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Preface

We are delighted to present the third edition of ICU Protocols: A Stepwise Approach,
an official publication of the Indian Society of Critical Care Medicine (ISCCM).
Since the release of the second edition in 2020, the field of critical care medicine has
undergone significant advancements, necessitating a comprehensive update to this
widely acclaimed manual.

This new edition remains true to its fundamental objective: to provide clinicians,
residents, fellows, and allied healthcare professionals with a practical and evidence-
based guide for managing critically ill patients at the bedside. To maintain clarity
and usability, we have preserved the stepwise approach, rich with flowcharts, tables,
bullet points, and illustrations, while expanding and updating the content to address
contemporary challenges and innovations.

The third edition introduces several new chapters that reflect the evolving land-
scape of critical care:

» Searching Literature for Clinical Questions

* Artificial Intelligence in Critical Care

» Safety and Error in ICU

* Pharmacological Principles and Drug Interactions in ICU
* Acute Dermatological Emergencies in ICU
 Pituitary, Thyroid, and Adrenal Emergencies in ICU
*  Calcium, Phosphorus, and Magnesium Disorders

* Rapid Diagnostic Tools in Microbiology in ICU

» Severe Gram-Positive Infections in ICU

* Managing Severe Gram-Negative Infections in ICU
* Necrotizing Skin Infections in ICU

Each of these chapters provides detailed, practical insights into the latest diag-
nostic and therapeutic strategies, underscored by cutting-edge research and techno-
logical advancements. For example, the chapter on Artificial Intelligence in Critical
Care delves into Al’s potential to revolutionize patient monitoring, predictive ana-
lytics, and clinical decision-making. The chapter on Safety and Error in ICU focuses
on strategies to minimize preventable harm and enhance patient safety in the com-
plex ICU environment.
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viii Preface

Existing chapters from the previous editions have been extensively revised,
incorporating the latest evidence-based guidelines and clinical practices. Notable
updates include expanded discussions on pharmacology, drug interactions, and
emerging diagnostic technologies to aid clinicians in rapidly identifying and man-
aging critical conditions.

In addition, the appendix section has been significantly updated, including
enhanced Dosing Guidelines, new drug formulations, and an expanded Glossary of
Statistical Terms. These updates aim to simplify understanding of clinical data and
support informed decision-making.

This edition is the result of collaboration between multidisciplinary experts,
including intensivists, infectious disease specialists, endocrinologists, and microbi-
ologists. The “Suggested Reading” sections have been enriched with references to
the latest landmark studies, online resources, and current guidelines to ensure com-
prehensive coverage of the topics discussed.

As critical care continues to evolve, we recognize that this manual is a living
document that will require future updates to reflect ongoing advancements. We hope
this edition serves as an indispensable resource for improving patient outcomes and
fostering excellence in critical care practices worldwide.

New Delhi, Delhi, India Rajesh Chawla
Kolkata, West Bengal, India Subhash Todi
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Hyponatremia

Rajesh Chawla, Subhash Todi, Raju Shakya,
and Aakanksha Chawla

Case Vignette 1

A 70 kg diabetic man presents with polyuria, serum Na 130 mEq/L, blood
urea nitrogen (BUN) 18, and urine osmolality 220 mOsmol/kg. His random
blood sugar (RBS) was found to be 400 mg/dL (Table 1.4).

Case Vignette 2

An 80 kg woman presents with nausea, loss of appetite, and weakness. She
has no signs of dehydration. On evaluation, she has serum Na 130 mEq/L,
RBS 120 mg/dL, BUN 10, urine osmolality 160 mOsmol/kg, and urine Na 45
(Table 1.5).
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Case Vignette 3

An 80 kg female case of road traffic accident with intracranial hemorrhage
presents to emergency room (ER) with BP of 100/60 mmHg with high urine
output. On evaluation, she has serum Na 128 mEq/L, RBS 125 mg/dL, BUN
10, urine osmolality 163 mOsm/kg, and urine Na 250. Inferior venacava
(IVC) diameter is <2 cm with more than 50% collapsibility (Table 1.6).

Case Vignette 4

A 55 kg man presents with fever, abdominal cramps, vomiting, loose motion,
and decreased urine output for 3 days. He has sunken eyes, a dry tongue, and
poor skin turgor. On evaluation, he has S Na 128 mEqg/L, RBS 120 mg/dL,
BUN 10, urine osmolality 180 mOsm/kg, and urine Na 15 (Table 1.7).

Case Vignette 5
A 70 kg man presented with headache, confusion, and nausea for the past
36 h. On evaluation, serum Na is 110 mEq/L and RBS 124 mg/dL? (Table 1.8).

Case Vignette 6

A 65 kg woman was referred from another hospital with a fall in serum Na to
110 mEqg/L in 24 h, although with no symptoms. Her RBS was found to be
142 mg/dL (Table 1.9).

Hyponatremia is primarily a disorder of water regulation across different fluid com-
partments in the body. The incidence of hyponatremia and hypernatremia in the ICU
is around (15-30)%, bearing a mortality of around (30—40)% compared to patients
with normal sodium levels. Hyponatremia is defined as serum sodium less than
135 mEq/L. It is considered severe if serum sodium is less than 120 mEq/L. It rep-
resents a relative excess of water to sodium. Total body sodium may be normal, low,
or high.

Hyponatremia can be induced by increased water intake and/or impaired water
excretion. Too rapid correction can result in neurological complications.
Hyponatremia is said to be acute when it develops over less than 48 h and is called
chronic hyponatremia if it has been present for more than 48 h or for an unknown
duration.



1

Hyponatremia 5

Step 1: Initiate Resuscitation (Refer Chap. 24)

The airway is to be assessed and secured first in a patient with severe hyponatre-
mia who is not able to maintain the airway.

Ventilatory support may be needed—noninvasive or invasive.

Intravenous access should be secured for resuscitation with suitable fluids as
necessary.

Initial fluid resuscitation should be done cautiously in a hyponatremic patient.
In a patient with concurrent hypovolemia and hypo-osmolality, correction of vol-
ume deficit should take precedence over correction of osmolality.

Step 2: Take History and Perform Physical and Volume
Status Examination

(® (This'Should"be done {0 assess the severity of hyponatremia and the need for

urgency of correction.

Pay immediate attention to fieirological Symptoms such as) headache, lethargy,
obtundation, disorientation, drowsiness, impaired consciousness, or seizures
irrespective of the duration of hyponatremia.
Remember(Symptoms of hyponatremia depict neurological dysfunction induced
by cerebral edema. Cerebral edema occurs due to a decrease in serum osmolality,
which causes water movement into cells.

(Giveattention o other Symptoms of hyponatremia like) anorexia, nausea, dizzi-
ness, and lack of balance.

Examine previous records of serum sodium to assess chronicity.

Chronic hyponatremia patients may appear to be asymptomatic despite a serum
(Sodium concentration that is persistently) below 120 mEq/L.
(Netrological symptoms ate much less severe in chronic hyponatremia due to

cerebral adaptation. They may present with nausea, fatigue, lethargy, dizziness,
gait disturbances, forgetfulness, confusion, and muscle cramps.

rarely seen in chronic hyponatremia and often reflect an
acute deterioration of the hyponatremia.

Ask for a history of electrolyte-rich fluid loss (vomiting, diarrhea, or diuretic
therapy) that may point to hypovolemia.

Ask for a history of excessive water intake.

Elicit a history of low protein intake and/or high fluid intake.

Look for a history of use of [edications that cause hyponatremia, such as) thia-
zide and thiazide-type diuretics, mannitol, desmopressin (dIDAVP), intravenous
immunoglobulin, and medications acting on the central nervous system, includ-
ing some antidepressants, antiepileptics, and antipsychotics.

Inquire and look for any symptoms and signs of adrenal deficiency or
hypothyroidism.

Ask for a history of hyponatremia.
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@ (66K fora history consistent with) malignancy, HIV, hepatic failure, or plasma

cell dyscrasia or renal failure.

Assess volume status. Look for §igns of extracellular volume depletion, such'as
decreased skin turgor, a low jugular venous pressure, or orthostatic/persistent
hypotension, which may be due to hypovolemia.

Look for{féatures of fluidoverload suchas pedal edema, ascites, and pleural effu-
sion, which can be due to heart failure, cirrhosis, or renal failure.

Determine the severity of symptoms, moderate or severe.

Determine the need for hospitalization—a patient who develops acute symptoms
with severe hyponatremia

Step 3: Assess the Severity of Hyponatremia

Mild hyponatremia—130-134 mmol/L
Moderate hyponatremia—120-129 mmol/L
Severe hyponatremia—Iess than 120 mmol/L

Step 4: Approach to Hyponatremia and Finding Etiology
(Fig. 1.1)

© (ASSESS volume status, measure serum and urine osmolality, and measure spot

urine sodium.

@ (Wheneverhyperglycemiais presenty correct the serum sodium concentration for

the effect of glucose to identify the correct sodium level and exclude hypertonic
hyponatremia. Correct Na using the formula: [Na + 2.4 (Glucose/100-1)].
Plasma osmolality is normally around (280-295) mOsm/kg.

(Measured for right interpretation, but can be calculated as follows:

[2Na + Glucose (inmg/dL)/18+ BUN (inmg/dL) /2.8 |

Serum tonicity (effective serum osmolality) is fie/parameter sensed by osmores)

(€EptotS: serum tonicity controls the transcellular distribution of water. Water can
freely cross almost all cell membranes and move from a lower tonicity area
(higher water content) to an area of higher tonicity (lower water content).
tonicity depicts the
concentration of solutes that do not easily cross cell membranes (mostly sodium
salts with a small contribution from glucose) and therefore controls the move-
ment of water between cells and the extracellular fluid.
On the other hand, osmolality also includes the osmotic contributions of urea and
(if present) ethanol or other alcohols or glycols, which are considered
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Approach to Hyponatremia:

Cormacted Na {Na + 2.4 (Glucose/100 -1]]

{for Hyperglycemia)
Biasens Gornilliy {2Na + Glucose in mg/dLy'18 + BUN in mgidLy/ 2.8}
I ] 1
ISOTONIC n:gﬁ;?—géi‘m HYPERTONIC
HYPONATREMIA (<280 mosmkg) HYPONATREMIA
(280 - 295 mosm/kg) (>295 mosm/kg)

(Ineffective osmoles like Trus Hyponsiemia (High osmoles like
Mannitol, Glucose,

Urina Osmolality Lipids, paraprotains, IVIG)
_> Glycine)
< Urinn Osmoluity
=100 =100
mOsmkg TRl

Urine Diluting eapacity
ta impaired

Urine Diluting capacity is normal
{Water intake in excess)

Falydipsia
Beer potomania.
Tea & toast diet

lume stat
Volume status VOLUME STATUS
H S el

rine Ni o
sl Linetia < o B 0 ENDOCAINAL CAUSES e Urnie Na 520
EXTRA REMAL Losg] | FENAL LOSS s
Renal Fail
Darrteatvomiting Diuratic : Hypottyreissn A e
Buns. e i
Frenal Tubular acidosis
Pancrestitis < SIADH
Third space losa Cerabral salt wasting Fiaset Osmosiat syndroms

Fig. 1.1 An approach to hyponatremia

“ineffective” osmoles since they can pass freely and equilibrate across the cell
membrane and therefore have little effect on water movement.

Tonicity = measured serum osmolality —(BUN /2.8)

* All patients with true hyponatremia will have low serum osmolality.

* Isotonic hyponatremia (pseudohyponatremia) is where plasma osmolality is
(280-295) mOsm/kg commonly due to ineffective osmoles like hyperlipidemia
and paraproteinemia,

* Hypertonic hyponatremia is where plasma osmolality is more than 295 mOsm/
kg. It results from the presence in extracellular fluid (ECF) of highly effective
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osmoles other than sodium like mannitol, glucose, and glycerol. The osmotic

pressure exerted by the non-sodium solute causes redistribution of water into

ECEF, leading to cellular dehydration and hyponatremia.

Hypotonic hyponatremia (true hyponatremia) is where plasma osmolality is less

than 280 mOsm/kg. This needs to be evaluated further with urine osmolality.

Urine osmolality less than 100 mOsm/kg implicates normal diluting capacity of

the renal system, so hyponatremia in such a situation is found in patients with

polydipsia, Poor protein intake like malnutrition, beer potomania, tea, and
toast diet.

Urine osmolality of more than 100 mOsm/kg implicates impaired urine diluting

capacity and is to be evaluated further with ECF volume status. Urine osmolality

may be calculated using the last two digits of urine specific gravity x 30.

Patients with lipemic serum, severe obstructive jaundice, or a known plasma cell

dyscrasia may have pseudohyponatremia. This laboratory artifact occurs when

sodium is measured with flame photometry.

Look if the patient had recent surgery utilizing large volumes of electrolyte-poor

irrigation fluid (e.g., prostate or intrauterine procedures) or treatment with man-

nitol, glycerol, or intravenous immunoglobulin, which causes iso-osmolar or
hyperosmolar hyponatremia.

Estimate serum creatinine concentration for glomerular filtration rate (GFR). Both

severely reduced GFR and thiazide (or thiazide-type) diuretics are important

causes of hypotonic hyponatremia.

The volume status of the patient can guide us to further evaluate other causes.

— Hypervolemic hyponatremia may present with edema, usually seen in
patients with heart/liver/renal failure. Nonedematous patients with hypotonic
hyponatremia are either euvolemic/hypovolemic.

— Euvolemic hyponatremia is seen mostly with endocrinal disturbances like
hypothyroidism,  adrenocortical  insufficiency, and  drug-induced
hyponatremia.

— Hypovolemic hyponatremia can be associated with renal or extrarenal
causes. This can be differentiated by taking urine Na levels. Most patients
with hypovolemic hyponatremia exhibit clear signs of volume depletion;
however, some hypovolemic patients may display more subtle signs, leading
to a mistaken diagnosis of euvolemia.

— Urine Na is found to be higher in renal causes like diuretics, and road traffic
accident (RTA) (high in cerebral salt wasting as well). On the other hand, it
has lower values in extrarenal causes like diarrhea, vomiting, burns, pancre-
atitis, and third space losses. These parameters are not applicable in patients
receiving diuretics or having intrinsic renal disease.

Initially investigations (serum and urine Na) (plasma and urine osmolality) can

be sent for initial approach and aid in further assessment.
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Step 5: Send Further Investigations

In addition to serum osmolality, urine osmolality, and urinary sodium, send further
investigations to ascertain the cause and severity of hyponatremia.

¢ Serum K, Cl, bicarbonate

* Serum glucose, urea, creatinine, uric acid, total proteins, triglycerides

* Arterial blood gases

e Serum TSH, serum cortisol level

¢ Urine—creatinine, uric acid

* Fractionated excretion of sodium (FE Na) = (Urinary Na x Plasma Cr)/(Plasma
Na x Urinary Cr) x 100

Step 6: Manage Hyponatremia (Fig. 1.2)

¢ Correct serum sodium
— Hypertonic hyponatremia can be treated by removing the offending hyperos-
molar agent like mannitol or glycine.
* Isotonic hyponatremia is not clinically significant as it is an effect of inef-
fective osmoles and less likely to result in fluid shifts and cerebral edema.
* Hypotonic hyponatremia, also called true hyponatremia, is what truly
needs to be treated based on the duration/severity of symptoms.
— Any patient with acute presentation (<48 h) or neurological symptoms needs
to be actively treated.
* The treatment of hyponatremia in hospitalized patients has four objectives.
— To prevent further decrease in the serum sodium concentration
— To decrease intracranial pressure in patients at risk for developing brain
herniation
— To alleviate symptoms of hyponatremia
— To avoid excessive correction of hyponatremia
e Treatment of hyponatremia depends on
Severity
Duration
— Symptoms
Presence of pre-existing intracranial pathology
e The risk of cerebral edema is greater in acute hyponatremia and thus needs
aggressive therapy.
e Chronic hyponatremia with lower serum sodium concentration has a greater risk
of complications from overaggressive therapy and needs close monitoring to
avoid overcorrection.
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Management of Hyponatremia:

Hypenatremia (<130 meg/L)

Acte  /Symptomatic Chrenic/ Unknown duration
(<A8tws)

'

Raausoiation: 3% NS with Target Ma rise upto & mmal’] in first 8 hrs but paticry 0.9% Nomal saline but
not mare than 12 mEg/ rise in 24 hrs, not mare than 12 mEqg /1 risa in 24 hra
[petritive Teatmert: Cause s 1o be treated | | |

HYPOTONIC
HYONATREMIA

HYPERTONIC
HYPOMNATREMIA

Remove affending agents like Maennitol Dextrose ]

ISOTONIC
HYPONATREMIA

No treatment required

SIADH- Tolvaptans, nesnlct Fluid

Demeclocycling
Mineralocorticoid deficiency- Steroid 'ﬂﬂalmuﬂl i e of heartIhenkidney faillne
H ol Thyroid

Fig. 1.2 Management of hyponatremia

Table 1.1 Risk factors of neurological complications in hyponatremia

Acute cerebral edema Osmotic demyelination syndrome
Postoperative patients and young females Too rapid correction of sodium
Serum sodium less than 105 mEq/L
Concurrent hypokalemia
Children Malnourished patients
Psychiatric polydipsic patients Alcoholics
Burn patients
Elderly women taking thiazides

 Patients with acute severe (i.e., serum sodium less than 120 mEq/L) symptomatic
hyponatremia should be treated in hospital.

» Risks of treatment (osmotic demyelination) should be balanced against benefits
(see Table 1.1). Too rapid correction of sodium is the most important risk factor
for the development of osmotic demyelination syndrome.

Step 7: Choice of Fluid

e Patients with severe symptomatic hyponatremia should be treated with 3%
hypertonic saline regardless of cause until resolution of symptoms.
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* Plasma Na can be raised up to 4-6 mEq/L in the first 6 h or less in severely symp-
tomatic patients. The same goal can be achieved over 24 h in less symptomatic
patients. After the initial 3—4 h of rapid correction, the rate of correction should
be slowed down. In patients with chronic severe hyponatremia, the maximum
rate of correction should be 8 mEq/L in any 24 h.

* Asymptomatic patients can be treated with 0.9% normal saline with a target rise
in plasma Na at the rate of 0.5 mEq/L/h but less than 10-12 mEq/L in 24 h as a
more rapid elevation could lead to central pontine myelinosis.

e It is the daily change rather than the hourly rise of serum sodium that increases
the risk of developing osmotic demyelination syndrome (ODS).

Step 8: Rate of Correction for Hyponatremia

¢ The quantity of sodium required to achieve the desired elevation in plasma Na,
¢ Sodium Deficit = Total Body Water (TBW) x (desired change in S.Na)

where TBW =body weight (kg) xY (Table 1.2).

— For a 70-kg symptomatic man with plasma Na 105 mEq/L, the amount of
sodium needed to raise plasma Na by 6 mEq/L in the first 6 h is

— Sodium required = 0.6 x 70 x 6 = 252 mEq/L

* That is, approximately 500 mL 3%NS needed.

* Since 1000 mL of 3% NS has around 500 meq Na, so
— 500 mL of 3% saline solution would be needed in the first 6 h, that is, 83 mL/h.

* A simpler approach is to calculate the amount of 3% hypertonic saline needed to
raise serum sodium by 1 mEq/L, which is approximately 1 mL/kg of 3% hyper-
tonic saline.

— The rise in sodium should always be verified by repeated frequent serial mea-
surements (4—6) hourly. These formulas are just an approximation that do not
take into account the translocation of water, correction of the underlying
cause, or ongoing water loss.

* The current recommendations for correcting hyponatremia are as follows:
— Treat asymptomatic patients with a 50 mL bolus of 3% saline over 30 mins to
prevent it from falling further. Avoid hypertonic saline if sodium is already
autocorrecting.
— Patients with features of increased intracranial pressure are given 100 mL of
3% saline followed by additional two boluses (300 mL total) if symptoms
persist over 30 mins.

Table 1.2 Total body water in different population

Children Adult men Adult women Elderly men Elderly women
Y = 0.6 0.6 0.5 0.5 0.45
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— In chronic hyponatremia with mild-to-moderate symptoms but serum sodium
<120 mEq/L, initiate 3% saline at a rate of 0.25 mL/kg/h, and in patients who
are at a high risk of developing osmotic demyelination syndrome, simultane-
ously start desmopressin to prevent overly rapid correction.

— In chronic hyponatremia with mild-to-moderate symptoms and serum sodium
>120 mEq/L water restriction less than the urine output volume and treat the
underlying cause.

Step 9: Euvolemic, Hypo-Osmolar, Hyponatremia

Consider SIADH

* Clinical euvolemia.

* SIADH is the most common cause of hyponatremia in euvolemic patients with
high urine osmolality (more than 300 mOsm/kg H,0O) and low serum osmolality
less than 275 mOsm/kg H,O.

» It is diagnosed after other etiologies are excluded.

* Urinary sodium concentration more than 40 mmol/L.

* Hypouricemia (less than 4 mg/dL L) due to increased urinary uric acid excretion
and low blood urea nitrogen due to increased urea clearance.

¢ Normal renal, hepatic, adrenal, and thyroid function.

¢ In severely symptomatic patients:

— Give 3% hypertonic saline to raise serum sodium by up to 6 mEq/L in the
first 6 h.

— The serum sodium should be measured frequently at 2-3 h, and the subse-
quent infusion rate should be adjusted to achieve a rate of correction of no
more than 10- mEq/L in 24 h.

¢ In asymptomatic and mildly symptomatic patients:

— Fluid restriction with the suggested intake of less than 800 mL/day is the
mainstay of treatment in most patients with STADH; do not restrict fluid in
subarachnoid hemorrhage as it may induce cerebral vasospasm in such cases.

— Fluid restriction is defined as the intake of fluid less than urinary output.

— Oral salt tablets (1 gmNaCl =17 meq) can be administered.

— Use intravenous saline like hypertonic saline, the electrolyte concentration of
which must be greater than the electrolyte concentration of the urine.

— Isotonic saline is infrequently effective and often leads to further lowering of
the serum sodium.

— Potassium is as osmotically active as sodium. So, giving potassium (usually
for concurrent hypokalemia) can raise the serum sodium concentration and
osmolality in hyponatremic patients. Intracellular sodium moves into the
extracellular fluid in exchange for potassium and also extracellular chloride
moves into the cells with potassium, so the increase in cell osmolality pro-
motes free water entry into the cells and raises sodium.
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Loop diuretics may be added if urine output is very low and urine osmolality is

more than twice the plasma osmolality (typically more than 550). Loop diuretics

like furosemide inhibit sodium chloride reabsorption in the thick ascending limb

of the loop of Henle interfere with the countercurrent mechanism and induce a

state of antidiuretic hormone (ADH) resistance, resulting in the excretion of a

less-concentrated urine and increased water loss.

Consider vasopressin antagonist (vaptans) if no contraindications.

— There are multiple receptors for the ADH vasopressin: the V1a, V1b, and V2
receptors.

— The V2 receptors primarily mediate the antidiuretic response, while V1a and
V1b receptors principally cause vasoconstriction and mediate adrenocortico-
tropic hormone (ACTH) release, respectively.

— Some oral formulations, such as tolvaptan, mozavaptan, satavaptan, and lix-
ivaptan, are selective for the V2 receptor.

— Conivaptan blocks both the V2 and V1a receptors.

— The vasopressin receptor antagonists produce a selective water diuresis (also
called aquaresis) without affecting sodium and potassium excretion.

— The free water loss will tend to correct the hyponatremia.

— Thirst increases significantly with these agents, which may limit the rise in
serum sodium.

— Oral tolvaptan is available and recommended for use in these patients with
hyponatremia due to SIADH. Dose 15 mg once daily to a maximum of
60 m daily.

— These should be avoided in acute STADH.

— Tolvaptan should not be used for longer than 1 month and should not be given
to patients with liver disease (including cirrhosis).

— Conivaptan, Vla receptor blockade might worsen renal function in patients
with cirrhosis since terlipressin, a V1a receptor agonist, has been used to treat
hepatorenal syndrome.

Demeclocycline can also be given in STADH 600-1200 mg/day.
In all cases of SIADH, correct the underlying cause and withdraw any offend-
ing drug.
Other causes of euvolemic, hypo-osmolar hyponatremia such as hypothyroid,
adrenal insufficiency, renal disease, and psychogenic polydipsia should be man-
aged by water restriction, hormone replacement, and treatment of the underly-
ing disease
Hyponatremia with a reset osmostat pattern is a variant of the SIADH and
should be suspected in any patient with mild-to-moderate hyponatremia (usu-
ally between 125 and 135 mEq/L) that is stable over time despite variations in
sodium and water intake. The recommendations for SIADH do not apply to
patients with reset osmostats. Treatment should be primarily directed at the
underlying disease.
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Step 10: Hypervolemic, Hypo-Osmolar, Hyponatremia

e It should be considered in edematous states such as cirrhosis, nephrotic syn-
drome, cardiac failure, and renal failure.

* Hyponatremic patients with heart failure or cirrhosis usually are in an advanced
stage of the disease and present with clinically apparent peripheral edema and/or
ascites.

* There is no evidence that correction of hyponatremia leads to improvement of
hemodynamic disturbances or clinical outcomes associated with the underlying
severe chronic heart failure.

* The main indications for specific therapy to correct hyponatremia are a serum
sodium concentration below 120 mEq/L (severe hyponatremia) and/or the pres-
ence of symptoms that might be due to hyponatremia.

* Cardiac failure with hyponatremia
— Restrict fluids
— Give loop diuretics
— Angiotensin inhibition with an angiotensin-converting enzyme (ACE) inhibi-

tor or an angiotensin II receptor blocker (ARB) and a loop diuretic may be
added to raise the serum sodium concentration.

— Tolvaptan may have a role in the management of hyponatremia in patients
with chronic heart failure when other management options have failed to
increase the serum sodium above 120 mEq/L and/or ameliorate symptoms of
hyponatremia.

— Treat the underlying disease.

— Avoid extra sodium.

¢ Cirrhosis with hyponatremia
— Withdraw beta-blockers, alpha-blockers, diuretics (particularly thiazide

diuretics).

— Correct hypokalemia.

— Treat patients who have persistent hypotension.

— Midodrine is the agent typically used to increase blood pressure in cirrhotic
patients.

— In a severe symptomatic, attempt to raise the serum sodium with an infusion
of albumin or hypertonic saline.

— Hemodialysis can be done in advanced renal dysfunctions.

Step 11: Hypovolemic, Hypo-Osmolar, Hyponatremia

* Consider the volume-depleted state (renal or extrarenal).
* These should be managed by the following:

— Volume replacement.

— Treat the underlying disease.
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— Low urine sodium (<20 mEq/L)—the urine sodium is less than 20 mEq/L in
patients with hypovolemia caused by gastrointestinal fluid losses (e.g., diar-
rhea), by the movement of fluid into the “third space” (e.g., pancreatitis).

— High urine sodium (>40 mEq/L) with low urine chloride (<20 mEq/L) in
hypovolemic hyponatremia patients can be present, who have metabolic alka-
losis. This is caused by vomiting. There is a loss of bicarbonate in urine that
negates the use of urine sodium as a marker of hypovolemia.

— High urine sodium and chloride (>40 mEq/L)—the sodium and chloride con-
centrations are usually above 40 mEq/L in hypovolemic hyponatremic
patients with renal salt losses.

Diuretic-Induced Hyponatremia

This may mimic SIADH as it may be clinically euvolemic.

Occurs predominantly with thiazide diuretics.

May occur within a few days of starting diuretics.

Elderly patients with a low body mass are more vulnerable.

May be associated with increased water intake.

Managed by stopping diuretics, isotonic or hypertonic saline, in symptomatic
patients.

At a high risk of rapid correction after stopping diuretics.

Careful monitoring is required to avoid osmotic demyelination in these patients.
Hyponatremic patients who present with clinical symptoms and signs of hypovo-
lemia may have extrarenal fluid losses or renal fluid losses.

Measurement of the urine sodium and chloride concentrations can often distin-
guish between these.

Nonedematous patients with hypotonic hyponatremia are either euvolemic or
hypovolemic.

Sometimes both STADH and thiazide-induced hyponatremia may be present due
to the underlying disease and diuretic used, respectively.

Cerebral Salt Wasting (CSW)

This may mimic SIADH as laboratory findings are similar but the management
is very different. There is a need for fluid restriction in SIADH in contrast to the
need for fluid replenishment in CSW.

Hyponatremia with a low plasma osmolality.

An inappropriately elevated urine osmolality (>100 mOsm/kg and usually
>300 mOsm/kg).

A urine sodium concentration above 40 mEq/L.

Much less common than STADH.

Occurs with acute CNS disease, mainly subarachnoid hemorrhage.

Clinically hypovolemic.

Normal serum uric acid.

Increased fractional excretion of urate.
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Table 1.3 Differentiating SIADH from CSW

CSW SIADH
Plasma volume Decreased Normal or increased
Salt balance Negative Normal
H,O0 balance Negative Increased or no change
Signs of dehydration Present Absent
Weight Decreased Increased or no change
PCWP and CVP Decreased Increased or normal
Hematocrit Increased Increased or normal
BUN/creatinine ratio Increased Normal
Serum protein concentration  Increased Normal
Serum K concentration Increased or no change Decreased or no change
Serum uric acid concentration Normal Decreased

PCWP pulmonary capillary wedge pressure, CVP central venous pressure, BUN blood urea
nitrogen

* This can be differentiated from SIADH as mentioned in Table 1.3.
e Management
— Treat the underlying causes of CSW like subarachnoid hemorrhage.
— Put the central line.
— Volume replacement—match urine loss.
— Amount of sodium required = sodium deficit x total body water.
— Blood product if anemia is present.

Step 12: Hyperosmolar Hyponatremia

e Consider hypertonic mannitol, glycine, or other osmotic agents and
hyperglycemia.

» Patients with recent prostate or uterine surgery. The absorption of nonconductive
glycine, sorbitol, or mannitol irrigation solutions during TURP of the prostate or
bladder or hysteroscopy or laparoscopic surgery can lower the serum sodium by
escalating the extracellular fluid volume along with these sodium-free solutions.

e Treatment
— Stop infusion.

— Hyperglycemia—stop or decrease glucose administration.
— Give insulin and fluids.
— Target a drop in glucose concentration of 75-100 mg/dL/h.

Step 13:Iso-Osmolar Hyponatremia

* Consider pseudohyponatremia (drip arm sample, hyperlipidemia, paraprotein-
emia, plasma cell dyscrasia, and patients with obstructive jaundice.

e Usually, asymptomatic.

* No treatment is required.
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Case Vignette for the Management of Hyponatremia (Tables 1.4, 1.5, 1.6, 1.7,

1.8, and 1.9)

Table 1.4 Case 1

Table 1.5 Case 2

1. A 70 kg diabetic man presents with polyuria, serum Na
130 mEq/L, BUN 18, and urine osmolality 220 mOsm/kg. His
RBS was found to be 400 mg/dL.

Glucose
Corrected Na

400

Na + 2.4 [(Glu/100)-1]
130 + 2.4[(400/100)-1]
137.2

Normonatremic

2. An 80 kg woman presents with nausea, loss of appetite, and
weakness. She has no signs of dehydration as such. On
evaluation, she has serum Na 130 mEq/L, RBS 120 mg/dL,
BUN 10, urine osmolality 160 mOsm/kg, and urine Na 45.
How do we approach this case?

Glucose
Corrected Na

Plasma osmolality

Urine osmolality
Volume status
Urine Na

Diagnosis
Management

120

Na + 2.4 [(Glu/100)—1]

130 + 2.4[(120/100)—1]

130.48

Hyponatremic

2Na + Glu/18 + BUN/2.14

[(2 x 130) + (120/18) + (10/2.14)]
270.7

Hypotonic hyponatremia

160

Impaired water excretion as Uosm>100

Not suggestive of dehydration or fluid
overload

45

SIADH

Fluid restriction

Treat underlying cause

Cautious use of tolvaptan
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Table 1.6 Case 3

Table 1.7 Case 4

. An 80 kg female case of road traffic accident with intracranial

hemorrhage presents to ER with BP of 100/60 mmHg with
high urine output. On evaluation, she has serum Na

130 mEq/L, RBS 135 mg/dL, BUN 10, urine osmolality

160 mOsm/kg, and urine Na 250. IVC diameter is < 2 cm with
more than 50% collapsibility. What is your diagnosis?

Glucose 135

Corrected Na Na + 2.4 [(Glu/100)-1]
130 + 2.4[(135/100)-1]
130.84
Hyponatremic

Plasma osmolality 2Na + Glu/18 + BUN/2.14

[(2 x 130) + (135/18) + (10/2.14)]
272.17
Hypotonic hyponatremia

Urine osmolality 160

Impaired water excretion as Uosm>100
Volume status Hypovolemic
Urine Na 250
Diagnosis Cerebral wasting syndrome (CSW)
Management Isotonic saline

4. A 55 kg man presents with fever, abdominal cramps, vomiting,

loose motion, and decreased urine output for three days. He
has sunken eyes, dry tongue, and poor skin turgor. On
evaluation, he has S Na 128 mEq/L, RBS 120 mg/dL, BUN 10,
urine osmolality 180 mOsm/kg, and urine Na 15. What is your
diagnosis?

