us-
uin reves  regur re, wih  sysi ejein ur-
ur (I/VI), negive S

3
, n siive S

4
. His ungs ensre 

isir insirry rkes hf f he wy u he hrx. His 
en is , n we suns re resen; n sses r 
enerness re ienie. His exreiies re sighy , n 
uses re fe in  exreiies u re sewh hrey.

e iens rry resus re s fws: siu (N), 
13Eq/L; ssiu (K), 3.6Eq/L;  ure nirgen 
(BUN), 40g/L; n reinine, 2.g/L. His eerr-
igr shws sinus hyri wih inferir Q wves n -
er Q wves f quesine signine. A hes rigrh 
shws i riegy wih ier inres nsisen 
wih unry ee.

Assessen: is is  73-yer- Whie e wih ishei her 
isese, hyerensin, n hrni ren insuieny. His his-
ry, hysi exinin, n ignsi  re nsisen 
wih ue unry ee. His  ressure is rkey 
eeve. ere is  hisry f ssie ei nnine, 
whih wu ke ne susiius h he hs n ken his ni-
ine. Aue hyerensin in he fe f rey iire ef ven-
riur sysi funin is  n use f ue unry 
ee. Of ne, he ien es hve se eviene f ren 
insuieny wih n eeve reinine eve. His ssiu is  
he wer en f nr, ry senry  his furseie.

Pn: is ien is urreny king furseie 40g iy; hus 
n ee rh wu e  ue he r se n 
give i inrvenusy. erefre, furseie 0 g inrve-
nusy wu e  resne hie. If wihin 30  45 inues 
f reeiving IV furseie he ien hs n egun  inrese 

urine uu, nher  iurei wu e resne. Hw-
ever, yiy he reeing se f furseie wu e u-
e ( 160g in his se) n inisere. e ien es 
hve i ren insuieny n is king  β ker. Bh 
f hese ry enue he nr ssiu wsing seen 
wih iureis; hwever, wih vigrus iuresis, he wu s 
eriny ee hykei wihu ssiu reeen. 
is n e  ngerus rrhyhis, riury in iens 
wih ishei riyhy. e ssiu shu e ni-
re sey n inisere   eve f 4.0Eq/L r greer.

Chapter 20

SelfAssessment Questions

1. Wh is he ierene eween sein n ngesi?
Answer: Sein—erese resnse  siui, rexin; 

ngesi—reief f in.
2. Ienify he gener ss (seive–hyni, ngesi, 

rnquiizer, neshei, nisyhi) f eh f he f-
wing gens: rze, henri, xr, hr 
hyre, hien, iz, nirus xie, hrr-
zine, hhne, rhine, n iurfen.
Answer: Lrze—inr rnquiizer (ninxiey); he-

nri—seive-hyni; xr—resirry 
siun; hr hyre—nnriure seive-
hyni; hien—gener (IV) neshei; i-
z—gener neshei; nirus xie—gener 
neshei (gs); hrrzine—nisyhi; h-
hne—gener neshei (iqui–gs); rhine—nr-
i ngesi; iurfen—nnseri niin-
ry rug (NSAID) n ngesi.

3. Yu re nning  exue n reve  ien fr he 
venir. Hwever, he nurse inisers  rge se f 
rze (Aivn) fr nxiey. Wh re y ur if 
yu ree?
Answer: Hyveniin, eresse veniry rive.

4. Wh is he s serius sie ee f rnquiizers, se-
ives, r ngesis (eseiy iis)?
Answer: Cenr nervus syse eressin resuing in resi-

rry eressin—hyveniin r resirry rres.
5. Yu hve w iens, h f wh hve verse n 

enr nervus syse eressns: Patient 1 is comatose, cya-
notic, with dilated pupils. Patient 2 is comatose, cyanotic, with 
pinpoint pupils. Whih ien y hve ken  riure 
n whih y hve ken  nri ngesi?
Answer: Briure—Pien 1; nri—Pien 2.

6. Ienify yur inii ririies s  resirry heris in r-
ing fr  ien wih n verse f rnquiizers.
Answer: (1) Minenne r esishen f irwy; (2) r-

vie veniin; n (3) sueen O
2
, s neee,  

inin PO
2
.

7. Wh is he e f in f he enzizeines?
Answer: Benzizeines in  enzizeine reers 

in he enr nervus syse n fiie he in 
f γ-inuyri i (GABA) in inhiiing neurn 
rnsissin hrugh inrese hrie in w.

. Ienify n gen h n reverse he ees f enziz-
eines, suh s iz n riz.
Answer: Fuzeni.

9. Wu riures e hefu in nging in in  veni-
e ien?
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Answer: N, uness  se e f ruing unnsius-
ness is use. ere is n ire ee n in rnsissin.

10. Wu eeriine e hefu in revening r essening he 
erein f in?
Answer: Yes; eeriine (Deer) is  rhine-ike nr-

i n wi uy ie reers  k nerve 
rnsissin f in.

11. Sugges n ngesi fr inr in fr  ien wih  
eeing isrer, suh s hehii, r  ien wh is 
king n nigun, suh s wrfrin.
Answer: Aeinhen wu e he rug f hie. Asi-

rin n NSAIDs n h inhii ee ggregin 
n rng eeing ies, even in nr sujes, n 
shu e vie in hse wih eeing isrers.

12. Are here ny serius sie ees  he use f  veniry 
siun, suh s xr?
Answer: Yes; enr nervus syse siuin  he in 

f seizures.

Clinical Scenario

Sujeive: A 35-yer- Bk e ws ie  he hsi 
wih ehrgy fer eing fun in his ren y  frien. An 
ey e f iriyine is ws ying nex  he n. 
In he eergeny r (ER), he ien ee re ehr-
gi  he in f unresnsiveness n evee hyne 
n ryne. He ws inue n ehniy venie 
wih  vue-ye venir. e ien h  hisry f 
eressin u h een in g hysi heh. He ws k-
ing iriyine, whih ws resrie y his syhiris fr 
his eressin. He hs n ergies, n his s ei hisry 
n fiy hisry were unrerke.

Ojeive: Physi exinin revee  esrhi e 
ering  e his se ge. His vi signs were s fws: 
eerure (T), 102.2°F rey; use (P), 140 es/in; 
resirry re (RR), 12 rehs/in n n ssis/nr 
(A/C) re f 12 rehs/in;  ressure (BP), 110/60 
Hg, righ r, suine. He, eyes, ers, nse, n hr 
(HEENT) were unrerke exe fr r enrhe 
ue (ETT) in e. His hes ws nrresnn  erus-
sin n his ungs h er reh suns iery. Cri-
vsur exinin revee h n in, he in f 
xi iuse ws e nry in he fh iners 
se in he iviur ine. Ausuin revee nr 
S

1
 n S

2
 wihu ururs, gs, r rus. He h nr 

jugur venus ressure, n his uses were 2+ hrughu. 
e ns en ws iy isene wih sen we 
suns. N sses r rgnegy were resen. His exrei-
ies were unrerke, n his skin ws very wr n ry. 
He ws unresnsive  visu, uiry, r ie siui, n 
his uis were equy ie n suggishy resnsive  
igh. A f his exreiies were i, n his reexes were 
1+ hrughu. His nr reexes were wnging. L-
rry resus revee nr hegr, eeryes,  
ure nirgen (BUN), reinine, n iver funin es resus. 
e riyi nieressn (TCA) eve ws in he xi rnge. 
His hes rigrh ws nr. e ETT ws rxiey 
2  ve he rin. e eerrigr shwe sinus 
hyri  140 es/in wih rnge PR n QRS 
inervs. Areri  gs (ABG) n A/C veniin  12 
rehs/in, wih  i vue (Vt) f 00L n  fr-
in f insire xygen (FiO

2
) f 1, resue in he fwing: 

H, 7.44; reri rn ixie ressure (PCO
2
), 3 rr; 

reri xygen ressure (PO
2
), 550 rr.

Assessen: e ien hs h  TCA verse, nre y 
sujeive  suie y his frien ning n ey e 
f iriyine is n jeive  fun fr he xi-
gy sreen shwing high eves f riyi nieressn (TCA) 
in his . e ien is eing ehniy venie 
euse f eressin f his resirry rive fr he TCA.

Pn: Tre wih ive hr vi nsgsri ue, rery 
hyre wih IV uis, n nir. Wen FiO

2
, s PO

2
 is 

wihin nr rnge  100% O
2
. Exue fer resirry 

sus hs een resre. Ge  syhiri evuin fer 
exuin.

Chapter 21

SelfAssessment Questions

1. In whih hse f he ri ye es venriur nr-
in ur?
Answer: Sysi hse.

2. Ienify hree funins h regue MAP.
Answer: Her re, srke vue, n sysei venriur 

resisne
3. Whih esureens, ken y  unry rery heer, 

re esies f inrvsur vue?
Answer: Cenr venus ressure n unry iry 

wege ressure.
4. Hyensin is rs nge y wh e f hery?

Answer: Fui inisrin.
5. Wh vsressr s ny n he α reers wihin he 

vsuure?
Answer: Phenyehrine.

6. Whih gens exer n inri ee n he her?
Answer: Duine, isreren, igxin, n irinne.

7. Wh eerye nriy y enie he verse 
ees f igxin?
Answer: Hykei.

. Wh rug shu e given fr he ngeen f exrvs-
in use y vsressrs?
Answer: Phenine.

9. Wh Vughn Wiis ss f nirrhyhis s n he 
fs N+ hnnes in he yriu?
Answer: Css I (IA, IB, n IC).

10. Wh nirrhyhi gen is sruury siir  i-
rne u hs n irve sie ee re?
Answer: Drnerne.

11. In iens king feiie,  wh Q-T

 inerv shu 

he rug e isninue euse he risk fr rses e 
ines ees  gre?
Answer: Q-T


 inerv > 500se.

12. Whih nirrhyhi gen is highy ssie wih he 
eveen f SLE?
Answer: Prinie.

13. Ienify he fur egries f SCD.
Answer: Venriur riin (VF), useess venriur 

hyri (PVT), useess eeri iviy (PEA), 
n syse.

14. Wh eiin is inie fr reen f syse n 
useess eeri iviy u n venriur riin r 
useess VT uring ri rres?
Answer: Arine.
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15. Wh re he w ernive rues f eiin in-
isrin uring ri rres when n IV rue is n 
vie?
Answer: Inrsseus n enrhe rues.

16. In  ien wih sei shk, wh is he H in whih he 
Surviving Sesis Guieines reen uiizing NHCO

3

hery?
Answer: A H ess hn 7.15.

17. When eiins re inisere vi he enrhe 
rue uring ri rres, he se shu e inrese y 
hw ny ies he usu IV se?
Answer: 2  2.5 ies.

Clinical Scenario 1

Sujeive: A 2-yer- fee ws rushe  he ED f   
hsi y rei s fer she se sueny  
wrk. When she se he s in her e e fr n 
une, u si ife sur h n een sre. I ws 
rere h she ws in venriur riin when he r-
ei s rrive  he sene.

Ojeive: e reis ry inisere w shks 
wih  erir, n fer he sen shk,  use u 
e fe. On rriv  he hsi, he iens  ressure 
re  5/42  Hg n he ri nir shwe 
survenriur hyri (SVT) f 170 es/in.

Assessen: e ien is hyensive n in SVT.
Pn: Fuis shu e iniie efre ny vsressrs. Fuis 

re he insys fr irving hyensive eises. Ri 
inisrin f ensine is ieene  erine he 
SVT. Beuse f is urshr hf-ife ensine is es in-
isere hrugh  enr ine fr ri rriv  he sie f in 
r, if given hrugh  rhi ine, he r shu e he in 
he urigh siin, fwe s insny y  sine ush.

Clinical Scenario 2

Sujeive: A 49-yer- n is visiing his her, wh h een 
ie   nursing he fr ng-er rehiiin euse f 
 sin r injury. He ges  he hr, n  few inues 
er, his her hers  u hu; she s u  hi, u here 
is n resnse. Afer n iin 3 inues, he he nurse n 
he ini hris n hi ying in he hr, iniie 
riunry resusiin (CPR), n in he e r.

Ojeive: e inii eerrigrhy (ECG) reing reves 
useess eeri iviy (PEA).

Assessen: PEA.
Pn: Ainiser h einehrine n rine   se f 1g 

ri IV ush fwe y  20-L nr sine ush. De-
rie he ien. Ainiser irne 300 g. Afer 
inisrin f he 300-g IV us,  iens shu e 
sre n ninuus infusin, eivering irne   re 
f 1g/in fr 6 hurs n hen eresing  0.5g/in 
fr 1 hurs, evenuy nvering  he r fruin.

Chapter 22

SelfAssessment Questions

1. Wh is he sysi n isi  ressure g fr 
iens wihu ny riiies?
Answer: Less hn 150/90 Hg.

2. Lis he verse ees ssie wih ngiensin-nver-
ing enzye inhiirs (ACEIs).
Answer: e s n ACEI-inue verse ee is 

 ersisen nnruive ry ugh, wih n iniene 
f 20%  30%. ACEI-inue verse ees inue 
rsh, ysgeusi, hyerkei, rhsi hyensin, 
 ysrsis, ngiee, n reinuri.

3. Whih nihyerensive gens re referre in he reen 
f Bk iens wihu ny riiies?
Answer: izie-ye iureis n iu hnne 

kers.
4. Whih f he β kers ssess inrinsi syhiei 

iviy (ISA)?
Answer: e β kers wih ISA re eu, re, 

enu, n in.
5. Whih f he β kers ssess seeive β

1
-ker iviy?

Answer: Aeu, en, ex, isr, n 
er.

6. Lis verse ees ssie wih α
1
-renergi ngniss.

Answer: α
1
-Arenergi ngnis verse ees inue rh-

si hyensin, izziness, syne, reex hyri, 
iins, n hehes. ese verse ees re gen-
ery  nifesin f he rs-se henenn.

7. Wh re he s n sie ees f nires?
Answer: e s n sie ees f nires inue 

hyri, iins, hehes, izziness, n 
ushing.

. Lis ei ees ssie wih hizie iureis.
Answer: e ei ees f hizie iureis inue 

hykei, hygnesei, hyerei, hyer-
uriei, n hyergyei.

9. Ne ve eiins h y use rug-inue 
inreses in  ressure.
Answer: Five rugs h y use rug-inue inreses in 

 ressure re venfxine, ysrine,  hung, 
iurfen, n rfexi.

10. Whih iu hnne ker is s ikey  use 
nsiin?
Answer: Veri is he iu hnne ker s ikey 

 use nsiin.
11. Ienify he es vie reer  nir he ees f 

wrfrin.
Answer: e inernin nrize ri is he es r-

eer vie  nir he ees f wrfrin.
12. Wh is he nie fr herin?

Answer: Prine is he nie fr herin.
13. Wh is he ehnis f in f wrfrin?

Answer: Wrfrin exers is ee y inerfering wih he 
hei synhesis f viin K–eenen ing f-
rs II, VII, IX, n X.

14. Lis he eriy vie r fr X inhiirs.
Answer: Aixn n rivrxn.

15. Ienify he eriy vie r ire hrin 
inhiir.
Answer: Digrn.

16. Lis he n CYP3A4 n P-gyrein inhiirs.
Answer: Airne, rihryin, eryhryin, n 

kenze.
17. Ne he hrgi ss resnsie fr inhiiing he 

n hwy in ee ggregin.
Answer: e gyrein II/III inhiirs re resnsie 

fr inhiiing he n hwy in ee ggregin.
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1. Whih hryi is referre fr ssive unry 
eis?
Answer: Srekinse is he hryi reene fr 

iens er hn 75 yers f ge wh resen wih ST 
segen eevin MI.

19. Ne he ny ACEI h is vie in  rener sge 
fr.
Answer: Enri is he ny ACEI h is vie in  

rener sge fr.
20. Ienify he es vie reer  nir he ees f 

herin.
Answer: Aive ri hrsin ie (APTT) is 

he es reer vie  nir he ees f 
herin.

21. Is igre r iiine suerir  sirin fr srke 
revenin?
Answer: Cigre hs n ensre sueririy  sirin 

exe fr iens wh hve eriher vsur isese. 
Bh igre n sirin re rs-ine heries fr 
srke revenin. Tiiine hs ensre suerir-
iy  sirin; hwever, euse f is eeerius sie ee 
re, iiine is  sen-ine hery fr srke re-
venin. Srke revenin hrhery is ifeng.

Clinical Scenario

Sujeive: A 75-yer- e resens  he ED ining f 
hes in f 1 hur in urin. He hs h inerien hes 
in fr he s week. He esries exeriening susern 
in h ries wn his ef r. e in is ssie wih 
ihresis n is n reieve y hnge in y siin. He 
hs h  hisry f hyerensin fr he s 10 yers. He hs 
n hisry r fiy hisry fr rnry rery isese.

Ojeive: e ien is urreny king e, 200 g wie 
iy, n n eneri-e sirin, 1g iy. He hs n knwn 
ergies. On hysi exinin, he ers nxius n is -
ining f hes in. His vi signs re s fws:  ressure 
(BP), 140/70 Hg; use (P), 74 es/in; n resirry 
re (RR), 20 rehs/in. His her suns re nr, wih n 
ururs r gs resen. His ungs re er n usuin, 
n his en, exreiies, n funusi exinin re 
unrerke. His skin is  n y. Eerrigrhy 
(ECG) isys eviene f sinus ryri wih  her re 
f 49 es/in. His ri enzyes  were eeve (reine 
kinse [CK], 200U/L; CK-MB [CK isenzyes fun in use 
n rin frins], 20U/L; n rnin I, 2g/L).

Assessen: A nn–ST segen eevin MI.
Pn: is ien es n hve ST segen eevin MI n 

herefre is n  nie fr hryi hery. Hwever, 
gyrein II/III inhiirs wu rvie  ene y 
inhiiing ee ggregin n hrus frin fer 
n herseri que ruure. e use f gyrein II/
III inhiirs reues he risk f eh r nnf MI.

Chapter 23

SelfAssessment Questions

1. Wh is he International Classication of Sleep Disorders, 3rd 
Edition, n wh infrin es i nin?
Answer: e ICSD-3 ws uishe in 2014 y he Aeri-

n Aey f See Meiine. Insni, see-ree 

rehing isrers, enr isrers f hyersnene, 
irin rhyh see-wke isrers, see-ree ve-
en isrers, rsnis, n her see isrers re 
he seven in egries f see isrers vere y he 
ICSD-3.

e si f nresy in yes 1 n 2 n he i-
in f  reen-eergen CSA ignsis re he 
hree s signin hnges fr ICSD-2. Chrni 
insni hs s een ine in  singe ni-
in. In iin, ny isrers nw hve ue 
ignsi snrs. See eiine seiiss n 
her hehre rfessins us ee fiir 
wih hese hnges.

2. Wh re he eerenehgrhi rrees f wkefu-
ness n see sges N1, N2, N3, n REM?
Answer: See eerenehgrhy (EEG) un in Te 

23.1:
N1, frery knwn s Sge 1: Lw-vge, ixe-

frequeny wves (2  7Hz rnge), iny irregur he 
iviy, ringur verex wves.

N2, frery knwn s Sge 2: Reivey w-vge, 
ixe-frequeny wves, se w iue he n 
e iviy.

N3, frery knwn s Sges 3 n 4: ≥20%  50% f he 
eh nsiss f e (0.5  2Hz) iviy.

Sge REM: EEG is reivey w vge wih ixe fre-
queny reseing N1 see.

3. Wh ye f rug h een use fr enuries  re 
see nse n inenne?
Answer: Oiu.

4. Wh ss r sses f rugs hve ree iu?
Answer: Briures, hen enzizeines, hen 

nnenzizeines.
5. Hw ny ee in he Unie Ses exeriene hrni 

see isrers?
Answer: Arxiey 50  70 iin us in he Unie 

Ses suer hrniy fr see isrers.
6. Wh ws vn En, n wh heries guie his neu-

rni exrin f rin regins invve in he r-
esses f iniiing n inining wkefuness n see?
Answer: He ws  hysiin wh, in  series f sre 

exinins n he rins f iens wh h su-
ue  enehiis ehrgi, serve h esins 
in he rsr irin n serir hyhus h 
 rfun ee n see n wkefuness.

7. Wh is he sening iving syse (AAS)?
Answer: A syse f e ies h rigine in he rin-

se n innerve he irin n rex.
. Hw  neurns wihin he venrer rei (VLPO) 

re e see?
Answer: Onse f iviy wihin he VLPO nuei rhes-

res he nse n inenne f nn–ri eye 
veen (NREM) see.

9. Wh re he surhisi nuei (SCN), n wh 
re inrinsi ishrge reries exhiie y ny f is 
neurns?
Answer: SCN re he neurni sies f he riry 

in igi k. Suuins f SCN neu-
rns exhii snneus erns f ishrge iviy, 
n ringy, re esrie s sef-susining neur 
sirs, r ekers.

10. Dene hrnigy n hrnhrgy.
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Answer: Chrnigy is he suy f ehniss nri-
uing  he eriiiy f igi resses. Chrn-
hrgy is he suy f ie-eenen vriins 
in hrgy.

11. Desrie hrgi reens fr insni.
Answer: See Te 23.3. Benzizeine (BZD) reer g-

niss—esz, urze, quze, eze, 
ri, eszine, zen, zie, zie CR; 
n seeive enin reer gnis—reen.

12. Wh is he ierene eween resess egs synre (RLS) 
n erii i veen isrer (PLMD)?
Answer: Resess egs synre is  hrni neurgi isrer 

hrerize y unesn sensins in he egs n  -
eing urge  ve he whie he ien is wke. Peri-
i i veen isrer is ene s erii eises 
f snneus, reeiive, n highy sereye invun-
ry i veens h ur uring see.

13. Wh is he er f ini sys h enes 
nresy?
Answer: Nresy is hrerize y  er f ini 

sys: (1) ersisen exessive yie seeiness, 
(2) exy, (3) hynggi huinins, n (4) 
see rysis.

14. Give w exes f  rsni, n ne he ss f 
rugs ruiney use in he reen f hese see isrers.
Answer: REM see ehvir isrer n snuis. A 

n hreui reen fr h REM n 
NREM see rsnis is  ng-ing enzizeine.

15. Wh yes f rini ins hrerize insni, 
n wh rug sses re use  re his isrer?
Answer: Insni is hrerize y iuy in f-

ing see r sying see, insuien see, uie 
nurn wkenings, ery rning wkening wih 
iniiy  resue see, r nnresrive see. Te 
23.3 esries se f he riry rugs use  re 
insni. See nswer  quesin 11.

Clinical Scenario

Sujeive: e ien ws  59-yer- Whie e wih  y 
ss inex (BMI) f 27 n  hisry f hyerensin, rhri-
is, n eressin. He resens  he see ini wih hief 
ins f exessive yie seeiness, wkening fr 
nurn see fer 2  3 hurs, n riky sensins in 
he egs h inie wih nurn wkenings u re e-
rriy reieve y wking. He s rers exeriening he 
se riky sensins in his egs uring ng ris in he r, 
regress f he ie f y. e sensins in his egs s 
snneusy ur 2  3 evenings er week uring he eve-
ning hurs.

Ojeive: Anysis f ysngrhy  revee  see e-
ieny f 94% wih  see eny f 5 inues. e rus 
inex ws 15 russ er hur f see. Disriuin f see 
sges ws ne fr n inrese un f N2 n REM 
see wih  reue un f N3 see. e REM eny 
ws nr. Perii eg veens urre 41 ies er 
hur f see n resue in 11 russ er hur f see. 
ere were n rrhyhis ne n he ECG. N snring 
ws ne wih he ien in he er siin. e ne/
hyne inex (nuer f nes n hynes er hur f 
see) ws iy eeve  .2 wih  furher inrese  13.6 
evens er hur uring REM see. Oxyhegin esur-
in rehe  nir f 2% in REM see n 6% in NREM 
see.

Assessen: e ien suers fr erii i veen is-
rer n sruive see ne (OSA).

Pn: Treen fr he h RLS n nurn PLMD shu 
e nsiere. Treen is usuy unerken wih  i-
nergi gen, enzizeine, r ie n reuin f ei-
ins n ehvirs knwn  rvke sys. Treen 
fr he iens i see ne u inue weigh ss, 
uer irwy surgery, en evies, r ninuus siive 
irwy ressure (CPAP).
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Appendix B

Units and Systems of 
Measurement

O U T L I N E

Scientic Notation

Use of Scientic Notation

Abbreviations of Measures

Metric System

International System of Units Système International D’Unitès [SI 

Units]

SI Base Units

SI-Derived Units

Temperature Scales and Temperature Conversions

Conversion: Centigrade/Fahrenheit

Liquid Metric Conversions

Solid Metric Conversions

Household Units

Ratios and Percent Solutions

Calculation of Milliequivalents mEq

Drug Administration Times

Estimating Lean Body Weight

Lean Body Weight Calculation

Scientic Notation

Sieni nin is  eh fr exressing very rge r very 
s nuers, using  singe igi uiie y  whe nuer 
wer f 10.

Use of Scientic Notation

Pe he ei in f he nuer  he righ f he rs 
nnzer igi.

Muiy he nuer y 10 rise   wer equ  he nuer 
f es ve y he ei in.

e exnen f 10 is siive fr ves  he ef n negive 
fr ves  he righ.

Exe f  rge nuer: 2292.0 is he se s 2.292 × 103.
Exe f  s nuer: 0.002292 is he se s 2.292 × 10−3.

Abbreviations of Measures

cc or cu. cm ≡ cubic centimeters (1/1000L)

cL ≡ centiliter (1/100L)

dr ≡ dram or drachm

. oz ≡ uid ounces

ft ≡ foot or feet

g ≡ gram

gal or gals ≡ gallons

gr ≡ grains

gtt ≡ drops

hr ≡ hour

IU ≡ international units (SI)

kg ≡ kilogram (1000g)

L or l ≡ liter

lb or lbs ≡ pounds

m ≡ meter

m or min ≡ minims

mcg or µg ≡ microgram (1/1,000,000g)

meq or mEq ≡ milliequivalent

mg ≡ milligram (1/1000g)

min ≡ minutes

mL ≡ milliliter (1/1000L)

mm ≡ millimeter 1/1000m)

O, pt, or pts ≡ pints

oz or ozs ≡ ounces

sc ≡ scruple

sec ≡ seconds

st ≡ stones

T or tbsp ≡ tablespoon

t or tsp ≡ teaspoon

µL ≡ microliter (1/1,000,000L)
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Metric System

e eri syse is se n uies r frins f 10.

Prex Scale

Kilo- 103

Hecto- 102

Deca- 101

Base Unit 100
≡ 1

Deci- 10−1

Centi- 10−2

Milli- 10−3

Micro- 10−6

Nano 10−9

Pico 10−12

International System of Units Système 

International D’Unitès [SI Units]

SI Base Units

Length meter, m

Mass kilogram, kg

Time second, s

Temperature Kelvin, K

Amount of substance mole, mol

SIDerived Units

Area square meter, m2

Volume cubic meter, m3

Concentration mole per cubic meter, mol/m3

Temperature Scales and Temperature 

Conversions

Scale Absolute Zero Freezing (Water) Boiling (Water)

Kelvin 0° 273° 373°

Centigrade −273° 0° 100°

Fahrenheit −460° 32° 212°

Conversion: Centigrade/Fahrenheit

T nver fr Fhrenhei  Cenigre:

Cenigre (egrees) = 0.55 × (Fhrenhei − 32)

T nver fr Cenigre  Fhrenhei:

Fhrenhei (egrees) = (1. × Cenigre) + 32

Liquid Metric Conversions

United States United Kingdom

1 gallon (gal) ≡ 3785mL 1 gallon ≡ 4546mL

1 pint (pt) ≡ 473.18mL 1 pint ≡ 568.26mL

16 uid ounces ≡ 473.18mL 20 uid ounces ≡ 568.26mL

8 uid ounces ≡ 236.49mL 10 uid ounces ≡ 284.14mL

4 uid ounces ≡ 118.29mL 5 uid ounces ≡ 142.07mL

1 uid ounce ≡ 29.57mL 1 uid ounce ≡ 28.41mL

Household/Apothecary

1 tablespoon ≡ 15mL (approx.)

1 teaspoon ≡ 5mL (approx.)

1cc ≡ 1g ≡ 1mL (approx.)

15–16 drops (gtt) ≡ 1cc ≡ 1mL

10 minims ≡ 0.616mL

1 drop ≡ 1 minim (approximate)
Note: Spoon and drop conversions should be regarded as approximations 

because of the different surface tensions and specic gravity of various 

liquids.

Solid Metric Conversions

Imperial Metric

Avoirdupois

1 stone 6.35kg

2.2 pounds 1kg

1 pound 453.592g, 0.45kg

1 ounce 28.35g

Apothecary

1 pound 373.242g

1 ounce 31.10g

1 dram/drachm 28.8g

1 scruple 1.2g

15 grains 1g

10 grains 600mg

7 ½ grains 500mg

5 grains 300mg

1 ½ grains 100mg

1 grain 65.79891mg

½ grain 30mg

¼ grain 15mg
1∕8 grain 8mg
1∕12 grain 5mg
1∕100 grain 600mcg
1∕150 grain 400mcg
1∕200 grain 300mcg
1∕250 grain 250mcg
1∕300 grain 200mcg

Household Units

e eri syse f esure genery is use fr rug uns. 
Hwever huseh esures, suh s esns r esns, 
re use fr inisering eiins in he he envirnen. 
Fr exe,  ugh syru y hve  e giving  usu u 
se s “1 esn every 6 hurs. Huseh esures re n 
nsisen;  esn y vry fr 3  5L. Ahugh he 
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eri syse, whih is re ex n nsisen wih ii-
grs, irgrs, n iiiers, is reene in e f 
huseh esures, he fwing equivenes y e hefu. 
Use f huseh esures, suh s esns, n e very hefu 
in isussing uns f susnes wih  ien.

1 esn = 5 L = 60 rs.

1 esn = 15 L (r 3 esns)

1 u = 240 L (r  uiunes)

Ratios and Percent Solutions

1 :100 ≡ 1g/100mL (10mg/mL) ≡ 1%

1 :200 ≡ 500mg/100mL (5mg/mL) ≡ 0.5%

1 :1000 ≡ 100mg/100mL (1mg/mL) ≡ 0.1%

1 :5000 ≡ 20mg/100mL (200mcg/mL) ≡ 0.02%

1 :10,000 ≡ 10mg/100mL (100mcg/mL) ≡ 0.01%

Calculation of Milliequivalents mEq

Eq = Weigh in grs ⁄Eq Weigh in grs

Ion or Compound

mEq 

Weight (g) Ion or Compound

mEq 

Weight (g)

Magnesium (Mg++) 0.012 Bicarbonate (HCO
3

−) 0.061

Ammonium (NH
4

+) 0.018 Citrate 0.063

Calcium (Ca++) 0.020 Calcium chloride 

(CaCl) dihydrate

0.0735

Sodium (Na+) 0.023 Potassium chloride 

(KCl)

0.0745

Phosphorus 0.031 Sodium bicarbonate 

(NaHCO
3

−)

0.084

Chloride (Cl) 0.0355 Lactate 0.089

Potassium (K+) 0.039 Magnesium 

sulfate (MgSO
4
) 

heptahydrate

0.123

Ammonium chloride 

(NH
4
Cl)

0.0535

Sodium chloride (NaCl) 0.0585 Calcium gluconate 0.224

Acetate 0.059

Fr iiequiven weighs n shwn, use he fru: Mii-
equiven weigh (Eq W.)  i weigh (g)/(vene) × 1000.

Drug Administration Times

Snrize eiin inisrin ies shu e fwe 
s uh s ssie. e fwing e shws he hurs f he 
y h re  e use s snrize ies f eiin in-
isrin. If he resrier wishes he rs se  e inisere 
efre he eries vie snrize ie, he resrier 
shu se “exeie r “rs se nw wih he rug rer. 
In inensive re unis, he rs se f  newy rere rener 
niii regien shu e inisere wihin 2 hurs uness 
seie herwise y he resrier.