Glucose 120

Corrected Na Na + 2.4 [(Glu/100)-1]
128 + 2.4[(120/100)-1]
128.48
Hyponatremic

Plasma osmolality 2Na + Glu/18 + BUN/2.14

[(2 x 128) + (120/18) + (10/2.14)]
267.33
Hypotonic hyponatremia

Urine osmolality 180
Impaired water excretion as Uosm>100
Volume status Dehydrated, hypovolemic
Urine Na 15
Diagnosis GI cause, probably acute gastroenteritis

Management Fluid and electrolyte resuscitation
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Table 1.8 Case 5 5. A 70 kg man presented with headache, confusion, and
nausea for the past 36 h. On evaluation, serum Na is
110 mEqg/L and RBS 124 mg/dL.

Symptoms? Symptomatic

Choice of fluid 3% NS till resolution of symptoms

Rate of correction Up to
6 mEq/L in first 6 h (but 8 meq/L in
24 h)

Sodium deficit TBW x (target change in serum Na)
(0.6 x 70) x 6)
250 mEq/L

3% NS 1000 mL of 3% NS contains about
500 mEq Na
500 mL of 3%NS over 6 h
80 mL/h of 3%NS for 6 h

Table 1.9 Case 6 6. A 65 kg woman was referred from another hospital with a fall

in serum Na to 110 mEqg/L in 24 h, although with no
symptoms. Her RBS was found to be 142 mg/dL.

Symptoms? Asymptomatic
Choice of fluid 3%NS (as acute severe hyponatremia)
Rate of correction 10 mEq/L over 24 h
Sodium deficit TBW x (target change in serum Na)
(0.6 x 70) x 10)
420 mEq/L
3% NS 1000 mL of 3% NS contains about

500 mEq Na, so

2 mL (double) of 3%NS will be required
to replace 1 mEq Na

840 mL over 24 h

35 mL/h for 24 h
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A 75-year-old male patient, a case of chronic obstructive pulmonary disease
(COPD), was transferred from another hospital with complaints of fever,
increased breathlessness for 5 days, and altered sensorium for 1 day. He also
had an episode of seizure 1 day. He was being managed as an acute exacerba-
tion of COPD with cor pulmonale and pneumonia. He received antibiotics
and diuretic therapy in the previous hospital. On evaluation, his laboratory
values showed hemoglobin 13 g/dL, packed cell volume of 38.5%, serum
sodium 160 mEq/L, serum potassium 3.0 mEq/L, serum urea 146 mg/dL, and
serum creatinine of 1 mg/dL.

Hypernatremia is a common problem characterized by a rise in serum sodium above
145 mEq/1t. This condition is caused by a decrease in total body water relative to the
sodium content. Normally it gets corrected due to thirst and increased water intake.

e It is important to understand the changes in extracellular fluid (ECF) and intra-
cellular fluid (ICF) compartments during normal states and states of hypernatre-
mia (Fig. 2.1).
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TBW (Total Body water)
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ECF ICF
(1/3 of TBW) (2/31 of TBW)

a — >
Normally total body water is distributed as 1/3 in

Extracellular & 2/3 in intracellular space. The major

cations in ECF & ICF are Na & K respectively. o
Hypernatremia is the result of pure water loss, hypotonic

fluid loss or hypertonic sodium gain

b
Pure water loss increases osmolality in ECF leading to———»
transfer of water out of cells until osmolality in both the
compartments are equally distributed. As most of total
body water is intracellular, the effect of pure water loss
on ECF volume is minimal & thus results in euvolemic

hypernatrmia. E.g diabetes insipidus.

C N
Hypotonic fluid loss leads to decrease in both sodium &
water from ECF. There is less compensatory osmotic shift

as sodium is also lost along with water. ECF volume is

thus decreased leading to hypovolemic hypernatremia
e.g. vomiting, osmotic diuresis.

d —
Hypotonic sodium gain leads to increase

in sodium & water in extracellular fluid
thus expanding the ECF volume leading

to hypervolemic hypernatremia e.g.
hypertonic 3% NS, sodium bicarbonate

Fig. 2.1 Extracellular and intracellular fluid compartment during normal conditions and during
hypernatremia

e Asdepicted in Fig. 2.1a, total body water is normally distributed as one-third in
extracellular and two-thirds in intracellular space, where Na and K are the major
cations in ECF and ICF, respectively. Hypernatremia can occur either due to pure
water loss, hypotonic fluid loss, or hypertonic sodium gain.

e Asin Fig. 2.1b, in conditions with pure water loss, there is an increase in extra-
cellular fluid (ECF) osmolality, leading to the transfer of water out of cells until
osmolality in both compartments is equally distributed. As most of the total body
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water is intracellular, the effect of pure water loss on ECF volume is minimal and
thus results in euvolemic hypernatremia, for example, diabetes insipidus.

e AsinFig. 2.1c, hypotonic fluid loss leads to a decrease in both sodium and water
from ECF. There is less compensatory osmotic shift as sodium is also lost along
with water. ECF volume is thus decreased leading to hypovolemic hypernatre-
mia, for example, vomiting and osmotic diuresis.

e Asseen in Fig. 2.1d, hypertonic sodium gain leads to an increase in sodium and
water in extracellular fluid, thus expanding the ECF volume and leading to
hypervolemic hypernatremia, for example, hypertonic 3% NS and sodium
bicarbonate.

The goal of management involves identifying hypernatremia and correcting vol-
ume disturbances and hypertonicity.
Grades of hypernatremia:

Mild: (145-150) mEq/L
Moderate: (151-170) mEq/L
Severe: (>170) mEq/L

Step 1: Initiate Resuscitation (Refer Chap. 24)

* Assess and secure the airway and provide ventilatory support when required.

« Differentiate between hypovolemia, which is due to water and sodium loss, and
dehydration, which is predominantly due to water loss

 Infuse isotonic sodium chloride in hypovolemic patients.

Step 2: Take History and Perform a Physical Examination

¢ This should be done to assess the etiology of hypernatremia and the severity of
the problem.
¢ Look for symptoms suggestive of hypernatremia (Table 2.1). These are nonspe-
cific and may even mimic the rapid fall of serum sodium.
* History should be taken focusing on the following problems:
— Extrarenal fluid losses (e.g., burns, vomiting, diarrhea, fever, high minute
ventilation in mechanically ventilated patients)

Table 2.1 Clinical features suggestive of hypernatremia

Central nervous system

Anorexia Restlessness Confusion Weakness
Lethargy Seizure Respiratory failure Coma
Musculoskeletal symptoms

Twitching Hyperreflexia Ataxia Tremor
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— Decreased fluid intake

— Polyuria (i.e., signs of diabetes insipidus [DI] or osmotic diuresis)

— Review drug chart (drugs causing DI, osmotic diuretics, osmotic laxatives,
glycosuria)

— Review previous sodium levels to assess chronicity

— Hypertonic solution infusion (sodium bicarbonate, hypertonic saline, total
parenteral nutrition)

— Hypertonic feed (high-protein formula, concentrated formula)

Step 3: Assess Volume Status

e This is important to understand the underlying pathophysiology of hypernatre-
mia (Table 2.2) and plan the treatment strategy.

¢ Volume status can be assessed by clinical means, hemodynamic monitoring, and
urine biochemistry (Table 2.3).

Table 2.2 Pathophysiology of hypernatremia

Hypovolemic (i.e., water deficit > sodium deficit)

Extrarenal losses—diarrhea, vomiting, fistulas, significant burns

Renal losses

Osmotic diuretics (glycosuria, urea diuresis due to catabolism, recovery from renal failure,
mannitol)

Diuretics

Postobstructive diuresis

Intrinsic renal disease (renal tubular disease)

Adipsic hypernatremia is secondary to decreased thirst

Damaged hypothalamic thirst centers

Hypervolemic (i.e., sodium gain > water gain)

Hypertonic saline

Sodium bicarbonate administration

Accidental salt ingestion (e.g., error in preparation of infant formula)

Mineralocorticoid excess (Cushing’s syndrome)

Net sodium gain treating hypotonic fluid loss mainly water loss by isotonic normal saline and
subsequently giving loop diuretics for edema

Euvolemic

Extrarenal losses—increased insensible loss (e.g., hyperventilation)

Renal losses—Arginine arginine vasopressin deficiency or resistance (formerly called central
DI, nephrogenic DI)

Mostly free water loss is from intracellular and interstitial spaces
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Table 2.3 Assessment of A. Clinical
low-volume status Increasing thirst
Dry tongue, sunken eyes, reduced skin turgor on the forehead and
sternal skin
Orthostatic tachycardia (>20/min rise of pulse rate)
Orthostatic hypotension (>20 mmHg fall in systolic BP or
>10 mmHg fall in diastolic BP)
Resting tachycardia and hypotension
Low urine output, concentrated urine (extrarenal loss)
B. Hemodynamic
Low central venous pressure
Arterial pressure variation (in ventilated patients)
Rising arterial pressure on passive leg raising (spontaneously
breathing patients)
C. Biochemistry
Rising hematocrit
Rising albumin
Raised urea in proportion to serum creatinine
High serum uric acid
High urine osmolarity
Low urine sodium (extrarenal loss)
Low urine chloride (metabolic alkalosis)

Step 4: Send Investigations

* Arterial blood gases and serum electrolytes
— Blood glucose, blood urea, serum creatinine, and uric acid
e Serum osmolality and urine osmolality
e Urinary sodium and chloride
* If indicated, do imaging studies: head CT scan or MRI

Step 5: Approach to Hypernatremia (Fig. 2.2)

* Serum osmolality is always increased in patients with hypernatremia.
*  The volume status of patients is to be assessed.
— Hypovolemia is seen in case of water loss from the gastrointestinal, renal tract
or skin.
— Hypervolemia is common in patients with hypertonic saline and sodium
bicarbonate. It is also seen with hyperaldosteronism and Cushing’s syndrome.
— Euvolemic patients are to be further evaluated with urine osmolality.
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Plasma Na
ECF Volume

Urine osmolalit
/ U osm < 300 mOsm/kg U osm > 300 mOsm/kg

| | |

Euvolemic Hypervolemic
Hypernatremia Hypernatremia

* Hypertonic fluids like

Water loss from - 3%NS, Sodium bicarbonate
Gl/ Renal/ Skin * HyperAldosteronism

* Cushing syndrome

Hypovolemic
Hypernatremia

Extrarenal cause
Diabetes Insipidus (e.g. Insensible losses)

Desmopressin response Respond to Desmopressin

i

Yes ;—1—; No
Central DI Nephrogenic DI

Fig. 2.2 Approach to hypernatremia

Urine osmolality in euvolemic hypernatremic patients can aid in further

diagnosis.

— Urine osmolality of less than 300 mOsm/kg is seen in diabetes insipidus.
Central DI responds to desmopressin while nephrogenic DI does not respond
to this.

— Urine osmolality of more than 300 mOsm/kg can be seen with extrarenal
causes like insensible losses.

Urine osmolality of 300—-600 mOsmols/kg may be due to osmotic diuresis (check

for glycosuria).

Calculate total solute excretion (urine osmolality x urine volume); if more than

1000 models per day—osmotic diuresis.

Step 6: Treatment

The therapeutic approach depends on the rapidity at which hypernatremia has
developed, its symptoms, and whether or not it has occurred due to the correction
of severe hyperglycemia.

Aim for symptom resolution, 10-15% improvement in sodium levels in the
first 24 h.



2 Hypernatremia 27

* Correction in chronic hypernatremia (present for more than 48 h) settings:
— Total sodium correction should be less than (10) mEqg/24 h

¢ Rapid correction will cause a rapid shift of water inside the brain, causing cere-
bral edema and seizures.

Step 7: Calculate Water Deficit (Table 2.4)

Water deficit (L) = total body water (TBW) X [(measured Na/ 140) - 1}

TBW = body weight(Kg)x Y”

For example:

e 60 kg adult woman with serum sodium of 160 mEq/L. Desired
sodium is 140 mEq/L.

¢ Free water deficit =[(0.5x60)] x[(160/140) —1]=4.2 L.

» This can be given as 5% dextrose or free water through the nasogastric tube
or orally.

¢ Free water deficit = 4.2 L (see above).

* Thus, a4.2-L positive water balance must be achieved to get serum sodium down
from 160 to 140 mEq/L or by 20 mEq.

* Rate of correction = 0.5 mEq/h.

e 4.2 L of free water to be given over 40 h at a rate of approximately 100 mL/h.

¢ Insensible water loss (30 mL/h) should be added.

e Thus, 130 mL/h of free water needs to be replaced for 40 h.

* This can be done with IV 5% dextrose, 0.45% saline, or plain water by the tube
or orally.

* A large volume of 5% dextrose will lead to hyperglycemia, and if needed, insulin
should be given to prevent glycosuria, otherwise osmolar diuresis can worsen
hypernatremia.

* Sodium and/or potassium can be added to the intravenous fluid as necessary to
treat concurrent volume depletion and/or hypokalemia (e.g., due to diarrhea).

* The addition of solutes decreases the amount of free water that is being given.

e If potassium is also added, then even less free water is present and a further
adjustment to the rate must be made.

* Repeat sodium level and entire calculation every 12 h and replan infusion rate.
(This is because the urinary free water loss is not taken into account and it keeps
on changing.)

Table 2.4 Percentage of body water in body weight

Y = children Adult men Adult women Elderly men Elderly women
0.6 0.6 0.5 0.5 0.45

This is the percentage of water in total body weight
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* In general, a net positive balance of 3 mL of electrolyte-free water per kg body
weight will decrease serum sodium by 1 mEq/L.

* Initially 5% dextrose at the rate of 3—5 mL/kg/h should be infused, which should
be reduced to 1 mL/kg/h once serum sodium normalizes.

* The current recommendation is to give 5% dextrose in water intravenously at a
rate of 1.35 mL/h/kg body weight up to a maximum of 150 mL/h or approxi-
mately 70 mL/h in a 50 kg patient and 100 mL/h in a 70 kg patient.

¢ Additional free water is needed for ongoing urinary or gastrointestinal loss and
also obligatory losses from skin and stool.

¢ Due to the above reason, free water correction based solely upon calculated
water deficit will produce rate of correction less than 10 mEq/L/day.

e These calculations are only approximations, and frequent sodium and glucose
measurements every 4—6 h should be performed till serum sodium is 146 mEq/L.

Step 8: Manage Specific Hyponatremic States (Table 2.5)

The management of specific hyponatremic states according to volume status is
described in Table 2.5.

Table 2.5 Management of hypernatremia and volume status (Fig. 2.3)

Hypovolemic Volume deficit always takes precedence over correcting water deficit
hypernatremia Correct volume deficit initially by isotonic saline until improvement of
orthostasis, tachycardia, and urine output
Calculate and correct water deficit
Treat the etiology of volume loss
After correction of volume deficit, administer 0.45% saline, 5%
dextrose, or oral water, replacing deficit and ongoing losses
Euvolemic Correct water deficit
hypernatremia Administer 0.45% saline, 5% dextrose, or oral water, replacing deficit
and ongoing losses
Follow serum [Na] carefully to avoid water intoxication
Central DI—treat the underlying disease, long-term nasal pitressin or
desmopressin
Nephrogenic DI—correct calcium, potassium; remove offending drugs;
low-sodium diet
Hypervolemic Remove the source of extra sodium
hypernatremia Correct the cause
Loop diuretics alone can worsen hypernatremia; thus, combining with
metolazone or thiazide diuretics will be a better choice
Hemodialysis may be performed in renal failure
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Hypervolemic Euvolemic Hypovolemic
Hypernatremia Hypernatremia Hypernatremia

Volume reduction initially f/b Water replacement
Water replacement (Both Existing water deficit #g Volume replacement

Ongoing loss)

* Stop source of extra sodium

* Loop + Thiazide) Diuretics f/b
Water replacement

* Hemodialysis in renal failure

Fluid: 0.9% NS
Definitive T/t: Treat
the cause

Fluid replacement: Enteral water
D5W or
1/2NS

Definitive treatment: Central DI: Desmopressin
Nephrogenic DI: Thiazide +/-
Cox2 inhibitor

#Water deficit (in L)= TBWx[(measured Na /140)-1]
Insensible water loss = 30 mL/h

Fig. 2.3 Management of hypernatremia
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Hypokalemia and Hyperkalemia

Subhash Todi and Rajesh Chawla

Case Vignette

A 50-year-old male patient was admitted with generalized weakness and
abdominal distension. On examination, he was found to be alert and hemody-
namically stable. Neurological examination revealed quadriparesis.
Abdominal examination revealed distension with sluggish bowel sounds. His
serum potassium level was 2 mEq/L.

Disorder of potassium balance—both hypo- and hyperkalemia—is a common find-
ing in the ICU. These abnormalities might be subtle, requiring minimal interven-
tion, or life-threatening, requiring urgent measures. A methodological approach is
warranted to manage this problem.

Step 1: Initial Resuscitation

» Patients should be resuscitated, as mentioned in Chap. 19, vol. 1.

» Patients with severe muscle weakness due to hypokalemia need to be assessed
for airway protection and respiratory failure and if needed should be intubated
and ventilated.

 Circulatory status needs to be maintained with intravenous fluids as hypokalemic
patients are usually volume depleted.
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Step 2: Assess the Severity of Hypokalemia

* After initial resuscitation, the patient should be assessed for urgency of correc-
tion of hypokalemia.

* Urgent intravenous correction is needed in the following conditions:
— ECG changes in hypokalemia (see Table 3.1 and Fig. 3.1).

* Cardiac arrhythmia.

* Previous long QT interval.

» Severely impaired neuromuscular function.

* Diaphragmatic weakness and respiratory failure.

 Patients on digoxin or antiarrhythmic therapy.

e Old age.

* Organic heart disease.

e Serum potassium of less than 3.0 mEq/L.

* Diabetic ketoacidosis.

* Hyperosmolar nonketotic diabetes.

Table 3.1 ECG changes in ST segment depression
hypokalemia Decrease in amplitude of T waves
Increase in amplitude of U wave (occurring at the end of T)
Premature atrial or ventricular ectopics
Sinus bradycardia
Paroxysmal atrial or junctional tachycardia
Atrioventricular block
Ventricular tachycardia (torsade de pointes)
Ventricular fibrillation
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Fig. 3.1 Hypokalemia
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Step 3: Estimate Potassium Deficit

* Approximately 200 mEq potassium deficit is required to decrease serum potas-
sium by 1 mEq/L in the chronic hypokalemic state.

* In acute situations, the serum potassium concentration falls by approximately
0.27 mEq/L for every 100 mEq reduction in total body potassium stores.

* This is only an approximation, and careful monitoring of serum potassium is
required.

» This approximation only takes into consideration potassium deficit but does not
account for ongoing losses or intracellular shifts and daily maintenance require-
ment of potassium.

e Daily requirement of potassium is 40—120 meq/day.

Step 4: Replace Intravenous Potassium Chloride (Table 3.2)

Table 3.2 Replacement of potassium chloride by intravenous route (Table 3.2)

Peripheral route

It is safe

One vial (10 mL) of potassium chloride contains 20 mEq of potassium.

It is used in mild-to-moderate hypokalemia (3—-3.5 mEq/L).

20-40 mEq/L of KCl is added to each liter of fluid given over 4-6 h.

A saline rather than dextrose solution should be used. Half-strength saline with 20 mEq of KCl1
makes the solution isotonic and suitable for peripheral use.

Do not use high concentrations over 60 mEq/L; it can lead to pain and sclerosis of the
peripheral vein.

For small volume infusion of 100-200 mL, 10 mEq of potassium may be added.

Volume overload is a potential risk in susceptible subjects.

Beware of rebound hyperkalemia after potassium replacement in patients with redistribution
hypokalemia.

In patients with redistributive hypokalemia due to increased sympathetic tone (e.g., redistr in
thyrotoxic periodic paralysis, addition of nonselective beta-blockers like propranolol can
rapidly reverse hypokalemia and associated symptoms).

Central route (it is used in severe hypokalemia 2.5-3 mEq/L)

Prepare 20 mEq KCl in 50 to 100 mL normal or half-strength saline.

5-20 mEg/h (through syringe pump) can be safely given by central route (preferably femoral
vein).

Repeat every 4 h depending on the serum potassium level.

Potassium phosphate should be considered as a replacement in patients with concomitant
hypophosphatemia due to refeeding syndrome.

Life-threatening arrhythmias

Up to 40 mEq/h of KClI can be given for a few hours.

No other infusion should be going through the same catheter.

Avoid blood sampling and flushing the catheter.

Frequently monitor potassium till 3-3.5 mEq/L.

Continuous ECG monitoring is required.
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Step 5: Replace Intravenous Magnesium

* Hypomagnesemia is usually concurrently present with hypokalemia and needs to
be corrected.

e Patients with hypomagnesemia may be refractory to potassium replace-
ment alone.

Step 6: Ascertain the Cause of Hypokalemia and Manage
it Specifically (Table 3.3)

* Detailed history and physical examination should be performed to look for sys-
temic causes of hypokalemia.

» History of increased urinary or gastrointestinal loss of fluid (vomiting, diarrhea,
polyuria) should be taken.

¢ Detailed drug history to rule out drug-induced hypokalemia should also be taken.

e Urinary potassium level of more than 30 mEq/day is a feature of loss of potas-
sium in the urine.

» This can be calculated by the following:
— 24 h urine collection and measuring potassium concentration.

Table 3.3 Causes of hypokalemia

Increased entry into cells (redistributive hypokalemia)
Metabolic alkalosis

DKA or HONK after insulin replacement

Elevated B-adrenergic activity—Stress or administration of -agonists
Hypokalemic periodic paralysis

Refeeding syndrome

Hypothermia

Chloroquine intoxication

(Increase loss: Gastrointestinal)

Vomiting

Diarrhea

Nasogastric tube drainage

Laxative abuse

Increased urinary losses

Diuretics

Primary mineralocorticoid excess

Hypomagnesemia

Amphotericin B

Salt-wasting nephropathies—Including Bartter’s or Gitelman’s syndrome
Renal tubular acidosis, polyuria

Other

Dialysis

Plasmapheresis

Increased sweating

Decreased potassium intake (rare)
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— Spot urinary potassium: less than 15 mEq/L suggest nonurinary cause of
hypokalemia.

— Sending a spot sample of potassium in urine and multiplying it by 24 h urine
output (e.g. if spot sample is 10 mEq/L and 24 h urine is 1 L, then 24 h urinary
potassium loss is 10 mEq and denotes that hypokalemia is not due to urinary
loss but due to an intracellular shift or nonurinary loss).

— Spot urine potassium to creatinine ratio: if more than 13 meq/g (1.5 mEq/
mmol) of creatinine indicates inappropriate urinary loss.

* Asses acid base status:

— Metabolic acidosis with low urinary excretion of potassium is due to lower
gastrointestinal loss like diarrhea.

— Metabolic acidosis with high urinary potassium excretion is due to diabetic
ketoacidosis or type 1 renal tubular acidosis.

— Metabolic alkalosis with low urinary excretion of potassium is due to upper
gastrointestinal loss like vomiting or previous diuretic use.

— Metabolic alkalosis with high potassium urinary loss is due to recent diuretic
use or primary hyperldosteronism.

Step 7: Send Investigation

* Complete blood count.

* Na, K, Ca, Mg, PO,, HCO;.

e Urea, creatinine.

e Creatine phosphokinase (CPK) (to exclude hypokalemia-induced
rhabdomyolysis).

* Arterial blood gas analysis is performed to ascertain pH.

* ECG.

¢ Urine for K, creatinine.

 Urinalysis.

Step 8: Replace Potassium Orally

* Once serum potassium has been raised to a safe limit of above 3 mEq/L, the rest
of the replacement may be done slowly by oral route. This could be achieved by
adding a potassium-rich diet, potassium salt, or potassium chloride suspension.

* Treatment usually starts with 10-20 mEq of potassium chloride given 2—4 times
per day (20-80 mEq/day).

¢ Potassium bicarbonate orally is preferred in patients with hypokalemia and met-
abolic acidosis.

¢ Potassium phosphate should be considered as replacement in patients with con-
comitant hypophosphotemia due to refeeding syndrome or proximal renal tubu-
lar acidosis.
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Step 9: Reduce the Loss of Potassium

* In patients with hypokalemia due to increased urinary losses, potassium-sparing
diuretics such as spironolactone, amiloride, or eplerenone may be tried.

» Spironolactone or eplerenone is the drug of choice for hypokalemia due to pri-
mary hyperaldosteronism.

e Oral/IV potassium should be used with caution in these situations, especially in
patients with impaired renal function and on concomitant use of ACE inhibitors
or ARBs.

Hyperkalemia

A 60-year-old diabetic male patient, hypertensive and on angiotensin-converting
enzyme (ACE) inhibitors, was admitted with dizzy spells. On admission, his pulse
was 60/min, BP was 110/70 mmHg, and sensorium was normal. His blood bio-
chemistry showed urea 90 mg/dL, creatinine 2.0 mg/dL, Na 130 mEq/L, and K
6.5 mEq/L.

Step 1: Initiate Resuscitation

» Patients with severe hyperkalemia need an urgent intravenous access and con-
tinuous ECG monitoring.

e They can have sudden bradycardic arrest. ACLS protocol should be followed in
these situations (see Chap. 19, Vol. 1).

* Intravenous calcium gluconate/chloride should be immediately given in cardiac
arrest situations when hyperkalemia is suspected, even before potassium results
are available.

* Avoid succinylcholine in suspected hyperkalemia during rapid sequence
intubation.

* Avoid potassium-containing resuscitation fluid like Ringers lactate and balanced
salt solution during resuscitation.

Step 2: Assess the Severity of Hyperkalemia and Urgency
of Correction

* Hyperkalemia should be urgently managed in the following circumstances:
— ECG changes (see Table 3.4 and Fig. 3.2).
— The progression and severity of ECG changes do not always corelate well
with serum potassium.
e Muscle weakness or paralysis.
¢ Rhabdomyolysis.
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Table 3.4 ECG changes in hyperkalemia

Tall, peaked T waves with a shortened QT interval

Progressive lengthening of the PR interval and QRS duration

Disappearance of P waves

QRS widening and a sine wave pattern

Asystole and a flat ECG

Other conduction abnormalities: Right bundle branch block, left bundle branch block,
bifascicular block, and advanced atrioventricular block

6.5 7.0 8.0 8.0

Fig. 3.2 Hyperkalemia

e Crush injury.

e Tumor lysis syndrome.

e Serum potassium of more than 7.0 mEq/L.

» Rapidly rising potassium above 5 mEq/L.

¢ Hyperkalemia with renal impairment and ongoing catabolic state.

Step 3: Rapidly Correct Severe Hyperkalemia

e [Intravenous calcium.

Give calcium gluconate or calcium chloride—10 mL of 10% solution over
2 min under continuous ECG monitoring.

Intravenous calcium works within minutes, but effect is short-lasting
(30-60 min).

Calcium acts by directly antagonizing the membrane action of hyperkalemia
and does not cause lowering of serum potassium.

Calcium chloride contains three times more elemental calcium compared to
calcium gluconate (13.6 vs. 4.6 mEq in 10 mL of 10% solution) and is the
preferred drug.

Intravenous calcium can be repeated after 5 min if ECG abnormalities persist.
Concentrated calcium solution is tissue-irritant and should be given in a large
peripheral vein or central vein.

Calcium should not be given in a bicarbonate-containing solution to avoid
precipitation of calcium carbonate.
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e Calcium should be given cautiously as a slow infusion in patients on
digitalis.

* Calcium is preferably given for cases of hyperkalemia with concomitant
ECG changes, but it may be given for K > 6.5 even in the absence of ECG
changes.

* Insulin with glucose.

Give 10 units of regular bolus insulin intravenously along with 50 mL of 50%
dextrose.

Monitor blood glucose every 30 min.

In patients with baseline hyperglycemia above 250 mg/dL, only insulin can
be given.

The effect of insulin begins within 10 min and lasts for 4-6 h.

Insulin and glucose lowers serum potassium by driving potassium inside
the cells.

It decreases serum potassium by 0.5-1.2 mEg/L.

Monitor capillary sugar hourly.

Beware of hypoglycemia in renal failure.

e Salbutamol (albuterol) nebulizer.

10 mg in 4 mL of saline to be nebulized over 10 min (four times the usual
bronchodilator dose) is given.

Its effect is seen within 90 min of nebulization.

Serum potassium usually decreases by 0.5-1.2 mEq/L.

It works by driving potassium inside the cell.

e Sodium bicarbonate.

It should be given cautiously in selected cases of hyperkalemia associated
with severe metabolic acidosis.

Usual dose is 25 mEq (25 mL of 8.4%) infused over 5 min.

Intravenous loop diuretics: in patients with normal or mildly impaired renal
function, thiazide diuretics may also be tried.

Step 4: Assess the Cause of Hyperkalemia

¢ Detailed history and physical examination should be performed to look for fea-
tures of diseases associated with hyperkalemia such as renal failure and adrenal
disease.

e History of renal disease or previous potassium levels should be looked for to
assess the sudden deterioration in renal function.

e Drug history should be taken to exclude drugs such as angiotensin-receptor
blockers, ACE inhibitors, nonsteroidal anti-inflammatory drugs, aldosterone
antagonist, and potassium-containing drugs that can cause hyperkalemia, espe-
cially in renally impaired patients.
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Step 5: Send Investigations

e Serum potassium should be monitored frequently.

¢ Blood urea, creatinine.

e Sodium, calcium, magnesium, phosphate.

* Arterial blood gases for pH.

* Complete hemogram.

* Blood glucose.

* CPK.

* Lactate dehydrogenase.

* Measurement of urinary potassium excretion and transtubular estimation of
potassium gradient (TTKG) is of limited use in deciding the cause of
hyperkalemia.

Step 6: Stop the Intake of Potassium

» Start potassium-free diet.
* Avoid the use of drugs containing potassium.
* Avoid drugs that can cause hyperkalemia.

Step 7: Remove Potassium

* Diuretics: A trial of loop diuretics in patients with preserved renal function and
volume overload state may be done.
* Cation exchange resin: Sodium polystyrene sulfonate.

— In the gut, sodium polystyrene sulfonate takes up potassium (and calcium and
magnesium to lesser degrees) and releases sodium (1 gm binds to 1 mEq of
potassium).

— Itis usually given orally three times daily but may be given rectally.

— Oral dose is usually 20 g given with 100 mL of a 20% sorbitol solution to
prevent constipation.

— A major concern with sodium polystyrene sulfonate in sorbitol is the develop-
ment of intestinal necrosis, usually involving the colon and the ileum.

The serum potassium falls by at least 0.4 mEq/L in the first 24 h.
Patiromer or sodium zirconium cyclosilicate has also been approved as a
gastrointestinal potassium exchanger.

* Dialysis.

— It is indicated if hyperkalemia persists in spite of the above measures or
patients have any other indication of dialysis. Hemodialysis can remove
25-50 mEq of potassium per hour, with variability based on the initial serum
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potassium concentration, the type and surface area of the dialyzer used, the
blood flow rate, the dialysate flow rate, the duration of dialysis, and the potas-
sium concentration of the dialysate.

— Intermittent hemodialysis is preferable than slow extended dialysis (SLED) or
continuous renal replacement therapy (CRRT) for immediate decrease of
severe hyperkalemia.

— Beware of rebound hyperkalemia after dialysis.

Step 8: Ascertain the Cause of Hyperkalemia and Manage
Specifically (See Table 3.5)

Table 3.5 Causes of hyperkalemia

Increased potassium release from cells

Pseudohyperkalemia (hemolytic sample, marked leukocytosis, thrombocytosis, vigorous fist
clenching during phlebotomy): Suspect when no ECG changes in patients with moderate to
severe hyperkalemia

Metabolic acidosis

Insulin deficiency, hyperglycemia, and hyperosmolality [diabetic ketoacidosis (DKA),
hyperglycemic hyperosmolar state (HHS), octreotide infusion]

Increased tissue catabolism

p-Adrenergic blockade

Rhabdomyolysis

Digitalis overdose

Hyperkalemic periodic paralysis

Succinylcholine

Tumor lysis syndrome

Severe exercise

Reduced urinary potassium excretion

Renal failure

Hypoaldosteronism [drugs (spironolactone, eplerenone, propranolol, labetalol, ARB, ACEI,
NSAIDs), diabetes, adrenal insufficiency]

Hyperkalemic type 4 renal tubular acidosis

Ureterojejunostomy

Increased potassium intake (oral or intravenous, especially in patients with renal failure)
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Calcium, Phosphorus, and Magnesium
Abnormalities in the ICU

Praveen Kumar Jain, Aditi Jain, and Ankit Jain

Case 1:

A 45-year-old man, weighing 50 kg, was admitted for intestinal perforation
sepsis and acute respiratory distress syndrome (ARDS). After 10 days on the
ventilator and antibiotics, he was weaned off the ventilator and started on
parenteral nutrition (TPN) at 2500 kcal/day. The next day he developed diffi-
culty in breathing, requiring reintubation and ventilator support. On investiga-
tion, S. Na 138 mEq/L, S. K2.1 mEq/L, S. C1 98 mEq/L, S. Ca (total) 7.2 mg/
dL, S. phosphorus 0.7 mg/dL, S. Mg 1.1 mg/dL, pH 7.30, PCO2 56 mmHg,
and HCO3 23 mEq/L.