Ordered Time Hour(s) to Be Given Military Time

qam 8:00 AM 0800

qd 8:00 AM 0800

qhs 9:00 PM 0900

qprn 5:00 PM 1700

bid 8:00 AM and 5:00 PM 0800 and 1700

q12h 8:00 AM and 8:00 PM 0800 and 2000

q8h 8:00 AM, 6:00 PM, and 12:00 AM 0800, 1800, and 2400

tid 8:00 AM, 12:00 PM, and 5:00 PM 0800, 1200, and 1700

tid ac 7:00 AM, 12:00 PM, and 5:00 PM 0700, 1200, and 1700

tid w/m 7:30 AM, 12:30 PM, and 5:30 PM 0730, 1230, and 1730

qid 8:00 AM, 12:00 PM, 5:00 PM, and 9:00 PM 0800, 1200, 1700, and 2100

q6h 6:00 AM, 12:00 PM, 6:00 PM, and 12:00 AM 0600, 1200, 1800, and 2400

ac and hs 7:00 AM, 12:00 PM, 5:00 PM, and 9:00 PM 0700, 1200, 1700, and 2100

pc and hs 8:00 AM, 1:00 PM, 6:00 PM, and 9:00 PM 0800, 1300, 1800, and 2100

1hr ac and hs 6:30 AM, 11:30 AM, 4:30 PM, and 9:00 PM 0630, 1130, 1630, and 2100

1hr pc and hs 8:30 AM, 1:30 PM, 6:30 PM, and 9:00 PM 0830, 1330, 1830, and 2100

5 × /day 6:00 AM, 10:30 AM, 3:00 PM, 7:30 PM, and 11:00 PM 0600, 1030, 1500, 1930, and 2300

q4h 4:00 AM, 8:00 AM, 12:00 PM, 4:00 PM, 8:00 PM, and 12:00 AM 0400, 0800, 1200, 1600, 2000, and 2400
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Estimating Lean Body Weight

Lean Body Weight Calculation

Males: 50kg + 2.3kg er eh inh ver 5 fee f heigh
Females: 45kg + 2.3kg er eh inh ver 5 fee f heigh

4ft 8in 142cm 40.8 36.3 5ft 9in 175cm 70.7 66.2

4ft 9in 145cm 43.1 38.6 5ft 10in 178cm 73.0 68.5

4ft 10in 147cm 45.4 40.9 5ft 11in 180cm 75.3 70.8

4ft 11in 150cm 47.7 43.2 6ft 0in 183cm 77.6 73.1

5ft 0in 152cm 50.0 45.5 6ft 1in 185cm 79.9 75.4

5ft 1in 155cm 52.3 47.8 6ft 2in 188cm 82.2 77.7

5ft 2in 157cm 54.6 50.1 6ft 3in 191cm 84.5 80.0

5ft 3in 160cm 56.9 52.4 6ft 4in 193cm 86.8 82.3

5ft 4in 163cm 59.2 54.7 6ft 5in 196cm 89.1 84.6

5ft 5in 165cm 61.5 57.0 6ft 6in 198cm 91.4 86.9

5ft 6in 168cm 63.8 59.3 6ft 7in 201cm 93.7 89.2

5ft 7in 170cm 66.1 61.6 6ft 8in 203cm 96.0 91.5

5ft 8in 173cm 68.4 63.9
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Appendix C

TABLE 

C.1
Admixture Advices for Commonly Used Drug Solutions/Suspensions in Nebulizers

Albuterol Ipratropium Cromolyn Budesonide Tobramycin Colistin Dornase Alfa

Albuterol/

Levalb-

uterol

Not applicable Possible* Possible* Possible* Possible* Possible* Not recommended

Ipratropium Possible* Not applicable Possible* Possible* Possible* No information Not recommended

Cromolyn Possible* Possible* Not applicable Possible* Not recom-

mended

No information Not recommended

Budesonide Possible* Possible* Possible* Not applicable Not recom-

mended

No information Not recommended

Tobramycin Possible* Possible* Not recom-

mended

Not recom-

mended

Not applicable No information Not recommended

Colistin Possible* No information No information No information Not reasonable Not applicable Not recommended

Dornase 

alfa

Not recom-

mended

Not recom-

mended

Not recom-

mended

Not recom-

mended

Not recom-

mended

Not recom-

mended

Not applicable

*Mixtures are compatible, if preservative-free solutions (no benzalkonium chloride) are used.

From Kamin, W., Erdnuss, F., & Kramer, I. (2014). Inhalation solutions–which ones may be mixed? Physico-chemical compatibility of drug solutions in nebulizers–update 2013. Journal of Cystic Fibrosis, 

13(3), 243–250.

Acceptable Mixtures of 
Most Commonly Prescribed 
Respiratory Care Drugs
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Glossary of Selected Terms

An eei gssry f he ers enunere in hr-
gy, ny fr he si sienes, is ere 
fr nveniene in using he ex s  suy sure. 
is gssry is n inene  susiue fr  -
rehensive iinry f ei ers. Seein f 
ers fr inusin is se n he uhrs exeriene 
in reing he ierure f rug ins n ees. 
Ters h re frequeny fun r use in isussing 
rugs u y e ess we knwn  he riing 
iniin re inue.

A

Abhesives Cing h reues hesin. 
(Cher 9)

Acetylcholine (Ach) Chei h is rue 
y he y n is use in rnsissin f nerve 
iuses. I is esrye y he enzye hines-
erse. (Cher 5)

Acetylcholinesterase (AchE) Enzye h reks 
wn he neurrnsier eyhine  he 
syni ef s h he nex nerve iuse n e 
rnsie rss he syni g. (Cher 1)

Acute respiratory distress syndrome 

(ARDS) Resirry isrer hrerize y 
resirry insuieny. is isrer y ur 
s  resu f ru, neuni, xygen xiiy, 
gr-negive sesis, r sysei inry 
resnse. (Cher 1)

Adrenal cortical hormones Cheis seree 
y he ren rex. An ren ri hr-
ne is s referre  s  seri. (Cher 11)

Adrenergic (adrenomimetic) Refers   rug 
siuing  reer fr nreinehrine r ei-
nehrine. (Cher 5)

Adrenergic bronchodilator Agen h siu-
es syhei nervus ers, whih w 
rexin f sh use in he irwy. As 
knwn s  sympathomimetic bronchodilator r 
β

2
agonist. (Cher 6)

Aerodynamic diameter of a particle Dieer 
f  uni-ensiy (1 g/) sheri rie hv-
ing he se erin seing veiy s he e-
sure rie. (Cher 3)

Aerosol Susensin f iqui r si ries, e-
ween 0.001 n 100 ireers (µ) in i-
eer, in  rrier gs. (Cher 3)

Aerosol therapy Deivery f ers ries  
he ungs. (Cher 3)

Aerosolized agents Gru f ers rugs fr 
unry iins h inues renergi, 
nihinergi, uive, riseri, ni-
shi, n niinfeive gens n surfns 
insie irey in he rhe. (Cher 1)

Afferent Signs h re rnsie  he rin 
n sin r. (Cher 5)

Agonist Chei r rug h ins   reer 
n rees n ee n he y. (Cher 2)

Airway resistance (R
aw

) Mesure f iene  
veniin use y veen f gs hrugh 
he irwy. (Cher 1)

Alkaloids Gru f kine susnes ken fr 
ns, whih re wih is  fr ss (e.g., 
hehyine). (Cher )

α
1
-Antitrypsin (α

1
-AT) Inhiir f rysin h 

y e eien in iens wih ehyse. 
As knwn s α

1
-proteinase inhibitor (API).

(Cher 16)
α-Receptor stimulation Cuses vsnsriin 

n vsressr ee; in he uer irwy (ns 
ssges), his n rvie engesin. (Cher 
6)

Amnestic properties Hving he iiy  use 
 r ri ss f ery. (Cher 1)

Analgesics Drugs h rvie in reief. Ange-
sis n e suivie in nri n nnnr-
i eiins. Nri rugs re erivives 
f iu, suh s rhine n eine. Nn-
nri eiins re usefu in reing in 
n inin. ey s hve niyrei -
iviy. (Cher 20)

Anesthetics Drugs h eress he nervus sys-
e. Anesheis n e ivie in  n 
gener nesheis. General anesthetics use  
ss f nsiusness n reexes, whih resus in 
he sene f in erein. Local anesthetics
re ie   sei sie, erese in ere-
in  he sei sie, n  n e eve f 
nsiusness. Bh yes f nesheis re fen 
use uring surgi reures. (Cher 20)

Antagonism Aniii inin in whih he 
iviy f ne niii inerferes wih he iv-
iy f he her (k reer sie, enzyi 
inivin), resuing in ess iviy wih he 
inin hn wih he iniviu rugs (i.e., 
1 + 1 < 1). (Cher 14)

Antagonist Chei r rug h ins   ree-
r u es n ree n ee n he y; i 
uy ks he reer sie fr eing n 
gnis. (Cher 2)

Antiadrenergic Refers   rug king  ree-
r fr nreinehrine r einehrine. (Cher 
5)

Antiarrhythmics Gru f ri eiins 
h re ssie ring  ehnis f -
in; in se insnes, hey y hve uie 
ehniss f in. e s n ssi-
in syse f nirrhyhis is he Vughn 
Wiis ssiin syse, whih is ivie 
in fur isin egries n  iseneus 
sein. (Cher 21)

Antibiotics Susne erive r rue fr  
irrgnis h inhiis r kis her ir-
rgniss. (Cher 14)

Anticholinergic Refers   rug king  ree-
r fr eyhine. (Cher 5)

Anticholinergic bronchodilator Agen h 
ks rsyhei nervus ers, whih -
ws rexin f sh use in he irwy. 
(Cher 7)

Antidepressants Drugs h n er eves f er-
in neurrnsiers, in riur nreinehrine 

n sernin, wihin he rin. Deening n he 
ss f nieressn, hey n eiher inhii he 
reuke f neurrnsiers r erese heir eg-
rin, uiey wing fr inrese eves f 
neurrnsier  he nerve erin. (Cher 
20)

Antihistamines Drugs h reue he ees e-
ie y hisine,  hei reese y he 
y uring ergi reins. Anihisine is 
fen inisere  reue sereins (e.g., run-
ny nse n sneezing), u hey n use rwsi-
ness n iire resnses. (Cher 15)

Antileukotrienes Agens h ks he in-
ry resnse in sh. (Cher 12)

Antimicrobials Nur n synhei uns 
h eiher inhii r ki irrgniss. (Ch-
er 14)

Antimuscarinic bronchodilator Se s n an-
ticholinergic bronchodilator: n gen h ks 
he ee f eyhine  he hinergi sie. 
(Cher 7)

Antipsychotics Drugs use  re syhi 
isrers, suh s shizhreni. ese rugs 
ririy e he neurrnsier ine. 
(Cher 20)

Antithrombotics Drug h revens r reks u 
 s in suh niins s hrsis r 
eis; nihris inue niguns, 
niees, n hryis. (Cher 22)

Antitussives Drugs h suress he ugh re-
ex. Note: Pruive ughs shu n e su-
resse; he gi f n exern–niussive 
inin is quesine. (Cher 15)

Anxiolytics Drugs use  re sever niins, 
inuing nxiey isrers n insni; s 
knwn s minor tranquilizers. e s -
n ss f nxiyis is he enzizeines. 
ey in  he γ-inuyri i reer  
inrese he inhiiry ins f his neurrns-
ier. (Cher 20)

API decient Refers  n iniviu wh hs 
w seru eves f α

1
-reinse inhiir (API) 

ssessing ere eerhrei reries. 
(Cher 16)

API dysfunctional Refers  n iniviu wh hs 
nr seru eves f API h es n funin 
nry. (Cher 16)

API normal Refers  n iniviu wh hs nr-
 seru eves f API h funins nry. 
(Cher 16)

API null Refers  n iniviu wh hs unee-
e seru eves f API. (Cher 16)

Arrhythmias/dysrhythmias Irregur (fser r 
swer) here; he er arrhythmia is use 
re frequeny hn dysrhythmia. (Cher 21)

Arterial blood pressure (blood pressure) De-
ne heyniy s he ru f ri 
uu (her re × srke vue) n  e-
riher resisne. (Cher 22)

Aspiration Aien inhin f f ries, u-
is, r gsri nens in he ungs. (Cher 1)
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Asthma paradox Refers  he inresing ini-
ene f sh riiy n eseiy sh 
riy, esie vnes in he unersning 
f sh n viiiy f irve rugs  
re sh. (Cher 6)

Atrioventricular (AV) node Link eween ri 
erizin n venriur erizin. 
(Cher 21)

B

Barbiturates Cuns whse ren sruure 
is uri i. ese uns eress enr 
nervus syse iviy. Lng-ing riures 
suh s enri hve een use  re ei-
esy. Bri ws use uring he ery wenieh 
enury  fiie see in inivius wih in-
sni. (Cher 23)

Benzodiazepines Cuns whse ren 
sruure is  fusin f  izeine ring wih  
enzene ring. Benzizeines enhne iviy f 
he inhiiry neurrnsier γ-inuyri 
i. Benzizeines, whih reue nxiey n 
re use rexin, s re see. 
e eries enzizeines were hrizex-
ie (Liriu) n ize (Viu). Benzi-
zeines fr insni re nw eing ree y 
nnenzizeines, suh s zie (Aien) 
n eszine (Lunes). (Cher 23)

β
1
-Receptor stimulation Cuses inrese y-
ri nuiviy n inrese her re n 
inrese nrie fre. (Cher 6)

β
2
-Receptor stimulation Cuses rexin f 
rnhi sh use, wih se inhiiin 
f inry eir reese n siuin 
f uiiry erne. (Cher 6)

Bioavailability Aun f rug h rehes he 
sysei iruin. (Cher 2)

Bohr effect Presene f rn ixie iing in 
he reese n eivery f xygen fr heg-
in. (Cher 21)

Brand name See Trade name. (Cher 1)
Bronchospasm Nrrwing f he rnhi ir-

wys use y nrin f sh use. 
(Cher 6)

C

Cardiac output (CO) Aun f  h is 
ejee in he r n rves hrugh he sys-
ei iruin wih every here. (Cher 
21)

Cardiovascular disease (CVD) Dge  he 
her n  vesses r iruin, inuing 
iruin  he rin, kiney, n eyes. (Ch-
er 22)

Cascade impactor Devie h uses uie ses 
in eerining ers rie sizes. (Cher 3)

Catecholamines Gru f siir uns 
hving syhiei in; hey ii he 
ins f einehrine. (Cher 6, Cher 21)

Central nervous system (CNS) Syse h in-
ues he rin n sin r, nring v-
unry n invunry s. e rin n sin 
r ke u he funin nens f he 
CNS. e sin r rvies nerve ers h 
rnsr signs  n fr he rin. e rin 
rgey rises hree nens: rex, i-
rin, n rinse. (Cher 5, Cher 20)

Chemical name Ne iniing he hei 
sruure f  rug. (Cher 1)

Chlorouorocarbon (CFC) Liquee gs (e.g., 
Fren) ren use  iniser eiin 
fr  eere se inher (MDI). (Cher 3)

Cholinergic (cholinomimetic) Prsyhi-
ei gens using siuin f  reer fr 
eyhine. (Cher 5, Cher 7)

Cholinesterase inhibitors Drugs h k he -
iviy f hineserse, n enzye h inives 
he neurrnsier eyhine. Aeyhine is 
fun  nerve erins in h he enr n he 
eriher nervus syses. Chineserse inhii-
rs re use in he reen f eeni  sw 
he rgressin f gniive eine. (Cher 20)

Chronic obstructive pulmonary disease 

(COPD) Disese ress hrerize y irw 
iiin h is n fuy reversie, is usuy 
rgressive, n is ssie wih n nr 
inry resnse f he ung  nxius 
ries r gses. Diseses h use irw ii-
in inue hrni rnhiis, ehyse, 
sh, n rnhiesis. (Cher 1)

Chronotropic Agen eing he re f nr-
in f he her. (Cher 21, Cher 22)

Circadian rhythm e rxiey 24-hur 
ye f ihei, hysigi, n ehvir 
resses. Circa is Lin fr “u, n diem is 
Lin fr “y. (Cher 22, Cher 23)

Code name Ne ssigne y  nufurer  
n exerien hei h shws eni s 
 rug. An exe is ers SCH 1000, whih 
ws he e ne fr irriu rie,  
rsyhyi rnhir. (Cher 1)

Common cold Nneri resirry r in-
fein hrerize y ise n  runny nse. 
(Cher 15)

Congestive heart failure (CHF) Fiure f he 
her  u  equey, resuing in ung 
ngesin n issur ee. (Cher 19)

Conscious sedation Meh f sein use 
uring erin invsive reures. e gs f 
nsius sein re  erese he eve f 
nsiusness n reieve nxiey n in, whie 
wing he ien  fw ver ns. 
Cnsius sein is hieve hrugh he use f 
sever sses f rugs, inuing enzizeines 
n nri ngesis. (Cher 20)

Creatinine clearance Mesureen f he ren 
erne f engenus reinine er uni f 
ie; nsiere  e n esie f gerur 
rin re (GFR) u veresies GFR y 
10%  15%. I is use fr rug-sing guie-
ines. (Cher 22)

Cyclic AMP (cAMP) Nueie rue y 
β

2
-reer siuin; i es ny es u 

uses rexin f rnhi sh use. 
(Cher 6)

Cyclic GMP (cGMP) Nueie ruing he 
sie ee f AMP; h is, i uses rn-
hnsriin. (Cher 6)

Cystic brosis (CF) Inherie isese f he exrine 
gns, eing he nres, resirry syse, 
n rine gns. Sys usuy egin in 
infny n re hrerize y inrese eer-
yes in he swe, hrni resirry infein, n 
nrei insuieny. (Cher 1, Cher 13)

D

d-Dimers Cveny rss-inke egrin frg-
ens f he rss-inke rin yer uring 
sin-eie rinysis; he eve inreses 
fer he nse f rinysis n ws fr ieni-
in f he resene f rinysis. (Cher 22)

Dead volume Aun f suin h reins 
in he reservir f  s vue neuizer ne 
suering egins, using  erese in ersiz-
in. (Cher 3)

Deposition Press y whih ries esi u 
f susensin  rein in he ung. (Cher 3)

Diastolic blood pressure (DBP) Lwes ressure 
rehe righ efre venriur ejein. (Ch-
er 21)

Diuretics Drug h inreses urine uu. 
(Cher 19)

Dose-ceiling effect Mxiu se f  rug e-
yn whih i n nger exers  hereui ef-
fe; hwever, xi ees inrese. (Cher 22)

Downregulation Lng-er esensiizin f β

reers  β
2
 gniss use y  reuin in 

he nuer f β reers. (Cher 6)
Dromotropic An gen h inuenes he nu-

in f eeri iuses. A siive rri 
gen enhnes he nuin f eeri i-
uses  he her. (Cher 21)

Drug administration Meh y whih  rug is 
e vie  he y. (Cher 1, Cher 2)

Dysrhythmia/arrhythmia Irregur (fser r 
swer) here; he er arrhythmia is use 
re frequeny hn dysrhythmia. (Cher 21)

E

Edema Sweing resuing fr nr uu-
in f ui in inereur ses f he y. 
(Cher 19)

Efferent Signs h re rnsie fr he rin 
n sin r. (Cher 5)

Elasticity Rhegi rery hrerisi f s-
is; i is reresene y he srge uus G′.
(Cher 9)

Electroencephalography (EEG) Mesureen 
n rering f he grss eeri iviy f 
he rin. During EEG rerings, eeres re 
yiy e rss uie s regins. e 
eeres re nnee  iers n ers 
h ee, gnify, n rer he eeri -
iviy f he rin. (Cher 23)

Emitted dose Dse reese y n ers evie. 
(Cher 17)

Endogenous Refers  inside, rue y he 
y. (Cher 11)

Enteral Use f he inesine. (Cher 2)
Exogenous Refers  outside, nufure  e 

e insie he y (e.g., eiin). (Ch-
er 11)

Expectorants Meiin en  inrese he 
vue r hyrin f irwy sereins. (Ch-
er 9, Cher 15)

F

Fasciculation Invunry nrin r wih-
ing f grus f use ers. (Cher 1)

Fibrin split or brinogen degradation 

products (FDPs) S eies h resu 
fer he in f sin n ringen n 
rin in he rinyi ress. FDPs re 
nigun susnes h n use eeing 
if rinysis ees unnre n 
exessive. (Cher 22)

First-pass effect Inii eis in he iver f 
 rug ken ry, efre he rug rehes he 
sysei iruin. (Cher 2)

Flu Nneri infein wih ri nse f 
sys, inuing fever, hehe, n figue. 
(Cher 15)

G

Gel Mreur esriin f seus-
i eri hving h vissiy n esiiy. 
(Cher 9)

Generic name Ne ssigne   hei y he 
Unie Ses Ae Ne (USAN) Cuni 
when he hei ers  hve hereui use 
n he nufurer wishes  rke he rug. 
(Cher 1)
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Glomerular ltration Mehnis y whih 
hyrsi ressure fres ui u f he g-
erur iries n in he ren us. 
(Cher 19)

Glomerular ltration rate (GFR) Vue f wer 
ere fr he s y he kiney vi he g-
erur iry ws in Bwn sues er 
uni ie; nsiere  e 90% f reinine er-
ne n equiven  inuin erne. (Cher 22)

Glycoproteins Prein wih veny he 
igshrie unis. e rini nsiuen f 
uus n  high-eur-weigh gyrein, 
i gives uus is hysi n hei rer-
ies, suh s visesiiy. (Cher 9)

H

Heterodisperse In referene  he size f ries 
in n ers, ening he ries re f ier-
en sizes. (Cher 3)

Hydrouoroalkane (HFA) Nnxi iquee gs 
ren use  iniser eiin fr n 
MDI. (Cher 3)

Hypersensitivity Aergi r iune-eie 
rein   rug, whih n e serius, requir-
ing irwy inenne r veniry ssisne. 
(Cher 2)

Hypersomnia Presene f exessive seeiness. 
Dyie seeiness is s gre h i es  in-
rrie yie ning r see. Exessive 
seeiness is n evie y rnge see 
ies r y ning. (Cher 23)

Hypertensive emergency B ressures gre-
er hn 10/120 Hg, when he eevin f 
 ressure is nie y ue, hrni, 
r rgressing rge rgn injury. (Cher 22)

Hypertensive urgency B ressures greer 
hn 10/120 Hg wihu signs r sys 
f ue rge rgn iins. (Cher 22)

Hypnotic Css f rugs use  inue see. 
(Cher 23)

Hypovolemia Anry erese vue f 
 iruing in he y. (Cher 19)

I

Idiosyncratic effect Anr r unexee re-
in   rug, her hn n ergi rein, 
re wih he reie ee. (Cher 2)

Immunoglobulin E (IgE) G guin h is 
rue y es in he resirry r. (Ch-
er 11, Cher 12)

In vitro Mehniy siuing he ini seing; 
esing in  rry. (Cher 3)

In vivo Tesing ne n nis r huns; ini 
esing. (Cher 3)

Infant Chi eween he ges f 1 nh n 1 
yer. (Cher 17)

Inhalation Tking  susne, yiy in he fr 
f gses, fues, vrs, iss, erss, r uss, 
in he y y rehing in. (Cher 2)

Inhaled (delivered) dose Dse rehing he -
iens uh r rii irwy. (Cher 17)

Inotropic Agens eing he srengh f usur 
nrin. (Cher 21, Cher 22)

Intrinsic sympathomimetic activity (ISA) Hv-
ing he iiy  ive n k renergi re-
ers, ruing  ne siury ee n he 
syhei nervus syse. (Cher 22)

L

Laplace’s law Physi rinie esriing n 
qunifying he reinshi eween he inern 
ressure f  r r ue, he un f sur-
fe ensin, n he rius f he r r ue. 
(Cher 10)

Leukotrienes Chei eirs h use in-
in. (Cher 12)

Local effect Liie  he re f reen (e.g., 
inhe rug  re nsrie irwys). (Ch-
er 2)

Lung availability/total systemic availability 

ratio (L/T ratio) Aun f rug h is e 
vie  he ung u f he  vie  
he y. (Cher 2)

Lung dose Dse rehing he rhe n eyn. 
(Cher 17)

M

Mast cells Cnneive issue es h nin 
herin n hisine. (Cher 12)

Mast cell stabilizers As knwn s cromolyn-like 
agents; gens use rhyiy  re he 
inry resnse in sh. (Cher 12)

Mean arterial pressure (MAP) Pressure h 
rives  in he issues verge ver he en-
ire ri ye. (Cher 21)

Methylxanthines Chei gru f rugs e-
rive fr xnhines. ere re hree ehye 
(CH

3
) xnhines: eine, hehyine, n he-

rine. (Cher )
Monodisperse In referene  he size f ries 

in n ers, ening  ries re he se 
size. (Cher 3)

Mood stabilizers Drugs use ririy  re 
ir isrers. (Cher 20)

Mucins Prini nsiuen f uus. Prini 
irwy ge-fring uins MUC2, MUC5AC, 
n MUC5B re reins wih he igs-
hrie (sugr) sie hins. (Cher 9)

Mucoactive agent Ter nning ny ei-
in r rug h hs n ee n uus serein. 
See Mucokinetic agent, Mucolytic agent, Mucolytic 
expectorant, Mucoregulatory agent, n Mucospissic 
agent. (Cher 9)

Mucokinesis ereui veen f exessive 
r nr sereins fr he resirry r. 
(Cher 15)

Mucokinetic agents Meiin h inreses 
iiry erne f resirry uus sereins. 
(Cher 9)

Mucolytic agent Meiin h egres y-
ers in sereins. Classic mucolytics hve free hi-
 grus  egre uin, n peptide mucolytics
rek hgi ens f neurhi-erive 
DNA r in in suu. Cssi uyis re 
ineeive fr he hery f irwy isese n 
re n reene, wheres rnse f sees 
 e eeive fr he hery f ysi rsis n 
erhs rnhiesis. (Cher 9)

Mucolytic expectorants Agen h fiies re-
v f uus y  ysing, r uyi, in. 
Example: rnse f. (Cher 15)

Mucoregulatory agent Drug h reues he 
vue f irwy uus serein n sees  
e eseiy eeive in hyerserery ses, 
suh s rnhrrhe, iuse nrnhi-
iis, ysi rsis, n se frs f sh. 
(Cher 9)

Mucospissic agents Meiin h inreses 
he vissiy f sereins n y e eeive in 
he hery f rnhrrhe. (Cher 9)

Mucus Serein, fr surfe ge es n su-
us gns, se f wer, reins, n 
gysye uins. e gyrein rin f 
he serein is ere mucin. Mucus (nun) is he 
serein; mucous (jeive) is he e r gn 
ye. (Cher 9)

Muscarinic An gen h rues he ee f 
eyhine r n gen h iis eyh-
ine. Se s cholinergic. (Cher 7)

Myasthenia gravis Auiune neurusur 
isrer hrerize y hrni figue n ex-
husin f uses. (Cher 1)

N

Nebulizer Devie use fr king  ne sry 
r is, s knwn s n aerosol generator.
(Cher 3)

Neonatal Refers  eri f ie eween irh 
n rs nh f ife. (Cher 17)

Nephrocalcinosis Ren ihisis in whih 
iu esis fr in he ren 
renhy, resuing in reue kiney 
funin n he resene f  in he 
urine. (Cher 19)

Nephron Mirsi funin uni f he ki-
ney, resnsie fr ering n inining ui 
ne. Eh kiney hs rxiey 2 iin 
nehrns. (Cher 19)

Nerve cell (neuron) Bsi funin uni f he 
nervus syse h is seiize  rnsi 
eeri nerve iuses n rry infrin 
fr ne r f he y  nher. A neu-
rn nsiss f  e y, xns, n enries. 
(Cher 1)

Neuromuscular blocking agents (NMBA) Su-
sne h inerferes wih he neur rnsissin 
eween r neurns n skee uses. 
(Cher 1)

Neurotransmitter Chei h is reese fr  
nerve ening  rnsi n iuse fr  nerve 
e  nher nerve, use, rgn, r her 
issue, suh s acetylcholine r norepinephrine.
(Cher 1, Cher 20)

Nominal dose Dse in  eivery evie. 
(Cher 17)

Nonproprietary name Ne f  rug her hn 
is rerke ne. (Cher 1)

Norepinephrine (NE) Nury urring -
ehine rue y he ren eu h 
hs reries siir  einehrine. I is use s 
 neurrnsier in s syhei erin 
nerve sies. (Cher 5)

Nosocomial pneumonia Pneuni h is -
quire in  heh re seing. (Cher 1)

O

Ofcial name In he even h n exerien 
rug ees fuy rve fr gener use n is 
ie  he United States Pharmacopeia–Na-
tional Formulary, he generi ne ees he 
i ne. (Cher 1)

Off-label Use f rugs wih n US F n 
Drug Ainisrin (FDA)–rve eing. 
(Cher 17)

Oligosaccharide Sugr h is he iniviu r-
hyre uni f gyreins. (Cher 9)

Orphan drug Drug r igi ru fr he 
ignsis r reen f  rre isese (eing 
fewer hn 200,000 ersns in he Unie Ses). 
(Cher 1)

Ototoxicity Dge  he er, seiy he 
he r uiry nerve n seies he ves-
iuu, y  xin. (Cher 19)

P

Parasomnia Gru f see isrers nifese 
y unesire r, sensry, r ehvir 
henen h ur uring see. e 
International Classication of Sleep Disorders, 
Revised (ICSD-R) iss 24 rsnis. Mre 
ny enunere rsnis inue 
nfusin russ, see errrs, n 
seewking. (Cher 23)
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Parasympatholytic Agen king r inhiiing 
he ees f he rsyhei nervus syse. 
(Cher 5, Cher 7)

Parasympathomimetic Agen using siu-
in f he rsyhei nervus syse. 
(Cher 5, Cher 7)

Parenteral Ainisrin in ny wy her hn 
y he inesine; s ny use  esrie 
injein (e.g., inrvenus, inrusur, r su-
uneus). (Cher 2)

Pediatric Refers  eri eween 1 nh n 1 
yers f ge. (Cher 17)

Penetration Refers  he eh wihin he ung 
rehe y ries. (Cher 3)

Percent Pr f he ive ingreien h is in  s-
uin nining 100 rs. (Cher 4)

Peripheral nervous system (PNS) Prin f he 
nervus syse usie he CNS, inuing sen-
sry, syhei, n rsyhei nerves. 
(Cher 5)

Pharmacodynamics Mehniss f rug in 
y whih  rug eue uses is ee in he 
y. (Cher 1, Cher 2)

Pharmacogenetics Suy f he inerreinshi 
f genei ierenes n rug ees. (Cher 
1, Cher 2)

Pharmacognosy Ieniin f sures f rugs 
fr ns n nis. (Cher 1)

Pharmacokinetics Tie urse n issiin 
f  rug in he y se n is srin, is-
riuin, eis, n eiinin. (Cher 
1, Cher 2)

Pharmacology Suy f rugs (heis), in-
uing heir rigin, reries, n inerins 
wih iving rgniss. (Cher 1)

Pharmacotherapy Treen f isese y rug 
hery. (Cher 22)

Pharmacy Prerin n isensing f rugs. 
(Cher 1)

Phlegm Puruen eri in he irwys. Fr he 
Greek wr fr inin. When exer-
e, heg is e sputum. (Cher 9)

Phosphodiesterase Enzye resnsie fr he 
rekwn f yi ensine 3 ,5 -nhs-
he (AMP). (Cher , Cher 21)

Pneumocystis jiroveci (formerly carinii) Or-
gnis using Pneumocystis neuni in hu-
ns, seen in iunsuresse inivius 
suh s iens wih hun iuneieny 
virus infein. (Cher 1)

Pneumocystis pneumonia (PCP) Inersii 
s e neuni use y he rgnis 
Pneumocystis carinii (nw knwn s Pneumocys-
tis jiroveci). is neuni is n ng 
iens wih were iune syse resnse. 
(Cher 13)

Polydisperse In referene  he size f ries in 
n ers, ening ny ieren rie sizes. 
(Cher 3)

Polysomnography Mesureen n rering 
f EEG iviy uring see, yiy ue 
wih esureen n rering f riresi-
rry iviy n eye veens. (Cher 23)

Prescription Wrien rer fr  rug, ng wih 
ny sei insruins fr uning, is-
ensing, n king he rug. is rer y e 
wrien y  hysiin, seh, enis, veeri-
nrin, n her heh re rviers u n y 
hirrrs r iins. (Cher 1)

Prodrug Drug h exhiis is hrgi -
iviy when i is nvere, insie he y,  is 
ive fr. (Cher 6)

Prophylactic treatment Prevenin f resir-
ry isress synre (RDS) in infns wih 
very w irh weigh n in infns wih higher 
irh weigh u wih eviene f iure 

ungs wh re  risk fr eveing RDS. 
(Cher 10)

Prostaglandins One f sever hrne-ye su-
snes iruing hrughu he y. (Cher 11)

Pseudomonas aeruginosa Gr-negive rgn-
is, ririy  nsi hgen. I uses uri-
nry r infeins, resirry syse infeins, 
eriis, sf issue infeins, erei, ne 
n jin infeins, gsrinesin infeins, n 
vrius sysei infeins, riury in iens 
wih severe urns n in iens wh re iun-
suresse (e.g., iens wih ner r quire 
iuneieny synre). (Cher 1)

R

Reabsorption Reurn  he  f s f he 
wer, siu, in is, n sugr h were 
reve uring rin; urs iny in he 
rxi uue f he nehrn. (Cher 19)