Case 2:

A 75-year-old diabetic and hypertensive man was admitted in a confused
state. His family noticed that for a few months he had started complaining of
constipation and frequent urination even getting up few times at night. His
family thought he was developing senile brain changes but brought him to
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hospital as symptoms were deteriorating. Blood reports showed normal CBC,
S. total calcium 16.7 mg/dL, S. Mg 2.0 mg/dL, S. phosphorus 3.9 mg/dL,
S. albumin 3.6 g/dL, and serum PTH was suppressed. Bone marrow was nega-
tive for multiple myeloma. CT brain and cerebrospinal fluid (CSF) were nor-
mal. Ultrasound sonography (USG) abdomen and CT chest were normal.
Blood tumor markers were negative.

Disorders of calcium, phosphorus, and magnesium are very common in clinical
practice, yet they are often under-recognized. These minerals are vital for intracel-
lular and hormonal functioning, and disturbances can be life-threatening.

Hypocalcemia

There are many causes for hypocalcemia (Table 4.1). The signs and symptoms of
hypocalcemia can range from asymptomatic to severe life-threatening seizures,
heart failure, or laryngeal spasm. Acute presentations include tetany (perioral numb-
ness, hand and feet paresthesia, and muscular cramps), carpal spasm, and focal/
generalized seizures. Physical findings are Trousseau’s sign' and Chvostek’s sign.

Table 4.1 Causes of hypocalcemia

A. Hypocalcemia with low PTH (hypoparathyroidism)
(a) Post-surgical: thyroid/parathyroid resection, radical neck dissection
(b) Post-radiation parathyroid destruction
(c) Magnesium depletion
(d) Hungry bone syndrome
(e) Infiltration of parathyroid (sarcoidosis, iron overload, metastasis)
(f) Autoimmune causes
(g) Genetic disorders
B. Hypocalcemia with high PTH (secondary hyperparathyroidism following hypocalcemia)
(a) Vitamin D deficiency or resistance
(b) PTH resistance (pseudohypoparathyroidism, hypomagnesemia)
(c) Kidney disorders
(d) Loss of circulating calcium
(1) Acute respiratory alkalosis
(i1) Acute pancreatitis
(iii) Tumor lysis
(iv) Hyperphosphatemia
(v) Osteoblastic metastasis
(vi) Critical illness, e.g., sepsis
C. Drug-induced hypocalcemia
(a) Inhibitors of bone resorption (calcitonin, bisphosphonates, denosumab)
(b) Calcium chelators: EDTA, citrate, phosphate
(c) Cinacalcet
(d) Phenytoin
D. Hypomagnesemia: (reduces PTH secretion/PTH resistance)
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Approach to Hypocalcemia

Step 1: Begin Immediate Treatment If the Degree of
Hypocalcemia and Rapidity of Onset Suggests Urgency to Treat

If symptoms are severe (carpal spasm, tetany, or seizures) or if complications are
present (congestive heart failure or prolonged QTc interval on ECG) or corrected
S. Ca < 7.5 mg/dL (1.9 mmol/L) or S. iCa < 0.8 mmol/L, treatment should not be
delayed due to laboratory confirmation.

Step 2: If No Urgency to Treat, Then Confirm the Hypocalcemia

This can be done by repeating fresh measurements in the laboratory.

When dealing with total serum calcium, we must ensure to measure the
serum albumin as well, as we need to correct the total serum calcium for
hypoalbuminemia.

Calculate corrected total calcium for the hypoalbuminemia using correction formula:

Corrected S. Ca =S. Ca (mg/dL) + 0.8 x [4 — patients S. Albumin (g/dL)]
For example, if the measured S. Ca is 7.5 mg/dL and S. albumin is 2 g/dL, then
Corrected S. Ca=7.5 + 0.8 x (4-2) = 9.1 mg/dL (normal)

Please note that the formula for corrected calcium is an estimation and may not
be accurate in all clinical scenarios. Its accuracy is poor in critically ill patients and
those with advanced chronic kidney disease. In the presence of hypoalbuminemia or
when the diagnosis of hypocalcemia is in doubt or symptoms are minimal or absent,
measure ionized calcium (S. iCa) from a reliable laboratory.

Step 3: Compare with Old Reports

The chronicity can be established by comparing with old reports, if available.

Step 4: Once the Situation Is Non-life-threatening, Proceed to
Establish an Etiology

1. The etiology may be clinically obvious from history or examination.
(a) History of hypocalcemia in the family suggests a genetic cause.
(b) History of thyroid/parathyroid surgery or radical neck dissection (or neck
scar) suggests postsurgical damage.
(c) Presence of mucocutaneous candidiasis and adrenal insufficiency suggests
polyglandular syndrome and hence autoimmune parathyroid destruction.
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Table 4.2 Interpretation of PTH levels in a patient with confirmed hypocalcemia

PTH S. PO4 S.Mg 25(OH)D 1,25(0OH)2D  Etiology

Low/N 1 N N N/low Hypoparathyroidism
Activating mutation CaSR

Low/N N L/N*® N N Hypomagnesemia

Elevated Low/N N Low High/N/low Vitamin D deficiency

Elevated 1 N N N/low PTH resistance

Elevated ¢ /N N Low Chronic kidney disease

CaSR calcium sensing receptor

(d) Drug history: certain drugs can cause hypocalcemia (see Table 4.1).
(e) Presence of diseases known to be associated with hypocalcemia:

(i) Acute/chronic kidney disease

(ii) Acute pancreatitis

(iii) Tumor lysis syndrome/rhabdomyolysis

2. Measure intact PTH in all patients with hypocalcemia.
(a) PTH elevated:
(i) Consider vitamin D deficiency, renal disease (acute/chronic) or
pseudohypoparathyroidism.
(b) PTH normal or low:

(i) Consider hypoparathyroidism or hypomagnesemia.

(ii) Send for S. magnesium and treat if strongly suspected (as Mg is an
intracellular ion and serum levels do not correlate with the actual state
of Mg deficiency). Hypocalcemia should resolve within minutes or
hours of magnesium correction if hypomagnesemia is the cause.

(iii) A serum PTH within the normal range in a patient with hypocalcemia
is inappropriately normal/low.

3. Other useful investigations are S. phosphates, S. magnesium, 25-hydroxy vita-
min D, 1-25 dihydroxy vitamin D, S. amylase, and S. creatinine. For interpreta-
tion, see Table 4.2.

Step 5: Begin Appropriate Treatment
The treatment of hypocalcemia varies with its severity and the underlying cause.

1. Symptomatic acute severe hypocalcemia or asymptomatic patients with cor-
rected (for albumin) S. Ca < 7.5 mg/dL (<1.9 mmol/L) or S. iCa < 3 mg/dL
(<0.8 mmol/L):

(a) Treat with IV 10% solution of Ca-gluconate (90 mg elemental calcium per
10 mL). A solution of 1000 mg elemental calcium is diluted with NS or
D5W to make a total 1 L solution and infused at 50 mL/h.

(b) Most patients require 0.5-1.5 mg elemental calcium/h replacement.
Simultaneously, treat the cause, e.g., oral calcium (1-4 gm/day of elemental
calcium) and calcitriol (0.25-0.5 mcg twice a day) for acute
hypoparathyroidism.
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(c) If coexisting hypomagnesemia or resistant hypocalcemia despite the above
treatment: replace Mg as IV MgSO4 (4-8 gm/day as slow infusion over
10-12 h in the absence of renal failure).

2. Mildly symptomatic or mild hypocalcemia:

(a) Treat with 1-2 gm of elemental calcium (calcium carbonate or citrate)
given orally.

(b) If poor or no response to oral supplementation, IV replacement can be
considered.

(c) In addition to calcium replacement, oral calcitriol is recommended.

Hypercalcemia

Hypercalcemia is a relatively common finding. Most cases (> 90%) of hypercalce-
mia are due to primary hyperparathyroidism and malignancy. It is easy to differenti-
ate between these two causes as malignancy is usually evident clinically, serum
calcium levels are higher, and patients are more symptomatic.

Approach to Hypercalcemia

Step 1: Begin Immediate Treatment

Begin treatment immediately if the degree of hypercalcemia and rapidity of onset
suggests urgency to treat.

Step 2: Confirm the Hypercalcemia

Hypercalcemia is confirmed by repeating fresh measurements in the laboratory.

Step 3: Compare with Old Reports

Compare with old reports if available. Chronic and asymptomatic hypercalcemia is
highly suggestive of primary hyperparathyroidism.

Step 4: Calculate Corrected S. Ca Corrected for S. Albumin

In patients with hypoalbuminemia, the hypercalcemia may be underestimated,
while in hyperalbuminemia, it may be overestimated (pseudohypercalcemia). A
similar situation may occur in multiple myeloma where calcium binds with abnor-
mal globulin rather than albumin. (See step 2C under hypocalcemia for calculations
and formula).
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Table 4.3 Causes of A. Parathyroid related:
hypercalcemia (a) Primary hyperparathyroidism
(b) Tertiary hyperparathyroidism (renal failure)
(c) Familial hypocalciuric hypercalcemia
B. Non-parathyroid related:
(a) Hypercalcemia of malignancy
(b) Vitamin D toxicity
(c) Chronic granulomatous diseases
C. Medications:
(a) Thiazides
(b) Lithium
(c) Teriparatide (treatment of osteoporosis)
D. Miscellaneous:
(a) Immobilization
(b) Milk alkali syndrome
(c) Endocrine disorders: hyperthyroidism,
acromegaly, adrenal insufficiency,
pheochromocytoma

Step 5: Determine the Etiology

A. Look at the degree of hypercalcemia.

(a) Primary hyperparathyroidism: mild hypercalcemia with S. Ca < 11 mg/dL
(2.75 mmol/L).

(b) Hypercalcemia of malignancy: S. Ca > 13 mg/dL (3.25 mmol/L). If the
patient is symptomatic or S. Ca > 14 mg/dL (3.5 mmol/L), begin treatment
immediately.

B. Review diet and medication history (nonprescription/herbal/vitamin supple-

ments). See Table 4.3.

C. Measure serum PTH. If the patient is asymptomatic or mildly symptomatic or

S. Ca < 11 mg/dL, review serum PTH and S. calcium levels.

(a) PTH elevated: primary hyperparathyroidism.

(b) PTH mildly elevated: primary hyperparathyroidism or familial hypocalciu-
ric hypercalcemia.

(c) PTH low/normal: Non-PTH-mediated hypercalcemia-like malignancy.
If malignancy not clinically obvious, do S. PTHrP, 25(OH)vitD,
1-25(OH)2VitD.

(i) PTHrP elevated: humoral hypercalcemia of malignancy.
(i) PTHrP not elevated but 1-25(OH)2VitD elevated: granulomatous dis-
ease like sarcoidosis and lymphoma likely.
(iii) PTHrP not elevated but 25(OH)VitD elevated: vitamin D toxicity.
(iv) PTHrP not elevated and 25(OH)VitD not elevated: send serum/urine
for electrophoresis: consider multiple myeloma.

Step 6: Treat the Hypercalcemia

The aim is to lower the serum calcium concentration and, if possible, correct the
underlying disease.
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A. Mild hypercalcemia: S. Ca < 12 mg/dL (3 mmol/L). Patient asymptomatic or
mild symptoms. No immediate treatment is needed. Avoid factors that aggravate
hypercalcemia (e.g., medications like thiazide diuretics or lithium, vitamin D/
calcium supplements, prolonged inactivity, volume deletion, etc.). Ensure ade-
quate hydration (6-8 glasses of water per day). Treat any cause identified.

B. Moderate hypercalcemia: S. Ca 12-14 mg/dL (3-3.5 mmol/L). If chronic,
immediate treatment may not be needed unless symptomatic. Treatment
with hydration (NS) and bisphosphonates. Treat the underlying cause
simultaneously.

C. Severe hypercalcemia: S. Ca >14 mg/dL (>3.5 mmol/L) or severe symptoms
such as altered sensorium and coma. Need aggressive treatment.

(a) 1V hydration with NS @ 200-300 mL/h adjusted to maintain urine output at
100-150 mL/h Exercise caution in the elderly, with congestive heart failure
or renal impairment. Avoid using loop diuretics.

(b) Subcutaneous/IM calcitonin @ 4 U/kg. Recheck S. Ca after 4—6 h. If the
drop in S. calcium is seen, repeat calcitonin every 12 h for 2448 h. If the
response to the initial dose of calcitonin is poor, then increase the dose
to 8 U/kg.

(¢) Bisphosphonate (IV zoledronic acid 4 mg I'V over 15 min, dose adjustment
and slow infusion of the drug is needed if S. creatinine is raised).

(d) Denosumab if bisphosphonates are not effective or contraindicated (allergy,
renal impairment). With creatinine >4.5 mg/dL. Dose 60 mg subcutaneous
should be given. Calcium should be monitored closely in patients with renal
impairment as there is a higher risk of hypocalcemia than bisphosphonate.

(e) Specific treatment of cause: For example, glucocorticoids and low calcium
diet for sarcoidosis/lymphoma.

(f) Hemodialysis with calcium-free dialysate in refractory hypercalcemia is
advised.

Saline and calcitonin reduce S. Ca levels within 12-48 h while bisphospho-
nates are effective by 2—4 days and provide the more sustained effect.

Hypophosphatemia

Step 1: Exclude Pseudohypophosphatemia

Falsely low S. phosphate levels can be present due to multiple myeloma, medica-
tions, e.g., large doses of IV mannitol (interferes with lab estimation), and liposo-
mal amphotericin.

Step 2: If True Hypophosphatemia

If S. phoshate levels are <2.5 mg/dL, then establish the cause of hypophosphatemia.
See Table 4.4.
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Table 4.4 Caqu.:s of A. Decreased uptake (intestinal absorption):
hypophosphatemia (a) Poor intake

(b) Chronic diarrhea and steatorrhea
(c) Vitamin D deficiency
(d) Inhibition of phosphate absorption (antacids, phosphate
binders, Niacin)
B. Increased loss (urinary excretion/dialysis):
(a) Primary/secondary hyperparathyroidism
(b) Vitamin D deficiency/resistance
(c) Hereditary hypophosphatemic rickets
(d) Fanconi syndrome
(e) Medications: acetazolamide, IV iron, chemotherapeutic
agents
(f) Renal replacement therapies
C. Transcellular shift/redistribution:
(a) Insulin therapy
(b) Refeeding syndrome
(c) Acute respiratory alkalosis
(d) Hungry bone syndrome
(e) Sepsis

Step 3: If Unexplained Hypophosphatemia

A.

oaw

Repeat S. phosphate estimation in laboratory to confirm persisting hypophos-
phatemia. To exclude transient transcellular shift that may have corrected in
12-24 h.

Review medications: see Table 4.4.

Rule out malnutrition from diet history.

Review biochemistry: S. Ca, S. Mg, S. HCO3, BUN/creatinine, and S. glucose.
(a) If S. Ca is high: measure PTH for hyperparathyroidism.

(b) If S. Ca is low: measure vitamin D to exclude vitamin D deficiency.

If etiology is still unexplained, estimate 24 h urinary phosphate excretion or
fractional excretion of filtered phosphate (FEPO,) from a random urine speci-
men. If urinary phosphate is <100 mg/day or FEPO4 < 5%, then PO4 loss is
extrarenal; on the other hand, if urinary phosphate is >100 mg/day or
FEPO4 > 5%, then phosphate loss is renal in origin (Table 4.4).

Step 4: Treat the Hypophosphatemia

A.

B.

Treat the underlying causes of hypophosphatemia. This is usually sufficient in

most cases.

Phosphate replacement:

(a) If S. phosphorus <2 mg/dL (0.64 mmol/L), oral replacement advisable.

(b) If S. phosphorus 1-1.5 mg/dL (0.48-0.64 mmol/L) or the patient is very
symptomatic with muscular weakness (respiratory fatigue, ileus), encepha-
lopathy, hemolysis, then treat with IV replacement. The dose of IV phos-
phate will vary from 0.2 mmol/kg to 0.4 mmol/kg over 4 h.
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Table 4.5 Causes of hyperphosphatemia

A. Acute phosphate load:
(a) Endogenous: Cell cell lysis (tumor lysis syndrome, rhabdomyolysis)
(b) Exogenous
(1) Phosphate-rich medication (laxatives, fosphenytoin)
(ii) Intestinal uptake due to vitamin D toxicity
(iii) Hemolysis, transfusion of stored blood
B. Decreased renal clearance:
(a) Acute/chronic kidney disease
(b) Increased renal tubular reabsorption (bisphosphonates, vitamin D toxicity,
hypoparathyroidism)
C. Transcellular shift/redistribution (into extracellular space): ketoacidosis, lactic acidosis
D. Pseudohyperphosphatemia:
(a) Endogenous: hemolysis, hyperlipidemia, multiple myeloma
(b) Exogenous: medication (heparin, amphotericin B, tissue plasminogen activator)

Hyperphosphatemia

Step 1: Determine the Reason for Hyperphosphatemia

See Table 4.5.

Step 2: Treat the Hyperphosphatemia

A. Treatment of acute hyperphosphatemia: If kidney function is good, simple
hydration with NS is enough. If symptomatic or life threatening or kidney dis-
ease, then consider hemodialysis.

B. Treatment of chronic hyperphosphatemia: In patients with CKD, treat with low
phosphate diet and phosphate binders.

Hypomagnesemia

Hypomagnesemia is defined as S. Mg < 1.7 mg/dL in adults. However, it must be
differentiated from (intracellular) Mg deficiency, which is extremely common in
patients even when the S. Mg levels are in normal range. A physician must clinically
suspect intracellular hypomagnesemia under certain scenarios (see Table 4.6).

Step 1: Suspect Hypomagnesemia

Hypomagenesmia should be suspected in situations where lower S. Mg levels are
extremely common. (see Table 4.6). The etiology is easily determined if any of the
clinical above scenarios exist (e.g., chronic diarrhea, diuretic use, etc.).
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Table 4.6 When to
clinically suspect
hypomagnesemia

Table 4.7 Causes of
hypomagnesemia

A. Malnutrition

B. Chronic alcoholism

C. Chronic diarrhea

C. Chronic diuretic use

D. Diabetics especially poorly controlled

F. Aminoglycoside therapy

G. Refractory hypokalemia

H. Patients who develop Torsade de Pointes

I. Patients with (hypokalemia + hypocalcemia)

J. Neuromuscular disturbances such as tetany,
seizures, and weakness

K. Ventricular arrythmias

A. Gl loss:
(a) Diarrhea, malabsorption
(b) Acute pancreatitis
(c) Medications: proton pump inhibitors
B. Urinary losses:
(a) Medications: diuretics, aminoglycoside
antibiotics, amphotericin, cisplatin
(b) Uncontrolled diabetes
(c) Chronic alcoholism
(d) Hypercalcemia
(e) Post-kidney transplant
C. Genetic disorders:
(a) Bartter syndrome
(b) Gitelman syndrome
(c) Familial hypomagnesemia

Step 2: Exclude Spurious Hypomagnesemia

This happens due to EDTA contamination of blood sample or with severe hypoal-
buminemia. EDTA contamination suspected when “hypomagnesemia + hyperkale-
mia” or “hypomagnesemia + hypocalcemia” pattern seen in biochemistry.

Step 3: Determine the Etiology of Hypomagnesemia

The cause of the hypomagnesmia should be determined. See Table 4.7.

Step 4: If Hypomagnesemia Still Unexplained

Estimate 24 urinary Mg. 24 h urinary Mg < 10 mg/day suggests extrarenal cause.
While 24 h urinary Mg >15-30 mg/day suggests renal cause.
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Step 5: If Hypomagnesemia Is Severe

Does the patient have severe hypomagnesemia (S. Mg < 1 mg/dL) or severe symp-
toms (arrhythmias, tetany, seizures)?

A. Obtain 12 lead ECG/ monitor. If the patient is hemodynamically unstable (e.g.,
arrhythmias), give 1-2 gm MgSO4 over 15-20 min. Once stable, slow infusions
of 6-8 gms/day are strongly recommended (given as an infusion over 8-10 h).
Dose should be reduced to 50% in the presence of renal failure.

B. Treat associated metabolic abnormalities (hypokalemia, hypocalcemia, meta-
bolic alkalosis).

C. Identify and correct the underlying causes of hypomagnesemia.

D. After the acute correction of hypomagnesemia, a dose of 6—8 gm MgSO4 is
given in 500 mL saline over 10—12 h/day over a few days even after serum mag-
nesium normalizes. This is to replenish the intracellular stores.

E. Potassium-sparing diuretics (triamterene, amiloride) or SGLT2 inhibitors
may be used in patients with renal magnesium wasting and/or refractory
hypomagnesemia.

Step 6: If Mild-to-moderate Hypomagnesia

Does the patient have mild-to-moderate hypomagnesemia: (S. Mg > 1 mg/dL) or is
asymptomatic?

A. Identify and correct the underlying causes of hypomagnesemia.

B. If unexplained, estimate 24 h urinary magnesium to categorize as renal magne-
sium losing nephropathy or extrarenal loss.

C. Replace magnesium orally or IV depending on the circumstances.

Hypermagnesemia

Hypermagnesemia is an uncommon problem in the absence of large magnesium
administration (e.g., eclampsia or pre-eclampsia treatment), kidney failure, or
increase intestinal absorption (constipation, gastritis, colitis, gastric ulcer).

Step 1: Prevention

The dose of MgSO4 should be reduced when treating hypomagnesemia in a patient
with renal failure.
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Step 2: If Renal Function Is Near Normal

Stopping Mg replacement is all that is needed. Loop diuretics can be used to increase
Mg excretion.

Step 3: If Renal Function Is Moderately to Severely Impaired

Stopping Mg replacement + IV normal saline + loop diuretic. If this treatment fails
or patient is severely symptomatic, consider hemodialysis. In severely symptomatic
patients, IV calcium (100-200 mg of elemental calcium given over 10 min) can be
given as a magnesium antagonist to reverse the neurological and cardiovascular
effects of hypermagnesemia.

Discussion of Case 1 (refer to the case when needed): This critically ill patient
with acute intestinal perforation, sepsis, and ARDS was on only IV saline for
10 days; on the 11th day, he is weaned off successfully but also started on TPN at
50 kcal/kg (2500 kcal/day), which is higher than the recommended 25-30 kcal/kg,
resulting in a classical refeeding syndrome. Severe hypophosphatemia, hypokale-
mia, and hypomagnesemia due to the sudden insulin release after prolonged starva-
tion resulted in severe skeletal muscle weakness and hypoventilation. The patient
had to be reintubated and ventilated. Parenteral nutrition stopped and electrolytes
corrected. Thereafter, parenteral nutrition was gradually reintroduced starting at
750 kcal/day and built up. Interpretation: refeeding syndrome.

Discussion of Case 2: Upon review of the prescriptions with the family, it was
seen that this elderly gentleman with osteoporosis was given injection Arachitol
6,00,000 U every 2 weeks for the past 1 year by his family physician. High S. cal-
cium can have many causes like hyperparathyroidism, but here the S. phosphorus is
not suppressed (relatively high), suggesting vitamin D toxicity or bone metastasis.
There was no evidence of malignancy or metastasis to bones. Interpretation: iatro-
genic hypercalcemia from vitamin D toxicity.
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A 38-year-old morbidly obese man presented with complaints of fever, abdominal
wall tightness, and pain and was diagnosed with abdominal wall cellulitis, with
acute kidney injury (AKI). Upon evaluation, his arterial blood gases and the electro-
lytes sample, which were simultaneously drawn, are given in Table 5.1. Evaluate the
acid-base disturbance.

Arterial blood gas analysis is an essential component of diagnosing and manag-
ing critically ill patients in the ICU. The proper understanding and application of the
concepts of acid—base balance will help the clinician to follow the progress of the
patient and evaluate the effectiveness of the treatment provided to them.

Table 5.1 ABG and electrolytes value

pH 7.17 Na 131
PaCO2 66 K 5.9
Pa02 72 Cl 91
HCO3 18.8 Mg 1.6
SBE —6.1 PO4 7.1
Lact. 16 Alb 33
Ca 7.0
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Step 1: Take an Arterial Blood Sample

If possible, take an arterial blood gas (ABG) sample at room air and start oxygen
supplementation immediately.

The radial artery is preferred for collecting the sample, Allen’s test or modified
Allen’s test is done to check for patency of the ulnar arterial circulation.

Prefer to use 22-gauge needle.

Avoid air bubbles.

Cool the sample immediately (if transport is necessary for analysis).

Potential sampling error

* Air contamination—spurious increase in PO,.

* Duration of exposure is more important than the volume of air bubbles.
* Expel air immediately.

* Discard the sample if froth is present.

. Venous sample—absence of flash of blood on entry into the vessel, absence of

pulsations during syringe filling, and absence of auto-filling of the syringe.

* Cross-check with pulse oximetry and clinical status.

Anticoagulant effects: Excess heparin can cause dilutional errors, may cause a
fall in PaCO2 and HCO3, giving a false picture of metabolic acidosis and respi-
ratory compensation. However, pH remains unchanged if nonacidic (lithium)
heparin is used.

Metabolism: If analyzed late and kept at room temperature, blood cells consume
O,, produce CO,, and lower pH. Spurious hypoxemia should also be kept in
mind, especially if the leukocyte counts are very high as in cases of blast crisis
(leucocyte larceny).

Step 2: Take a Detailed History and Do a Proper
Clinical Examination

Very often it is the presenting symptom or signs that are a clue to the interpreta-
tion of the acid-base status.

For example, in a patient with vomiting, the primary acid—base problem could be
metabolic alkalosis (due to loss of hydrochloric acid) as opposed to someone
with diarrhea, whose primary problem could be metabolic acidosis (due to loss
of bicarbonate ions).

The important aspect to remember is that it is the underlying disorder of the
patient that determines the acid—base status and not just the pH of the blood.

A stepwise approach helps interpret ABG correctly.

Interpretation of serum electrolytes is also important for an accurate estimation
of mixed acid-base disorders.
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Step 3: Know the Normal Values

Normal range For calculation
pH 7.34-7.45 7.4
PCO, 35-45 40
HCO; 22-26 24
PO, >80 >95

Step 4: Do a Validity Check of the ABG Report to Authenticate
the Report

A. H*=24"PCO,/HCO;
Place the value of PCO, and HCO; and calculate H*.
Calculate H* from pH as seen on ABG:
B. Rule of thumb
1. At pH of 7.4, H* concentration is 40.
For every 0.1 | in pH, multiply H* concentration sequentially by 1.25.
For every 0.1 1 in pH, multiply H+ concentration sequentially by 0.8.
2. 80-Last two digits of pH after decimal = H* (e.g., if pH 7.35, H* = 80-35 = 45).
C. Match the H* concentration by two methods: A and B.
If it is matching, ABG is valid.
If it does not match, recheck the ABG.

Step 5: Assess Oxygenation

* Look at oxygenation (PaO, and Sa0,).
¢ Look at the PaO,/FiO, ratio.
— Normally the ratio is around 1:400 to 1:500 given the fact that at 0.21 FiO, the
Pa0, is approximately 100 mmHg.
— Less than 1:400—suggestive of V-Q mismatch or diffusion defect or intracar-
diac shunt.
— Less than 300 with bilateral lung infiltrate in chest skiagram—mild acute
respiratory distress syndrome (ARDS).
— Less than 200 with bilateral lung infiltrate in chest skiagram—moder-
ate ARDS.
— Less than 100—severe ARDS.
— Expected normal oxygen on room air: 100-1/3 (age).
— Expected normal oxygen on supplemental oxygen: FiO2 (in decimals) X 500.
— FiO2 increases by approximately 4% for each liter increase in supplemental
oxygen above room air (0.21).
e A-agradient
— A-a gradient = PAO, — PaO,
PAO, is alveolar PO, (calculated from the alveolar gas equation) and PaO,
is arterial PO, (measured in arterial blood) A.
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— In general, the A-a gradient can be calculated by
A-a gradient = [FiO2"(P,,—Puao)—(PaC0O2/0.8)]-Pa02
On room air and at sea level, the FiO, is 0.21, the P,,. is 760 mmHg, and
Piyo 1s 47 mmHg.
— On room air, PAO, can be calculated by
150-PaC02/0.8
* Normal A-a gradient in a 20-year-old person is 5 mmHg, which increases to
10 mmHg in a 35-year—old person. If A-a gradient is 20 mmHg at any age, it is
abnormal.
* Rule of thumb: A-a gradient (on room air) = 2.5 + 0.21x age in years

Step 6: Assess Acid—-Base Disorder (Boston Approach)

I. Look at the pH—is there acidemia or alkalemia?
A normal pH would suggest a mixed disorder or a normal acid—base status.
II. Check CO, and HCO;™ to determine whether the primary problem is metabolic
or respiratory in origin.
III. If the primary disorder is respiratory, determine whether it is an acute disorder
or a chronic disorder.
IV. Apply the rules of compensation to know if it is a simple or a mixed disorder.
V. Mind the gaps—anion gap, delta gap, osmolar gap, and saturation gap.

L. Look at the pH
The pH is actually the —log [H*]. By altering either the PCO, or the HCO;™,
[H*] will change, and so will pH.
An acidemia (low pH) can result from either a low HCO3~ (metabolic) or a
high CO2 (respiratory).
e An alkalemia (high pH) can result from either a high HCO3~ (metabolic) or
a low CO?2 (respiratory).
» Diiferentiate between “emia” and “osis.” For example, a person can be ace-
demic (pH low) but may also have metabolic alkalosis.
II. Look at the CO, and HCOj™ to determine if the primary problem is metabolic
or respiratory in origin
The primary acid—base disturbances include the following:
* Low pH: low HCO3~—metabolic acidosis
* High pH: high HCO3~—metabolic alkalosis
* Low pH: high PCO2—respiratory acidosis
» High pH: low PCO2—respiratory alkalosis
Al. Metabolic acidosis
* Metabolic acidosis results from a primary decrease in plasma [HCO3].
e It is due to either an excretion of bicarbonate-containing fluids or by
utilization of bicarbonate.
» It is very important to calculate the anion gap (AG) if the primary dis-
order is metabolic acidosis.
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* AG =Na+ —(Cl- + HCO3); the normal AG is 12 + 2 mEq/L.

* In non-AG metabolic acidosis, the bicarbonate losses are accompanied
by cation loss, hence no change in AG (Table 5.2).

* A higher gap usually denotes the presence of unmeasured anions in the
body (Table 5.3).

¢ Remember to correct AG for hypoalbuminemia, which is very common
in ICU patients. For this for every 1gm% drop in albumin below 4 gm%,
add 2-3 to the calculated gap.

e Check urinary AG in non-AG metabolic acidosis (U Na + U K-U Cl)
— Normal—zero or negative
— Nonrenal loss of bicarbonate (diarrhea)—negative
— Renal loss of bicarbonate or decreased H+ excretion (renal tubular

acidosis)—positive
A2. Metabolic alkalosis (high HCO;)

* Metabolic alkalosis reflects an increase in plasma [HCO3~.

e Itis due to either gain of HCO3~ or extracellular volume contraction.

e It can be classified into saline-responsive or nonresponsive. For this
spot, urinary chloride can be checked.

* More than 20 mEq/L urinary chloride is saline unresponsive (Table 5.4)
and less than 20 mEq/L urinary chloride is saline responsive (Table 5.5).