Receptor Meur sruure insie r usie 
he e nen h ines wih  rug  
hnge r enhne he funin f he e. (Ch-
er 2, Cher 1)

Renin Enzye, s knwn s angiotensinogenase,
reese y he kiney in resnse   k f 
ren  w n resnsie fr nvering 
ngiensingen in ngiensin I. (Cher 22)

Rescue treatment Rerive, r “resue, re-
en f infns wh hve evee resirry 
isress synre. (Cher 10)

Reservoir device G er esriing r refer-
ring  exensin, uxiiry, r -n evies -
he  MDIs fr inisrin f eiin. 
is er n inue spacer n valved holding 
chamber. (Cher 3)

Respiratory care pharmacology Aiin f 
hrgy  he reen f unry is-
rers n re ry, rii re. (Cher 1)

Respiratory syncytial virus (RSV) Virus h 
uses he frin f synyi sses in es. 
is es  inin f he rnhies, 
whih y use resirry isress in infns. 
(Cher 1, Cher 13)

Rheology Suy f he efrin n w 
(srin) f er. (Cher 9)

S

Schedule Aun f rug h is neee, se n 
 iens weigh. (Cher 4)

Sedation Pruin f  resfu se f in, r-
iury y he use f rugs h hve  ing 
ee, reieving nxiey n ensin. (Cher 1)

Sol Mreur esriin f he resirry 
serein in rue suin, wih he hysi r-
ery f vissiy (usuy referre  s he pericili-
ary layer). (Cher 9)

Solute Susne r ive ingreien h is is-
sve in  suin. (Cher 4)

Solution Physiy hgeneus ixure f w 
r re susnes (iqui). Buer solution refers 
 n queus suin e  resis hnges f 
H wih iin f i r se. Isotonic solution
refers   suin hving equ nenrins 
insie n usie he e. Normal solution refers 
 1 gr-equiven weigh f sue er 1L f 
suin. Molal solution refers  1 e f sue 
er 1000g f sven. Molar solution refers  1 
e f sue er 1L f suin. Osmolal solution
refers  1 se er kigr f sven. Osmo-
lar solution refers  1 se er ier f suin. 
(Cher 4)

Solvent Susne, usuy  iqui, use  ke  
suin. (Cher 4)

Somatic motor neurons Pr f he nervus sys-
e h nrs uses h re uner vun-
ry nr. (Cher 1)

Spacer Sie ue r exensin evie wih n 
ne-wy vves  nin he ers u; is 
urse is siy  exen he MDI sry wy 
fr he uh. (Cher 3)

Sputum Exere sereins h nin resi-
rry r, rhrynge, n nshrynge 
sereins; eri; n rus f in-
in, inuing yeri DNA n in. Pu-
ruen suu nins very ie uin n is 
siir in siin  us. (Cher 9)

Stability Desriing he eneny f ers r-
ies  rein in susensin. (Cher 3)

Status asthmaticus Exerin f sh 
h es n resn  snr reen. 
(Cher 1)

Status epilepticus A es 30 inues f ninu-
us seizure iviy wihu fu revery eween 
seizures. (Cher 1)

Steroid diabetes Hyergyei (i.e., inrese 
s guse eves) resuing fr guri-
i hery; guriis rek wn reins 
n fs  genere uiing ks fr gune-
genesis. (Cher 11)

Steroids As knwn s glucocorticoid r corticoste-
roid; n gen h rues n niinry 
resnse in he y. (Cher 11)

Stimulant Drug h inreses iviy f he rin. 
Siuns n e ivie in w sses: -
heines n resirry siuns. Ahe-
ines use inrese wkefuness, irve n-
enrin, n eie suressin. Resirry 
siuns inue xr, xnhines, rni 
nhyrse inhiirs, siyes, n rgeserne. 
(Cher 20)

Stimulant expectorants Agen h inreses he 
ruin n resuy he erne f u-
us sereins in he resirry r. Example:
guifenesin. (Cher 15)

Strength Aun f sue in  suin, usuy 
exresse s  erenge. (Cher 4)

Structure–activity relationship (SAR) Rein-
shi eween  rugs hei sruure n he 
ue i hs n he y. (Cher 2)

Substitute neurotransmitter Neurrnsier 
r hrne reeen h y e weker r 
iner. (Cher 22)

Sudden cardiac death (SCD) Eise f venriu-
r riin, useess venriur hyri, 
useess eeri iviy, r syse. (Cher 21)

Surface tension Arin f eues in  iq-
ui–ir inerfe, suh s he iqui ining in ung 
issue n he ir, uing he surfe eues 
inwr. (Cher 10)

Surfactants Agen h reues surfe ensin. 
(Cher 10)

Sympatholytic Agen king r inhiiing 
he ee f he syhei nervus syse. 
(Cher 5)

Sympathomimetics Drugs h riy r -
eey ii he ees f he syhei ner-
vus syse. Note: Trer, hyri, n in-
rese  ressure n ur wih heir use, 
eseiy when ken ry. Reun ngesin 
n ur if use fr nger hn 1 y. (Cher 5, 
Cher 6, Cher 15)

Synergism Drug inerin h urs fr 
ine rug ees h re greer hn if he 
rugs were given ne. (Cher 2)

Synergistic effect Ee f w heis n n 
rgnis is greer hn he ee f eiher hei-
 iniviuy. (Cher 19)

Synergy Cine ee f w niiris is 
greer hn heir e ee (i.e., 1 + 1 > 2). 
(Cher 14)

Systemic effect Perins  he whe y, 
wheres he rge fr he rug is n ; 



436 Glossary of Selected Terms

ssiy using sie ees (e.g., sue f e-
inhen fr  hehe). (Cher 2)

Systolic blood pressure (SBP) Pek ressure 
rehe uring venriur ejein. (Cher 21)

T

Tachycardia Overy ri here, usuy ene 
s greer hn 100 es/in in us. (Cher 21)

Tachyphylaxis Ri erese in resnse   
rug. (Cher 2)

Therapeutic index (TI) Dierene eween he 
ini hereui n xi nenrins f  
rug; he ser he ierene, he greer hne 
he rug wu e xi. (Cher 2)

Therapeutics e r f reing isese wih 
rugs. (Cher 1)

Tolerance Deresing inensiy f resnse   
rug ver ie. (Cher 2)

Topical In hrgy, use f he skin r uus 
erne fr rug inisrin (e.g., in). 
(Cher 2)

Toxicology Suy f xi susnes n heir 
hrgi ins, inuing nies n 
isn nr. (Cher 1)

Trade name Brn ne, r rriery ne, 
given y  riur nufurer. (Cher 1)

Transdermal Use f he skin fr rug inisr-
in (e.g., h). (Cher 2)

U

Urine output Aun f urine rue in 24 
hurs. Nr urine uu verges 30  
60L/hr. (Cher 19)

V

Valved holding chamber Ser evie wih he 
iin f ne-wy vve  nin n h he 
ers u uni insirin urs. (Cher 3)

Vasodilator Agen using iin f he  
vesses. (Cher 21)

Vasopressor Agen using nrin f he -
iries n reries. (Cher 21)

Ventricular brillation (VF) Cri niin 
in whih nr venriur nrins re re-
e y rse r ne, ri veens f he 
venriur use. (Cher 21)

Virostatic Sing  virus fr reiing. 
(Cher 13)

Virucidal Kiing  virus. (Cher 13)
Virus Oige inreur rsie nining 

eiher DNA r RNA h rerues y synhe-
sis f suunis wihin he hs e n uses 
isese s  nsequene f his reiin. 
(Cher 13)

Viscosity Resisne f iqui  sheer fres; 
 rhegi rery hrerisi f iq-
uis n reresene y he ss uus G″.

(Cher 9)

X

Xanthine Nirgenus un fun in ny 
rgns n in he  n urine. (Cher )
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A

Aeyhine, 23–24, 72, 74, 291–292
hrie, 77t
hinergi nerve rnsissin eie y, 75, 75f
hineserse n, 77
ee f iu inux, 75
ee n unry syse, 5f
inivin f, 75–76
in rsyhei rnh, 74–76
synhesis f, 75

Aeyyseine, 7t
Ai–se ne, 303, 303f
Aiiniu, 113, 116f

rie, 114t, 115
Ain eni igr, 33f
Aive ri hrsin ie, 371
Aive ye f rehing (ACB) ehnique, 151
Aive viring esh neuizers (VMNs), 3
Aue ung injury (ALI), 161–162
Aue resirry isress synre (ARDS), 7, 161–162, 167, 174

iureis n, 309
Ayvir, 240, 241t
Aive ers eivery (AAD) syse, 3, 39f
Adhesion, 144
Aren ri hrnes, 170–171
Aren suressin, 172–173
Arenergi gens, 9t, 92
Arenergi rnhirs, 91, 96–97, 106

ini iniins fr, 91
ng-ing, 92t
shr-ing, 92t
ur-shr-ing, 92t

Arenergi nr ehniss, 4f
Arenergi reer yes, 100t
Au see ne synre, 39
Avne ri ife sur

ngeen n hrhery, 347
hrkineis, 347
suen ri eh, 347

Aeryni ieer f  rie, 31
esureen using uisge se iin, 32f

Aers
ersize gens, 7, 9, 9t
nihinergi (niusrini), 121
ssessen f eeiveness, 123–124
rug eivery, 13–14, 34, 57b

ive, 3, 39f
jun syses, 57
inisrin hrugh IPPB, 56
fe sk n w-y inisrin, 56
ehni veniin inisrin, 56–57
neuizers. See Neuizers
ehngi juns, 57

genering evies, 30
ge guieines fr use, 55, 56t
ini iin, 51
inerien n ninuus β

2
 gniss, 52–53

ung esiin n ss erns wih, 54–55, 55f
ien–evie inerfe, 55
ri f MDI  SVN se, 54
seeing, 50–51
f shr-ing β

2
 gniss, 51–54

Ne: Pge nuers fwe y ‘f  inie gures, hse fwe y ‘t inie es, n ‘b inie xes

inhe hereui, 30
esiin, 30
genering evies, 30
enerin, 30
siiy, 30

rie size isriuins, 31
un ein ieer, 31
un e, 31
exe, 31
geeri snr eviin, 31
ung esiin n, 32–34
ss ein ieer, 31
esureen f, 31
niserse, 31
yiserse, 31

hrkineis, 19, 20f
ini r hereui ee, 21
isriuin, 19
rs-ss eis, 19–20
gsrinesin srin, 19–20
 vs sysei ee, 19
ung viiiy/ sysei viiiy ri (L/T ri), 21–22, 21b, 

21f, 22t
in unry isese, 19
sie f in, 20
sysei r exrunry sie ees, 21

reiin f rie esiin wih, 33
hery in resirry re, 30
vue f ries, 31

Aersize niinfeive gens, 203. See also specic agent
zren, 204t, 212
ini iniins fr, 203
urreny vie, 204t
ivizu, 210
eniine isehine, 203, 204t
resirry re ssessen f, 215
rivirin, 204t, 207
ryin, 204t, 210
znivir, 204t, 213

Aersize riseris, 176–17
iviiiy, 12t
ini iniins, 170
ieniin, 170
ieniin n sure, 170–171, 170f
fr inrns eivery, 173t
fr r inhin, 171t, 172t
hwy fr reese n nr f, 171, 172f
hrgy f, 179

β-renergi siuin, 10
ee n whie  e un, 10

eni hzrs n sie ees, 11b
rine fr, 170
resirry re ssessen, 14
sruures, 176f
sysei sie ees, 11–12
use in sh, 13

ue ses, 13
use in COPD, 14
use f, 176

Aersize guriis, 170
Aeren nerve ers, 74

Aers (Continued)
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Aggrenx, 30–31
Agnis, 27
Airwy inin, in sh, 1
Auer, 113, 172t

hrurrn (CFC)-MDI f, 33
sge frs, 13t
se f, MDI vs neuizer, 54
rs-ss eis, 20
HFA fruin f, 41–42
sruure–iviy reinshi (SAR), 22, 23f

Ah ingesin, 319
Aiskiren, 360
Akis, 12–129
Aergi rhiniis, reen f, 252, 252t
α-Arenergi gens

ng-Aing, 96
α

1
-nirysin (α

1
-AT) eieny, 25. See also APIs (α

1
- reinse inhiirs)

Aerne-y seri hery, 174
Azheier eeni, rugs fr, 316, 31t
Anine, 241t, 242
Aikin, 230, 230t. See also Aingysies
Aingysies, 229

verse reins n reuins, 230
ini uses, 230, 230t
ehnis f in, 230

Anesi reries, seive, 297
Axiiin, s hf-ife, 1t
Aheriin B, 23, 239t
Anei rugs, 326
Angesis, 319
Aneshesi, 324, 324t
Aneshei inuin gens, 324, 324t
Anesheis, 321
Angin eris, 365–367
Angiee, 35
Angiensin-nvering enzye inhiirs, 356, 35t
Angiensin II reer kers, 336, 359
Angnis, 225
Angnis, 27
Anirenergi gens, 366
Anirrhyhis, 339

verse reins, 342t–343t
gens, 10
iine, 343
exieine, 344
hrkineis, 342t–343t
hrgy, 339, 340t–341t

isyrie, 339
rinie, 339
quiniine, 339

inie, 344
Anishi gens, 9t
Aniiis, 225

ingysies, 229
zren, 229
renes, 229
ehsrins, 227
hrheni, 233
inyin, 234
isin, 233
yin, 233
urquinnes, 232
gyeies, 235
ries, zies, n keies, 231
ernize, 234
xziinnes, 235
eniiins, 225
quinurisin-frisin, 235
eryine erivives, 231
eryines, 230
riehri-sufehxze, 234

Anihinergi gens, 9t, 7
ini iniins fr use, 113
ns sry fruin, 113
rsyhyi (niusrini) ees, 7. See also Prsyhyi gens

resirry re ssessen f, 123–124

Anihinergi eiins, 149
Anigun n hryi gens, 10
Anieressns, 315, 317t, 319
Aniiurei hrne, 34
Anifungs, 23, 239t

zes, 23
ssiin, 239t
ehinnins, 240
uysine, 240
yenes, 23

Anihisines, 249–250, 255. See also Hisine
ssiin f, 250t
urin f in f, 251
ees f, 251
rs-generin, 250t
sesn ergi rhiniis n, 252
sen-generin, 250t, 251
sruure–iviy reinshis, 251, 251f
use wih s, 251

Anihyerensive n ningin gens, 10
Aniinfeive gens, 9t, 10
Aniinry ees, 99
Anieukrienes, 1, 19t, 193. See also Leukrienes; sei rug

ergen-inue sh n, 19
sirin-inue sh n, 19
in sh ngeen, 196t, 197, 19b
hei sruures f, 194f
hrni sh n, 19
Churg-Sruss synre n, 19
riseris in sh n, 19
exerise-inue sh n, 19
neuks, 197
sury f ini use f, 199
zruks, 196
zieun, 195

Aniiri hery. See also Aniiis; Anifungs; Aniyeris; 
Anivir gens

erisi n erii rugs, exes f, 223b
inins, 225
hs frs n, 223
ieniin f hgens, 221
niring resnse , 225
hgens n resirry infeins reen, 222t
hrynis, 224
rinies f, 221
resirry re ssessen, 244
suseiiiy esing n resisne, 221

Aniiris, 220. See also Aniiri hery
Aniyeris, 236, 236t

se, rue, n sie ee re f, 236t
ehu, 237
isnizi (INH), 236
yrzinie, 237
rifyins, 237
sreyin, 23

Aniee gens, 30
sirin, 30
iyrie, 30

Anisyhis, 316, 31t
Anihri gens, 36, 369b
Anihris, 369
Aniussives, 249, 253, 253b, 255

ehnis f in, 253
use f, 254

Anivir gens, 240, 241t
yvir n vyvir, 240
nine n rinine, 242
xvir rxi, 243
ifvir, 242
ssiin f, 241t
COVID-19 nivirs, 243
fsrne, 242
gnivir n vgnivir, 241
nurirvir n nirrevir/rinivir, 243
seivir, znvir, n erivir, 242
enivir n fivir, 241
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reesivir, 243
Anxiyis, 316, 31t
APIs (α

1
- reinse inhiirs), 25

α
1
-nirysin eieny n, 25

Ars NP, 259t
sge n inisrin, 259, 259t
Gssi, 259t
iniin fr hery, 259
Prsin-C, 259t
resirry re ssessen f, 260
wrnings n verse reins, 259
Zeir, 259t

Aixn, 376
Asi nei, 233
Aqueus iusin, 14
Arfrer, 97
Argrn, 373
Arus, 394

sening reiur iving syse, 394
hi ehniss, 394

Areri  ressure, 356
Asening reiur iving syse, 394
Asirin, 296
Ash, 113, 143, 1  See also Nnseri nish gens

shi reins, 175, 175f
eniin, 175
rug hery fr, 1, 1b
exrinsi (ergi), 1
guriis fr, 174–175
iungi resnse in, 1, 19b, 190f
inin ehniss in, 1
inrinsi (nnergi), 1
riiy n riy, 107
rx, 107
reen, 122

riseris, 13–14
Aruriu, 292t  See also Nnerizing NMBAs
Arine ehynire, 116f
Arine sufe, 7, 113, 115–116

s ngnis  Ah, 7
nihinergi (niusrini) ee, 7
rnhiin, 113
erivives, 115
sges, 113
ee n sivry serein, 7
inhiiin f reex rnhnsriin, 119
s rye rsyhyi gen, 7
seive ees, 7
sie ees, 113

Augeni ringe, 151
Auni nervus syse, 291

eeren n eren nerve ers, 74
neur nr f ung funin, 2
neurrnsiers, 74

nr f nerve iuses, 74
rsyhei rnh, 72–73
regngini ers n sgngini ers, 72–73
regngini neurns, 72
syhei rnh, 72–73

Aureers, 75–76
Azies, 231
Azihryin, 231

s hf-ife, 1t
Azes, 23, 239t. See also specic agent

verse reins n reuins, 
ini uses, 239
ehnis f in, 239

Azren, 212b, 216, 229
verse reins n reuins, 229
ersize, 203, 204t, 212
ini use, 212
ini uses, 229
nsierins in neuizing niiis, 213
sge n inisrin, 212

iniin fr, 203
ehnis f in, 212, 229
reuins in use f, 213
resirry re ssessen, 215

B

Beri resisne, 223
eerging resisn eri, 224t

Berii rugs, 221–223, 223b
Berisi rugs, 221–223, 223b
Bxvir rxi, 213t, 241t, 243
Bnivi/eesevi, 243t, 244
Briure, 390
Beevi, 243t, 244
Beehsne irine (Qvr ReiHer), 176, 176f

srin f, 177
sge, 177

Beehsne irine HFA, 171t
Bequiine, 236t
β-gnis rnhirs, 113, 122f

ee f, 113, 122t
Benrizu, 19t, 199. See also Mnn niies
Benzizeines, 316–317, 31t, 390
Benzne, 253
Bern, 7t, 162, 164–165

inisrin, 165
siin, 162t, 165
sge, 165
guieines fr use, 165

β-Arenergi rnhirs, 103
rener rue, 103
sie ees, verse, 104, 104b

β-gnis hery
resirry re ssessen f, 107

β
1
 n β

2
 reers, 1, 1f, 3

ß kers, 361–362
hrkineis n sge guieines fr, 362t

Behneh, 77t
Behkis. See Tryin
Biviiiy, 15
Bigis, 244
B eukriene (BLT) reer, 194
Bhr ee, 349
B-e fesks, 21
Bvn (Avef), 165
Bwn sue, 302, 302f
Breh-ue neuizer (BAN), 37, 27–279
Breh-enhne je neuizers, 36–37

NeuTeh, 36–37
Pri LC Pus, 36–37
Vensre Pr, 36–37

Brnhi iruin, 4
Brnhiis, 222t
Brnhirs, 105, 149
Brnhunry yssi (BPD), 161–162
Bronchorrhea, 143
Brnhss, 91, 175
Brh riuin, 221–223, 223f
Buesnie, 171t, 173t, 176f, 431t

rs-ss eis, 20
L/T ri, 21–22, 22t

Buesnie (Puir, Puir Resues), 177
Buesnie/frer (Syir, Breyn), 17
Buesnie/gyyrre/frer (Brezri Aershere), 17
Burin, 262

C

Ciu hnne kers, 360–361
hrkineis n sge guieines fr, 361t

Cfn, 162, 165–166
inisrin, 166

using sie-r er, 166
vi heer, 166

Anivir gens (Continued) Azren (Continued)
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siin, 162t, 165–166
sge, 166

reee ses, 166
guieines fr use, 166
rerin, 165–166

Crh, 77t
Crenes, 229

verse reins n reuins, 229
ini uses, 229
ehnis f in, 229

Creniiin, wer gs w re f, 41
Crni nhyrse inhiirs (CAIs), 304t, 306, 307f.

See also Diurei gens
Cri

e nrin, 360
nuin syse, 33f
ye, 332f
rugs, 331t
gysies, 337
uu, 331

Crivsur syse, 330
Crrier-eie rnsr, 15
Cse ir, 31
Csirivi/ievi, 243t, 244
Csfungin, 240
Cres. See Cniine
Cehines, 92, 94–95, 333
Cheer in, 33
Cysn. See Azren
Cenr nervus syse (CNS), 291, 314. See also CNS rug hery

gens, 10
ees, 106

Cehsrins, 227
verse reins n reuins, 229
ssiin, 22t
ini uses, 227
fh-generin, 22t, 229
rs-generin, 227, 22t
furh-generin, 22–229, 22t
ehnis f in, 227
sen-generin, 227, 22t
hir-generin, 227–22, 22t

Cephalosporium acremonium, 227
Cehyins, 227
Chnix. See Vreniine
Ches w ressin, 152
Chrheni, 233
Chinergi rugs, 76–77

ire-ing, 77, 77t
inire-ing, 77– 7, 77t
nerve ers, 4, 5

Chinergi syhei, 74
Chineserse inhiirs, 316, 31t
Chineserse reivr (Prixie), 7

reen f rgnhshe xiiy, 7
Chondrodendron tomentosum, 5
Chrni rnhiis, 143
Chrni esquing esinhii rnhiis, 175–176
Chrni sruive unry isese (COPD), 113, 119

niusrini gens fr, 121–122
inin f β-renergi n nihinergi gens, 123
nnrnhiing ees f, 132
reen

iiniu rie, 115
inin f irriu n uer, 113–114
gyyrre, 114–115
revefenin, 115
iriu rie, 115

veniin–erfusin nriies in, 121
Chrni in synres, 323
Chrnigy, 396
Chrniis, 396–397
Chrnhrgy, 396–397
Churg-Sruss synre, 19

Cifvir, 241t, 242
Cisz, 33
Cirxin, 17
Cirin

ress, 395
rhyhs, 396
see–wke n hysigi rhyhs, 395–396

Ciruing ehines, 7–79
Crihryin, 231
Cerne, 17–1
Cinyin, 234
Cniine, 263
Cigre, 31
CNS rug hery, 314

neshesi, 324, 324t
CNS-siuing rugs, 326, 326t
nsius sein, 325
ehy h, 319
neurrnsiers n, 314–315, 315f
in reen, 319
syhiri eiins, 315

Ceine, 253–254
Cohesion, 144
Chesiviy, 144–145
C n ugh gens, 249

nihisines, 249–250
niussives, 249, 253
sses f, 249, 249f
 uns, 254, 254t
exerns, 249, 252
resirry re ssessen f, 255
syhieis, 249
unesire ees, 255

Cisiehe. See Cisin
Cisin, 431t, 233
Cn , 249

n u, ierene eween, 249t
Cuniy-quire neuni (CAP), 221
Cngesive her fiure (CHF), 303
Cnsius sein, 325

eves f sein n niring reenins, 325t
snrs fr rviing, 325

Crnry rery isese (CAD), 366
Criseris, 9t, 106
Cugh suressns. See Aniussives
Cuin. See Wrn
COVID-19

nivirs, 243
n nn niies, 243t, 244
reenins fr reen f, 57

Creine hshkinse (CPK), 234
Cryn, 431t
Cryn-ike gens, 19t, 191. See also Cryn siu; 

Ms e siizers
Cryn siu, 191

verse evens wih, 192
ni–sike e ees, 193
hei sruures, 191f
ini iin, 193
ini ey, 192
fr ugh ssie wih ACE inhiirs, 193
egrnuin f s e n, 192, 192f
sge n inisrin, 19t, 191
sge reguin in sh, 193
ehnis f in, 191, 192f
hrkineis, 192

Crss-ergeniiy, ingysies n, 211
Cyseiny eukrienes (CysLTs), 194–195
Cysi rsis, 7, 144, 203, 210. See also Tryin

rnserne nune regurs, 267
gens, 26t
sge n inisrin, 26, 26t
iniin fr use, 26
reuins, 26
resirry re ssessen f, 26

Cfn (Continued)
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Cyhre P450
enzyes, 17, 17t
xise syse, 16, 231

Cykines, 10b

D

Digrn eexie, 373–375
Dfrisin, 235
Dires. See Ruis
Dvn. See Devnin
Dyin, 233
D-iers, 369
DEA regisrin nuer, 6
Defsiuin, 296
Devnin, 235
Deiriu reens (DTs), 319
Deeni, rugs fr, 316, 31t
Derizin, 23–24
Derizing NMBAs, 291, 292t, 295

verse ees, 296
ehnis f in, 295, 295f
eis, 295
revers, 295
sensiiviy  suinyhine, 296

Deressin, rugs fr reen f, 315, 317t
Desensiizin k, 295
Dexrehrhn, 253–254
Diygyer, 119–120
Disi  ressure (DBP), 331
Dienine, 3–4
Digiis, 5
Digxin, s hf-ife, 1t
Dihenhyrine (Benry), 253
Dire renin inhiirs, 360
Dire hrin inhiirs, 373
Disiu rgye. See Cryn siu
Diurei gens, 302–303

i–se isrers n, 309
ue resirry isress synre n, 309
verse ees, 30, 30t
rni nhyrse inhiirs, 306, 307f
hrerisis f, 305t
inins, 307
rug inerin wih, 30, 30t
furseie n ui ver, 310
n guse hnges, 309
hykei n, 309
hyvei n, 30
 iureis, 305t, 306
ehnis f in n uses, 304t
in nenes n infns, 310
si iureis, 305t, 307
xiiy n, 309
eiri sges, 310t
ssiu-sring iureis, 305t, 307
in regnny, in, n hiren, 309
ren sruure n funin n, 302
sie f in, 304f
hizie n hizie-ike iureis, 303, 304t–305t

Diureis, 10, 363
ssiu-sring gens, 363

Diurn seri ye, 173–174, 174f
Duine, 336
Dfeiie, 346
Dine, 333

fr eressin, 317t
Dinergi reers, 2
Drnse f, 7t, 147, 431t
Dse–resnse reinshi f rugs, 25, 26f–27f

gniss n ngniss, 27
xi ee, 26
eny, 26, 26f
ers fr resnses  rugs, 2

hyersensiiviy, 2
iisynri ee, 2

hyhyxis, 2
erne, 2

hereui inex (TI), 26–27, 27f
Drug inisrin, 3, 12

sge frs, 12–13
fruins n iives, 13, 13t
hse, 12–13, 12f
rue f inisrin, 12–13
ies, 429

Drug ngnis, 27
hei, 27
eiive, 27
funin, 27

Drug exrein
y kiney, 17–1
inenne se, 1
s erne, 1
s hf-ife, 1
ie–s urves, 1

Drug inerins, 334t
rug ngnis, 27
siive inerins, 27

iiviy, 27
eniin, 27
synergis, 27

Drug eis, 17
n hwys, 16b
enzye inuin n inhiiin, 16–17
rs-ss ee, 17, 17f
sie f rug irnsfrin, 16

Drugs
eniin, 3
irn in rii re, 10
egisin eing, 4t
ning

rn ne, 4
hei ne, 3
e ne, 3–4
generi ne, 4
nnrriery ne, 4
i ne, 4
re ne, 4

rhn, 6, 7t
ver-he-uner, 7
ress f rv, 5–6
reer ehnis, 23
regue in hnnes, 23–24
resirry hery, 9t
sign ehnis, 24f
sures f, 5

Dry wer inhers (DPIs), 31, 49, 51f
vnges n isvnges, 51b
equiven ses, 54
frs eing

ini ey, 50
huiiy, 49–50
insirry w re, 49
inrinsi resisne, 49

ung esiin, 55, 55f
uie-se, 49
uie uni-se, 49
uni-se, 49

singe-se, 49
use f, 52b–53b

Duiu, 19t, 199. See also Mnn niies

E

Ehinnins, 23, 239t, 240
Ehhihe iie, 77t
E-igrees, 263
Ee, iureis in, 310
Exn, 376
Eeren nerve ers, 74
Eisnis, 175, 193. See also Leukrienes

Dse–resnse reinshi f rugs (Continued)
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Esiiy, 144, 144f
Eeri iviy, 337–33
Eerenehgrhy, 390
Eeryes, 302, 303b
Eii es (E-es), 221, 223f
Eie se, 274–276
Ehyse, 25
Enrine syse, 72
Engenus riseris, 171
Enheiu-erive rexing fr (EDRF), 264
Ener rue f inisrin, 13
Enzye inuin n inhiiin, 16–17
Esinhii si rnhiis, 143
Eiur ngesi, 322, 323b
Einehrine, 1, 1f, 93, 347–34

sruure, 90
Eerenne, 364–365
Erseni siu (Fn), 266
Equiven ses, 62

ers evies, 54
Ervyine, 231
Eryhryin, 231
Eszine, 31
Ehu, 236t, 237
Ehn, 15
Exgenus surfns, 9t, 161

ini iniins fr, 161
reen f resirry isress synre (RDS), 161–162, 167

eniin, 161
fuure rses, 167
hzrs n iins f

ne, 167
esurin n ryri, 166–167
high reri xygen vues, 167
verveniin n hyni, 167
unry herrhge, 167

hysi rinies, 161
rerins, 162, 162t, 164t

fr rnhver vge ui, 163b
nur n ie, 164–165
sei, 165–166
synhei, 165
synhei nur, 165

ruin n reuke f, 163f
reguin f surfe ensin, 161
resirry re ssessen, 167–16
surfn reeen hery, 167

Exerns, 14, 249, 252, 255
vie gens, 253t
in hrni rnhiis, 252
ey n use, 252
guifenesin, 253
iine rus, 253
ehnis f in, 252
uyi, 252
siun, 252
i gens, 253

Exene-reese uer, 97
Exrrre erne xygenin (ECMO), 264, 310

F

Fesks, fr ersize rug hery, 21
Fivir, 241, 241t
Fsiuin, 295
Fe hr, ingysies n, 211
Firingen egrin rus (FDPs), 369
Fienus in-eyerizing rugs, 14
Firs-ss ee, 17, 17f
Fexher, 49
Fven HFA, 49
Fu, 249
Funze, 23
Fuysine, 239t, 240
Fui n heer reen ri (FACTT), 309
Funisie, 173t, 176f

Furquinnes, 232
verse reins n reuins, 232
ssiin, 232t
ini uses, 232, 232t
ehnis f in, 232

Fuisne fure, 171t, 173t, 177
rs-ss eis, 20

Fuisne rine, 172t, 177
Fuisne rine/seer, 177–17
Frer, 97, 113
Fsrne, 241t, 242
Frn-e fesks, 21
Fung infeins, 23. See also Anifungs

G

Genin, s hf-ife, 1t
G-hyrxyuyri i (GHB), 401
Gnivir, 241
Gngini hin, 72–73
Gesin, 14
Gene rnsfer hery, 150
Geniin, 230, 230t. See also Aingysies

wer gs w re f, 41
Gerur rin re (GFR), 302, 357
Guriis, 171

enei ee f, 179
ykine ruin n, 179–10
exressin f inhiirs, 179–10, 10b
n gene exressin, 179–10
ehnis f in f, 179, 179f
ruin n reese f, 173–174
resnse eeens, 179
fr reing sh, 174–175

Gyeies, 235
Gyrein II/III Inhiirs, 33, 34t
Gyyrre/gyyrre rie

inin wih frer, 114–115
eeiveness s nhery, 114–115
sie ees, 114–115

G rein–inke reers, 24–25, 24f–25f, 76, 119–120, 120f
ive se, 25
iviy f eer syse, 25
ynis f e signing, 25
suunis, 25

Gr sin, 221
Grviin seing r seienin f rie, 33
Gry y synre, 233
Guifenesin, 14, 252–253