Table 5.2 Causes of a
non-anion gap metabolic
acidosis (HARDUP)

= Hyperalimentation/Hyperchloremia

= Acetazolamide/Addison’s disease

= Renal tubular acidosis

= Diarrhea

= Uremia-acute/Ureteroureterostomies

— Postintubation hypocapnia/Portoenterostomies

TCag®»> T

Table 5.3 Causes of a raised
anion gap metabolic acidosis
(MUDPILERS)

—> Methanol

—> Uremia-chronic

= Diabetic ketoacidosis

—> Paraldehyde

= Isoniazid, iron

= Lactate

= Ethanol, ethylene glycol

= Rhabdomyolysis/renal failure
= Salicylate

oo —TwgogcZg

Table 5.4 Urine Cl~ more Primary hyperaldosteronism
than 20 mEq/L (usually Cushing’s syndrome, ectopic ACTH
saline unresponsive) Exogenous steroids, licorice ingestion, tobacco chewing
Adrenal 11 or 17 OH defects
Liddle’s syndrome
Bartter’s syndrome
K+ and Mg2+ deficiency
Milk-alkali syndrome
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Table 5.5 Urine CI- less Vomiting, nasogastric suctioning
than 20 mEq/L (usually Chloride-wasting diarrhea
saline responsive) Villous adenoma of colon

Post-hypercapnia
Diuretic therapy

¢ The reason for using urinary chloride rather than urine sodium to ascer-
tain volume status, as due to metabolic alkalosis serum bicarbonate is
high, which is filtered, thereby confounding urine sodium value for vol-
ume status.
B. Respiratory acidosis (high PCO,)
» Respiratory acidosis is due to a primary rise in CO2.
¢ Hypercapnia almost always results from alveolar hypoventilation due to
one of the following causes:
1. Respiratory center depression
2. Neuromuscular disorders
3. Upper airway obstruction
4. Pulmonary disease
C. Respiratory alkalosis (low PCO,)
* A respiratory alkalosis is due to a decrease in PCO,.
It results from hyperventilation leading to a decrease in CO,.
Causes of respiratory alkalosis
¢ Hypoxemia from any cause
» Respiratory center stimulation
¢ Mechanical hyperventilation
e Sepsis, pain, fever
II1. If the primary disorder is respiratory, determine whether it is an acute disorder
or a chronic disorder
A. You must also take into consideration the patient’s history while interpret-
ing ABG. However, the following formulae help in this.
e Normal pH is 7.4
¢ Calculate the change in pH (from 7.4)
An acute respiratory disorder (acidosis or alkalosis)
Change in pH = 0.008"(PaC0O,—40)
Expected pH = 7.4 + change in pH
B. In chronic respiratory disorder (acidosis or alkalosis)
Change in pH = 0.003"(PaCO,—40)
Expected pH = 7.4 + change in pH
e Compare the pH on ABG
—If the pH on ABG is close to A, it is an acute disorder.
—If the pH on ABG is close to B, it is a chronic disorder.
—May follow rule of 1-2-3-4 (Table 5.6).
— For each 10 mmHg rise or fall of PaCO2, HCO3 will change.
— Acute respiratory acidosis: rise by 1.
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Table 5.6 CO2and HCO™; compensation

Initial

Primary chemical Compensatory Compensatory

disorder change  response mechanism Expected level of compensation

Metabolic | HCO;~ | PCO, Hyperventilation PCO, = (1.5 x [HCO;7]) +8+2

acidosis PCO, = last two digits of pH

Metabolic  t HCO;~ 1 PCO, Hypoventilation ~ PCO, = (0.7 x [HCO57]) + 21 =2

alkalosis PCO, = last two digits of PH

Respiratory 1 PCO, 1 HCO;~

acidosis

Acute Buffering—rule 1 [HCO;7])] = 1 mEq/L for every
of 1 10 mmHg delta PCO,

Chronic Generation of 1 [HCO;7]) = 4 mEq/L for every
new HCO;™—rule 10 mmHg delta PCO,
of 4

Respiratory | PCO, | HCO;

alkalosis

Acute Buffering—rule | [HCO;"]) = 2 mEg/L for every
of 2 10 mmHg delta PCO,

Chronic Decreased | [HCO;7]) = 3 mEq/L for every

reabsorption of 10 mmHg delta PCO,
HCO;—rule of 4

— Acute respiratory alkalosis: fall by 2.
— Chronic respiratory acidosis: rise by 3.
— Chronic respiratory alkalosis: fall by 4.
IV. CO, and HCO;~ compensatory mechanism (Table 5.6)
V. Mind the gaps

Al. Calculate AG in case of metabolic acidosis.

High denotes raised AG metabolic acidosis, and normal or narrow
denotes non-AG acidosis.

A2. Calculate adjusted AG.

Adjusted AG = calculated AG + 2.5'(4-Serum albumin in gm%).

B. In less obvious cases, the coexistence of two metabolic acid—base disorders
may be apparent by calculating the difference between the change in AG
(delta AG) and the change in serum HCO;~ (delta CO,). This calculation is
called the bicarbonate gap or the delta gap:

* Bicarbonate (delta) gap = delta AG-delta HCO;~
* Where delta AG = patient’s AG- 12 mEq/L{normal AG};
* Delta HCO;™ = 24 mEqg/L{normal HCO;™}-patient’s HCO;".

* Normally the delta gap is zero if there is only AG acidosis. A positive raised
delta gap or a decreased delta gap denotes the presence of mixed lesion.

* A positive delta gap of more than 6 mEq/L is suggestive of presence of meta-
bolic alkalosis and/or HCO;™ retention.

* The delta gap of less than 6 mEq/L is suggestive of the presence of hyper-
chloremic acidosis and/or HCO;™ excretion.
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* Urinary anion gap
— Urinary anion gap is measured to determine the source of HCO3 loss.
— UAG = Urinary Na* + Urinary K* — Urinary CI~
— Normally UAG is zero or slightly negative. During Normal AG metabolic
acidosis, the kidney increases ammonia excretion in the form of NH4Cl,
leading to more negative UAG, usually ranging from—20
to—>50 mEq/L. This is observed in cases of HCO 3 loss due to nonrenal
causes like severe diarrhea. In case of metabolic acidosis due to impaired
renal function such as CKD or distal RTA, UAG remains positive.
C. Osmolar gap
The difference between calculated plasma osmolality and the measured
osmolality is called the osmolar gap. Normally the gap is less than
20 mOsm/Kg H,O. If it is raised then it denotes the presence of unac-
counted ions.
Causes of increased osmolar gap
* Ethanol
* Isopropyl alcohol
* Methanol, glycine, glycerol
* Ethylene glycol
D. Saturation gap
In cases of meth-hemoglobinemia, sulf-hemoglobinuria and carboxy-
hemoglobinemia, in spite of high PO2 in ABG samples, the SPO2 will
be low or constant in these patients. Appropriate history and exposure to
certain drugs can help clinch the diagnosis.

Step 7: Look for Alerts to Mixed Acid-Base Disturbances

¢ Absence of compensation

¢ Long-standing pulmonary or renal disease
* Excessive compensation

* Respiratory assistance

e Temporal inconsistencies

* Settings conducive to mixed disturbances

Stewart’s Approach of ABG Interpretation

Why Stewart’s Approach?

Limitations of the traditional approach of ABG interpretation:

1. It considers HCO3 as an independent component, but HCO3 concentration can

be affected by respiratory (CO2) or metabolic (H+) components, so its not a
specific marker of either
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H20+CO2 «—— H2CO3 «— H++HCO3 -

The relationship between metabolic acidosis and HCO3 is neither consistent
nor linear

2. It does not quantify metabolic component; it is indirectly calculated.
3. It does not consider the contribution of weak acids.

» Stewart’s approach puts water dissociation at the center of the acid—base sta-
tus of body fluids and is modified by PCO2 and other weak acids and certain
electrolytes.

* Principles of Stewart’s approach

1. Electrochemical dissociation of water determines PH

H20 ->H" +OH"

2. Law of mass conservation
[H+] [OH’] = Constant
3. Principle of electro neutrality
[cation] = [Anions](s)

4. Independent variables determine the dissociation of water and consequently the
hydrogen ion concentration to maintain electrical neutrality.
1. SID
is the difference between strong cations and strong anions, and indicates
the net ionic charge of weak anions.
Apparent SID (SID ,)- is the difference between measured strong cations
and strong anions.

SIDa = {[Na]+[K]+[Ca]+[Mg]} -[CI]

SID calculated for electroneutrality is viewed as effective SIDe and is calculated as
the sum of bicarbonate and weak acids [A], albumin, and phosphate.

SIDe =[HCO, | +[Alb]+[Pi]

[Alb]=2.8 * Alb g/dL.
[Pi]=0.6 * Phosphate mg/dL
Normal range = 39+/—1.

A. SIG or unmeasured anions: By the law of electroneutrality, SID a and SIG e
should be equal, but the inability to measure all strong and weak ions in the body
leads to a gap between both them.

SIG = SIDa - SIDe
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B. Is gap between unmeasured anions and unmeasured cations, normal range is 8
+/—2.

2. Weak acid total concentration (Atot)

It represents all nonbicarbonate buffers, that is, the total plasma concentration

of weak nonvolatile acids, mainly serum albumin and phosphate. Increase in
Atot is suggestive of metabolic acidosis and decrease is suggestive of metabolic
alkalosis.

3. PCO2

So, by law of electro neutrality:

{[Na]+[K]+[Ca]+[Mg]} = {[Cl]+[HCO,]+[Alb]+[Pi]+SIG}

Change in acid-base status occurs by either respiratory or metabolic mechanisms.

Respiratory: Change in PCO2 produces changes in PH.

CO2+H20 <—— H2CO3 <—— HCO3+H

Metabolic or nonrespiratory

Metabolic acid-base disturbances cannot be viewed as a consequence of a change
in HCO3 as HCO3 is the dependent variable. Metabolic acid—base disorders occur
due to disturbance in either SID or Atot.

A. Changes in SID

1.

Changes in SID occur by two different mechanisms:
Change in concentration

Change in status of hydration alters PH. Normal body PH is alkalotic, so
dehydration leads to increased concentration of alkali; more alkalinity; con-
traction alkalosis and increase in SID; on the other hand, over hydration
leads to dilution of state of alkalinity; dilutional acidosis and decrease in SID.

. Change in strong ion concentration

Even with normal Na concentration changes in other strong ion concen-
tration leads to alteration in SID.

(a) Inorganic acids: Only strong ion capable of bringing significant change
in PH is chloride. Increase in Cl concentration leads to a decrease in SID
and thus acidosis and vice versa. Because Cl is measured, it leads to non-
anion gap metabolic acidosis.

(b) Organic acids: Increase in the concentration of one of the organic acids
like lactate or keto acids leads to metabolic acidosis with high anion gap
because of the presence of “unmeasured” organic acids. Chloride con-
centration remains normal.
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B. Change in Atot
Atot represents nonvolatile weak acids like phosphate, albumin, and other
plasma proteins. Albumin can bring significant change in acid-base status.
Albumin being weak acid hypoalbuminemia leads to base excess.
Phosphate levels are normally too low to bring change in acid-base status,
but in the setting of renal failure high phosphate levels leads to acidosis.

Classification of acid—base disorders

Acidosis Alkalosis
Respiratory High pCO? Low pCO?
Metabolic
1. Abnormal SID
A. Water excess/deficit Low SID High SID
Low Na High Na
B. Imbalance of strong anions
(a) Cl excess/deficit Low SID High SID
High C1 Low C1
(b) Unidentified anion excess Low SID High XA/SIG
2. Nonvolatile weak acids
A. Serum albumin High Alb Low Alb
B. Phosphate High Pi Low Pi

Stewart’s algorithm of interpretation of acid—base disorder
* Check the history and determine expected acid-base disorder.
* Collect the following data:

Na,K,Cl, Alb,PCO22,HCO3
e (Calculate corrected Cl for the assessment of volume status

Corrected C1 = Observed C1' (Normal Na / Observed Na)

Normal Na = 142
Normal range of corrected Cl = 106 +/— 2

e Calculate SID a
SIDa =[Na+K+6]—CI;

(6 = value for presentation of Ca and Mg, provided they are normal)

e Calculate SIDe
SIDe = HCO3 +2.8" Albing /dL +2

(2 = substitute for Pi)
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¢ Calculate SIG or unmeasured anions (XA)
SIG = SIDa —-SIDe

* Make a comparison for calculated data to its reference range.

Simplified Stewart’s approach:

¢ Na-ClI > 40 metabolic alkalosis, <40 metabolic acidosis.

* The difference between Na and Cl needs to be explained by bicarbonate, albu-
min, and phosphate.

* For example, normal Na-Cl = 40, (Hco3 25 + 112(albuminX3) + 3 (Phosphate).

» If the Na-Cl gap cannot be explained, there are unmeasured anions like lactate,
creatinine, and ketones.

Interpretation of ABG using standard base excess (SBE) (Copenhagen
method) (Table 5.7)
The base excess approach is based on the change in metabolic acid—base change
provided by the machine. The term base excess is used in clinical practice, but the
machines calculate it as standard base excess (SBE), also called base excess of
extracellular fluid (BE gcp) or base excess of blood (BEg). The base deficit is the
negative version of base excess and is calculated as —1 X SBE.

A three-step approach is applicable when evaluating the acid—base status of a
patient.

1. Evaluate the SBE in relation to pH and PCO2.
Reference values pH 7.4, PCO2 40 mmHg, and SBE 0+- 2 mmol/L.

Table 5.7 Interpretation of ABG using standard base excess

Condition Secondary response Secondary response

Acute respiratory acidosis (pH  SBE =0 + 2 mmol/L Increase of 1 mmol/L in HCO -
decreased, PaCO, increased, for each 10 mm Hg increase 3 in
SBE =0 + 2 mmol/L) PaCO, above 40 mm Hg

Acute respiratory alkalosis (pH SBE =0 + 2 mmol/L Decrease of 2 mmol/L in HCO -
increased, PaCO, decreased, for each 10 mm Hg decrease 3 in
SBE =0 + 2 mmol/L) PaCO, below 40 mm Hg

Chronic respiratory acidosis (pH SBE = 0.4 x (PaC0O,_40) Increase of 4-5 mmol/L in HCO -
decreased, PaCO, increased, for each 10 mm Hg increase 3 in
SBE increased) PaCO, above 40 mm Hg

Chronic respiratory alkalosis SBE = 0.4 x (PaCO,_40) Decrease of 4-5 mmol/L in HCO -
(pH increased, PaCO, for each 10 mm Hg 3 decrease in
decreased, SBE decreased) PaCO, below 40 mm Hg
Metabolic acidosis (pH APaCO, = SBE Expected PaCO, = 1.5 x [HCO ]
decreased, PaCO, decreased, + 8 £2 mm Hg 3

SBE decreased)

Metabolic alkalosis (pH APaCO, = 0.6 x SBE Expected PaCO, = 0.7 x ([HCO -]
increased, PaCO, increased, —24) +40 +2 mm Hg

SBE increased)
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Determine the secondary response.
Consider mixed acid-base disorders if the secondary response differs from
the expected range.

. Evaluate the anion gap and delta gap to identify additional disorders in cases of

mixed acid-base disorders.

Coming Back to Our Case
By using the six-step approach (Boston Approach)

AW =

AN

W

. Acidemia

. Primary disorder is respiratory.

. Itis acute respiratory acidosis, as expected pH is 7.19.

. Compensation will be metabolic alkalosis, expected HCO3 would be 26.6, and

the patient’s bicarb is 18.

. Anion gap =22 (HAGMA).
. Delta gap = 10, delta HCO; = 4 (associated metabolic alkalosis).
. Final diagnosis acute respiratory acidosis with high anion gap metabolic acido-

sis and metabolic alkalosis.

By using Stewart’s approach

. Corrected C1 =98
. SID a=47
. SIDe=26

SIG =21

. PCO2 66
. Final diagnosis respiratory acidosis with high anion gap metabolic acidosis and

metabolic alkalosis.

By using the SBE approach

. Respiratory acidosis
. Secondary response will be metabolic alkalosis, expected SBE 2, in this patient

it is 6, which signifies an underlying chronic respiratory acidosis (?7OSA second-
ary to morbid obesity).

. AG is high, delta gap 10, and delta HCO3 4.
. Final diagnosis chronic respiratory acidosis with high anion gap acidosis and

metabolic alkalosis.
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Pituitary, Thyroid, and Adrenal
Emergencies in the ICU
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Pituitary Apoplexy

Case Vignette

A 42-year-old diabetic man previously asymptomatic has been admitted to the
emergency room (ER) with sudden-onset blurring of vision and vomiting with
stable hemodynamics and Glasgow coma scale (GCS) E4V5M6. After stabi-
lization and resuscitation in the ER, he underwent an MRI brain plain and
contrast and was shifted to the ICU where he developed severe headache,
hypotension, and drop in sensorium.

Pituitary apoplexy (PA) is defined as a clinical syndrome consisting of sudden
onset of a severe headache, vomiting, and visual deterioration with or without
altered mental status. It is usually caused by acute/subacute hemorrhage or infarc-
tion, most commonly of a pituitary tumor (adenoma or neuroendocrine tumor). The
pathophysiology of PA and Sheehan’s syndrome (postpartum pituitary apoplexy
due to severe bleeding/hypotension) is summarized in Fig. 6.1.
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Pituitary Apoplexy PA Sheehan’s syndrome
Preexisting lesion + Haemorrhage Normal Pituitary + severe
hypoperfusion
«— .
Raised ICP Cranial Nerve Involvement Pituitary parenchyma
injury (bleeding /
hypotension)

Headache, vomiting Reduced visual acuity, ocular paresis
hypopituitarism Loss of consciousness

Fig.6.1 Comparison between pathophysiologic mechanisms of pituitary apoplexy and Sheehan’s
syndrome

Step 1: Initial Assessment and Stabilization

A. Secure the airway and stabilize breathing for GCS less than 8.

B. Identify cause: Bleeding within the pituitary lesion, supply—demand mismatch
in growing tumors leading to pituitary necrosis, rapid rise in blood supply
(hypertensive crisis, raised intracranial pressure (ICP)), pituitary hormonal
stimulation tests, rapid drop in blood supply (massive drop in blood pressure
following massive hemorrhage, radiation, spinal anesthesia, etc.).

Step 2: Understand Probable Precipitating Factors

This includes diabetes, anticoagulants, hypertension, thrombocytopenia, coagulop-
athy, and pregnancy.

Step 3: Take History and Do a Physical Examination

* Clinical features depend on the speed of onset of infarction or hemorrhage and
the volume of hemorrhage that directly influences the degree of compression of
adjacent neuro-ophthalmologic structures and the pituitary gland.

¢ Acute and severe (acute PA) presents with sudden onset of severe retro-orbital,
frontal, or suboccipital headache with nausea and vomiting and cranial nerve
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symptoms such as diplopia, palpebral ptosis, and mydriasis with variable level of
consciousness, serious neurological deficits, coma, and even death.

Subacute (subclinical PA), with milder symptoms developing over days or
weeks with decreased visual acuity with visual field involvement ranging from
small field defects to complete bilateral vision loss.

The development of partial or complete hypopituitarism is common with similar
hormone replacement needs for both groups [gonadotropin deficiency being the
most common hormone deficiency (75%), followed by deficiency of corticotro-
pin (70%) and thyrotropin (50%)]. Almost all patients with PA have growth hor-
mone (GH) deficiency though not routinely tested.

The sudden onset of adrenocorticotropic hormone (ACTH) and therefore cortisol
deficiency is most serious as it can cause life-threatening hypotension.

Low serum prolactin levels may correlate with a higher degree of pituitary dys-
function. Hyponatremia may be seen with central hypothyroidism, syndrome of
inappropriate  antidiuretic hormone secretion (SIADH), and adrenal
insufficiency.

Step 4: Make a Diagnosis

MRI is the preferred option (sensitivity of approximately 90%) because it can
visualize and detect hemorrhage, necrosis, edema, and lesions within the pitu-
itary gland, as also compression of the optic chiasm and other adjacent structures.
CT scan if MRI unavailable/contraindicated.

Visual acuity, visual field, and ocular motility should be assessed periodically at
the patient’s bedside during the first 48 h.

Finally, electrolytes, renal function, liver function, coagulation, blood count, and
pituitary function (cortisol, prolactin, free thyroxine, thyroid-stimulating hor-
mone (TSH), IGF-1, GH, luteinizing hormone (LH), follicle-stimulating hor-
mone (FSH), and estradiol in women of childbearing age or testosterone in men).

Step 5: Start Management

Conservative approach:

It includes high-dose corticosteroids, hemodynamic stabilization, administration
of hormone replacement therapy for hormonal deficiencies, medical manage-
ment of functioning tumors (such as prolactinomas, acromegaly, and Cushing’s
disease), and specific treatment of any other underlying causes responsible for PA.
Hydrocortisone 100-200 mg IV bolus followed by 2—4 mg every hour by con-
tinuous IV infusion or dexamethasone (2—-16 mg per day) to reduce edema and
treat central adrenal insufficiency.

Antiedema measures and correction of coagulopathy in worsening
Intracranial bleeds
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Surgical approach:

e Urgently indicated in the decreased level of consciousness, hypothalamic
involvement, sudden amaurosis, or loss of visual acuity. The transsphenoidal
endoscopic approach is the preferred modality of choice preferably by experi-
enced neurosurgeons. A craniotomy is indicated in larger suprasellar extension.

¢ Postprocedure monitor water and electrolyte imbalance along with improvement
in visual symptoms and defects to be closely monitored.

* Pituitary apoplexy score (PAS) is utilized to justify the necessity for surgical
decompression though it does not involve pituitary hormonal function.

Thyrotoxic Crisis/Thyroid Storm

A 61-year-old man was transferred from the ER to ICU after he was found to
be in altered mental status associated with anxiety, agitation, fever, and chills
of 1-day duration. The patient had a medical history of alcohol and polysub-
stance use disorder, iron deficiency anemia, and hyperthyroidism. He was
sweating profusely, had palpitations, and was very restless. The patient had
been diagnosed with hyperthyroidism about 3 years prior and had been on
methimazole and propranolol. His heart rate was 160 bpm, the temperature
was 39.8 °C, respiratory rate was 30 bpm, BP was 134/71 mmHg, and oxygen
saturation was 95% on room air. The patient was uncooperative for a detailed
neurological examination, but the rest of the physical examinations
were normal.

Step 1: Identify the Syndrome and Underlying Etiology

* A thyroid storm, also known as a thyrotoxic crisis/thyrotoxicosis, is an acute,
life-threatening complication of hyperthyroidism that presents with multisystem
involvement with 8-25% mortality.

* The etiology of thyroid storm can be classified as follows:

— Thyrotoxicosis with a normal or high radioiodine uptake: Autoimmune
thyroid disease (AITD), Graves’ disease (GD), hashitoxicosis, autonomous
thyroid tissue, toxic adenoma (TA), toxic multinodular goiter (TMNG), TSH-
producing pituitary adenoma, non-neoplastic TSH-mediated hyperthyroid-
ism, human chorionic gonadotropin-mediated hyperemesis gravidarum,
trophoblastic disease, and resistance to thyroid hormone (T3 receptor
mutation).

— Thyrotoxicosis with a decreased or near-absent radioiodine uptake
Painless (silent, lymphocytic) thyroiditis, subacute (de Quervain’s, granulo-
matous) thyroiditis, acute thyroiditis (due to amiodarone, radiation), and
exogenous thyroid hormone intake.
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Step 2: Understand the Pathophysiology of this
Clinical Scenario

* Increased circulating levels of FT4 and an increase in target cell B-adrenergic
receptor density or post-receptor modifications in signaling pathways leading to
an increased sensitivity to catecholamines are possible hypotheses for thy-
roid storm.

» Triggering events for hyperthyroidism to convert to thyroid storm include surgi-
cal stress, infection, myocardial infarction, pulmonary embolism, drugs [amio-
darone, iodine, antiviral (interferon-mediated injury], pregnancy, etc.

Step 3: Get Familiar with Clinical Symptomatology

* The transition of thyrotoxicosis to thyroid storm is relatively subjective and
unclear. However, Burch and Warsofsky’s scoring system was designed to assess
degrees of dysfunction in various organ systems. However, due to its multisys-
tem involvement and aggressive nature, it is prudent to treat it aggressively in the
intensive care unit rather than focusing on definitions per se. Figure 6.2 shows
the clinical spectrum of thyroid storm.

Hair loss
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Eye: Diplopia, exophthalmos, ophthalmoplegia - I \ ’ Y Py y
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Fig.6.2 Clinical spectrum of thyroid storm
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Step 4: Send Investigations

Biochemistry

* Elevated FT3 and FT4 levels with reduced TSH levels.

* In 5% of patients, only T3 levels are high (T3 toxicosis).

» T3/T4 ratio >20 seen in Grave’s disease and toxic multinodular goiter.

e T3/T4 ratio <15 seen in thyroiditis, iodine exposure, or exogenous levothyrox-
ine intake.

» Elevated liver enzymes, hypercalcemia, and hyperglycemia, S cortisol (normal
to lower ranges following ACTH stimulation test).

Imaging

* ECG: arrhythmias and tachycardia
* Echocardiography (cardiac failure)
* Noncontrast CT scan

* Doppler

Step 5: Start Management

Medical management of thyroid storm is summarized in Table 6.1.

Table 6.1 Medical management of thyroid storm

Inhibition of thyroid hormone synthesis (standard antithyroid drugs given at higher doses and
more frequently)

Methimazole 20-30mg PO q6 h Methimazole has a longer half-life so
Propylthiouracil 200-400 mg PO q6-8 h preferred for very critically ill.
(preferable)

PTU decrease peripheral T4 — T3
conversion and safer during pregnancy
(first trimester)

Inhibition of thyroid hormone release from the thyroid gland by iodine

Saturated solution of 5 drops PO q6 h or 5-10 drops A thionamide should be initiated

potassium iodide per rectum q6-8 h before iodine therapy, to prevent the
(SSKI) stimulation of new thyroid hormone
Lugol’s solution 4-8 drops PO q6-8 h or 5-10  synthesis

drops per rectum q6—8 h or
5-10 drops IV d q6-8 h
Counteraction of peripheral effects of thyroid hormone

Beta-blockers Prevents T4o T3 conversion peripherally

Propranolol 60-80 mg PO g4 h or 80-120 mg PO 6 h or 0.5-1 mg IV over
10-15 min; max 160 mg/day; adequate control of Heart rate target

Atenolol 50-200 mg PO qday (or bd)

(continued)
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Table 6.1 (continued)

Metoprolol 100-200 mg PO qday (or bd)

Nadolol 40-80 mg PO qday

Esmolol Loading dose of 250-500 pg/kg IV, then 50-100 pg/kg/ min
v

Steroids Prevents T4o T3 conversion peripherally, vasomotor
stability

Hydrocortisone 100 mg tid after 300 mg loading dose

Dexamethasone 2 mg IV qid

Supportive care

Acitaminophen 325-650 mg PO Avoid salicylates

Thiamine 200 mg IV BD To prevent Wernicke’s

encephalopathy
IV fluids 5% D or 10% D

Treating precipitating cause

Treat precipitating factors

* Alternative therapies:

— Lithium: 300 mg qid, prevents T4 release (maintain 0.6—1.0 mEq/L).

— Potassium perchlorate: The perchlorate anion, CIO 4 —, is a competitive
inhibitor of iodide transport (1 g daily) with MMI (30-50 mg daily) for up to
4 weeks have been used successfully without side effects such as aplastic
anemia and nephrotic syndrome.

— Cholestyramine: 4 g PO qid, prevents entero-hepatic circulation of thyroxine
(if patient allergic to thionamide).

— Plasmapheresis: removes thyroid binding globulin-bound T4 and antibodies
against the thyroid gland. The effect is transient 24—48 h.

— Surgery: patient intolerant of thionamide.

Myxedema Coma

Case Vignette

A 50-year-old female patient undergoing treatment for abdominal tuberculo-
sis for the past three months presented with a history of mild abdominal dis-
tension, slightly altered sensorium, dry skin, and signs of jaundice. As imaging
studies did not reveal any significant findings, a decision to proceed with diag-
nostic laparoscopy was taken. Meanwhile, her thyroid-stimulating hormone
(TSH) report came as 75 mIU/ml, and as her sensorium deteriorated, she was
transferred to the intensive care unit for further care.
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Step 1: Suspect Myxedema Coma

Myxedema coma, the severe form of hypothyroidism, is rare; however, when it
occurs, it presents a potentially life-threatening condition (mortality rate
50-60%).

It typically occurs in elderly, female patients who have not been previously
treated, as well as those with inadequate or discontinued treatment (average age
75 years).

The term myxedema coma is misleading, and decompensated hypothyroidism/
myxedema crisis may be a more appropriate term for hypothyroidism leading to
organ failure.

The brain is the first organ to fail; hence, the main clinical feature is delirium.
In myxedema coma, decreased mental status is caused by a combination of fac-
tors, including the direct impact of low thyroid hormone action in the central
nervous system, cerebral anoxia and hypercapnia from respiratory insufficiency,
hemodynamic instability leading to reduced brain perfusion, and electrolyte
abnormalities.

Step 2: Identify Precipitating Factors and Disorders that Can
Result in Hypothyroidism (Table 6.2)

Table 6.2 Precipitating factors and disorders that can result in hypothyroidism

Disorders that can result in hypothyroidism and

Precipitating factors

Hypothermia

Infections, septicemia

Myocardial infarction or congestive heart
failure

Stroke

Surgery

Respiratory depression due to drugs (e.g.,
anesthetics, sedatives, tranquilizers)
Other medication: amiodarone, rifampin,
phenytoin

Withdrawal of levothyroxine

Trauma, burns, or gastrointestinal blood
loss

myxedema coma

Chronic autoimmune (or Hashimoto’s) thyroiditis
Postsurgical hypothyroidism

Postablative (*'T) hypothyroidism

Neck irradiation

Central hypothyroidism due to hypothalamic or
pituitary disorder

Drug-induced hypothyroidism

Lithium, amiodarone, sunitinib

Excessive consumption of goitrogenic foods, such
as raw Chinese white cabbage (bokchoy)
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Step 3: Understand Pathogenesis of Myxedema Coma
(Fig. 6.3) Pathogenesis
‘ T4

l Intracellular T3

Nervous System Hypothermia Cadiovascular Fluid Balance

Respiratory
Altered mental Insufficiency Effusions

Decreased Cardia
Output

Status Cardiogenic Shoc

Hyponatremia
Cerebral Anoxia

Fig. 6.3 Pathogenesis of myxedema coma
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Step 4: Identify Clinical Presentation

* Neurological: altered mental state (poor cognitive function, psychosis, coma).

* Hypothermia (as low as 23 °C) or absence of fever with severe infection (prog-
nosis worsens as the core temperature falls).

* Physical signs of hypothyroidism.

* Respiratory depression.

» Cardiac: hypertrophy, bradycardia, decreased ventricular contractility, hypoten-
sion, and ECG changes (low voltage, nonspecifc ST-wave changes and some-
times torsades de pointes with a long QT interval).

e GI: anorexia, abdominal pain, distention, and constipation.

* Biochemical abnormalities include hyponatremia, normal or increased urine
sodium excretion, elevated CPK and LDH, hypercholesterolemia, hypoglyce-
mia, normocytic or macrocytic anemia, deranged coagulation parameters. TSH
values may only be modestly raised (and will be normal or low in secondary
hypothyroidism) but free thyroxine levels are usually very low.

Step 5: Start Evaluation

Diagnosis

» Laboratory results will show elevated TSH and low free T4.

* TSH may not be as elevated as expected for the low level of free T4. This is usu-
ally due to intercurrent illness or the use of dopamine and/or glucocorticoids.

* On the other hand, a normal-to-low or low TSH coupled with a low free T4 value
indicates central hypothyroidism, especially if associated with adrenal insuffi-
ciency and other clues such as inappropriately normal gonadotropins in post-
menopausal women, or a history of pituitary surgery.

» Distinguishing between patients with myxedema coma caused by central hypo-
thyroidism and those with nonthyroidal illness (“‘euthyroid sick™) syndrome,
characterized by decreased mental status, can be challenging. The latter group
may exhibit low TSH and low total T3 levels due to severe illness and medica-
tions administered during treatment.

Step 6: Manage Myxedema Coma?

Treatment

* Supportive measures include early mechanical ventilation when indicated, pas-
sive rewarming for hypothermia, vasopressor agents for hemodynamic instabil-
ity, and standard intensive care.

e Appropriate fluid management and correction of hypotension and
dyselectrolytemia.
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e Aggressive management of precipitating factors and steroid supplementation:
Stress doses of hydrocortisone (50 mg IV every 6-8 h) should be given due to the
possibility of concomitant adrenal insufficiency, which occurs in 5-10% of
cases. Giving thyroid hormone without steroid can precipitate adrenal crisis.

¢ Thyroid hormone replacement.

Rapid institution of thyroid hormone replacement:

¢ “High-dose” regimen options:

— Intravenous thyroxine (T4) bolus of 300-500 mg, followed by 50-100 mg daily.

— Oral thyroxine in higher doses (usually by nasogastric tube), as absorption
may be impaired.

— Tri-iodothyronine (T3) (10-20 mg initially, followed by 10 mg every 4 h for
24 h, then 10 mg every 6 h) instead of thyroxine, but has the potential to cause
adverse cardiac effects when given too rapidly.

— Give 200 mg thyroxine with 10 mg tri-iodothyronine initially, and then tri-
iodothyronine 10 mg every 12 h and thyroxine 100 mg every 24 h, until the
patient resumes normal thyroxine orally.

* “Low-dose” approach
* 25 mg of thyroxine daily for a week or 5 mg of tri-iodothyronine twice daily with
a gradually increasing dose.

Adrenal Crisis

Case Vignette

A 20-year-old woman presented with a 3-month history of recurrent vomiting,
occurring between 5 and 10 times daily, accompanied by significant weight loss.
Upon admission, she exhibited signs of dehydration and was unable to maintain oral
intake due to persistent nausea and vomiting. She described some right-sided
abdominal pain and a pregnancy test was negative. The patient had a pre-existing
diagnosis of hypothyroidism. Clinical examination revealed that she was markedly
underweight, mild skin pigmentation tachycardia, and low blood pressure.
Laboratory results indicated a sodium level of 133 mmol/L, random cortisol
2 nmol/L.

Step 1: Classify Adrenal Insufficiency (Al) and Identify
the Causes for Primary Adrenal Insufficiency

¢ Primary adrenal insufficiency (Addison’s disease)
— Presently autoimmune adrenalitis is the most common cause of Addison’s
disease as incidence of TB is decreased. The other causes of primary adrenal
insufficiency are given in Figs. 6.4 and 6.5
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ADRENAL

INSUFFICIENCY

INADEQUATE
ADRENOCORTICAL [
FUNCTION

PRIMARY SECONDARY TERTIARY

ADRENAL PITUITARY HYPOTHALAMUS

ADDISON'S
DISEASE

Fig. 6.4 Classification and causes of adrenal insufficiency

¢ Autoimmune—most common cause of Al, serum adrenal antibodies are com-
mon in fe\male, particularly those with polyglandular autoimmune syndrome
(APS). Look for hypoparathyroidism, thyroid disease, and diabetes mellitus.

¢ Infections—tuberculosis, AIDS, fungal.

¢ Hemorrhage—septic shock—meningococcal waterhouse syndrome, APLA syn-
drome, and anticoagulants.

* Infiltrations—amyloidosis, sarcoidosis, hemochromatosis, and lymphoma.

¢ Metastasis.



Pituitary, Thyroid, and Adrenal Emergencies in the ICU

81

PRIMARY ADRENAL
INSUFFICIENCY

DESTRUCTION OF
ADRENALS

>90% OF GLAND
DESTROYED BEFORE
MANIFESTATION

1. AUTOIMMUNE
2. INFECTIONS

3. HEMORRHAGE
4. INFILTRATIONS
5. METASTASIS

ADRENAL DYSPLASIA OR
HYPOPLASIA

DEFECT IN GENES FOR
NORMAL GLAND
DEVELOPMENT

PRESENT IN EARLY LIFE
1. SF1, DAX-1, AHC

Fig. 6.5 Causes of primary adrenal insufficiency
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Step 2: Identify Clinical Features of Al

Clinical features
Adrenal crisis—fever, vomiting, abdominal pain, diarrhea, hypotension out of
proportion to the severity of illness, confusion, and coma.

Chronic insufficiency.

General—generalized weakness, anorexia, weight loss, and salt craving.
Cardiovascular system (CVS)—postural dizziness and hypotension.
Gastrointestinal tract (GIT)—abdominal pain, vomiting, and diarrhea.

Central nervous system (CNS)—headache, depression, and behavioral changes.

SKIN—pigmentation.

Sexual characteristics—Iloss of axillary and pubic hair, and loss of libido.
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Step 3: Send Investigations

High plasma renin, increased ACTH level, and low ACTH stimulated cortisol

response.

Biochemical—hyponatremia, hypoglycemia, hyperkalemia, azotemia, and

hypothyroidism .
Blood—eosinophilia and lymphocytosis.

Cosyntropin stimulation test (Fig. 6.6)—Administer 250 mcg Cosyntropin—
measure cortisol at 30 and 60 min, 2 samples at each point (total cortisol and free
cortisol). Random serum cortisol measurement is not useful (secretion pulsatile).

8AM cortisol

>15mcg/dl

3-15mcg/dl

Cosyntropin
stimulation
Test

Al ruled out

B

10-20mcg/dl

Al Possible
measure free
cortisol, ACTH

ACTH low/
Normal

Secondary Al

Fig. 6.6 Cosyntropin stimulation test

1
<10mcg/dl

Al Present
Treat with
Steroids

]
1
ACTH
Elevated
Primary Al
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Step 4: Initiate Management

Treatment

Emergency measures: establish two large-gauge IV line.

Send serum electrolytes, glucose, cortisol, and ACTH.

Infuse initial resuscitative fluids 2—3 L, monitor for overload signs.

Inj. hydrocortisone 100 mg stat followed by 50 mg sixth hourly or infusion of
200 mg/day after the initial bolus.

15 mg/h ideal. Step down gradually over 72 h and overlap with oral.

Primary Al cases—begin mineralocorticoid replacement with fludrocortisone
0.1 mg daily.

Search and treat the precipitating cause of crisis.

Determine the type and cause of Al

Antibiotics if indicated.

Taper glucocorticoids to maintenance doses over 1-3 days, if precipitating ill-
ness permits.

Step 5: Identify the Causes of Secondary Al?

Secondary Al
Cause for panhypopituitarism

Sheehan’s syndrome: Postpartum necrosis of pituitary gland failure to lactate
and failure to menstruate. MRI brain—empty Sella sign.

Post surgery—tumors.

Radiation.

Trauma.

Developmental anomalies.

Pheochromocytoma Crisis

Case Vignette
A 35-year-old woman presented with a history of recurrent abdominal pain,
anxiety, hypertension, dyslipidemia, obesity, and palpitations, for which she
was under the care of a cardiologist. Additionally, the patient experienced
tremors and reported weakness in her lower extremities. Her skin appeared
pale on physical examination, but no other abnormalities were noted.
Abdominal imaging revealed a suprarenal nodule measuring 31 mm in
diameter.

Laboratory tests indicated elevated levels of urinary metanephrines at
1080 pg/24h (with a normal range below 341 pg/24h) and increased urinary
normetanephrine at 734 pg/24h (normal range below 444 ng/24h).
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Step 1: Identify Pheochromocytoma Crisis

* Pheochromocytoma crisis is a complex event that can be detected early and man-
aged promptly to prevent a crisis. Sometimes, it is the first sign of the condition.

e Adrenal masses are being found more frequently due to the increased use of
imaging methods, often through genetic testing.

* However, deciding on the best approach for testing and imaging can be
challenging.

* World Health Organization (WHO) distinguishes between pheochromocytoma
and paraganglioma primarily based on anatomical location as histological fea-
tures alone do not differentiate these two tumor types sufficiently.

Step 2: Identify the Risk and Precipitating Factors (Table 6.3)

Table 6.3 Risk and precipitating factors for pheochromocytoma crisis

Risk factors in patients with underlying

pheochromocytoma: Precipitating factors

Spontaneous Spontaneous hemorrhage into pheochromocytoma
Associated conditions: Exercise

Multiple endocrine neoplasia type 2 or Pressure on abdomen

neurofibromatosis type 1 Von Hippel— Urination of drugs: guanethidine, glucagon,
Lindau syndrome naloxone, metoclopramide, ACTH, cytotoxics,
Ataxia telangiectasia and tricyclic antidepressants

Tuberose sclerosis Sturge—Weber
syndrome
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Step 3: Understand Pathophysiology and Clinical Presentation

Pathophysiology

* The action of unopposed high circulating levels of catecholamines acting at
adrenoreceptors:
— Alpha-receptors cause a pressor response with increases in blood pressure.
— Beta-receptor activation has positive inotropic and chronotropic effects.

Presentation

» The classic triad of symptoms—headaches, palpitations, and profuse sweating.

» Cardiovascular: hypertension, palpitations, and myocardial infarction.

* Autonomic: sweating, pallor, hyperhidrosis, nausea, and vomiting

* Psych/neuro: anxiety and tremulousness, a feeling of impending death, altered
consciousness (hypertensive encephalopathy), pounding headache, and stroke.

e Abdominal: pain (tumor hemorrhage), paralytic ileus endocrine:
hyperglycemia.

Step 4: Start Evaluation

Diagnosis
The diagnosis necessitates evidence of an overabundant discharge of catechol-
amines and anatomical verification of the tumor.

* Urine for estimation of 24-h free catecholamines and metanephrines.

* Plasma metanephrines and catecholamines.

e Metanephrine levels correlate well with tumor size. Failure to suppress plasma
normetanephrine with clonidine is very supportive of the diagnosis of pheochro-
mocytoma (97% sensitivity, 100% specificity).

* If metanephrines are elevated, perform contrast-enhanced.

* CT or MRI; if abdominal imaging is negative, consider an MRI of the skull base,
neck, chest, and pelvis if the mass is >10 cm in diameter or is extra-adrenal,
search for additional paragangliomas or metastatic disease with I-MIBG scintig-
raphy, Ga-DOTATATE-PET-CT, or 18F-FDG-PET-CT.

* To accurately detect catecholamine-secreting tumors, gradually reduce and stop
tricyclic antidepressants and other psychoactive medications for at least 2 weeks
before hormonal testing.
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Step 5: Identify the Complications Associated
with Pheochromocytoma

Complications

» Heart—angina heart attack, cardiomyopathies, and myocarditis
* Acute failure—Arrhythmias

¢ Brain—stroke and encephalopathy

* Kidney—acute kidney injury and hematuria

e Lungs—pulmonary edema, ARDS, pulmonary HTN

Step 6: Treat Pheochromocytoma Crisis?

Treatment

» Surgical resection is typically the preferred treatment, but the preparation and
scheduling of the procedure are often ambiguous.

e It is recommended that all patients undergo genetic analysis. Once the mutation
is detected, the specific gene will dictate the customization of imaging studies
and subsequent medical care.

* Do not wait for biochemical confirmation—start treatment.

* Treatment of the hypertensive crisis should be carried out in an intensive care
unit when possible.

» Nitroprusside is the first line of therapy with an initial intravenous dose of 0.3 pg/
kg/min. Increase by 0.1-0.3 pg/kg/min at 3—5 min intervals until the hyperten-
sion is controlled. The maximum recommended dose is 10 pg/kg/min.

* Phentolamine, a nonselective a-adrenoceptor antagonist. The usual dose for
adults is 5 mg intravenously, which can be repeated every several minutes until
the blood pressure is controlled.

» Patients with tachyarrhythmia should receive a pB-adrenoceptor antagonist. IV
labetalol at an initial dose of 20 mg over 2 minutes. Additional doses of 40 mg,
up to 80 mg, can be administered at 10-minute intervals until the tachycardia is
controlled. The total dose should not exceed 300 mg in a 24 h period.

e Alternatively, IV metoprolol 2.5-5.0 mg every 612 h and titrated as needed up
to 15 mg every 3 h.

* Once satisfactory control of the hypertensive crisis is achieved, treatment is tran-
sitioned to oral phenoxybenzamine, an a-adrenoceptor antagonist, 10 mg twice
daily, adjusted upward in 10 mg increments every 2 or 3 days, to a maximum of
50-100 mg 3 times daily. Intravenous f-adrenoceptor blockade can be transi-
tioned to oral atenolol 25-50 mg every 8-12 h.
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Glycemic Control in the ICU
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Case Vignette

A 45-year-old male patient was admitted to hospital with cough, breathless-
ness, dizziness, and fever for the past 5 days. He was hypoxemic (SpO, 88%
on a nonrebreathing mask) and hypotensive (blood pressure 82/34 mmHg
after 2 L of IV fluid). He was intubated and started on mechanical ventilation.

His blood glucose was 350 mg/dL on the glucometer.

Hyperglycemia is commonly seen in both diabetic and nondiabetic patients in ICUs.
Hyperglycemia is also an independent risk factor for mortality and morbidity in
medical and surgical ICU patients. Various factors contribute to hyperglycemia in
the ICU. These include increased counterregulatory hormones (glucagon and corti-
sol), hepatic insulin resistance, glucocorticoid therapy, dextrose-containing solu-
tions, and high-calorie enteral and parenteral nutrition. It is also believed to be a

marker of more severe disease.
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Step 1: Check Blood Glucose

* Check capillary glucose by point-of-care properly calibrated glucometer.

e Caution is required in interpreting results of point-of-care glucometer in patients
with anemia, polycythemia, hypoperfusion, or use of medications that can inter-
fere with glucose measurements.

* Arterial glucose (in patients with arterial line) or venous glucose measured in a
laboratory glucose analyzer may be more accurate in patients with shock on
vasopressors or hypoxia or anemia.

* Treatment for hypoglycemia/hyperglycemia should not be withheld while one is
waiting for a laboratory glucose value.

Step 2: Assess Glycemic Risk

» Patients should be asked about their history of diabetes, current treatment for
diabetes recent blood sugar, and HbAlc levels.

e Check for HbAlc to assess control of glycemia.

* Check comorbidities such as hypertension, renal disease, liver disease, pancre-
atitis, chronic obstructive airway disease (COAD), obesity, and coronary artery
disease.

e Enquire about medication history causing hyperglycemia—corticosteroids,
octreotide, B-blockers, thiazide diuretics, niacin, protease inhibitors, and antipsy-
chotic agents.

 If diabetic enquire about oral hypogylcemics or insulin regimen.

Step 3: Decide on the Frequency of Blood
Glucose Measurement

* All hemodynamically unstable patients, especially those on intravenous insulin
infusion, should have blood glucose checked every hour or even more frequently.

* Asthe condition stabilizes or in less sick patients, this interval may be prolonged.

* With any change in the patient’s condition or nutrition delivery regimen, initiate
more frequent glucose monitoring.

Step 4: Decide on the Target Blood Glucose Level

* The present recommendation in general medical/surgical ICU patients is to keep
blood glucose between 140 and 180 mg/dL. Current SCCM recommendation is
to keep target 140 mg to 200 mg/dL.

» Patients with an expected length of stay for more than 3 days in ICU will benefit
from this control.
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» For patients with shorter stays, it may have a more liberal target sugar control.
¢ A more liberal blood sugar control is also advised in patients who are diabetic
because of the risk of relative hypoglycemia.

Step 5: Decide on an Insulin Delivery Route

¢ All oral hypoglycemic agents should be discontinued during the initial days of
instability.

¢ Intravenous infusion of short-acting regular insulin is the treatment of choice in
critically ill patients.

¢ Basal insulin (long-acting insulin) could be restarted as soon as the patient is
stabilized and started on enteral nutrition for better glycemic control.

¢ The following groups of patients may be candidates for periodic subcutaneous
insulin:
— Step-down therapy from intravenous insulin
— Less sick patients on oral diet

Step 6: Decide on Insulin Delivery Protocol (Tables 7.1 and 7.2)

¢ Insulin protocol should be institution-specific and nurse-driven.

e All efforts should be made to educate nurses and residents and ensure compli-
ance by periodic audits.

¢ Dynamic insulin protocols, ideally computerized, which can monitor trend of
rise or fall of blood glucose and adjust insulin doses, tend to keep blood glucose
at a more desirable range.

Table 7.1 An example of an algorithm of IV insulin therapy in a critically ill patient

Initiation Maintenance

Random blood sugar (RBS) Bolus Infusion

(mg/dL) U) (U/h) At 1-5 U/h At>5 U/h

151-199 0 2 Increase 1 U/h Incr 2 U/h

200-249 3 2 Bolus 3 U + incr Bolus 3 U + incr
1U/h 2 U/h

250-299 5 3 Bolus 5 U + incr Bolus 5 U + incr
1U/h 2 U/h

300-349 8 3 Bolus 8 U + incr Bolus 8 U + incr
1 U/h 2 U/h

350-399 10 4 Bolus 10 U +incr  Bolus 10 U + incr
2 U/h 3 U/h

400-449 10 5 Bolus 10 U +incr  Bolus 10 U + incr
3 U/h 4 U/h

>450 10 6 Bolus 10 U +incr  Bolus10 U + incr

Target random blood sugar: 140-180 mg/dL

4 U/h

4 U/
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Table 7.2 Another example of algorithm of IV insulin therapy in a critically ill patient

RBS (mg/ Scale 2 Scale 3 Scale 4
dL) Scale 1 IV—U/h) (IV—U/h) (IV—U/h) (IV—U/h)
<64 Treat as Do Do Do
hypoglycemia
64-140 Nil Nil Nil Nil
141-200 1 2 3 4
201-250 2 4 6 8
251-300 3 6 9 12
301-350 4 8 12 16
351-400 5 10 15 20
>400 10 15 20 25

The patient should be started on a particular scale depending on initial sugar and clinical scenario.

In this scale, in order to arrive at a target glucose level of 140-180 mg/dL, insulin infusion rate
should be shifted horizontally to the next or previous scale in the same row if sugar remains within
the range for that row. If sugar increases or decreases to the other range, the infusion rate should
be shifted vertically for that range in the same scale

Target random blood sugar: 140-180 mg/dL

Use insulin delivery protocol as per Table 7.1. For example, A diabetic patient
with admission blood sugar of 250 mg/dL should get 5 U regular insulin bolus
followed by 3 U/h. of insulin infusion. Next blood sugar after 1 h is 270 mg/dL,
another bolus of 5 U regular insulin and increase insulin infusion to 4 U/h.
Another insulin delivery protocol that can be used is described in Table 7.2, for
example, a diabetic patient with admission blood sugar of 250 mg/dL and normal
renal function may be started on scale 2 at 4 U/h. Patients with impaired renal
function could be started on scale 1 and nondiabetic patients on scale 3 or 4. Next
blood sugar check after 1 h is 270 mg/dL, the scale should shift vertically down
(range 251-300) and infusion increased to 6 U/h. Next blood sugar is 264 (target
140-180 mg/dL); the scale should shift horizontally to the right to the infusion
rate of 9 U/h.

Intermittent sliding scale subcutaneous insulin in less sick patients with mild
hyperglycemia.

Step 7: Avoid Hypoglycemia (Blood Glucose <70 mg/dL)

Rigorous blood glucose control (80—110 mg/dL) leads to hypoglycemic episodes
in a mixed medical/surgical ICU, which may be detrimental to their outcomes.
The following groups of patients are more prone to hypoglycemia:

Renal failure

Dialysis

Liver failure

Malnourished

Adrenal insufficiency

Intolerance to enteral feed
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Stop insulin infusion immediately and give 50 mL of 25% dextrose intravenously
and repeat this till blood glucose is more than 90 mg/dL and the patient is
asymptomatic.

Check blood glucose every 15 min and then decrease the frequency depending
on clinical response.

Ensure adequacy of carbohydrate calorie intake either enterally or parenterally
and avoid abrupt discontinuation.

Step 8: Avoid Large Variations in Glucose Concentrations
in the ICUs

Glycemic variability is expressed as the standard deviation of each patient’s
blood glucose levels.

Glycemic variability is an independent predictor of mortality in a heterogeneous
population of ICU patients.

The efficacy of continuous or near-continuous glucose monitoring and/or new
algorithms targeted more specifically to reduce glycemic variability as well as
mean blood glucose requires further clinical studies in ICU patients before the
final recommendation is made.

Step 9: Avoid Under- or Overtreatment and Safety Issues

Overtreatment and undertreatment of hyperglycemia represent major safety
concerns.

Education of ICU staff is essential in engaging the support of those involved in
the care of inpatients with hyperglycemia.

Regular audit and process measures should be undertaken to assess compliance
with insulin regimens and attainment of target glucose range, avoidance of hypo-
glycemia, and minimizing glycemic variability.

Step 10: Change to Intermittent Treatment Once Stable

Switch over to subcutaneous insulin.

Long-acting insulin should overlap with discontinuation of insulin infusion to
prevent hyperglycemia.

Intermittent short-acting insulin (either a fixed dose or based on sliding scale) pre
meals or six hourly should be instituted.

Calculate the dosage taking into account the history of diabetes, type of diabetes,
previous insulin dose, stress level, steroid use, risk of hypoglycemia, and general
clinical status.
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Case Vignette

An 18-year-old female patient presents with high-grade fever, tachypnea, and
altered mentation to the emergency department. She had diarrhea for 3 days
that was watery and large in volume. On examination, she was found to be
febrile with a temperature of 101 °F. Her pulse rate was 130/min regular, and
her blood pressure was 90/70 mmHg. She had a Glasgow coma score of 9.
Her random plasma glucose on arrival was 480 mg/100 mL. She was not
known to have diabetes.

Diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state (HHS) are
serious metabolic complications of diabetes and can occur in both type I and II dia-
betic patients. Insulin deficiency, increased insulin counter-regulatory hormones
(cortisol, glucagon, growth hormone, and catecholamines), and peripheral insulin
resistance lead to hyperglycemia, dehydration, ketosis, and electrolyte imbalance,
which underlie the pathophysiology of DKA. DKA usually occurs in young patients
with type 1 diabetes who are insulin-dependent, and HHS usually occurs in the
elderly with type 2 diabetes on either oral hypoglycemic agents or insulin. The basic
pathophysiological difference is the absence of circulating insulin in DKA and the
presence of some residual insulin function in HHS, which prevents lipolysis, and
ketosis. Recently, the use of sodium-glucose co-transporter 2(SGLT-2) inhibitors is
known to increase the risk of DKA in type 1 and also type 2 diabetes known as
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euglycemic DKA as blood glucose levels are relatively normal in these patients due
to glycosuria. The most common precipitating causes of DKA are infections, missed
Insulin doses, and new-onset diabetes.

On average, patients with DKA/HHS may have the following deficit of water and
key electrolytes per kg of body weight: free water 100 mL/kg; sodium 7-10 mEq/
kg; potassium 3-5 mEq/kg; chloride 3—5 mmol/kg; and phosphorus 1 mmol/kg.

Hyperglycemic Emergencies
DKA and HHS

Diagnostic criteria for DKA (Table 8.1) and HHS (Table 8.2) have been modified to
include the category of patients who have euglycemic DKA. The incidence is up to
10% and includes the use of SGLT-2 inhibitors as a risk factor. Even though hyper-
glycemia is still a diagnostic criterion, the range of blood sugar can vary widely and
the new definition tries to incorporate the same.

Diagnostic criteria for HHS include hyperglycemia, hyperosmolarity with the
absence of severe ketonemia, and acidosis. All four criteria must be present. Almost
30% of patients will have a combination of DKA/HHS criteria fulfilled.

Table 8.1 DKA diagnostic

A Blood glucose > 200 mg/dL or
criteria

Hyperglycemia previous history of diabetes

Ketosis Urine ketone > 2+ OR serum
B-hydroxybutyrate > 3.0 mmol/L
Acidosis pH < 7.3 and/or

Bicarbonate < 18 mmol/L

Table 8.2 HHS diagnostic criteria

Hyperglycemia  Blood glucose > 600 mg/dL

Hyperosmolarity Calculated effective serum osmolarity > 300 mosmol/kg (2xNa
mmol/L + glucose in mmol/L) OR
Total serum osmolarity > 320mOsmol/kg (2xNa in mmol/L + Glucose in
mmol/L + Urea in mmol/L)

Ketones Urine ketone < 2+ OR serum B-hydroxybutyrate < 3.0 mmol/L

Acidosis pH > 7.30 and bicarbonate > 15
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Step 1: Start Initial Resuscitation (Refer Chap. 24)

e Urgently insert two wide-bore intravenous peripheral catheters for volume
infusion.

* Draw blood samples for metabolic and other relevant tests.

* A central line may be needed in the presence of hypotension, lack of peripheral
access, multiple infusions, severe acidosis, and impaired cardiorespiratory or
renal parameters.

» For patients having signs of shock, administer IV isotonic fluid (0.9% saline or
buffered crystalloid like Ringer’s Lactate) as quickly as possible.

* Inpatients with mild hypovolemia, give fluid replacement as per individual needs.

* Ensure that the patient has no previous renal or cardiac morbidity.

e Serum potassium should be >3 mEq/L before insulin therapy is started.

Step 2: Take a Focused History and Perform
a Physical Examination

» History of omitted insulin doses, alcohol binge, use of recreational drugs, espe-
cially cocaine, known history of diabetes, previous hospitalizations—all may
point toward a diagnosis.

* The earliest symptoms of significant hyperglycemia are polyuria, polydipsia, and
weight loss. Common early indicators of ketoacidosis are nausea, vomiting,
abdominal pain, and hyperventilation.

* As hyperglycemia worsens, neurological symptoms may develop, potentially
advancing to lethargy, focal deficits, obtundation, seizures, and coma.

* Frequent causes of diabetic ketoacidosis (DKA) include infection, nonadherence
to insulin therapy, improper adjustment or discontinuation of insulin, new-onset
diabetes mellitus, and myocardial ischemia.

» Table 8.3 points to general differences between the two syndromes.

» Hyperglycemia could also be the first presentation for young individuals without
a history of diabetes.

* A thorough physical examination may help in finding a cause/possible focus of
infection, which is often a trigger for the hyperglycemic crisis.

Table 8.3 Differences between DKA and HHS

DKA HHS

Develops over hours to days Develops over weeks
Usually alert More likely to be obtunded

Nausea, vomiting and abdominal pain Co-existing other illness

Kussmaul respiration
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Step 3: Send Essential Investigations

Complete blood count with differential count.

Arterial blood gas with anion gap.

Urinalysis and urine ketones by dipstick.

Metabolic panel to include electrolytes along with Mg and phosphates.

Blood urea nitrogen and plasma creatinine (may be spuriously high due to chem-
ical analysis interference with ketones).

Serum ketones—B-hydroxybutyric acid levels.

Electrocardiogram, chest X-ray.

Screening for a possible infectious source.

Step 4: Fluid Therapy

Management of DKA and HHS includes replacing lost fluid volumes, adminis-
tration of insulin, electrolyte replacement, and treatment of the underlying cause.
Patients with DKA and HHS usually have severe hypovolemia due to hypergly-
cemia, leading to osmotic diuresis.

Average fluid loss in DKA and HHS is 8—10 L. HHS may result in fluid losses
exceeding 10 L sometimes. The goal is to replace the total volume loss within
24-36 h with 50% of resuscitation fluid being administered during the first 8—12 h.
In hypotensive patients, use crystalloids with vasopressors to restore circulat-
ing volume.

For hypovolemia with shock, fluids should be infused as quickly as possible to
reverse shock.

Crystalloids are the initial fluids of choice irrespective of sodium levels. For
hypovolemia without shock, fluid resuscitation is initiated with 15-20 mL/kg/h
of 0.9% NS or balanced crystalloid in the first hour and then 500—-1000 mL per
hour for the next 2—4 h.

After replacing the circulatory volume, fluid replacement rates can be reduced to
4-14 mL/kg/h. The type of fluid will be decided by hemodynamic stability,
sodium levels, and fluid input—output balance.

Once intravascular volume is restored and corrected, serum sodium is normal or
elevated, administer half-normal saline (0.45%) at 250-500 mL per hour.

In patients with low corrected serum sodium, continue with isotonic saline until
hyponatremia resolves.

in DKA, blood sugar level should drop to <250 mg/dL in 4-8 h. Once it is less
than 250 mg/dL, replacement fluid should contain 5-10% dextrose in addition to
isotonic fluids to prevent hypoglycemia and allow insulin infusion till ketonemia
resolves.

In patients with HHS, comorbidities like renal and cardiac dysfunctions warrant
more close monitoring of hemodynamics.
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The usual time to correct hyperglycemia is 8—10 h, and reduction in glucose
should not exceed 90-120 mg/dL/h to avoid cerebral edema.

The rate of sodium decline should not exceed 10 mmol/L in 24 h, and the rate of
fall of osmolality no greater than 3.0-8.0 mOsmol/kg/h.

Rapid correction of sodium and osmolality may risk cerebral edema more so in
pediatric patients.

Volume resuscitation will enable renal losses of glucose and enhance peripheral
action of insulin.

Replace total body water losses slowly with 5% glucose solution (50-200 mL/h)
once circulating volume and serum sodium are restored (usually when the blood
glucose falls to <200 mg/dL). This is to avoid sudden osmolality changes, which
may lead to cerebral edema and convulsions, seen more frequently in the pediat-
ric age group.

Step 5: Correct Electrolyte Abnormalities

Hyperglycemia may cause dilutional hyponatremia, so measured serum sodium
is corrected by adding 2 mEq/L (2 mmol/L) for each 100 mg/dL (5.6 mmol/L)
elevation of serum glucose over 100 mg/dL (5.6 mmol/L).

The average sodium loss is 400-700 mmol, and the average potassium loss is

250—400 mmol in DKA.

Replacement of serum potassium should begin early in the management of DKA

as serum potassium concentration does not accurately reflect total body

potassium.

Potassium replacement should begin as soon as serum potassium concentration

is less than 5.0 mEq/L. The target potassium concentration is 4-5 mEq/L.

Ensure adequate urine output before replacing intravenous potassium.

Guideline for replacing potassium is as follows:

— If serum potassium is less than 3.5 mEq/L, give potassium at 20 mmol/h and
insulin therapy should be delayed until potassium levels increase>3.5 mmol/L
(given diluted in a liter). Patients with severe hypokalemia may need more
intensive potassium replacement (e.g., 30 mEq per hour, possibly via central
venous access) to raise serum potassium levels above 3.5 mEqg/L.

— IfKis 3.5-5.0 mEq/L, give K at 10-20 mmol/h.

— If K is more than 5.0 or anuric, no supplements are required.

Potassium should be added to 0.45% saline instead of 0.9% saline to avoid

hypertonicity of infused fluid. Correction of hyperosmolarity, acidosis, volume

expansion, and insulin treatment leads to intracellular shifts in potassium and
hypokalemia. Very low serum potassium levels should be avoided at all costs as
they can lead to arrhythmias and have prognostic implications.

Hypomagnesemia occurs early in the course of DKA and requires correction.

Monitor serum magnesium levels.
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¢ Phosphorous depletion is common in DKA due to urinary losses. Replacement is
advised when it is severely depressed (<1 mg/dL). In patients with serum phos-
phate less than <1 mg/dL, add 20-30 mEq potassium phosphate to IV fluids.
Routine replacement of phosphate is not known to show any beneficial effects on
clinical outcomes and is associated with hypocalcemia and hypomagnesemia.

* Sodium bicarbonate infusion: Metabolic acidosis improves with restoration of
intravascular volume and tissue perfusion. There is a limited role of bicarbonate
therapy as it has not been shown to improve outcomes in DKA. Moreover, bicar-
bonate therapy is associated with adverse effects such as increased paradoxical
intracellular and cerebrospinal fluid acidosis, increased CO, production, adverse
effects on tissue oxygenation, risk of hypokalemia, and post-resuscitation meta-
bolic alkalosis.

¢ Bicarbonate therapy may be considered in the following situations:

— When pH is persistently less than 7.0 after 2-3 h of treatment.

— When the hypotensive shock is unresponsive to rapid fluid replacement and
persistent severe metabolic acidosis. If indicated, 100 mL of sodium bicar-
bonate 8.4% solution in 400 mL of sterile water (isotonic fluid) may be
infused to achieve a pH > 7.0.

¢ Even in these circumstances, bicarbonate can only “buy time” until other treat-
ments correct acidosis.

Step 6: Start Intravenous Insulin Infusion

 Insulin therapy should be started only after fluid and electrolyte resuscitation is
underway and serum potassium is >3.5 meq/l to avoid precipitous fall of serum
potassium. Short-acting insulin given by continuous infusion is the pre-
ferred choice.

» Use regular (rapid-acting) insulin as 0.1 U/Kg body weight as a bolus dose and
then 0.1 U/kg/h as a continuous infusion or 0.14 U/Kg body weight as a continu-
ous infusion without a bolus dose.

*  When plasma glucose reaches 200-250 mg/dL, the insulin rate can be decreased
by 50% or to the rate of 0.02-0.05 U/kg/h. If the blood glucose level does not
decrease by 50—75 mg/dL/h, the rate of insulin infusion should be doubled.

» Rate of reduction of blood glucose should be less than 5075 mg/dL/h.

* Maintain serum glucose between 150 and 200 mg/dL until resolution of DKA.

e Rapid correction of blood glucose levels could lead to cerebral edema seen
mainly in the pediatric population, which can lead to convulsion and electrolyte
disturbances (hypokalemia, hypomagnesemia, and hypophosphatemia).

 For patients presenting with normoglycemic DKA, the initial treatment is similar
to that for mild-to-moderate DKA, with the following adjustments:

— Start dextrose (5-10%) immediately with IV fluids and initiate it alongside
insulin therapy.

— Avoid giving a rapid-acting insulin bolus.

— Begin insulin at a dose of 0.05 units/kg per hour or 0.1 units/kg every 2 h.
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Step 7: Monitor the Effectiveness of Therapy Clinically
and Biochemically

* The following features indicate clinical improvement:
— Increased sense of well-being, reduced tachycardia and tachypnea
— Improved mental status and able to eat orally

* The following biochemical parameters suggest resolution of DKA:

— Serum glucose below 200 mg/dL in DKA

— Serum bicarbonate more than 18 mEq/L

— Venous pH more than 7.30

— Serum anion gap less than 12 mEq/L (may not be accurate in patients receiv-
ing large volumes of 0.9% NS)

— Delta anion gap/delta bicarbonate: As anion gap acidosis is replaced by nonan-
ion gap hyperchloremic acidosis due to normal saline resuscitation and a para-
doxical fall in pH, this ratio becomes >1 and is not a feature of worsening DKA.

— Decreasing urine sugar.

— Urine or serum ketones by nitroprusside test are not reliable parameters to
follow as this test predominantly measures acetoacetate and acetone, whereas
B-hydroxybutyrate is the predominant ketone in severe DKA, which is not
measured usually in the laboratory. There may be a paradoxical rise of serum
or urinary ketones as patients improve due to the conversion of beta-
hydroxybutyrate to acetone and acetoacetic acid.

The following biochemical parameters suggest resolution of HHS:

* Plasma effective osmolality (exclude urea in osmolality calculation) below
300 mosmol/kg.
— Blood glucose <250 mg/dL.
— Urine output >0.5 mL/kg/h.
Their cognitive status has improved.

Step 8: Switch to Subcutaneous Insulin When Stable

* Maintain IV insulin until biochemically stable and the patient has taken at least
two meals.

* Switch to subcutaneous regular insulin with half dose of total intravenous insulin
requirement either as a fixed dose or sliding scale insulin as per protocol.

* IV infusion can be stopped after an overlap of 2 h from the first dose of subcuta-
neous insulin.

* Total daily dose (TDD) can be calculated using weight-based formula
0.5-0.6 units/kg/day or 0.3 units/kg/day in frail patients, with chronic kidney
disease or any risk for developing hypoglycemia.