H

He shk reins, 23, 179
Hegguinin, 214
Herrhge, 377
Herins, 369, 371

hrkinei reries n sge guieines f, 372t
High-eiing iureis, 363
High-w ns nnu use (HFNC), 22
High-frequeny hes w ressin, 151
High-erfrne iqui hrgrhy (HPLC), 31
Hisine, 250

ee f, 250
H

1
 reers, 250

H
2
 reers, 250

H
3
 reers, 250

reers, 250
Hfnn egrin, 293
Hesi see rive, 395
Hrne resnse eeens, 23
Hs frs, in niiri hery seein, 223
Huseh unis, 42
Hyrzine, 366
Hyrxyehyguryenzye A (HMG-CA) reuse 

inhiirs, 234
Hyersensiiviy, 2
Hyersnis, 39
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Hyerensin, 354
ssiin f, 355t
eieigy n eigy, 354
guieines ue, 355

Hyerensive
eergeny, 356
urgeny, 356

Hynis, 390
inue see, 31, 319t

Hykei, iurei-inue, 309
Hyrhrinei, 229
Hyhi–iuiry–ren (HPA) xis, 171

reguin f riseri serein, 171, 172f
suressin wih seris, 172–173, 12

Hyvei, iurei gens n, 30

I

Iuiie (Crver), 346
Iisynri ee, 2
Irs, 266
Iunguin E (IgE), 1
Ine riverer-erirs (ICDs), 33
Inruse Ei, 49
Iner, 97
I-ne, 3
Ineri iin, 33, 33f
Infn xygen h neuizer, 23, 23f
Infsurf. See Cfn
Inin, 174

in sh, 1
eukrienes n, 193
in ungs, 174

shi resnse, 175, 175f
iunguin E (IgE)-eenen ivin f 

irwy s es, 175
ress, 174

eukyi inrin, 174
eir se, 174
hgysis, 174
vsur ereiiy, 174

rie resnse, 174
Inuenz, nivir gens fr, 213, 213t
Inhin, 13–14

evies, 14b
 ee, 13–14
sysei ee, 13–14

Inhe riseris. See Aersize riseris
Inhe insuin hery, 269
Insi rihshe, 119–120
Inres, 333t, 360
Inri gens, 336

uine, 336
hshieserse inhiirs, 336

Insni, 39
eiins, 399t

Insuin-exsuin evie, 151
Insuin hun (reinn DNA rigin), 269
Inernin syse f unis, 42
Inrns riseris, 17–179
Inrunry erussive veniin (IPV), 152
Inrvenus inisrin, 15
Iie-nining gens, 14
Iine rus, 253
In-exhnge ehniss, 142f
Irriu, 431t
Irriu rie, 15, 113, 115, 116f, 119–122, 252

ergi rhiniis, 119–120
ini ees, 113
fruins, 113
nnergi rhiniis, 119–120
sie ees, 113
reen f COPD, 121–122

Isvunze, 23
Ishei her isese, 366
Isenzye fiies, 16

Isurne, 2
Isnizi, 2, 236, 236t

verse reins n reuins, 237
ehnis f in, 237

Isreren, 1
sruure–iviy reinshi (SAR), 22, 23f

Irnze, 23
Ivfr, 26t

J

Je (neui) neuizers, 35–36, 36f–37f
reh-ue, 37
reh-enhne, 36–37
wih ein g/eseri , 35–36
frs eing, 3–39

e vue, 39
evie inerfe, 41
ing vue n reen ie, 39–40, 40f
w re n ressure, 40, 40f
ung viiiy/ sysei viiiy ri (L/T ri), 41
wer gs, 41
suins use, 41

nu reh-ue, 37
ehni reh-ue, 37, 37f
wih reservir ue, 35

K

Kenze, 23
Keies, 231
Keyhe hery, 94
Kineys

i–se ne, 303, 303f
eerye rin n resrin, 302, 303b
gerur rin, 302
sruure n funin, 302, 302f

Kiry-Buer isk iusin es, 221, 223f
Kiis Pk. See Tryin

L

Ler ies, 164
Le's w, 161, 161f
Lrge vue neuizers (LVNs), 279
Lunsine, 293–294
Leihin, 163
Leukrienes, 1, 193. See also Anieukrienes

ihei hwys, 193, 195f
e sures f, 193
yseiny eukriene reers n ees f, 194
ruin, 194, 195f

Levuer, 95
Levxin, 232b. See also Furquinnes
Linezi, 235–236
Lii iusin, 14–15
Lii-sue rugs n inreur reer ivin, 23, 24f
Liqui eri nversins, 42
Lihiu, 316
Ling se, 16
Leine, 260, 260f
L nesheis, 322, 322t
Lng-ing niusrini gens (LAMA), 122
Lng-er esensiizin, 105
L iureis, 304t–305t, 306, 363–364. See also Diurei gens

hrkineis n sge guieines fr, 364t
Lsrn, 359
Lung esiin, 32–33, 35f, 56. See also Prie size

frs inuening, 34
ver eieny, 34

Lung se, 274
Lung funin, neur nr f, 2

reers in
hisine reers, 2
rsgnin reers, 2
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Mries, 231
Mgnesiu sufe, 349
Minenne se, 1
Mni, 316
Mnu reh-ue je neuizers, 37
Ms es, 1

eirs, 175
siizers, 1, 19t, 191  See also Cryn siu

Men reri ressure (MAP), 331
Mehni reh-ue je neuizers, 37, 37f
Mehni veniin, neurusur king gens, 296
Meniu sirin synre (MAS), 161–162, 167
Mein einene, 171
Menin, 397
Meizu, 19t, 199  See also Mnn niies
Mesh neuizers, 37–3

si ngurins, 3f
ssive, 3

Mei isis, 34–349
Meies, 16
Mereren, 122f
Meere se inhers (MDIs), 31, 17  See also Pressurize eere 

se inher (MDI)
ini equivene, 55, 56t
COVID-19 nei, reenins fr reen f, 57
equiven ses, 54–55
frue riseris, 13
ung esiin, 55, 55f
esureen f rie size isriuins, 31, 32f

Mehhine, 77t
Mehyxnhines, 12–129, 132–133
Meri syse, 42
Mernize, 234
Mirine hyrhrie, 335
Mie-sering hery, 31
Mirinne, 337
Minerrii serne, 170–171
Mini erii nenrin (MBC), 221–223
Mini inhiiry nenrin (MIC), 221
Miniy Invsive Surfn ery (MIST), 20
Mivuriu (Mivrn), 292t  See also Nnerizing NMBAs
Mnurirvir, 243
Mesne fure, 171t, 173t
Mnine xise inhiirs (MAOIs)

fr eressin, 317t
Mns (zren), 229
Mnn niies, 1, 19t, 199, 199b

COVID-19 n, 244
sge n inisrin, 199, 19t
ehnis f in, 199, 199f
fr severe sh, 199b
sie ees, 199
use in sh, 199

Mneuks, 197
hei sruure f, 194f
sge n inisrin, 19t, 196t, 197
ehnis f in, 196f, 197
hrkineis, 197
sie ees, 197
use in infns, 197

M siizers, 316, 317t
Mrhine, s hf-ife, 1t
Muins, 141
Muive gens, 9t, 13, 13t, 146
Muiiry erne, 4
Muiiry rnsr veiy, 140
Mukinesis, 252
Muyi gen, 13
Muyi gens, 146
Muyi exerns, 252
Muregury gens, 149
Muregury eiins, 149
Muus, 141

hyerserein, 141, 143

nn-Newnin nure, 145
hysi reries f, 144
sinniiy, 145
sruure n siin f, 

Musrini ngniss. See Anihinergi gens
Musrini ee

usrini reer sies, 76f
n rsyhei rnh, 76

Musrini reers
ke f, 119–120
n  vesses, 6
in n ees f, 5f
suyes, 76, 77t, 119, 120f

M
1
 reers, 5

M
2
 reers, 5

M
3
 reers, 5–6, 119–120, 120f

Muse rexns. See Neurusur king gens (NMBAs)
Mysheni grvis, 294, 295b
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Nresy, 400
Nin Ash Euin n Prevenin Prgr Exer Pne Rer 3 

(NAEPP EPR 3), 55
Nin Drug Ce (NDC), 5
Nin Insiue f Neurgi Disrers n Srke 

(NINDS), 401
Neiv (Bysi), 362
Neuizers, 34

ini equivene, 55
COVID-19 nei, reenins fr reen f, 57
hnhe, 35
je (neui), 35–36, 36f
esh, 37–3

ive viring, 3
ssive, 3

s vue neuizers (SVNs), 34
vnges n isvnges, 35b
use f, 42b

ursni, 3
uni-se, 35
urf, 35

NeuPen. See Peniine isehine
Neher, 49
Nen n eiri ersize rug hery, 273

herene, ine, n erin uring, 21
ers surfns in, 20
ge ee n ers ung se, 274
niiis in, 20
niinry eiins in, 20
ini resnse , 27
eivery evies, seein f, 27, 27t
rug eing fr eiri use, 273, 275t
ry wer inhers in, 279
eie se, 274–276
fesks esign, ing, rying, n “w-y, 21, 22f
frs eing rug eivery, 273, 276t
feer egisin  re eiri suies, 273, 274t
high-w ns nnu use, 22
inhe (eivere) se, 274
inue iens n, 23
w i vues, shr resirry yes, n w w res, 

ee f, 274
ung se, 274
uive gens in, 20
neuize rug isriuin, 277, 277f, 27t
neuizers in, 27
nin se, 274
-e use f rugs, 273
ren euin n, 23
eies n reins in, 21
ressurize eere se inher in, 279
rsyin ngs in, 21
reservir se, ee n, 276, 276b, 276f
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seeive gens, use f, 279
s vue neuizer, ee n, 276, 276f
ers use fr ieren ge rnges n, 273b

Nen Inhe Niri Oxie Suy (NINOS) ri, 264
Nehrinsis, 309
Nehrn, 302, 302f
Nehrxiiy, ingysies n, 211, 230
Nerve iuses, 72
Nervus syse, 72, 73f

uni. See Auni nervus syse
enr nervus syse, 72
rugs eing, 74

nirenergi, 74
nihinergi, 74
hinergi, 74
rsyhiei, 74

eriher nervus syse (PNS), 72
sensry rnh, 72
si rnh, 72

Neurinise, 214
Neurinise inhiirs, 214, 242  See also Znivir
Neureer sie, 74
Neurusur ke. See also Neurusur 

king gens
ingysies n, 211
niring f, 29

Neurusur king gens (NMBAs), 10, 291  See also Derizing 
NMBAs; Nnerizing NMBAs

hie f gens, 297
ssiin, 292t
ini uses, 291
erizing gens, 291, 292t, 295
frs eing iviy f, 29t
inerins wih, 297
ehni veniin, 296
niring, 29
neurusur junin hysigy, 291
nnerizing gens, 291–292, 292t

Neurusur junin, 291, 292f
Neurhi in, 323
Neureie, 7
Neurrnsier, 72, 291–292, 314–315
Neur eneise, 190
Neurhis, 175
Niine, 260, 260f  See also Sking essin rug 

hery
signs f hysi eenene n, 261b

Niine ees
niini reer sies, 76f
n rsyhei rnhes, 76

Niine inher, 262
Niine zenge, 262
Niine ns sry, 262
Niine riex, 262
Niine reeen hery (NRT), 260–261
Niine resin ex. See Niine riex
Niini reer, 23–24
Nires

hrkineis n sge guieines fr, 36t
Niri xie, 190, 264

nriniins  use f, 266
sge n inisrin, 264
guieines fr inisrin f, 264
iniin fr use, 264
in nenes, 264
hrgy f, 265, 265f
in reer infns, 264
unry iruin, ee n, 265
resirry re ssessen f, 266
xiiy wih exsure , 265

Niri xie synhse (NOS), 265
Nirgyerin, 367
NMBAs. See Neurusur king gens (NMBAs)
Nin se, 274

Nnrenergi, nnhinergi (NANC) nerves
rnhi nrin, 6–7
exiry C-er syse, 6–7
inhiiry, 6

Nnerizing NMBAs, 291–292, 292t
verse ees, 290, 294
ehnis f in, 292, 293f
eis, 293
hrkineis, 293, 293t
revers, 294, 295t

Nnihyryriine, 360
Nnseri nish gens, 1. See also Ash

nieukrienes, 1, 19t, 193
ini iniins fr, 1
s nrer rug hery, 1, 1b
ieniin f, 1, 19t
s e siizers, 1, 19t, 191
nn niies, 1, 19t, 199
resirry re ssessen f, 199

Nnseri niinry rugs (NSAIDs), 320, 320t
Nreinehrine, 72–73, 1, 1f
Nrriyine, 263
Nsi neuni, 296
Nysin, 23

O

Oixxi, 244
O-e, 273
Oigshrie, 149
Oer, 97, 9f, 113
Oine hyrhrie/esne fure, 173t
Oyine, 231
Oizu, 19t, 199, 199f. See also Mnn niies
Oii ngesis, 320–321, 321t

gens s, 321, 321t
inins f NSAIDs n, 323t
ii inhin, 322
ii reers, 321
rues f inisrin, 322

Oiu y, 39–390
Orgnhshes, 7
Orivnin (Oriv), 235
Orhn rugs, 6, 7t
Orhsi hyensin, 357–35
Osiry siive exirry ressure, 152
Oseivir, 213, 213t, 215, 241t, 242
Osi iureis, 304t–305t, 307. See also Diurei gens
Oxiiy

ingysies n, 211
iureis n, 309

Over-he-uner rugs, 7
Oxziinnes, 235
Oxyezine, 249

P

Pin reen, 319. See also Nnseri niinry rugs (NSAIDs); 
Oii ngesis

Pivizu, 203, 210
verse rein, 210
ini ey, 210
ini use, 210
sge n inisrin, 210
ehnis f in, 210

Per. See Nrriyine
Pnurniu, 292t. See also Nnerizing NMBAs
Pryis. See Neurusur king gens (NMBAs)
Prsnis, 402
Prsyhei rnh f uni nervus syse, 73

hinergi neurrnsier funin, 75–76
ees f rsyhei siuin n rgns r sies, 75–76, 75t
usrini ees, 76
niine ees, 76

Prsyhei innervin n ees, 4–6
n  vesses, 6
f rnhi suus gns, 4
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rnhnsriin, 4–5
f ung  vesses, 4
niini reer iviy n nerve rnsissin, 5

Prsyhyi gens, 7b, 7, 113, 114t, 115
verse ees, 121, 121b
niusrini ees vs usrini ees, 117, 117t
hei sruures, 116f
ini iin, 121

sh reen, 122
COPD reen, 121–123

ees, 122t
ehnis f in, 11, 120–121

vgy eie reex rnhnsriin, 119
hrgi ees f eriry vs quernry, 117–11, 117t
sruure–iviy reinshis, 115
uses n ees, 7b

Prsyhieis, 253
Prener rue f inisrin, 13

inrusur, 13
inrsseus, 13
inrhe, 13
inrvenus, 13
suuneus, 13

Prkinsn isese, 314
Prxeine

s hf-ife, 1t
Prie size, 34f

ne rie se (FPD), 32
ne rie frin (FPF), 32
ss, ee f, 34f
ehnis f esiin, 33

iusin (rwnin in), 33
grviin seing, r seienin, 33
ineri iin, 33, 33f

eerure n huiiy, ee f, 33
hereui ees, 32–33

Pssive esh neuizers, 3
Phgens, n resirry infeins, 222t
Peiri ue resirry isress synre (PARDS), 309
Penivir, 241
Peniiins, 225

verse reins n reuins, 227
ineniiins, 226, 226t
β- n β-se inhiir inins, 226t, 227
rxyeniiins, 226
ssiin n ini uses, 225, 226t
ehnis f in, 225
nur, 225, 226t
eniiinse-resisn, 226, 226t

Peniine
resirry re ssessen, 215–216

Peniine isehine, 7t, 203
hei sruure f, 203f
sge n inisrin, 204
envirnen ninin y, 206
iniin fr, 203
y inhin, 203, 204t
inruin f, 203
ehnis f in, 205
rener use f, 206
reuinry esures, 206
rine fr ers inisrin f, 204
sie ees wih, 206

Perivir, 213t, 241t, 242
Perii i veen isrer, 39
Periher nerve siuin, 299
Periher nervus syse, 291
Phryni hse, 22

se–resnse reinshi, 25, 26f–27f
rug ngnis, 27
nure n ye f rug reers, 23

rug reers, 23
rug-regue in hnnes, 23–24, 24f
ii-sue rugs n inreur reer ivin, 23, 24f

siive inerins, 27
sruure–iviy reinshi, 22

Phrynis, 3, 14, 221b, 224
Phrgeneis, 3, 2
Phrgnsy, 3
Phrkineis, 3, 14

srin, 14–15, 14f
frs eing, 15

isriuin, 15
vue f, 15–16, 15t

eiinin, 17–1
f inhe ers rugs, 19, 20f

ini r hereui ee, 21
isriuin, 19
rs-ss eis, 19–20
gsrinesin srin, 19–20
 vs sysei ee, 19
ung viiiy/ sysei viiiy ri (L/T ri), 21b, 21f, 