* Use 40-60% TDD as basal insulin dose and the remaining divided into three
mealtime doses of rapid-acting insulin.
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The first dose of basal subcutaneous insulin should be administered before IV
insulin is discontinued. Abrupt discontinuation of IV insulin may result in the
recurrence of hyperglycemia and ketoacidosis.

Stop SGLT2 inhibitor treatment during hospitalization.

Basal-bolus dosing is recommended, and insulin coverage should be round
the clock.

Avoid using ultra-long-acting insulin as a basal insulin (e.g., degludec).

Step 9: Identify Precipitating Factors

They should be sought and treated. Common precipitants include the following:
Missed insulin therapy

Infections—pneumonia, sepsis, and urinary tract infection

Trauma

Pancreatitis

Myocardial infarction

Pregnancy

Stroke

Steroid use

Step 10: Continue Supportive Care

The urinary catheter: Consider catheterization in persistent hypotension, renal
failure, anuria, and impaired consciousness. Maintain strict asepsis during
catheterization.

The central venous pressure (CVP) line: A must-have for all patients who present
with shock. Also consider in the elderly with concomitant illness, cardiac failure,
or renal failure even in the absence of hypotension.

Thromboembolic complications are common, and DVT prophylaxis should be
initiated.

The nasogastric tube: If consciousness is impaired, use it to avoid aspiration of
gastric contents.

Appropriate antibiotics if infection is a possible trigger.

Hypoglycemia

A 70-year-old male patient, with type 2 diabetes mellitus, was brought to the
emergency department with a history of feeling unwell, nausea, vomiting for
2 days, sudden onset of giddiness, sweating, palpitations, and altered senso-
rium. Blood glucose on a glucometer was 42 mg/dL.
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Impaired consciousness in diabetic patients is most commonly due to hypogly-

cemia that is most often drug-induced. Symptoms of hypoglycemia are nonspecific,
and this can masquerade as cardiorespiratory, neurological, and even psychiatric
problems. A low threshold for checking blood sugar in all diabetic patients to
exclude hypoglycemia is warranted as it is an imminently treatable condition and if
left unattended leads to mortality and severe morbidity.

Step 1: Promptly Identify Clinical Features of Hypoglycemia

Features of hypoglycemia could be neurogenic such as diaphoresis, tremor, anxi-
ety, palpitation, hunger, paresthesia, and tachycardia caused by sympathetic
stimulation.

These may be absent in patients with autonomic neuropathy or on f-blockers.
In some patients, neuroglycopenic features such as drowsiness, behavioral
abnormalities, coma, and seizures predominate.

Step 2: Check Blood Glucose Immediately

Urgent capillary sugar should be checked with the bedside glucometer. If possi-
ble, a simultaneous venous sample should be sent to the laboratory for glucose
analysis.

Point-of-care glucometers generally overestimate glucose values in the lower
range. Whenever hypoglycemia is suspected, always send blood for glucose esti-
mation by glucose analyzer.

Administration of dextrose should not be delayed if blood glucose checking can-
not be done immediately.

If the blood glucose level is less than 70 mg/dL and symptoms improve with
glucose administration, then patient symptomatology may be attributed to
hypoglycemia.

Step 3: Give Intravenous Dextrose

Reverse hypoglycemia rapidly with 50 mL of 25-50% glucose given
intravenously.

Check blood glucose after dextrose infusion and repeat the injection till the glu-
cose is above 70 mg/dL for at least two consecutive readings and the patient is
asymptomatic.

Start intravenous dextrose infusion 6-hourly with frequent blood glucose moni-
toring in patients on long-acting insulin, oral hypoglycemic drugs, or renal
impairment as they are prone to recurrent hypoglycemia.
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Step 4: Consider Alternative Agents in Specific Circumstances

* Injection glucagon may be given in a dose of 1 mg intramuscularly or subcutane-
ously if venous access is not possible.

* Injection octreotide 25-50 mcg may be given subcutaneously or as an intrave-
nous infusion in patients with resistant hypoglycemia, sulfonylurea-induced
hypoglycemia, or hypoglycemia induced by drugs like quinine or quinidine.

Step 5: Consider Precipitating Factors of Hypoglycemia
in Diabetic Patients

* Missed meals/inadequate food intake

* Insulin overdose

* Change of therapy/dosage of hypoglycemic drugs or insulin
* Concomitant ingestion of drugs causing hypoglycemia

* Presence of hepatic or renal failure

Step 6: Consider Disorders and Drugs Associated
with Hypoglycemia (See Tables 8.4 and 8.5)

* Inanintensive care unit, certain disorders are associated with hypoglycemia, and
frequent blood glucose monitoring should be done in these patients.

* Hypoglycemia is more common if there is intolerance to enteral feeding and the
patient is not started on parenteral nutrition.

e Many patients in the ICU have altered mental states and/or are under sedation,
and hypoglycemic episodes may remain unnoticed in these patients, so, frequent
blood glucose monitoring is essential in these groups of patients.

e Many patients in ICUs are on intravenous insulin infusion. Discontinuation or
intolerance to enteral feeding and stopping parenteral nutrition without simulta-
neously stopping insulin leads to hypoglycemia.

* Atlower glucose range and in low perfusion states, bedside glucometer loses its
accuracy.

Table 8.4 Common causes Insulin
of hypoglycemia in the ICU Oral hypoglycemic agents
Sepsis (including malaria)
Hepatic failure
Alcohol
Adrenal crisis (including steroid withdrawal)
Drugs
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Table 8.5 Drugs associated Insulin

with hypoglycemia Oral hypoglycemic agents
Gatifloxacin
Quinine
Artesunate derivatives
Pentamidine
Lithium
Propoxyphene
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Case Vignette

A 40-year-old man with polytrauma was admitted with multiple long bone
fractures, thigh hematoma, and bleeding profusely from a lacerated wound.
He looks pale and diaphoretic. Pulse 120/min, BP 90/50.

Blood transfusion is a common practice in the ICU with an estimated 40% of
patients having a transfusion. It is generally safe but occasionally may lead to minor
or life-threatening consequences if attention to detail and protocol is not met during
transfusion.

Step 1: Resuscitate

* Secure two large-bore (14G/16G) IV cannulae.

* Send blood for grouping, cross-matching, complete blood count (CBC), coagu-
lation profile, and other appropriate investigations.

* Proper coordination with the blood bank is mandatory in these situations for
early and proper acquisition of blood products.
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Step 2: Transfuse Packed RBCs or Blood Components (Tables
9.1 and 9.2)

o If the patient is bleeding profusely and hemodynamically unstable, use group-
specific uncross-matched blood or O Rh-negative packed cells while waiting for

cross-matched blood.

Table 9.1 Alternative red blood cell products

Technique
Leukoreduction

Separate types of
filters to allow for
RBC and platelet
passage only, ideally

should be used during

collection but may be
used during
transfusion

Washed RBCs

RBCs washed with
saline to remove
>98% of plasma
proteins, antibodies,
leukocytes, and
electrolytes

Gamma irradiation to
inactivate leukocytes

Frozen RBCs
Whole blood

Packed red blood
cells (PRBCs)

CMV-negative RBC

Purpose

Minimize the risk of
cytomegalovirus
transmission
Reduces febrile
nonhemolytic
transfusion reactions
(FNHTR) and
alloimmunization

Prevent allergic
reaction

Reduce the risk of
hyperkalemia
Anti-IgA antibody

Prevents TA-GVHD

For individuals with
rare blood group
Massive blood
transfusion

Reduces transfusion-
associated circulatory

oerload (TACO)
For
immunosuppressed
patients patients at

risk of CMV infection

Indications

High-risk
immunocompromised
patients, patients needing
multiple transfusions,
patients who have had
FNHTR

Recurrent severe allergic
reactions despite
premedication, IgA-
deficient patients, patients
at risk of hyperkalemia

Premature infants, patients
with malignancy,
recipients of allogenic
hemopoietic transplants,
transfusion to blood
relatives

Comments

Does not prevent
TA-GVHD
(transfusion-
associated graft
vs. host disease)

Not equivalent to
leukoreduction,
15-20% loss of
RBCs

Does not reduce
infectious risks or
FNHTR
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Full cross-matching process usually takes 1 h and detects all clinically significant
antibodies. In emergency bleeding conditions, one can also ask for immediate
spin that detects major ABO incompatibility and the presence of a “cold” or
room temperature reactive antibody.

In hemodynamically stable patients, use group-specific cross-matched blood.
There is no advantage of using fresh blood over old blood (within the stipulated
shelf life of 42 days).

In the presence of major active bleeding, transfuse blood rapidly over 30 min (if
available, use the rapid infusion pump, which can give fluids at a faster rate).

4 mL/kg of packed RBCs (usually one unit) increases the hemoglobin by 1 g/dL.
and hematocrit by 3% in the absence of active bleeding.

Rate of transfusion can be adjusted as per need, that is, rapidly in hypovolemic
patients and slowly in stable patients; however, once issued from the blood bank,
blood transfusion should be over within 4 h to prevent the growth of organisms.
If blood cannot be transfused fully within this time, it is advisable to discard it.
Transfuse blood and blood products through the filter to prevent the passage of
small clots that may form in stored blood.

The filter with a pore size of 170-200 pm is recommended for routine transfu-
sions of RBCs, platelets, fresh frozen plasma (FFP), and cryoprecipitate.

Filters with smaller pore sizes are more efficient, but they would increase resis-
tance and filter out platelet aggregates, reducing the efficiency of transfused
platelets.

Microaggregate filters with 20-40 pm size are recommended during cardiopul-
monary bypass only.

Filters can slow down the rate of blood transfusion. So, the standard recommen-
dation is to use a new set for every transfusion. In case of rapid transfusion if the
filter does not look clogged, change the set every two transfusions.

Use fluid warmer to transfuse blood in massive blood loss. This helps prevent
hypothermia, which can contribute to the coagulopathy by causing reversible
platelet dysfunction, altering coagulation kinetics, and enhancing fibrinolysis.
Hypothermia also causes ventricular dysrhythmias and citrate toxicity due to
reduced citrate metabolism.

Do not use unconventional and uncontrolled methods for blood warming such as
keeping near heat source or immersing the bag in hot water bath.

Step 3: Correct Coagulopathy

Correct high INR with FFP/PCC and low platelets with platelet transfusions only
in an actively bleeding patient.

Do not correct raised INR prophylactically in a nonbleeding patient unless surgi-
cal intervention is contemplated.

Prophylactic use of platelets before central venous catheter placement in patients
with thrombocytopenia was recently studied There were more bleeding events I
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patients who were not transfused prophylactically with a platelet count of
10,000-50,000/cu mm.

Other coagulopathic abnormalities need to be corrected.

Antifibrinolytic agents may be used to minimize bleeding in situations
like trauma.

Correct hypothermia.

Normalize calcium.

Consider activated factor VII in specific situations such as hemophilia A and B
and congenital factor VII deficiency. It may be beneficial in trauma and surgical
hemorrhages when hemorrhage has not responded to conventional therapy (off-
label use)

Use thromboelastography (TEG) or rotational thromboelastometry (ROTEM) if
available to further guide the transfusion strategy.

Step 4: Control the Source of Bleeding

Investigate to find out the source of bleeding and consider options available for
controlling the bleeding (interventional radiology or surgery).
Urgent consultation is required if needed with these specialties.

Step 5: Assess the Severity of Bleeding

Massive blood loss may be defined as

— Loss of one blood volume within a 24-h period

— Loss of blood equivalent to 7% of lean body weight in an adult (5 L) and
8-9% in a child

— Loss of 50% of blood volume within 3 h

— Loss of blood at a rate over 150 mL/min

Step 6: Manage Massive Blood Loss

Institute continuous invasive pressure monitoring for fluid management in the
presence of ongoing bleeding.

Collect blood samples for cross-matching of further blood and blood products.
Serial CBC (Hb and platelets) and coagulation tests (prothrombin time, APTT,
and fibrinogen), blood gas analysis, serum electrolytes (Na, K, Mg, ionized cal-
cium), and serum lactate should be done.

These should be repeated frequently in ongoing bleeding and after every compo-
nent therapy.

Transfusion of platelets, FFPs, and cryoprecipitate should be guided by labora-
tory results or point-of-care testing.
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¢ FFP administration should begin after the loss of one blood volume and platelets
after a loss of 1.5 times the blood volume.

e 1:1:2 ratio should be maintained for packed RBCs, FFP, and random donor plate-
lets to prevent dilutional coagulopathy and dilutional thrombocytopenia due to
massive blood transfusion, which results in a vicious cycle of bleeding diathesis.

* Cryoprecipitate is prepared by rapid thawing of FFP, thus fibrinogen content is
the same in one unit of FFP and one unit of cryo. The only advantage of cryo is
smaller volume. In ongoing blood loss, patients do need volume, and since FFP
also contains plasma, it will be preferable in ongoing blood loss.

* Administer cryoprecipitate if fibrinogen is less than 100 mg/dL and there is a
fear of volume overload by use of FFP.

* One can also consider fibrinogen concentrate (available in our country) for hypo-
fibrinogenemia at 70 mg/kg.

» If patients with A or B blood group have received multiple units of O Rh-positive
whole blood, then they can be switched back to their inherent group-specific
blood only after subsequent testing by the blood bank indicates it is safe to do so.

Step 7: Identify and Manage Transfusion-Induced
Complications (Table 9.3)

* Stop blood transfusion immediately if any acute hemolytic transfusion reaction
is suspected.

¢ Hypotension may be due to acute ongoing hemorrhage, acute severe transfusion
reaction, allergic reaction/anaphylaxis, or rarely due to septic shock (due to
transfusion of blood with bacterial contamination).

* Check the identity of the recipient with the details on the bag and the cross-
match form.

Table 9.3 Transfusion-related complications

Reaction Cause Clinical signs Treatment
Febrile Reaction between the Fever is a main Give paracetamol and
nonhemolytic recipient’s leukocyte sign, can also get  resume transfusion at a
transfusion antibodies (formed due to chills, rigors, slow rate
reaction (FNHTR) previous transfusions or tachypnea,

pregnancies) and transfused  headache

leukocytes.

Pyrogenic cytokines released
from the leukocytes in stored

blood.
Allergic reaction ~ Reaction to soluble allergens  Urticaria, flushing, Give 10 mg IV
in the donor’s plasma. pruritus chlorpheniramine
maleate and resume
transfusion

(continued)
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Table 9.3 (continued)

Reaction
Anaphylaxis

Sepsis

Acute hemolytic
transfusion
reaction (<24 h)

Cause
IgA-deficient individuals
react to IgA in transfused
units.

Bacterial contamination of
blood and blood products,

Yersinia, malaria.

Immune-mediated—due to
mismatch or incompatibility

of the recipient with the

donor products. The usual

incompatibility is blood

Clinical signs
Flushing, pruritus,
laryngospasm,
bronchospasm

Fever, chills,
hypotension

Fever, chills,
flushing, chest
pain, back pain,
vomiting,
tachycardia,

group system ABO. However, hypotension

there can also be reactions
with other “minor” antigens

such as Duffy and Kell.

Treatment

Stop transfusion
Supplement O,

SC/IV epinephrine,
100 mg IV
hydrocortisone, 10 mg
IV chlorpheniramine
maleate

Salbutamol
nebulization

IV fluids

Send the blood back to
the blood bank along
with a sample of the
patient’s blood

Use washed RBCs in
future

Stop transfusion
Contact the blood
bank and send the
remaining blood to the
blood bank

Send blood culture
Stop transfusion
Reconfirm the
patient’s identity and
blood group

Inform the blood bank
and return blood to the
blood bank

Send blood for CBC,
coagulation profile,
direct Coombs’ test,
peripheral smear for
evidence of hemolysis
Oxygen
supplementation if
needed

Infuse IV fluids to
maintain urine output
>100 mL/h

Can consider diuretics
if urine output falls
Treat DIC with
appropriate
components

(continued)



9 Transfusion Practices and Complications

119

Table 9.3 (continued)

Reaction
Delayed
hemolytic
transfusion
reaction (24 h to
28 days)
Transfusion-
associated
graft-versus-host
disease
(TA-GVHD)
2-30 days after
transfusion
TACO

TRALI

Cause
Nonimmune-mediated—
transfusion of damaged red
cells.

Donor lymphocytes initiate
an immune attack against the
recipient’s cells.

Volume overload.

Antibodies in the donor’s
blood react with neutrophil
antigen in the recipient.

Clinical signs

Malaise, fever,
jaundice, anemia

Fever, skin rash,
liver dysfunction,
diarrhea, severe
pancytopenia

Dyspnea, rales,

normal or high BP,

desaturation,
raised central
venous pressure
(CVP)/IVP
Dyspnea, rales,
normal or low BP,
desaturation,
normal or low
CVP

Treatment
Conservative
management

No treatment
Prevention by using
gamma-irradiated
blood products in
high-risk patients

O, supplementation,
diuretics, ventilatory
support SOS

Supportive
management
Ventilate according to
acute respiratory
distress syndrome
network protocol
Steroids not indicated

* Transfusion-associated circulatory overload (TACO) is circulatory overload fol-
lowing transfusion of blood or blood product.
* Transfusion-associated acute lung injury (TRALI) is defined as a new acute lung
injury (with hypoxemia and bilateral infiltrates on a chest radiograph but no evi-
dence of left atrial hypertension) occurring during or within 6 h after a transfu-
sion, with a clear temporal relationship to the transfusion, and not explained by
another acute lung injury (ALI) risk factor.
* Transfusion-related hyperkalemia is more likely to happen in massive trauma,
renal failure, and newborn/infants.
* Increased risk of citrate toxicity in massive transfusion in patients with liver

disease.
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Step 8: Use less Allergenic Blood Products

e In patients with multiple blood transfusions and transfusion-related complica-
tions, alternatively processed blood products should be considered (Table 9.1).

Step 9: Consider the Threshold for Blood Transfusion

 If the bleeding has stopped and there are no clinical signs of hypoperfusion, do
not transfuse any more blood or blood products.

* In the absence of active bleeding, keep a transfusion threshold of 7.0 gm/dL and
7-8 g/dL Hb in critically ill patients who are hemodynamically stable.

* Inthe presence of active bleeding, keep higher transfusion threshold of 9-10gm%
and further guide by clinical needs.

e Adult critically ill medical and surgical patients suspected to have sepsis and
septic shock, during the first 6 h of resuscitation one may consider higher trans-
fusion threshold of 8-10 g/dL.

» Transfusion threshold should be individualized depending on patient age, hemo-
dynamic stability, cardiac status, and availability of group-specific blood.

* RBC transfusion may be beneficial in anemic patients with acute coronary syn-
drome (keep Hb >9 g/dL).

» For patients undergoing cardiovascular surgery or orthopedic surgery, blood
transfusion is to be given to maintain hemoglobin 7-8 g/dL.

* All RBC transfusions in nonbleeding stable patients should be ordered as single
units. Obtain post-transfusion Hb before ordering additional units.

Step 10: Use Blood Products Judiciously

* In the absence of bleeding, do not correct high INR with FFP.

» Patients having inadequate intake or on anticoagulants and broad-spectrum anti-
biotics are likely to have vitamin K deficiency, which can cause deranged
INR. They will benefit from intravenous vitamin K supplementation.

* Consider judicious use of intravenous iron and erythropoietin where indicated to
minimize need for blood transfusion.

Step 11: Follow the Blood Transfusion Protocol

e Take informed consent.
* Check patient identification, match the unit to be transfused with patient name
and hospital registration number, and document the same.
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Perform visual inspection of the blood to be transfused for features of hemolysis.
Continuous monitoring of the patient during transfusion and respond immedi-
ately if any adverse events occur.

Use only 0.9% normal saline or albumin, ABO-compatible plasma through the
same intravenous tubing.

Initial infusion rate 1-2 mL/min for the first 15 mins to look for any features of
hemolytic or allergic reaction.

Complete transfusion not exceeding 4 h.

If needed, a post-transfusion hemoglobin may be checked as soon as 15 mins
after transfusion.

Report any adverse reaction.

Case Vignette

A 48-year-old woman with a prosthetic mitral valve on warfarin presents to
the emergency department with severe bleeding per vagina for last 12 h. She
is pale with cold peripheries, rapid thread pulse, and tachypnea. Her Hb is 5.0
gm% and INR is 7.5.

Follow steps 1 and 2 similar to the first case

Step 3

Stop warfarin, give 1-2 mg vitamin K IV over 15-20 minutes that will reverse
the effect of warfarin in 4-6 h, and use FFP/cryo/PCC for uncontrolled bleeding.
Monitor INR 6-8 hourly.

— Anmerican College of Cardiology/American Heart Association guidelines rec-
ommend against high-dose (10 mg) vitamin K in patients with mechanical
heart valves as this may create a hypercoagulable state with the risk of valve
thrombosis. In addition, high dose of vitamin K may lead to warfarin resis-
tance due to the accumulation of vitamin K in the liver.

— 10 mg vitamin K IV is recommended only when there is no plan for restarting
anticoagulation within the next week.

If there is life-threatening bleeding or bleeding in critical areas (CNS, pericar-

dium, or airways), stop warfarin and correct coagulopathy with FFPs/cryopre-

cipitate or 4F-PCC.

Consider supportive measures and give reversal agents whenever indicated. Use

appropriate laboratory tests to determine the drug levels (Table 9.4).
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Table 9.4 Various anticoagulant agents and their antidotes

Drug

Unfractionated
heparin

Low molecular
weight heparin
(LMWH)

Vit K antagonist
(warfarin)

Direct thrombin
inhibitors
Dabigatran

Laboratory tests to
determine drug levels

Activated partial
thromboplastin time
(aPTT)

Anti-factor Xa levels

Prothrombin time
(PT)/ international
normalized ratio
(INR)

TT—dilute thrombin
time

ECT—ecarin clotting
time

ECA—ecarin
chromogenic assay
If the above tests are
not available then
Thrombin time

aPTT

Treatment
Minor bleeding

If INR <4.5

No bleeding—withhold
warfarin till INR is in
therapeutic range

If INR 4.5-10

No bleeding—hold
warfarin, consider
vitamin K 2.5 mg PO
Urgent reversal—give
vitamin K 1 mg IV

If INR > 10

No bleeding—hold
warfarin, give vitamin K
2.5 mg PO or 1-2 mg IV
over 30 mins; repeat
every 24 h

Urgent reversal—give
vitamin K 1-2 mg IV
over 30 mins, repeat
every 624 h

Major bleeding

IV protamine

1 mg/100 units of
heparin

IV protamine

1 mg/100 units
dalteparin/tinzaparin or
1 mg protamine/1 mg
enoxaparin dose
received in the previous
8h

Consider rFVIIa for
critical bleeding
Discontinue oral
anticoagulant (OAC)
5-10 mg IV vitamin K
4F-Prothrombin
complex concentrates
(4F-PCC)

If INR 1.5-3.9, give
25 units/kg 4F-PCC
max of 2500 units

If INR 4-6, give

35 units/kg 4F-PCC
max of 3500 units

If INR > 6, give

50 units/kg 4F-PCC
max of 5000 units

If 4F-PCC not available
give FFP at 10-15 mL/
kg

Activated prothrombin
complex concentrate
(aPCC) is not indicated
IV idarucizumab or

1V 4 PCC/(aPCC) at
50 units/kg

No role of FFP
Anticoagulant
discontinuation
Antifibrinolytic agent
(tranexamic acid)
Consider activated
charcoal if drug has
been ingested within
2-4h

(continued)
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Table 9.4 (continued)
Laboratory tests to

Drug determine drug levels Treatment
Minor bleeding Major bleeding
Oral factor Xa Anti-factor Xa levels Andexanet alfa if
inhibitors Normal aPTT does available
Rivaroxaban, not exclude IV 4 PCC/aPCC at
epixaban, and significant drug levels 50 units/kg
endoxaban Normal PT indicates Anticoagulant
complete clearance of discontinuation
Xa inhibitor Antifibrinolytic agent
PT and aPTT not (trenexemic acid)
sensitive for epixaban Consider activated
charcoal if drug has
been ingested within
2-4h
No role of FFP
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Disseminated Intravascular Coagulation 1 0
and Thrombocytopenia

Vijaya Patil, Nayana Amin, Reshma Ambulkar,
and Atul Kulkarni

Case Vignette

A 40-year-old male patient was admitted with acute pancreatitis. He devel-
oped fever, tachycardia, hypotension, and respiratory distress on the third day
of admission. His abdomen was severely tender and distended. The next
morning the nurse noticed excessive oozing from arterial and central line
insertion sites, and his abdomen was further distended.

Bleeding manifestation due to disseminated intravascular coagulation (DIC) occurs
in 1% of hospital admission. Assessing and managing these patients require a Sys-
tematic approach as DIC is a reflection of underlying systemic disease affecting the
coagulation system, resulting in procoagulant activation, fibrinolytic activation,
consumption coagulopathy, and end-organ damage, which needs to be recognized
and treated.

Step 1: Initial Resuscitation

* Special emphasis should be placed on stabilizing hemodynamics, and if needed,
blood and blood product transfusion should be started.

» Care should be taken in establishing venous access in actively bleeding patients
who may be coagulopathic.
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Department of Anaesthesia, Critical Care and Pain, Tata Memorial Hospital,
Mumbai, Maharashtra, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2025 125
R. Chawla, S. Todi (eds.), ICU Protocols,
https://doi.org/10.1007/978-981-96-5636-3_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-96-5636-3_10&domain=pdf
https://doi.org/10.1007/978-981-96-5636-3_10#DOI

126 V. Patil et al.

 Peripheral access is preferable to central.

¢ In case of central venous access, use ultrasound-guided venous cannulation if
possible and preferably choose compressible sites like the internal jugular or
femoral vein.

e Avoid arterial punctures.

Step 2: Take Relevant History and Perform Focused
Physical Examination

» Take history of known systemic conditions associated with DIC and coagulation
disorders (Table 10.1).

e Review the drug history, particularly the use of direct oral anticoagulants
(DOACS), heparin, and warfarin, and consumption of antiplatelet agents, includ-
ing nonsteroidal anti-inflammatory drugs.

¢ Look for bleeding manifestation, superficial like skin and mucosal (petechiae,
purpura) or visceral and deep-seated (gastrointestinal bleeding).

e Look for thrombotic manifestations like deep vein thrombosis (DVT) of the
lower limbs or venous or arterial thrombosis at any other site (e.g., cerebral).

» Differential diagnosis includes severe liver disease, heparin-induced thrombocy-
topenia, microangipathic hemolytic anemia, and hemophagocytic syn-
drome (HLH).

Table 10.1 Conditions associated with DIC

Infections Bacterial—Gram-negative and Gram-positive sepsis
Viral—cytomegalovirus, HIV, hepatitis, dengue
Fungal
Parasitic—malaria, leptospirosis

Malignancy Solid tumors

Hematological—acute promyelocytic leukemia is commonly
associated with DIC
Obstetric Amniotic fluid embolism
Placenta abruption
Preeclampsia
Intrauterine fetal death/retained products of conception
Toxic and immunological Viper snake bites
insults Massive transfusion
ABO transfusion incompatibility
Transplant rejection
Massive inflammation Severe trauma
Crush injuries
Massive burns
Fulminant liver failure
Severe hypo—/hyperthermia
Severe pancreatitis
Vascular disorders Aortic aneurysms
Giant hemangiomas
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Step 3: Investigate to Ascertain the Type and Cause of Bleeding
(Table 10.2)

Table 10.2 Coagulation profile

Test What does it monitor Normal value Inference

Prothrombin Factors that are in 11-13 s Prolongation of the PT is most

time the extrinsic pathway often a result of deficiencies in
and common factor VII but can also be caused
pathway: factors VII, by any of the extrinsic and
X, V, and II common pathway factors.

Decreased fibrinogen, levels less
than 100 mg/dL will also prolong
the PT.

Cholestatic jaundice.

Acute or chronic liver failure.
DIC.

Malabsorption.

Vitamin K deficiency.

Coumadin (warfarin) therapy.
Factors I, IV, VII, X deficiency.

Activated partial Factors that are 28-34s Heparin therapy.

thromboplastin ~ designated in the Factor deficiency.

time intrinsic pathway: Presence of an inhibitor like lupus
factors XII, XI, IX, anticoagulants.
VIIL X, V, II, and
fibrinogen

Platelet count Quantifies platelet 130-400 x 10°/L. Decreased production (bone
number marrow disorder), increased

destruction, idiopathic
thrombocytopenic purpura (ITP),
thrombotic thrombocytopenic
purpura, sequestration

(hypersplenism).
Thrombin time  Evaluate the last step 13-15s Heparin therapy.
of coagulation DIC.
(conversion of Qualitative fibrinogen
fibrinogen to fibrin) abnormalities or
hypofibrinogenemia.

Elevated fibrin degradation
products (FDPs).

Fibrinogen level 200-500 mg/dL.  Congenital and acquired
hypofibrinogenemia.
DIC.
D-dimer Cross-linked D 500 ng/mL Deep venous thrombosis, DIC,
fragments of the pulmonary embolism,
protein fibrinogen thrombolytic treatment,
postoperative.
Antithrombin Anticoagulant 65-135 IU/dL Liver dysfunction, capillary leak
(AT), protein C  activity syndrome.
Plasmin— Antifibrinolytic 0.8 pg/dL Venous thromboembolism,
plasmin post-surgery.
inhibitor

complex
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Complete blood count, including platelet count and peripheral smear, for the
presence of fragmented RBCs.

Prothrombin time (PT), activated partial thromboplastin time (APTT), and
thrombin time (TT).

Fibrinogen level, fibrin degradation product (FDP), and D-dimer.

Renal and liver function tests.

The commonest laboratory abnormality is thrombocytopenia followed by ele-
vated FDPs, prolonged PT, prolonged APTT, and a low fibrinogen.

D-dimer, FDP, and antithrombin levels can be used for rapid and specific diagno-
sis of DIC, with antithrombin providing an indicator for severity and prognosis.
Diagnosis of DIC is essentially confirmed by demonstrating increased thrombin
generation (decreased fibrinogen) and increased fibrinolysis (elevated D-dimer

or FDP).

Step 4: Ascertain Severity and Prognosticate Outcome

¢ Calculate the DIC score (Table 10.3) with the International Society of Thrombosis
and Haemostasis (ISTH) scoring system that provides objective measurement of
DIC and correlates with outcome.

Table 10.3 Scoring systems for DIC

ISTH criteria JMWH criteria JAAM criteria
Clinical condition Essential 1 point Essential
predisposing to DIC
The presence of clinical ~ Not used Bleeding—1 SIRS score > 3—1 point
symptoms point
Organ failure—1
point

Platelet count (x 10%/L)

50-100 —1 point
<50—2 points

80-120—1 point
50-80—2 points
< 50—3 points

80-120 or > 30%
reduction—1 point
<80 or > 50%
reduction—2 points

Fibrin-related marker Moderate FDP (pg/mL) FDP (pg/mL)
increase—2 points  10-20—1 point 10-25—1 point
Marked increase—3 20-40—2 points > 25—3 points
points > 40—3 points
Fibrinogen <1 g/L—1 point 1-1.5 g/L—1
point
< 1 g/L—2 points
PT Prolongation PT ratio PT ratio
3-6 s—1 point 1.25-1.67—1 > 1.2—1 point
> 6 s —2 points point
> 1.67—2 points
DIC diagnosis > 5 points > 7 points > 4 points

ISTHInternational Society of Thrombosis and Haemostasis, JAAM Japanese Association for Acute
Medicine, JMWH Japanese Ministry of Health and Welfare
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Step 5: Continue Resuscitation

* Continue resuscitation and maintain hemodynamic stability using crystalloids.

* Avoid colloids as they interfere with clotting.

» If colloids are used at all, use gelatin, or if you are using starches, use tetrastarch
preferably as they have less effect on the coagulation profile, but do not exceed
the maximum dose (50 mL/kg/day).

Step 6: Correct Coagulopathy

* Repeat the coagulation profile and complete blood count frequently and replace
blood and blood products.

* Rotation thromboelastometry (ROTEM) or thromboelastography (TEG) can be
used to guide blood product administration while managing DIC.

* In the presence of ongoing blood loss, try to normalize prothrombin time and
APTT and aim to maintain a platelet count of more than 50,000.

* Do not prophylactically transfuse platelet or plasma as long as platelet count is
above 10,000/cu.mm.

* Do not use antifibrinolytic agents as they may aggravate thrombosis.

* Patients who have DIC with a primary hyperfibrinolytic state (obstetrical patients,
prostatic surgery) and who have severe bleeding can be treated with lysine ana-
logs, such as tranexamic acid (e.g., 1 g every 8 h).

* There is no role of heparin in actively bleeding patients.

* Heparin should be considered only where thrombosis predominates such as arte-
rial or venous thromboembolism or severe purpura fulminans associated with
vascular skin infarction.

* Use of prothrombin complex concentrates (PCC) has been shown to increase the
risk of thromboembolic complications, especially with high or repeated doses. It
should be only used in patients where FFP transfusion is not possible and patient
is actively bleeding in critical areas

Step 7: Treat the Underlying Disorder

* Repeat the tests to monitor the dynamically changing scenario and continue
treatment based on clinical observation and laboratory results.

* Once the patient stops bleeding, do not try to correct laboratory abnormalities as
transfusion of blood and blood products should be based on clinical condition
and bleeding rather than laboratory values only.

Calculate Score
* More than five overt DIC: repeat score daily.
* Less than five suggestive for nonovert DIC: repeat for the next 1-2 days.
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Chronic DIC is associated with malignancy (especially gastric, pancreatic, ovar-
ian, or brain tumors). There may be venous or arterial thromboembolism, mild or
no thrombocytopenia, mild abnormalities of PT, PTT, fibrinogen, and d-dimer.

Thrombocytopenia

A 50-year-old male patient was admitted with acute pancreatitis. His blood
investigations showed Hb 10.7 g%, WBC 12,000/mm?, and platelets 110,000/
mm?. On the third day, he worsened clinically. His WBC count was 20,000/
mm?and platelets were 70,000/mm?>. However, the next day, he further dete-
riorated, requiring inotropes and ventilatory support. His Hb dropped to
6.4 g%, his WBC count rose to 28,000 mm?, and platelets further dropped to
40,000/mm?.

Step 1: Resuscitate

Resuscitate, monitor, and stabilize in the ICU (refer Chap. 24). In patients with
low platelets and coagulopathy, ultrasound-guided jugular venous catheter inser-
tion for fluid resuscitation should be performed.

Send blood for peripheral blood smear, grouping, cross-matching, coagulation
profile, and biochemistry.

Step 2: Assess the Severity of Thrombocytopenia

Thrombocytopenia is defined as a platelet count less than 150 x 10%/L.

In critically ill patients, a threshold of less than100x 10°/L may be taken.

The ability to form a hemostatic plug is retained until the platelet count drops to
less than 100x 10°/L.

Step 3: Assess the Cause of Thrombocytopenia (Table 10.4)

Careful history, physical examination, previous medical records, and current
chart review usually reveal the cause of low platelet count.

Ask about bleeding from other sites in the past, for example, frequent nose-
bleeds, gum bleeds, melena, hemoptysis, and blood in stool or urine.

History of previous platelet counts.

History of previous blood or platelet transfusion.
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Table 10.4 Causes of thrombocytopenia

Pseudothrombocytopenia
seen in asymptomatic
patients

Dilutional thrombocytopenia
Ambulatory patients

Acutely ill patients

Pregnant patient

Cardiac patients

Patient with thrombosis

EDTA causes in vitro clumping of platelets. Presence of platelet
clumps in the peripheral smear and a normal repeat platelet count
in citrated blood confirm pseudothrombocytopenia. In some
patients, automated blood reports show thrombocytopenia due to
the presence of giant platelets that are counted as RBCs in
automated machines; however, manual platelet count is normal.
Massive blood transfusion.

ITP

Drug-induced—chemotherapy, miscellaneous drugs.
Infections—Epstein—Barr virus (EBV), HIV, others.

Connective tissue disorders—rheumatoid arthritis, systemic
lupus erythematosus (SLE), antiphospholipid antibody
syndrome.

Hypersplenism.

Primary marrow disorder.

Infection/sepsis.

DIC.

TTP-HUS.

Post-transfusion purpura.

Gestational (platelet count >70 resolves after pregnancy).

ITP.

HELLP—hemolysis, elevated liver enzymes, low platelets.

HIT.

Cardiac bypass.

Dilutional.

Gp IIb/I1a inhibitor-related.

TTP related to clopidogrel or ticlopidine.

HIT.

Antiphospholipid antibody syndrome.

Paroxysmal nocturnal hemoglobinuria.

* Medication history and review medication chart—particularly, use of heparin,
warfarin, and antiplatelet agents including nonsteroidal anti-inflammatory drugs

(Table 10.5).

* Heparin-induced thrombocytopenia (HIT) should be considered if the platelet
count decreases by 50% and/or thrombosis occurs 5—14 days after starting hepa-
rin. 4-T score for pretest probability of HIT is shown in Table 10.6.

» History of known systemic conditions associated with defects in platelets like

alcoholism, cirrhosis,
and uremia.

HIV infection, systemic lupus erythematosus (SLE),

» Family history of excessive bleeding.
» Perform physical examination to look for
— Evidence of bleeding in skin, mucous membrane, joints, soft tissue

— Lymphadenopathy
— Splenomegaly



132

V. Patil et al.

Table 10.5 Drugs associated with thrombocytopenia

Mechanism

Drug-specific antibody

Drug-dependent antibody

Hapten-dependent
antibody

Induction of autoantibodies

Myelosuppression

Unknown

Immune complex with PF4

Interference with folate

metabolism
Thrombotic
microangiopathy

Pre-existing antibodies

Drugs

H, receptor blockers
Gp IIb/I11a inhibitors
Antibiotics

Salicylates/NSAIDs
Antiepileptics
Antiarrhythmics
Miscellaneous
Antibiotic

Antiarrhythmics
Miscellaneous
Antibiotics
Chemotherapeutic
agents

Antibiotics

Miscellaneous
Gp IIb/IIa inhibitors

Heparins

Antibiotic

Ranitidine, cimetidine

Abciximab

Vancomycin, rifampicin, chloroquine,
amphotericin B, sulfonamides

Aspirin, diclofenac, ibuprofen
Valproate, carbamazepine, phenytoin
Amiodarone

Quinine, furosemide, thiazide, morphine
Penicillin, some cephalosporins

Procainamide
Gold salts
Linezolid

Fluconazole, daptomycin, ganciclovir,
nitrofurantoin, piperacillin

Digoxin, haloperidol

Eptifibatide

Unfractionated and low-molecular-weight
heparin

Meropenem

Clopidogrel, ticlopidine

Abciximab

Table 10.6 4-T’s score for pretest probability of HIT

Points
Thrombocytopenia
(acute)

Timing of fall in
platelet count

Thrombosis

Other cause of low
platelet

2

>50% fall in platelet

count

Onset within

5-10 days or,< 1 day
(if heparin exposure
within 30 days)

New thrombosis;
skin necrosis or
post-heparin bolus
acute systemic

1 0

>30% to 50% fall platelet <30% fall in
count platelets

After day 10, or timing Platelet count fall
unclear, or < 1 day with before day 4

recent heparin exposure
within 31-100 d
Progressive or recurrent
thrombosis; erythematous
skin lesions; suspected
thrombosis that has not been

(without recent
heparin exposure)
None

Reaction confirmed
No other cause of Possible other cause is Definite other
platelet count fall is  evident cause is present

evident

Pretest probability score: 6-8 high; 4-5 intermediate; 0-3 low
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Step 4: Transfuse Platelets (Table 10.7)

» Three types of platelet products are commonly used in clinical practice:
— Random-donor platelets (RDP)
— Single-donor platelets (SDP)
— HLA-matched platelets

* Platelet transfusions are contraindicated in thrombotic thrombocytopenic pur-
pura (TTP), idiopathic thrombocytopenic purpura (ITP), and HIT unless the
patient is bleeding.

Step 5: Assess the Rise in Platelet Count after Platelet
Transfusion (Table 10.8)

* Platelet counts should be measured 10-60 min after transfusion. Post-transfusion
counts at 10—60 min are sensitive to immune platelet destruction. Post-transfusion
counts at 24 h assess platelet survival, which is sensitive to nonimmune factors.

* The patient is considered refractory to platelet transfusions if two or three con-
secutive transfusions are ineffective.

e Alloimmunization is confirmed by demonstrating antibodies to specific human
leukocyte antigen (HLA) or human platelet antigen (HPA).

Table 10.7 Platelet transfusion triggers

Transfusion indication Threshold platelet count (*10%L)
Prophylactic transfusion of adult patients 10

Before central vein catheter placement 20

Urgent diagnostic lumbar puncture 20

Before elective diagnostic lumbar punction 50

Before major elective surgery (excluding 50

neurosurgery)

Neurosurgery/eye surgery 100

Table 10.8 Factors associated with platelet refractoriness

Nonimmune Clinical Splenomegaly, fever, infection, bleeding, disseminated
factors factors intravascular coagulation
Drugs Amphotericin B, vancomycin, ciprofloxacin, heparin
Patient Previous pregnancies, previous transfusions
factors

Immune factors  Antibodies HLA, platelet specific, erythrocyte
Others Length of time the platelets are stored
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Step 6: Understand Strategies to Improve Response to Platelet
Transfusions (Table 10.9)

* Treat underlying condition.

e Transfuse ABO identical platelets.

» Transfuse platelets less than 48 h in storage.

* Increase the number of platelets transfused.

* Select compatible donor: HLA-matched, ABO compatible.

Table 10.9 Approach for the management of thrombocytopenia

Etiology Mechanism Presentation Treatment
ITP, after viral illness, IgG antibodies against ~ All ages, common in Steroids,
may be associated with  platelet antigens, young adult females prednisolone
antiphospholipid platelet clearance by 1 mg/kg/day for
antibody syndrome, may spleen, inadequate 1-2 weeks, taper
be initial presentation of  platelet production Severe IVIG infusion
connective tissue disease, response thrombocytopenia with 1 g/kg/day for
lymphoproliferative normal RBC and WBC 2 days
malignancy morphology and
number
Diagnosis by exclusion Anti RhD
antibodies
50-75 wkg IV
(Rh + Ve

patients with
intact spleen)

TTP-HUS Inherited or acquired Microangiopathic FFP transfusions
deficiency of von hemolytic anemia, until the patient
Willebrand factor thrombocytopenia, is ready for
cleaving protease renal insufficiency, plasma
(ADAMTS13) fever, and mental status exchanges

changes
Idiopathic or secondary Schistocytes in Plasma
to Escherichia coli peripheral smear, raised exchanges
diarrhea, HIV infection, LDH, normal Platelet
certain drugs coagulation profile transfusions
(ticlopidine, only in
clopidogrel, quinine, life-threatening
cyclosporine A, bleeding

mitomycin A, cisplatin,
etc.), pregnancy, bone
marrow transplant, and
metastatic carcinomas

(continued)
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Table 10.9 (continued)
Etiology Mechanism Presentation Treatment
Drug-induced Antiplatelet agents’ and History—no other Stop the
thrombocytopenia other drugs’ immune blood or coagulation offending drug

mechanism
Chemotherapy and
alcohol—directly
inhibit megakaryocytes

Heparin—antibodies
against heparin—platelet
factor 4 complex

abnormalities

Most chemotherapeutic
drugs—the nadir of
blood counts in

7-10 days, recover over
2-3 weeks nitrosureas
and mitomycin cause
prolonged
myelosuppression
Type I—modest
transient
thrombocytopenia in
2-3 days after heparin
therapy

Type II—less common,
occurs 4—14 days after
heparin therapy

ELISA assay for
anti-PF 4 antibody,
serotonin release assay,
platelet aggregation
studies

Supportive care
Supportive care

Spontaneous
recovery

Stop heparin

Doppler to rule
out thrombosis
Use direct
thrombin
inhibitors
(argatroban,
lepirudin)
Fondaparinux
should be used
with caution
LMWH and
UFH should not
be used

Step 7: Treat the Underlying Cause

¢ Review and stop all offending medication.
» Evaluate the patient for evidence of secondary infection or DIC.
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Step 8: Role of Thrombopoiesis-Stimulating Agents
(Table 10.10)

Thrombopoiesis-stimulating agents can be used to promote platelet production.
Thrombopoiesis is a dynamic process of the development of platelets mainly taking
place in bone marrow and lungs This process is regulated by various signaling path-

ways and thrombopoietin (THPO) is a primary regulatory cytokine.
There are various drugs that have shown promising results in clinical settings.

Table 10.10 Thrombopoiesis-stimulating agents

Drug name
Pegylated recombinant
human megakaryocyte

growth and development
factor (PEG-rHuMGDF)

Recombinant human
thrombopoietin
(rtHuTHPO)
Romiplostim

Eltrombopag

Avatrombopag

Lusutrombopag

Hetrombopag

Mechanism of action
Activates THPO-MPL
signaling.

Activates THPO-MPL
signaling.

Thrombopoietin
receptor agonists.
Activates THPO-MPL
signaling.

Thrombopoietin
receptor agonists.
Activates THPO-MPL
signaling.
Thrombopoietin
receptor agonists.
Activates THPO-MPL
signaling.
Thrombopoietin
receptor agonists.
Activates THPO-MPL
signaling.
Thrombopoietin
receptor agonists.
Activates THPO-MPL
signaling.

Indication
Chemotherapy-induced thrombocytopenia

Chemotherapy-induced thrombocytopenia

Immune thrombocytopenia (ITP),
chemotherapy-induced thrombocytopenia,
post-bone marrow transplant
thrombocytopenia, thrombocytopenia
related to chronic liver disease, aplastic
anemia

ITP, post-bone marrow transplant
thrombocytopenia, aplastic anemia

ITP, thrombocytopenia related to chronic
liver disease

Thrombocytopenia related to chronic liver
disease

ITP
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TTP/HUS and HLH Syndromes 1 1

Gunjan Chanchalani, Seema Tekwani, and Vivek Dave

Thrombotic Thrombocytopenic Purpura (TTP)/Hemolytic
Uremic Syndrome (HUS)

A 36-year-old female homemaker was brought to the emergency room (ER)
with a 7-day history of moderate-grade fever without chills. She had experi-
enced altered sensorium for 3 days and one episode of jerky body movements
3 days ago. Her family reported that she had been feeling fatigued and lethar-
gic, along with passing dark-colored urine for the past 2 weeks.

On examination, she was drowsy and sluggish in her responses, with no obvi-
ous focal neurological deficits. Her Glasgow coma scale (GCS) was 11/15
(E3M5V3). She appeared pale, with evidence of mild icterus and a peripheral
purpuric rash. She was febrile, with a pulse of 116/min, regular, blood pres-
sure of 130/70 mmHg, a respiratory rate of 28/min, and oxygen saturation of
97% on room air. She also had a history of diabetes for the past 2 years and
had been taking herbal medicine for the last 2 years.

G. Chanchalani (D<)
Department of Critical Care Medicine, KJ Somaiya Hospital and Research Centre,
Mumbai, Maharashtra, India

S. Tekwani
Department of Pulmonary, Allergy, Critical Care and Sleep Medicine, Emory University,
Atlanta, GA, USA

V. Dave
Department of Critical Care Medicine, Narayana Health, Ahmedabad, Gujarat, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2025 139
R. Chawla, S. Todi (eds.), ICU Protocols,
https://doi.org/10.1007/978-981-96-5636-3_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-96-5636-3_11&domain=pdf
https://doi.org/10.1007/978-981-96-5636-3_11#DOI

140 G. Chanchalani et al.

Thrombotic thrombocytopenic purpura (TTP) and hemophagocytic lymphohis-
tiocytosis (HLH) are both rare hematological conditions, occurring due to patho-
logical immune dysregulation, and are associated with high mortality. They both
occur due to overlapping trigger factors; however, they do not coexist usually. The
diagnosis is often challenging and delayed due to the rarity of the disease, thus
worsening the prognosis.

Step 1: Resuscitate

* Do initial resuscitation as described in Chap. 24.
* Airway—Often patients present with low sensorium and seizures, and it is
important to assess the airway and the need for protection.

Step 2: Take Focused History and Do the Examination

» Fever, fatigue, and malaise are often seen in patients.

e Jaundice may be seen due to hemolysis, leading to unconjugated
hyperbilirubinemia.

* Bleeding episodes in the form of petechiae, epistaxis, gum bleeding, hematuria,
glycemic index (GI) bleeding, etc., are often seen due to thrombocytopenia.

¢ Neurological signs and symptoms include headaches, seizures, slurred speech,
confusion, encephalopathy, and even coma.

* Cardiac involvement presents as chest pain, heart failure, or is seen as raised
serum troponin levels and is a poor prognostic sign.

* Acute renal failure needing dialysis is often seen in HUS but is a rare occur-
rence in TTP.

* Ischemic complications may be seen affecting any organ, including the GI tract.

* Look for a history of acute blood loss.

* History of diarrthea due to Shigella or E. coli O157:H7 raises suspicion of
classic HUS.

Step 3: Make a Differential Diagnosis

* Meningoencephalitis (bacterial/viral)

¢ Metabolic encephalopathy

* Tropical infections—cerebral malaria, scrub typhus

* Sepsis

* Hemolysis—infection-induced/autoimmune/blood transfusion-related
¢ Disseminated intravascular coagulation (DIC)
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Step 4: Order Investigations

e Complete blood count.
— Hbislow
— Platelets often less than 30 x 10%/L

* Reticulocyte count is increased with low haptoglobin levels.

* Blood smear examination—Presence of schistocytes/fragmented Red Blood
Cells (RBCs). Schistocytes are fragmented RBCs from intravascular hemolysis
(>0.5% suggests the presence of microangiopathic hemolytic anemia).

* Coagulation profile is normal.

e Liver enzymes are normal, with unconjugated hyperbilirubinemia.

* Renal function may be impaired:

— TTP causes AKI in <50% of patients and is usually mild.
— HUS causes severe AKI.

* Urine analysis—evidence of proteinuria, macrohematuria.

* Cardiac involvement is seen as raised troponin levels.

* Lactate dehydrogenase levels are raised due to hemolysis and tissue ischemia.

» Send aerobic culture sensitivity to rule out infection and sepsis.

* Send blood for blood group and cross-matching.

* Do CT brain to rule out intracranial pathology. However, absence of focal neuro-
logical deficit grossly rules out any intracranial lesion.

e Stool PCR—Shiga toxin genes, stool culture, and/or bioassay of stool for
Shiga toxin.

Step 5: Suspect and Make a Diagnosis of TTP /HUS

* The diagnosis should be suspected based on clinical history and laboratory
findings.
* Thrombotic microangiopathy (TMA) has three hallmark features:
(i) Thrombocytopenia (<150 x 10°/L, or >25% drop from baseline)
(i) Microangiopathic hemolytic anemia (MAHA)—anemia, schistocytes,
raised LDH, low haptoglobin, indirect bilirubin elevated
(iii) Associated organ damage due to microvascular/macrovascular occlusion
which frequently involves the kidney, brain, GI tract, and heart

TMA = Thrombocytopenia+ MAHA +End —organ Damage

* The diagnostic criteria for HUS and TTP are shown in Table 11.1.
e PLASMIC score
— Helps determine the likelihood of TTP.
— One point is assigned for each criterion, and the score ranges from O to 7
(Table 11.2).
— Score 04 suggests that TTP is unlikely (0—4% likelihood).
— Score 5-7 (score of 67 suggests 62—82% likelihood of TTP) has a high sen-
sitivity for TTP and suggests a benefit from plasmapheresis unless there is a
possible alternative diagnosis.



142 G. Chanchalani et al.

Table 11.1 Diagnostic clinical features of HUS and TTP

Diagnostic triad of HUS

MAHA

Thrombocytopenia

Acute kidney injury

Diagnostic pentad of TTP

MAHA—e/o schistocytes in peripheral blood smear
Thrombocytopenia

Renal failure

Fever

Altered mental status

Table 11.2 Criteria for PLASMIC score

Platelet count (30 x 10°/L)

Hemolysis—Reticulocyte reticulocyte >2.5%, undetectable haptoglobin, indirect bilirubin
>2 mg/dL

No active malignancy within 1 year

No history of transplantation

MCV <90 fL

INR< 1.5

Serum Creatinine <2 mg/dL (with normal baseline

Table 11.3 Differential diagnosis of thrombotic microangiopathy

Disseminated intravascular coagulation DIC

Pregnancy associated—HELLP/eclampsia

Autoimmune (vasculitis, lupus nephritis acute scleroderma)
Malignant hyperthermia

Catastrophic antiphospholipid syndrome

Severe bacterial infection (meningococcus, pneumococcus)

Step 6: Confirm the Diagnosis

1. ADAMTS13 activity (normal >60%).
* ADAMTSI13 assays help confirm the diagnosis.
» Patients with TTP have plasma ADAMTS13 activity less than 10% of normal
or <10 TU/dL.
e In HUS, it is more than 10% of normal ADAMST13 activity.
* The diagnosis of HUS should be considered only after other secondary causes
of thrombotic microangiopathy have been excluded (Table 11.3).
2. ADAMTSI13 inhibitor
* Acquired TTP has antibodies that block the activity of ADAMTS13.
* These cases have normal ADAMTS13 activity.
* Detected by mixing studies.
e ELISA assays have increased sensitivity to detect antibodies against
ADAMTSI13.
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Table 11.4 Trigger factors for HUS/TTP

1. Malignancy, especially hematological malignancy (lymphoma, acute lymphoblastic
leukemia), bone marrow transplantation

2. Infections

Viral—Cytomegaloviruscytomegalovirus, Ebstein—Batr virus, human immunodeficiency virus

Bacterial

Fungal

3. Autoimmune disorders—Lupus
4. Pregnancy
5. Drugs—e.g.: Calcineurin inhibitors, Ticlopidine

Step 7: Look for a History of Triggering Factors

e Look for triggering factors—both the conditions have overlapping triggering
factors (Table 11.4).

Step 8: Do Specific Management

1. Fresh-frozen plasma (FFP) transfusion

FFP contains ADAMTS13 and should be considered if plasmapheresis will
be delayed for more than 6-8 h.

2. Plasmapheresis/plasma exchange

Therapeutic plasma exchange is the mainstay of treatment for TTP.

It removes ADAMTS 13 neutralizing autoantibodies and other harmful cyto-
kines from the plasma and helps replenish ADAMTS13 activity.

Plasma exchange should be initiated promptly, pending the results of
ADAMTS13 levels, preferably within 4 h of a suspicion, to reduce mortality.
Insert hemodialysis catheter under USG guidance by an expert operator.
Dose: 1.5 times plasma volume exchange/60 mL per kg.

Daily plasmapheresis should be continued till platelet count is normal
(>150 x 10°/L) for two consecutive days.

In patients with life-threatening complications, plasmapheresis may be per-
formed twice daily.

Daily plasmapheresis has been shown to reduce mortality to 10-20%.
Correct hypocalcemia.

Monitor LDH.

3. Do not give platelets. Platelet transfusion should be avoided as it is associated
with an increase in mortality.
4. Corticosteroids.

High-dose methylprednisolone of 10 mg/kg/day should be given for 3 days
followed by 2.5 mg/kg/day.
They should be tapered after platelet counts normalize.
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5.

9.
10.
11.

12.
13.

Rituximab.

¢ Rituximab when used in acute stages has been shown to reduce the number
of plasmapheresis days, relapse, and mortality.

¢ Rituximab is also useful in refractory TTP or in cases of relapse.

e When used along with plasmapheresis, rituximab should be administered
every 3—4 days.

Caplacizuamb.

* First dose to be administered as IV.

» Later given subcutaneously once daily for up to 30 days after the completion
of plasmapheresis.

* Its use has been shown to reduce the length of ICU stay, the need for plasma-
pheresis, duration of thrombocytopenia, occurrence of relapse, and refrac-
tory cases.

Additional immunosuppressive therapy.

* Cyclosporin, mycophenolate mofetil, azathioprine, cyclophosphamide,
daratumumab, and bortezomib may be used.

» Severe and recurrence may need a splenectomy.

Anticomplement C5 monoclonal antibodies—eculizumab or rovelizumab are

life-saving treatment options for complement-mediated HUS.

Prophylactic antibiotics should be administered against encapsulated bacteria

throughout therapy.

Avoid blood transfusion.

e Target Hb 7 mg/dL.

DVT prophylaxis should be started when platelet count >30 x 10°/L.

Treatment of Shiga toxin HUS is supportive.

Complement-mediated HUS requires urgent treatment with eculizumab.

Step 9: Prognosticate

TTP is life-threatening.

Almost complete neurological recovery is seen with aggressive therapy.
ADAMTS13 assay levels help monitor the course of the disease and further need
for any additional treatment.

Poor prognostic markers include age >60 years, Caucasian ethnicity, evidence of
arterial thrombosis, coma, and raised troponin levels.
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Hemophagocytic Lymphohistiocytosis (HLH)

A 27-year-old male corporate worker presented with a high-grade fever last-
ing over a month, accompanied by vomiting and a 10 kg weight loss since the
onset of the illness. He has no comorbidities or history of tuberculosis expo-
sure. On examination, he is drowsy and obtunded with no focal neurological
deficits. His vital signs reveal a temperature of 38.7 °C, pulse of 118/min, and
blood pressure of 108/78 mmHg. Cervical lymphadenopathy is noted, but
there is no skin rash. Systemic examination is grossly normal.

Step 1: Resuscitate

Do initial resuscitation as described in Chap. 24.

Protect the airway if the patient has low GCS and maintain oxygen satura-
tion of 94%.

Circulation—do fluid resuscitation to maintain MAP >65 mmHg.

Step 2: Take Focused History and Examination

The patient has a varying presentation, and hence, the diagnosis is often missed.
Nonspecific symptoms of fever, malaise, and fatigue are often seen.

Fever is common and may be high-grade.

Splenomegaly is one of the common findings.

Hepatomegaly, rashes, diffuse lymph node enlargement, and jaundice may be
present.

Neurological manifestations in the form of seizures, retinal hemorrhages, ataxia,
and altered consciousness can also be present.

Patients may progress to multiorgan dysfunction syndrome (shock, acute renal
failure, acute liver failure, acute respiratory distress syndrome).

The disease has overlapping findings with sepsis and multiorgan failure.

CNS dysfunction and bacterial and fungal infections due to prolonged neutrope-
nia can also occur.

In the case of genetic HLH, atypical symptoms in the form of chronic diarrhea
and sensorineural hearing loss are seen. The clinical condition resembles chronic
variable immune deficiency.
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Step 3: Make a Differential Diagnosis

The diagnosis is often missed due to its varying presentation and lack of awareness.

AN AW =

. Sepsis

. Tuberculosis, infectious mononucleosis

. DRESS (drug reaction with eosinophilia and systemic symptoms)
. Fulminant hepatic failure in pediatrics

. Viral encephalitis or CNS vasculopathy

. Langerhans cells histiocytosis

Step 4: Send Investigations

Complete blood count

— Usually bi-cytopenia >75% of patients

Peripheral smear—leucopenia, mild neutropenia, with low platelets.

CRP is raised.

Procalcitonin may be negative.

Ferritin—highly raised, >2000 microg/L—ferritin has a good negative predic-
tive value.

LDH—high.

Hyperfibrinolysis—low fibrinogen levels, increased D dimer.

Triglyceride level (fasting)—elevated.

Liver transaminases—raised, hyperbilirubinemia.

Kidney functions are often normal, unless multiorgan involvement.

Send cultures and sensitivity—two sets of blood cultures, urine culture.

Routine workup for tropical illness—usually shows no growth.

Tropical panel and blood PCR for herpes viruses (especially Epstein-barr virus
(EBV), cytomegalovirus (CMV), and Herpes simplex virus (HSV)) to be
ruled out.

CT chest—to look for lymphadenopathy.

USG—to look for hepatosplenomegaly.

Lumbar puncture and/or MRI if suspicion of brain involvement.

Biopsy/FNA of involved sites (especially bone marrow or lymph nodes). The
typical microscopic findings include hemophagocytosis seen in lymphocytes and
macrophages. Bone marrow is the most common site but can also be seen in
lungs, cerebrospinal fluid (CSF), meninges, liver, spleen, lymph nodes, and even
in subcutaneous sites. However, the presence of hemophagocytosis is not spe-
cific to the diagnosis of HLH in the absence of other features.

Soluble IL-2 receptor (a.k.a. soluble CD25)—increased in HLH. Poor sensitivity
and specificity.
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Step

5: Assess the Possibility of HLH

* A biopsy-proven histopathology is not mandatory for the diagnosis of HLH.
* Two scoring systems are widely used for the diagnosis of HLH.

HLH2004 criteria/Henter 2004 criteria (Table 11.5). Mainly for pediatric
formulation.
Not validated for use in adults or cases of secondary HLH.

e Hscore

An online calculator (www.mdcalc.com)

More appropriate for use in adults

Takes into consideration immunosuppression, fever, organomegaly, hypertri-
glyceridemia, ferritin, aspartate aminotransferase (AST)/ serum glutamic
oxaloacetic transaminase (SGOT), fibrinogen, cytopenias of only one or more
cell lineages, and hemophagocytosis in bone marrow samples.

The total score varies from O to 337, and the optimal cut-off for diagnosis is
169, which has a sensitivity of 93% and a specificity of 86%.

The sensitivity and specificity of the Hscore are greater in the pediatric group
(100% and 80%, respectively) than in adults (90% and 79%, respectively).
However, there is not much difference between the sensitivity and specificity
for HLH2004 and Hscore in critically ill adult patients.

Table 11.5 HLH2004 Four of the eight criteria listed below should be present:

criteria

1. Fever >38.3 °C

2. Splenomegaly

3. Cytopenia (involving at least two of the three lineages in the
peripheral blood)

Hemoglobin <9 g/dL (infants up to 4 weeks: hemoglobin <10 g/dL)

Platelets <1,00,000/uL

Neutrophils <1000/pL

4. Hypertriglyceridemia (=265 mg/dL) and/or
hypofibrinogenemia (<150 mg/dL)

5. Hemophagocytosis in the bone marrow or spleen or lymph
nodes or liver

6. Low or absent NK cell activity

. Ferritin >500 ng/mL

8. sCD25 (soluble form of CD25) (sIL2-Ra) >2400 U/mL

~


http://www.mdcalc.com
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Step 6: Look for Precipitating Factors
There are many triggers for the disease:

¢ Infections
— Viral—EBYV most common, other CMV, HSV, VZV
— Bacterial—Bartonella, tuberculosis, Legionella
— Fungal—histoplasma
Parasites—Leishmania, Plasmodium
— HIV
* Rheumatic conditions—SLE, juvenile rheumatoid arthritis
* Post-transplant
* Malignant diseases—hematological in 90% of cases
* Drug hypersensitivity
e Familial HLH

Step 7: Treat the Underlying Cause

* Identify and aggressively treat the underlying cause of the HLH.

* Malignancy: combination chemotherapy may be needed.

* Infection: appropriate antimicrobial therapy. Rituximab may reduce viral load
and improve EBV-associated HLH.

* Rheumatologic disease flare: management may require pulse-dose steroid or
augmented immunosuppressive regimens.

Step 8: Start Inmunosuppression

* Dexamethasone:
— 10 mg/m? body surface area (~15-20 mg/day) at least.
— 40 mg/day for patients not receiving other immunosuppressive therapy.
— HLH with macrophage activation syndrome or neurological involvement—
consider pulse steroid 1000 mg/.
— Rule out infection.
— Secondary HLH: consider 10 mg/m*day dexamethasone plus one of the
following:
* Anakinra (especially infection or rheumatologic related).
— Second-line agent for HLH
— For immunomodulation
— Without immunosuppression
* Ruxolitinib (especially in malignancy or EBV related)
* Cyclosporine—robust evidence is lacking
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Etoposide

— Most appropriate for patients with familial HLH.

— Severe EBV-related HLH.

— Neurological manifestations:

— HLH that is refractory to other therapies.

Familial HLH: consider moderate-dose dexamethasone plus etoposide.

Salvage therapy for relapsed and refractory cases

The following agents can be used

— Cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP)-like
regimens

— With etoposide

— Anti-CD52 antibody alemtuzumab

— Cytokine adsorption cartridges or plasmapheresis

— Ruxolitinib JAK? inhibitor (off-label)

— Emapalumab anti-IFN-y antibody

Macrophage activation syndrome treatment

Treated with high-dose corticosteroids.

Does not require cytotoxic treatment.

Cyclosporine A may be used in patients not responding to steroids.

— HLH2004 may be considered for patients not responding to steroids and
cyclosporine A.

— Other alternatives with less efficacy and more side effects include anti-
thymocyte globulin, plasmapheresis, intravenous immunoglobulin (IVIG)
and cyclophosphamide, biological agents like Anakinra, and an IL-1 receptor
antagonist have also been tried recently.

Step 9: Protocols for Treatment

1.

HLH94 protocol

e Widely used.

» 8-week therapeutic dose of etoposide (150 mg/m? twice weekly for 2 weeks
and then weekly) plus dexamethasone (initial dose of 10 mg/m? slowly
tapered over 8 weeks).

* Those patients who have familial disease or persistent disease should be con-
tinued on above treatment till allogenic stem cell transplant has been done.

* Pulses of dexamethasone (10 mg/m? for 3 days every second week) and eto-
poside (150 mg/m? every alternating second week) with daily oral cyclospo-
rine therapy should be given as continuation treatment.

* Those with neurological findings benefit from intrathecal methotrexate.

e Adult treatment is almost the same as pediatric population, but since adults
have more comorbidities, the chances of end-organ damage due to cytokine
surge are very high.



150 G. Chanchalani et al.

2. HLH2004 protocol

e Similar to the HLH94 protocol

* Only difference is that starting of cyclosporine A in the initiation phase itself
at the beginning so as to get immunosuppression and oppose the action
of IFN-y.

e Hemopoietic stem cell transplant is performed as soon as the donor is
available.

¢ Itis advisable to administer intrathecal prednisolone along with methotrexate
for patients with neurological symptoms.

Step 10: Hematopoietic Stem Cell Transplantation

* Cure for familial HLH in patients who have a risk of hematological malignancy.

e If donors do not match, then unrelated mismatched donors may be used as the
disease is fatal.