21–22, 22t
in unry isese, 19
sie f in, 20
sysei r exrunry sie ees, 21

eis, 16–17, 16b
Phrgy, 3

resirry re, 7, 9–10, 9t
Phenri, 359
Phenine, 3–4
Phenyehrine, 1, 1f, 333
Phshieserse, 129
Phshieserse inhiirs, 336–337
Phshiis, 175
Pirine hyrhrie, 77t
Pinysis, 15
Piressin. See Vsressin
Ps erne, 1
Ps hf-ife, 1, 1f

f n rugs, 1t
Pneumocystis jiroveci, 204, 205f
Pneuni, 222t
Pyenes, 23, 239t
Prn f, 162, 165

inisrin, 166
siin, 162t, 166
sge, 166
guieines fr use, 166

Psnze, 23
Psiive irwy ressure (PAP) ehniques, 151
Psniii ee (PAE), 224–225
Pssiu iie, 253
Pssiu-sring gens, 363
Pssiu-sring iureis, 304t–305t, 307. See also Diurei gens
Prsugre, 32
Preeive ngesi, 323–324
Pressurize eere se inher, 34, 41, 4f, 279

essry evies fr, 46, 46f
vnges n isvnges, 4b
esign vries, 46, 4t
eersi hrge f, 4
i f size, 4–49
use f, 50b

vnges n isvnges f, 43b
si nens, 43f, 43t
reh-ue, 44–45
hrurrn vs hyrurkne rens, 41–42

risn f ung esiin, 44f
ey n sfey, 42–43
irve rug eivery wih hyrurkne fruin, 43–44
esures f ue fre, 44f

nens, 41
nvenin, 44
rre use f, 46
se uners, 49
frs eing

rehing ehnique, 46
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ss f rie, 45
nzze size n eniness, 45–46
ien hrerisis, 46
shking f niser, 45
srge f eerure, 45
iing f uin inervs, 45

fr f rug in, 41
yes

reservir evie, 46
ser, 46
vve hing her, 46

uses, 47b
Preni, 236t
Prsyin gens, 266
Prsyin ngs, 9t
Prsgnins, 174
Pseuhineserse, 296
Pseueherine (Sufe), 249
Pseudomonas aeruginosa, 210  See also Tryin
Psyhiri eiins, 315

nieressns, 315, 317t
nisyhis, 316, 31t
nxiyis, 316, 31t
riures, 317
hineserse inhiirs, 316, 31t
 siizers, 316, 317t
her hynis, 313

Punry iruin, 4
Punry surfn, 163, 163f

in eri kiing, 164
erne ehniss, 164
siin, 163b

iis, 163
reins, 163–164

ruin n reguin f serein, 164
Punry vsiin, 264  See also Niri xie (NO)
Puzye. See Drnse f
Purkinje bers, 33
Purse-i rehing reure, 151
Pyrzinie, 236t, 237
Pyrisigine, 77t

Q

Quernry niu gens, 115–116, 116f
Quernry niu uns, 117

ri ees, 11
enr nervus syse ees, 11
eye ees, 11
gsrinesin ees, 11
geniurinry ees, 11
resirry r ees, 117–11

Quinurisin-frisin, 235

R

Rnzine, 367–36
Ri nigen ess, 221
Rre, eniin, 6
Re f eiinin, 1
Rxiu, 244
Resrin f wer, 302
Reun ngesin, 249–250
Re n synre/re nek synre, 235
Reenz. See Znivir
Reesivir, 243
Renin, 356–357
Reserine, 366
Resizu, 19t, 199  See also Mnn niies
Resrin gens, 95
Resirry re rugs, 431t
Resirry re hrgy, 7, 9–10, 9t
Resirry isress synre (RDS), reen f, 161–162

rhyi reen, 161
resue reen, 161

Resirry synyi virus (RSV), 203, 207–20  See also Rivirin

Resirry heriss, 107
Resirgr II neuizer syse, 204–205, 205f
Resess egs synre, 39, 400t

hrgi ngeen f, 400t
Revefenin, 113, 114t, 115
Rhegy, 144
Rhiniis, sesn ergi, 252, 252t
Rhinsinusiis, 222t
Rivirin, 207, 216

ersize, 203, 204t, 207
ini use, 207
sge n inisrin, 20
envirnen ninin wih, 210
iniin fr, 203
ehnis f in, 209, 209f
resirry re ssessen, 215
sie ees wih, 209
vir infein n, 207

Rifuin, 236t, 237
Rifenine, 236t, 237
Rinine, 213, 213t, 241t, 242
Rivrxn, 375–376
Rurniu, 292t–293t, 293. See also Nnerizing NMBAs
Ruis, 267
Rues f inisrin, 12–13, 15

ener, 13
inhin, 13–14
rener, 13
i, 14
rnser, 13

S

Sigenin gens, 95
Seer, 97, 13
Sieni nin eh, 427
Sine, 7
Sine (hysine), 115, 116f
Serery hyerresnsiveness, 140
Sein, neurusur ke n, 297
Seeive sernin reuke inhiirs (SSRIs)

fr eressin, 317t
Sef-ssessen quesins n ini senris, 427
Sensry C-er nerves, 7
Sernin n nreinehrine reuke inhiirs

fr eressin, 317t
Sernin-nreinehrine reuke inhiirs (SNRIs), 401–402
Sernin reer ngnis

fr eressin, 317t
Sernin seeive reuke inhiirs (SSRIs), 401–402
Seru gue yruve rnsinse (SGPT), 196
Survn. See Bern
SI-erive unis, 42
Singuir. See Mneuks
Sinu, 249
Skee use rexns. See Neurusur king gens (NMBAs)
See

irin resses, 396
eerenehgrhi rrees, 393t

See isrers
uses n reens, 39

insni, 39
nresy, 400
rsnis, 402
erii i veen isrer, 39
resess egs synre, 39

hisry f reen, 39
See enhneen, eiins fr, 31, 319t
SLUD synre (sivin, riin, urinin, n efein), 73
S-rie ers generr, e 2 (SPAG-2) neuizing 

syse, 20, 20f
S vue neuizers (SVNs), 31, 34

vnges n isvnges, 35b
equiven ses, 54–55
ung esiin, 55, 55f
use f, 42b
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Sking essin rug hery, 260
urin, 262
niine, 263
nriniins , 264
rug fruins, 261, 261t
e-igrees, 263
iniin fr use, 261
niine riex, 262
niine reeen hery (NRT), 260–261
niine rnser syse, 261
nrriyine, 263
reuins, 262
resirry re ssessen f, 
signs f hysi eenene n niine, 261b
vreniine, 262

Siu irne, 34
Si eri nversins, 42
Sue, 65
Suin, 65
Sven, 65
Si r neurns, 291
S, 346
Srvi, 243t, 244
Seiens ein, fr uure, 221
Serhery, 31
Suu, 143
Sus shius, 296
Sus eieius, 291
Seris, 170–171, 179

erne-y hery, 174
ini iin f, 12–13

in sh, 13
in COPD, 14

iees, 171
iurn seri ye, 173–174
sie ees f sysei, 10–11, 11b

Siun rugs, 326, 326t
Siun exerns, 252
Sreyin, 236t, 23
Sruure–iviy reinshi (SAR), 22, 23f
Suus uus gns, 139
Suinyhine, 2
Sugex (Briin), 294
Surfe-ive hshiis, 149
Surfe eihei es, 139
Surfe ensin, 161
Surfn reins, 163
Suseiiiy esing n resisne, 221
Sweing, 74
Syhei rnhes f uni nervus 

syse, 7–79
renergi neurrnsier funin, 79, 79f
enzye inivin, 79, 0f
innervin n ees, 4f

n rnhi sh uses, 3–4
n rnhi suus gns, 4
ire ees, 3
inire ees, 3
n unry n rnhi iruins, 4

syhei nerve ers, 3
syhei (renergi) reer yes, 79, 1t

inergi reers, 2
ees n rgns n sies, 0t

Syhei ees, 73
Syhei ers, 74
Syhei neurns, 72–73
Syhyi (nirenergi) gens, 2, 3t
Syhiei (renergi) gens, 2, 3t
Syhieis, 249, 255

s ns engesns in  reeies, 249t
sysei iin, 250
i iin, 249

Syngis. See Pivizu
Synergisi ee, 307–30
Synergy, 225

Synhei ngs f rsyin, 266
irs (Venvis), 266
resirry re ssessen f, 267
rersini (Tyvs), 266

Sysei ee, 13
Syses f esure

huseh unis f esure, 63
Inernin Syse f Unis, 62

se uni f esure in, 62
eer–kigr–sen (MKS) syse, 62

eri syse f esure, 61
nversins, 62
gr, 62
fr engh, vue n ss, 62, 62t
riry unis, 61

Sysi  ressure (SBP), 331

T

Thyri, 333
Thyhyxis, 2
Tekurn. See Aiskiren
Tevnin (Viiv), 235
Teihryin, 231
Teisrn, 359–360
Teerure nversins, 42
Teerure ses, 42
Teruine

rs-ss eis, 20
s hf-ife, 1t

Teriry niu uns
ri ees, 117
enr nervus syse ees, 117
eye ees, 117
gsrinesin ees, 117
geniurinry ees, 117
resirry r ees, 117

Tessn. See Benzne
Teryines, 230

verse reins n reuins, 231
ini uses, 230
erivives, 231
ehnis f in, 230

Tergy f F, 264b
ehyine, 12–129, 129t, 133

ini uses f, 132
sge f, 131
ehniss f in, 130f
nnrnhiing ees f, 132

niinry ees, 133
rivsur ees, 133
enr veniry rive, 132
resirry use enurne, 132
resirry use srengh, 132

seru eves f, 130
xiiy n sie ees, 131

ereui inex, 26–27, 27f
ereuis, 3
izie

iureis, 303, 304t–305t, 363, 364t. See also Diurei gens
se-eiing ee, 363

ryi gens, 34
hrgi reries f, 35t

yxine, 3–4
Tigrer (Briin), 32
Tiiine Asirin Srke Suy (TASS), 32
Tigeyine, 231
Tie-ki ess, 224–225
Tie–s urves, 1, 19f

f ini ee, 1
inereie urve, 1–19
kineis, 1–19
shr-ing urve, 1–19

Tiriu/iriu rie, 113, 114t, 115, 116f, 119–120
rnhiing ees, 115
inin f er (Si Resi), 115
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fr inenne reen f sh, 115
n usrini reers, 115
Siriv Resi, 115

Tixgevi/igvi, 243t, 244
TOBI. See Tryin
Tryin, 210b, 216, 230, 230t, 431t  See also Aingysies

ersize, 203, 204t, 210
ini ey f, 
ini use, 210
sge n inisrin, 211
iniin fr, 203
ehnis f in, 211
reuins in use f, 212
resirry re ssessen, 215
sie ees wih, 211, 211b
suin fr inhin, 7t

Terne, 2
Ti rue f inisrin, 14
Txigy, 3
Trin f fur (TOF) evuin, 299
Trnser rue f inisrin, 13
Trnserne signing, 23
Trersini, 266
Triinne enie, 176f, 173t
Triyi nieressns (TCAs)

fr eressin, 317t
Triehri-Sufehxze (TMP-SMX), 203, 234
Trie resnse, 250
Tuerusis, 236  See also Aniyeris

reen regien, 237t
Twisher, 49
Twih niring, 299
Tyvs. See Trersini
Tyvs Inhin Syse, 266

U

Ursni neuizers, 3, 39f
vnges n isvnges, 39b

Ueiiniu rie, 113, 114t, 116f
rnhiry iviy, 115
inin wih viner, 115

Unis
huseh, 42
SI-erive, 42

Urinry nigen ess, 221
Urine uu, 302  See also Diurei gens

V

Vg reex, 74
Vyvir, 240, 241t
Vgnivir, 241
Vve hing her (VHC), 279
Vnyin, 235
Vreniine, 262
Vsur sh use, 360
Vsive inesin eie (VIP), 6
Vsirs, 366
Vsressin, 34
Vsressr-inue exrvsin n ngeen, 336
Vsressrs, 331, 333t
Veurniu, 292t  See also Nnerizing NMBAs
Venvis. See Irs
Venin HFA, 49
Viner, 9, 113
Vir heiis, 131–132

Vir infein, sequene f, 207f, 207–20
Virsi, 207. See also Rivirin
Virui, 207
Virus

ene, 207
sruure f, 207, 207f

Vissiy, 144, 144f
Vue f isriuin, 15–16, 15t

ren, 16
exe, 16
ing se, 16

Vrxr, 33
Vrinze, 23

W

Wrfrin, 376–37
revers, 379

Wek i, 15
Wek se, 15
We, 250

X

Xnhines
gens, 12, 12f
ini iniins fr, 12

in ne f reuriy, 12
in sh, 12
in hrni sruive unry isese, 12

erivives use s rnhirs, 129t
hrgi reries, 129

rse heries f iviy, 129
sruure–iviy reinshis, 129

resirry re ssessen f, 129t, 133
hehyine ses irin, 130

sge sheues, 130

Z

Zruks, 196
hei ne, 4
hei sruure f, 194f
e ne, 4
sge n inisrin, 19t, 196, 196t
generi ne, 5
ehnis f in, 196, 197f
i ne, 5
hrkineis, 196
sie ees, 197
re/rn ne, 5

Znvir, 213b, 213t, 216, 241t, 242
n rnhss, 214
ini use, 213
sge n inisrin, 213
iniin fr, 203
inhe, 203, 204t, 213
ehnis f in, 214, 214f
resirry re ssessen, 216
sfey n ey f, 214
sie ees, 214

Zieun, 195
hei sruure f, 194f
sge n inisrin, 19t, 195, 196t
ehnis f in, 195, 196f
hrkineis, 195
sie ees wih, 196

Zniviy. See Vrxr
Zy. See Zieun
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Common Terms and Abbreviations

Term or Phrase Abbreviation Meaning

AD right ear

ad ad to, up to

ab libitum ad. lib. at pleasure

amp ampule

amt amount

ana a.a. or aa of each

ante cibos a.c. or ac before meals

aqua aq. water

AS left ear

atc around the clock

AU both ears

bis in die b.i.d. twice a day

BP blood pressure

bm bowel movement

BSA body surface area

c centigrade

CBC complete blood count

cc cubic centimeter

caps capsules

collyrium collyr. eye lotion

compd compound

cum c with

cum aqua cum aq. with water

dentur tales doses d.t.d. give such doses

dispensa disp. dispense

Dx diagnosis

et et and

frequency F frequency of any event 

in time

gutta, guttae gtt. drop, drops

hora somni h.s. at bedtime

Term or Phrase Abbreviation Meaning

in vitro in vit. in glass

maximum Max maximum value

mean value -, above any symbol mean or average value

misce m. mix

non repetatur non. rep. do not repeat

oculus dexter o.d. right eye

oculus sinister o.s. left eye

omni die o.d. daily

omni mane o.m. every morning

omni nocte o.n. every night

percentage %, before any symbol percentage of the 

predicted normal 

value

per os p.o. by mouth

placebo placebo to please

post cibos p.c. after meals

pressure p pressure in general

pro re nata p.r.n. as the occasion arises

quantum sufciat q.s. sufcient quantity

quarter in die q.i.d. four times a day

recipe Rx take

semis ss one-half

sine s without

si opus sit s.o.s. if necessary

ter in die t.i.d. three times a day

time T time indicated

time derivative , above any symbol rate of change

trochiscus, torchisci troch. lozenge, lozenges

unguentum ungt. ointment

ut dictumw ut dict. as directed

volume V gas volume in general

Additional Abbreviations

A alveolar

ATPD ambient temperature and pressure, dry

ATPS ambient temperature and pressure, saturated

B barometric

BTPS body temperature, pressure saturated

D dead space

E expired

I inspired

L lung

R respiratory exchange ratio

STPD standard temperature, pressure, dry

T tidal

V
A

alveolar ventilation

VCO
2

carbon dioxide production per minute

V
D

dead-space volume

V
Dalv

alveolar dead-space ventilation per minute (BTPS)

V
Danat

anatomic dead-space ventilation per minute (BTPS)

V
Dphy

physiologic dead-space ventilation per minute (BTPS)

V
E

Minute ventilation (expired)

VO
2

oxygen consumption per minute (STPD)

V
T

tidal volume
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