¢ The bone marrow undergoes myeloablative conditioning using busulfan, cyclo-
phosphamide, etoposide with or without antithymocyte globulin, or reduced-
intensity conditioning using melphalan/treosulfan, fludarabine, and alemtuzumab
with or without antithymocyte globulin.

* Unrelated umbilical cord blood is also tried.

Step 11: Monitor Parameters to Track Response to Therapy

» Fever curve.

¢ Ferritin level: higher values and failure to reduce is associated with worse out-
comes. In untreated HLH, serum ferritin keeps increasing rapidly.

e C-reactive protein.

¢ D-dimer and fibrinogen levels.

» Liver function tests.

* Cytopenias (complete blood count).

Prognosis varies and is often fatal in untreated cases. Prognosis is worse in
patients with underlying hematological malignancy, age >50 years, high ferritin,
slow decline in ferritin levels with treatment, neurological involvement, and associ-
ated DIC.
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Hypercalcemia

A 58-year-old male patient with metastatic renal cell carcinoma presented
with lethargy, confusion, anorexia, nausea, and constipation. He was polyuric
and polydipsic over the past few days. He was found to be hypercalcemic.
Hypercalcemia is mostly seen in solid tumors such as squamous cell carci-
noma of the head, neck, and lungs, breast cancer, ovarian cancer, renal carci-
noma, and some hematological malignancies, for example, leukemia,
lymphoma, and multiple myeloma. A high index of suspicion is needed in
patients with malignancy.

Oncological emergencies such as hypercalcemia, tumor lysis syndrome, superior
vena cava syndrome, and spinal cord compression are occasionally seen as an inter-
current problem or presenting manifestations in certain cancers.

Step 1: Resuscitate

Hydration is paramount in these patients, and intravenous saline should be given
rapidly once hypercalcemia is confirmed.
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Step 2: Send Investigations

Measure ionized serum calcium (arterial or venous).

Mild hypercalcemia (<12 mg/dL or 3 mmol/L) does not require immediate treat-
ment. Moderate-to-severe hypercalcemia (14 mg/dL or 3.5 mmol/L) is usually
symptomatic and requires treatment.

A low serum chloride level (<100 mEq/L) suggests hypercalcemia of malignancy.
If total serum calcium is measured, correct the albumin level. Corrected cal-
cium = measured total calcium + [0.8 x (4.0-albumin)].

Also, check serum creatinine, electrolytes including phosphates, and alkaline
phosphatase. Phosphorus should be monitored and repleted as hypophosphate-
mia is associated with hypercalcemia,

ECG abnormalities reflect altered transmembrane potentials, affecting conduc-
tion such as QT interval shortening (common) and QRS interval lengthening
(high levels). T waves may flatten, or invert and a variable degree of heart block
may develop (Fig. 12.1).

The above ECG shows a short QT interval with hardly any ST segment, charac-

teristic of hypercalcemia. In this tracing, the QRS complexes are wide, indicative of
an intraventricular conduction defect. No P waves are evident, and this is most
likely a junctional escape rhythm.
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Fig. 12.1 ECG changes in hypercalcemia
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Step 3: Infuse Fluid

Severe hypercalcemia is usually associated with marked hypovolemia.

Give 500-1000 mL of normal saline in the first hour and continue at 200-300 mL/h
until restoration of intravascular volume and urine output of more than 100 mL/h
is established. Intravenous hydration helps in increasing urinary calcium
excretion.

In patients with impaired cardiorespiratory and renal function, fluid resuscitation
should be done cautiously with close hemodynamic monitoring.

Step 4: Start Diuretics after Fluid Repletion

Diuretics promote urinary calcium
reabsorption.

Consider loop diuretics only when euvolemia is achieved as hypovolemia causes
renal hypoperfusion hampering calcium excretion. They are specifically useful if
features of hypervolemia, secondary to aggressive fluid resuscitation, develop,

and in cases of associated cardiac and renal impairment.

excretion by inhibiting calcium

Step 5: Start Specific Therapy (Table 12.1)

Bisphosphonates block osteoclastic bone resorption. Its action is evident in
2-3 days and lasts for 2—4 weeks. It is preferred in hypercalcemia secondary to
malignancy as it is more potent and can be given over a shorter course of time.
However, it can cause osteonecrosis of the jaw and nephrotoxicity in long-

term use.

Table 12.1 Treatment for hypercalcemia

Intervention
Normal saline

Furosemide
Bisphosphonates

Calcitonin
Glucocorticoids

Denosumab

Dosage

250-500 mL/h until euvolemic,
thereafter 200-300 mL/h IV, may
require 3—4 L

Keep urine output 100-150 mL/h
20-40 mg IV

Pamidronate: 60-90 mg IV 2—4 h
Zoledronic acid: 4 mg IV over 15 min
4-8 IU/Kg SC or IV every 12 h
Prednisolone: 60 mg/day PO
Hydrocortisone: 100 mg IV every 6 h
120 mg SC every 4 weeks

Give two additional 120 mg doses
during the first month of therapy on
days 8 and 15

Comment

Caution in patients with
congestive heart failure

After restoration of intravascular
volume
Caution in renal impairment

Rapid onset, but short-lived
Hyperglycemia,
immunosuppression

Rule out chronic kidney disease-
related mineral bone disorder
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» IV bisphosphonate of choice is zoledronic acid, 4 mg IV over 15 min. Use zole-
dronic acid with caution in patients with renal impairment and adjust the dose
according to creatinine clearance (Table 12.1).

e Calcitonin (subcutaneous or intramuscular) 4 units/kg lowers calcium levels
quickly (acts within 4-6 h and lasts for about 2 days), but the effect is short-lived.
It prevents bone resorption and increases urinary calcium excretion.

e In some patients with lymphomas, particularly Hodgkin’s disease, hypercalce-
mia is caused by elevated levels of vitamin D (1,25(OH),D); glucocorticoids are
particularly effective as they decrease vitamin D production and calcium absorp-
tion from the intestines.

¢ Denosumab acts by inhibiting receptor activators of nuclear factor kappa beta
(RANKL). It should be considered when there is no response to zoledronic acid
or in patients with kidney impairment as this drug is not cleared by the kidneys.
There is a higher risk of hypocalcemia with denosumab in patients with renal
impairment.

Step 6: Decrease Intake
¢ Eliminate dietary sources of calcium.

Discontinue medications such as thiazide diuretics (increase the reabsorption of
calcium) and vitamin D that increase the calcium level.

Step 7: Consider Dialysis

» Dialysis should be considered for patients with renal failure and/or congestive
heart failure when aggressive hydration and bisphosphonates cannot be
used safely.

» Calcimimetic agents, such as cinacalcet, are preferred in hemodialysis patients
and hypercalcemia secondary to parathyroid cancer.

Step 8: Treat the Cause

¢ Treat the malignancy with chemotherapy and radiation to control the hypercalce-
mia if feasible.

Step 9: Evaluate the Prognosis

 In patients with advanced malignancy, hypercalcemia may commonly occur.
e In such circumstances, it may be appropriate, ethical, and humane to institute
only comfort measures if no effective treatment for malignancy exists.
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Tumor Lysis Syndrome
* A 26-year-old patient, with Burkitt’s lymphoma recently started on chemother-

apy, presented with anorexia, lethargy, disorientation, dyspnea, tachypnea, vom-
iting, muscle cramps, and decreased urine output.

Tumor lysis syndrome is most seen in solid tumors. Tumor lysis also occurs in
hemato-oncological malignancies, for example, acute lymphoblastic leukemia,
high-grade lymphomas with a high tumor burden. It can occur spontaneously or
after initiation of chemotherapy, radiotherapy, or even corticosteroid therapy.
Excessive lysis of tumor cells leads to the release of intracellular chemical sub-
stances, which in turn causes hyperkalemia, hyperuricemia, hyperphosphatemia,
and hypocalcemia. It is a medical emergency and can lead to end-organ damage.
Deposition of uric acid and/or calcium phosphate crystals in renal tubules can
result in acute kidney injury.

Step 1: Resuscitate

These patients are usually dehydrated and will benefit from intravenous fluids
(refer Chap. 24). Rapid volume expansion will help increase the glomerular fil-
tration rate, which helps in the excretion of solutes.

Step 2: Make a Diagnosis

Investigations may show hyperuricemia, hyperkalemia, hyperphosphatemia,
hypocalcemia, uremia, and raised lactate dehydrogenase levels.

Obtain an electrocardiogram to rule out serious arrhythmias due to hyperkalemia
and conduction abnormalities.

Check urine output and renal function.

Step 3: Start Hydration

A high infusion rate of fluids is appropriate.

Patients with a high risk of tumor lysis syndrome should have aggressive volume
replacement as a preventive measure prior to chemotherapy.

Infuse isotonic fluid at a rate of 200-300 mL/h.

Volume should be adapted for the patient’s age, cardiac and renal function, and
urine output.

Increasing the urinary flow rate is the most effective strategy for preventing
urate-induced obstructive uropathy.

Urine output should be maintained within a range of 80-100 mL/m?h.
Urine-specific gravity should be maintained at <1.010 (Table 12.2).
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Table 12.2 Treatment for tumor lysis syndrome

Intervention
Fluids

Allopurinol

Rasburicase

Sodium bicarbonate

Hyperkalemia

Hypocalcemia

Hyperphosphatemia

Dosage

3-3.5 L/m%day (200 mL/Kg/day if
<10Kg)

Oral dose: 50100 mg/m? every 8 h
orally (maximum 300 mg/m?/day)
or 10 mg/Kg/day divided every 8 h
(maximum 800 mg/day)

IV: 200-400 mg/m?*day in 1-3
divided doses (maximum 600 mg/
day)

IV infusion 0.1-0.2 mg/Kg/day in
50 mL normal saline over 30 min,
for 5 days

40 to 50 mEq/L should be added to
the fluid used for hydration

For example, 20 mEq of sodium
bicarbonate must be added 500 mL
fluid bag

Calcium gluconate: 100-200 mg/Kg
by slow IV infusion for life-
threatening arrhythmias

Albuterol nebulizer

Regular insulin: 0.1 U/Kg IV + 25%
Dextrose (2 mL/Kg) IV

Sodium bicarbonate: 1-2 mEq/Kg
IV, push only if pH <7.2

Sodium polystyrene sulfonate: 1
gm/Kg with 50% sorbitol PO/PR
Dialysis: if severe

Calcium gluconate: 50-100 mg/Kg
IV administered slowly or calcium
chloride

Hydration

Aluminum hydroxide: 50-150 mg/
Kg/day in divided doses PO or
through nasogastric tube every 6 h
Dialysis: if severe

Comment

Exercise caution if congestive heart
failure and renal failure

Drug interaction with thiazide
diuretics, ampicillin/amoxicillin
6-mercaptopurine, azathioprine,
cyclophosphamide, and
methotrexate require dose
reduction

Renal impairment—50% dose
reduction

Contraindicated in glucose-6-
phosphate dehydrogenase
deficiency

Adverse reactions—anaphylaxis,
rash, hemolysis, and
methemoglobinemia

Can worsen hypocalcemia

It can also lead to precipitation of
calcium and phosphate salts in the
renal tubules worsening AKI
Alkalinization should be done only
if rasburicase is not available
ECG monitoring

Avoid PR route in neutropenics
Sodium bicarbonate and calcium
not to be administered through the
same line

ECG monitoring

Limit aluminum hydroxide use to
1-2 days to avoid cumulative
aluminum toxicity

Step 4: Start Allopurinol

 Purine catabolism results in the production of hypoxanthine and xanthine, which
are metabolized to uric acid via the enzymatic action of xanthine oxidase.

» This pathway can be blocked using allopurinol, a hypoxanthine analog that com-
petitively inhibits xanthine oxidase.

» Start allopurinol PO at 600 mg/day if uric acid is less than 8 mg/dL.

* Allopurinol should be started prior to chemotherapy.
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» After about 2-3 days, allopurinol therapy results in increased excretion of both
hypoxanthine (more soluble than uric acid) and xanthine (less soluble than
uric acid).

* A marked increase in xanthine excretion can occur when allopurinol is given for
the prevention of tumor lysis syndrome and may lead to acute renal failure or
xanthine stones.

¢ It should be used cautiously in patients with renal impairment. It has many drug
interactions and may cause skin hypersensitivity reactions.

» Febuxostat may be used if the patient is hypersensitive to allopurinol. In the
FLORENCE (Febuxostat for TLS Prevention in Hematologic Malignancies)
trial, febuxostat had a good safety profile, provided better control of TLS hyper-
uricemia with preservation of renal functions.

Step 5: Consider Rasburicase (Recombinant Urate Oxidase)

¢ Urate oxidase—Present in most mammals, but not in humans. It oxidizes pre-
formed uric acid to allantoin, which is 5-10 times more soluble than uric acid in
acid urine.

¢ When exogenous urate oxidase (uricase, rasburicase) is administered, serum and
urinary uric acid levels decrease markedly within approximately 4 h.

* This should be used especially if the uric acid level is above 8 mg/dL.

* A ssingle dose of 0.2 mg/kg is recommended.

 Uric acid levels should be monitored regularly to adjust dosing.

¢ Rasburicase degrades uric acid within the blood samples at room temperature,
thus interfering with accurate measurement.

e Therefore, samples should immediately be placed on ice until the completion
of assay.

It should not be given to patients with Glucose 6 phosphate dehydrogenase defi-
ciency due to the risk of severe hemolysis.

 If urgent administration is needed and G 6 PD results are not available, rasburi-
case can be given at a single low dose of 0.02-0.05 mg/kg up to a maximum
of 3 mg.

Step 6: Alkalinization of the Urine

» Alkalinization of urine increases the solubility of uric acid by 10 times. This was
recommended earlier but is controversial as it can lead to the formation of uri-
nary xanthine crystals and precipitation of calcium and phosphate salts in the
renal tubules worsening AKI.

» This may cause obstruction of renal tubules if allopurinol is used concurrently.

¢ It is not recommended with recombinant urate oxidase (rasburicase).

¢ Monitor ionized calcium level.
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Step 7: Administer Calcium

* If asymptomatic hypocalcemia, no therapy is required.
* Calcium gluconate and calcium chloride can be administered intravenously.

However, it can increase the deposition of calcium phosphate crystals in the kid-
neys and may worsen AKI.

Step 8: Consider Hemodialysis

* Best modality for removal of solutes.
» This modality should be considered in specific situations such as
— Uncontrolled/life-threatening hyperkalemia and severe hyperphosphatemia
— Volume overload
— Uric acid of more than 10 mg/dL despite rasburicase
— Renal failure

Step 9: Use Diuretics Cautiously

e Maintain adequate urine output.
e Itis contraindicated if hypovolemia or obstructive uropathy exists.

Step 10: Treat Associated Electrolyte Disorders

* Hyperphosphatemia—restrict phosphate intake and increase loss with phosphate
binders such as aluminum hydroxide or calcium carbonate, sevelamer hydrox-
ide, and lanthanum carbonate.

* Hyperkalemia and hypocalcemia (Table 12.2).

Superior Vena Cava Syndrome

A 19-year-old patient with lymphoma presented with dyspnea, swelling of the head
and the neck, and upper limbs, and distended veins on the neck and the upper chest.

Superior vena cava syndrome (SVCS) is a compendium of clinical signs and
symptoms due to partial or complete obstruction of venous return through the supe-
rior vena cava, which results in increased upper body venous pressure. It is most
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commonly due to malignancy. The majority of cases are due to lung cancer or non-
Hodgkin lymphoma.

Step 1: Resuscitate

Compression of the tracheobronchial tree causing airway compromise is an airway emergency,
needing intubation (with a small endotracheal tube) and ventilation till definitive treatment
(refer Chap. 24).

Give a propped-up position to elevate the head of the patient.

Anticipate difficult airways, including difficult mask ventilation, laryngoscopy, and intubation.
Follow the difficult airway algorithm.

Step 2: Do imaging

Computed tomography (CT) chest scan with or without venography is diagnostic.

These patients may not be able to lie supine for CT chest.

They must be intubated before CT or empirical therapy needs to be started.

Doppler extremity venogram or duplex ultrasound for patients with a central venous catheter in
the upper extremity to exclude venous thrombus.

Step 3: Confirm diagnosis

Obtain a biopsy before instituting therapy if the diagnosis is uncertain. Proper hemostatic
measures should be taken while performing invasive procedures.

Step 4: Chemotherapy and corticosteroids

These can be administered, especially in chemosensitive tumors.

Step 5: Radiotherapy

This is a standard treatment modality for sensitive tumors but may take a few weeks to show
effect.

Step 6: Stenting of the superior vena cava

It is effective and feasible in relieving the symptoms of superior vena cava syndrome.

If SVCS is secondary to thrombus following an indwelling intravascular device, consider
removing the device along with anticoagulation therapy and catheter-directed thrombolysis.

Malignant Spinal Cord Compression

A 68-year-old patient with carcinoma of the prostrate developed worsening back
pain progressively with radiating pain down the right leg associated with weakness,
difficulty in walking, and loss of bladder and bowel function.

Acute spinal cord compression is an emergency. It can be caused by tumors of
the spinal cord or vertebral or extradural metastases from other tumor sites.

Step 1: Resuscitate (see Chap. 24)

(a) Pain relief with adequate analgesics is a priority in these patients.

(b) Urgent neurosurgical, radiotherapy, and oncology consultation for limb salvage is necessary.
(c) Take special precautions while transporting these patients.

(continued)
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Step 2: Consider imaging and other laboratory tests
In patients with a high index of suspicion and symptoms suggestive of metastatic bone disease,
magnetic resonance imaging is the gold standard for diagnosis.
Alternatively CT scan of the spine should be done
It is important to image the entire spine as more than one area of compression may be present.
Look for hypercalcemia as it is a common metabolic derangement in patients with malignancy.
Alkaline phosphatase is a marker of bone turnover and mineralization. Elevated levels are seen
in patients with bone metastasis.
Step 3: Start glucocorticoids
Corticosteroids should be initiated as early as possible preferably within 12 h of onset of
symptoms. Dexamethasone is indicated in patients with motor deficits or radiologic evidence of
neural compression.
It is given as an initial intravenous dose of 10-16 mg followed by 4 mg every 4 h.
This is later administered orally and tapered over 10-12 days.
Use proton pump inhibitors or H, blockers along with a high dose of corticosteroids.
Step 4: Consider radiation therapy
This has been the mainstay of the treatment in patients with and without motor deficit
particularly in radiosensitive tumors (e.g., small cell lung carcinoma and myeloma).
This is usually combined with surgery for spine stabilization.
Step 5: Consider surgery
It is indicated in most cases, especially in patients with a good performance status. Indications
of surgery are the following:

Gross instability of the spine

Rapidly progressive symptoms

Progressive symptoms during radiation therapy

When tissue diagnosis is needed

Radioresistant tumors
Step 6: Consider chemohormonal therapy
Hormonal chemotherapy and zoledronic acid should be considered in sensitive tumors such as
prostate cancer, testicular tumor, or lymphoma.
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A 30-year-old male patient hit by a car about 3 h ago presented in the hospital.
On arrival at the hospital, he had labored breathing; his respiratory rate was
30/min with O, saturation of 95% on room air. His heart rate was 132/min,
blood pressure was 105/80 mmHg, and Glasgow coma score (GCS) was 8/15.
After initial stabilization, the secondary survey revealed multiple rib injuries
on the left side of the chest and a fracture of the left femur.

Trauma is a major cause of death and disability in the first four decades of life.
Improvement and organization of trauma care services are a cost-effective way of
improving patient outcomes. Proper organization of these systems reduces the time
between injury and definitive care, thereby reducing morbidity and mortality.
While managing injured patients, since timing is critical, a systematic approach
that can be expeditiously and accurately applied is vital. Advanced Trauma Life
Support (ATLS®) principles guide the initial management of a trauma victim. This
systematic approach, termed “initial assessment,” includes the following elements.
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Step 1: Preparation
Crucial steps of preparation in the hospital include

e Alert the trauma team about the arrival of the injured patients and the number of
causalities so that rapid resuscitation can be initiated.

e Trauma team includes the general/trauma surgeon, the emergency physician, the
orthopedic surgeon and the critical care/anesthesia specialist on call, and at least
two trained nurses and two paramedics.

* Besides the surgeon, the trauma team can also be led by an emergency medicine
or critical care/anesthesia specialist who is skilled in airway management.

* Alert the imaging, laboratory services, blood bank, and operating room person-
nel about the arrival of a polytrauma patient.

e Airway cart, crash cart, suction, monitors and IV cannula, warm IV fluids, and
other equipment should be rechecked.

e The team members should be ready with universal precautions by putting on
masks, splash-resistant and lead gowns, eye protection, and gloves.

» If the patient has been shifted in an ambulance with a paramedic/medic, proper
hand-over from the prehospital providers should be done and all important infor-
mation should be shared with the receiving team.

* In case mass/multiple casualties is expected, preparation/alerts should be made
as per predefined institute protocol, which is prepared as per available resources.

Step 2: Triage

» Triage is a process of determining the priority of treatment based on the patient’s
airway (A), breathing (B), and circulation (C) as well as availability of resources.
 Injured patients can be categorized into five categories:
1. The injured patient with compromised ABC who requires immediate life-
saving intervention (red)
2. The injured patient with stable ABC but requires further investigation and/or
observation (yellow)
3. Those with minor injuries (walking wounded), who need help less
urgently (green)
4. The unsalvageable patients who are beyond help (blue or gray)
5. The injured patients who are already dead (black)
* A simple tool that can be used for triage is START (simple triage and rapid treat-
ment) (Fig. 13.1).
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Assess level consciousness Responsive
Yes

Yellow

Fig. 13.1 Simple triage and rapid treatment
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Step 3: Primary Survey with Simultaneous Resuscitation

The “ABCDE” of the primary survey is, in essence, to identify injuries with imme-
diate threat to life and institution of life-saving interventions systematically. The
ABCDE comprises of

* Airway maintenance with restriction of cervical spine motion
* Breathing and ventilation

e Circulation with hemorrhage control

» Disability (assessment of neurological status)

» Exposure/environmental control

The management is concurrent with the assessment, resuscitation, and
stabilization.
A 10-s assessment tool that can rapidly assess patients’ ABCD is: Ask the
patient to identify himself and narrate the incident. A patient with normal and
clear speech and a normal level of consciousness is unlikely to have a major
compromise in ABCD and unlikely to have a major event immediately.
Take a history from the accompanying person about the following:

Mechanism of injury

Injuries suspected

Vital signs

Treatment en route to hospital
Detailed history should not interfere with primary survey, identification, and
treatment of life-threatening injuries.

A. Airway with restriction of cervical spine motion

The airway is assessed immediately for patency, protective reflexes, foreign
body, secretions, and injury and burns.

The patency of the airway should be assessed with special attention to for-
eign body or maxillofacial fractures and laryngeal injuries that may result in
airway obstruction.

Absence of response, stridor, confusion, or a hoarse reply may indicate air-
way compromise.

Chin-lift or jaw-thrust maneuver may be used to achieve airway patency,
simultaneously protecting the cervical spine, either by a semirigid cervical
collar or by manual inline stabilization by a team member.

Head tilt maneuver should be avoided in an injured patient while managing
the airway.

A definitive airway is required in the following conditions:

— Inadequate ventilation and oxygenation

— Impending or actual airway obstruction secondary to injury

— Brain injury with a GCS of <8

— Inability to adequately protect the airway from aspiration

— Severe multisystem injury or hemodynamic instability

— Facial burns or inhalation injury
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— Inability to closely monitor during ongoing resuscitation and investigation
(e.g., angiography and CT scanning)

— Uncooperative or combative behavior of the patient

Cervical spine protection (by application of cervical collar or manual restric-

tion) during airway maneuvers should be done in all trauma patients unless

specifically cleared for cervical spine injury preferably by a neurosurgeon.

Three-person intubation technique should be followed in all trauma patients.

Drug-assisted intubation protocol should be followed in all trauma patients

for securing airway.

Ketamine 1-2 mg/kg or etomidate 0.2-0.3 mg/kg along with 1-2 mg/kg suc-

cinylcholine is used, depending on the hemodynamic stability.

Succinylcholine should be used with utmost caution in patients with pre-

existing neuromuscular diseases or paralysis, renal failure, and in patients

with major crush injuries, burns, and electrical injuries as this can worsen
potassium levels.

Difficult or failed intubations

— Call a senior anesthesiologist or a more experienced person in airway
management

— Anticipate airway problems with the following:

Injury to cervical spine
Maxillofacial and neck trauma
Facial and inhalational burns
Obesity

Variations in anatomy

Airway management options with cervical spine protection include

— Oxygen administration.

— Basic airway maneuvers: chin lift and jaw thrust (no head tilt).

— Oropharyngeal or nasopharyngeal airway, with caution in bleeding and
conscious patient. Avoid nasopharyngeal airway insertion in patients with
suspected base of skull fracture.

— Adjuvants: Bougie, stylet, laryngeal mask airway, laryngeal tube airway,
and intubating LMA.

— Endotracheal intubation.

— Surgical airway, that is, needle or surgical cricothyroidotomy if unable to
intubate.

Percutaneous tracheostomy is not recommended in emergency trauma

situations.

B. Breathing and ventilation

Chest wall mechanics are altered due to rib fractures, pulmonary contusions,
and cervical spinal cord injury.

Breathing is assessed by determining the patient’s respiratory rate and by
subjectively quantifying the depth and effort of inspiration.

The patient’s chest should be exposed to adequately assess chest wall
excursion.
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Identify injuries that hamper ventilation by rapid but thorough physical

examination. Injuries that need to be identified and managed during the pri-

mary survey are

— Tension pneumothorax (hyper-resonance on percussion with midline shift)

— Massive hemothorax (dullness on percussion)

— Tracheobronchial injuries (crepitus on palpation)

— Open pneumothorax (sucking chest wound)

— Cardiac tamponade (muffled heart sounds, Kussmaul’s breathing)

If tension pneumothorax is identified, immediate needle decompression in

the fifth intercostal space in mid-axillary line should be performed, followed

by intercostal tube drainage.

Needle decompression in the second intercostal space is no longer recom-

mended as a first choice.

Rapid respiratory effort, use of accessory muscles of respiration, hypoxia,

hypercapnia, asymmetric chest wall excursions, and diminished or absent

breath sounds will require treatment before proceeding further.

Breathing—treatment options include

— Endotracheal intubation and ventilation

— Needle decompression followed by chest drain

— Three-sided sterile occlusive dressing for open pneumothorax

— Intercostal tube drain

— Thoracotomy if blood loss>1500 mL on chest drain insertion or continu-
ous blood loss, that is, >200 mL/h for 2—4 h

— Adequate analgesia

Circulation with hemorrhage control

Hypotension in a trauma patient is always assumed to result from significant
hemorrhage (>30% blood loss), once tension pneumothorax is ruled out.
Rapid and accurate assessment of the patient’s hemodynamic status and
identification of the site of hemorrhage is therefore essential.

It is critical to establish two large-bore short-length intravenous cannulas
(16G or wider) in a trauma patient, preferably in the upper extremities, and
resuscitation should be started with one-liter warm crystalloids.

All patients with significant hemorrhage should receive Tranexemic acid
within 3 h of trauma (1gm bolus followed by 1gm over 8 h).

Blood and blood products transfusion should be done in patients with ongo-
ing hemodynamic instability after initial fluid boluses, preferably in the ratio
of 1:1:1 (PRBC:FFP:platelets). Group 0 RBC and AB plasma may be admin-
istered in exsanguinating hemorrhage if crossmatched RBC and plasma is
unavailable except in females of childbearing age.

Colloids should not be used in hemorrhagic shock.

All patients requiring massive transfusion should be identified early by using
simple scores like Trauma-Associated Severe Hemorrhage (TASH) and
Assessment of Blood Consumption (ABC) score.

Point-of-care assessment for coagulopathy by thromboelastography (TEG)
or other viscoelastic test should be done if available.
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* All steps to prevent the lethal triad, that is, hypothermia, acidosis, and coagu-
lopathy should be initiated.

* Look for blood in five places: chest, abdomen, pelvis, long bones, and floor
(for missed bleeding source).

* Chest and pelvic radiographs and an extended focused assessment by sonog-
raphy in trauma (eFAST) should be done in all trauma patients. Diagnostic
peritoneal lavage (DPL) can be considered in select patients if ultrasound is
not available.

» Diagnostic peritoneal lavage should not be considered in patients with mor-
bid obesity, previous abdominal surgeries, coagulopathy, and advanced liver
cirrhosis.

* Hemorrhage control by direct application of external pressure and/or careful
application of a tourniquet may be done in all patients. Tourniquets should be
left in place till the bleeding is controlled surgically, but the time should be
limited.

* The pelvic ring should be closed using pelvic binders if the bleeding is sus-
pected from an unstable pelvis. A simple sheet can be used if the commercial
pelvic binder is not available.

* Fractured long bones should be reduced, and traction splint applied if they
are a possible source of bleeding to decrease ongoing blood loss and pain as
well as to prevent further local injury.

* Damage control resuscitation should be considered in all hemodynamically
unstable trauma patients due to hemorrhagic shock.

* Repeated reassessment should be carried out to identify initial responders
who would eventually become nonresponder.

* Hypotension generally does not manifest until at least 30% of blood volume
has been lost.

* In very elderly, features of hypoperfusion may not present with obvious
manifestations.

* Circulation and hemorrhage control—treatment options include
— Two large-bore IV cannulas (16G or bigger)

— Warm fluids (crystalloids)
— Warm blood and blood products
— Early use of tranexamic acid
— eFAST for early identification of the source
— Arrest bleeding by direct local pressure and tourniquets
— Arrest bleeding by splinting the pelvis and long bones
— Urinary catheter
— Surgery—Tlaparotomy, thoracotomy, and/or pelvic fracture fixation should
be undertaken to control bleeding
— Repeated assessments
D. Disability/neurological status

* A rapid neurological evaluation is carried out at the end of the primary survey
only after resuscitation and stabilization have been achieved as men-
tioned above.
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This assesses the patient’s level of consciousness, pupillary size and reaction,
and focal neurological deficit.

The level of consciousness may be described in terms of the GCS.

The GCS is used as a baseline determination of neurological function, and
frequent reassessment is required to detect an early or previously missed injury.
Hypoglycemia, drug, and alcohol intoxication should be considered for
altered consciousness, but all trauma patients with altered GCS have brain
injury unless proven otherwise.

A complete neurological examination is not appropriate at this time and
should be performed during the secondary survey.

Adequate oxygenation and perfusion should be maintained to prevent sec-
ondary brain injury.

Disability—treatment options include

— O, administration

— Intubation (to ensure normal PaO, and PaCO,)

— Avoid hypotension and hypoxia to prevent secondary brain damage

— Inotropes/vasopressors (to ensure adequate cerebral perfusion)

— Head up, ensure venous drainage

— Emergency imaging of the brain or spine

— Early neurosurgical consultation

E. Exposure/environmental control

The patient should be completely undressed to facilitate thorough examina-
tion and assessment in the front and back.

At the same time, care should be taken to prevent hypothermia.

Remove wet or blood-soaked clothes, and use warm IV fluids (39 °C).

Use blood warmers for transfusing and external warming (warmed blankets
to all patients and forced, heated air, or radiant warmers as needed) to prevent
hypothermia.

Step 4: Adjuncts to Primary Survey and Resuscitation

(a) ECG monitoring

The appearance of dysrhythmias may indicate blunt cardiac injury.
Pulseless electrical activity, the presence of cardiac rhythm without a periph-
eral pulse, may indicate cardiac tamponade, tension pneumothorax, or pro-
found hypovolemia.

Extreme hypothermia can also be the cause of cardiac rhythm disturbances.

(b) Urinary catheter

Urine output is a sensitive indicator of the volume status of the patient and
reflects renal perfusion and adequacy of resuscitation.

All trauma victims should be catheterized to enable monitoring of the urine
output and plan intravenous fluid therapy.
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e Transurethral catheterization is contraindicated in patients for whom ure-
thral transaction is suspected (presence of blood in meatus or perineal
ecchymosis).

(c) Gastric catheter

* A nasogastric tube is indicated to reduce stomach distension and decrease
the risk of aspiration. An orogastric is preferred in patients with skull base
fractures.

(d) X-rays and diagnostic studies

e The chest and pelvis X-rays help in the assessment of a trauma patient.

* The blood should be sent for crossmatching and arranging for packed cells,
and important diagnostic parameters such as hemoglobin, coagulation pro-
file, renal parameters, electrolytes, random blood sugar, and arterial blood
gas (ABG) should be checked.

e Pulse oximetry is a valuable adjunct for monitoring oxygenation and ade-
quacy of peripheral circulation in injured patients.

(e) eFAST (extended focused assessment with sonography for trauma)

» The FAST is a rapid, bedside, ultrasound examination performed to identify
intraperitoneal hemorrhage or pericardial tamponade. FAST examines four
areas for free fluid: perihepatic and hepatorenal space, perisplenic, pelvis,
and pericardium.

» eFAST helps in identifying pneumothorax and hemothorax.

Step 5: Consideration for Interhospital Transfer

e Identify the early, potential need for transfer of the polytrauma patient to an
institution where definitive care can be undertaken.

» Transfer decision should be based on known injuries and patterns of injury.

¢ Effective communication, including the condition of the patient, treatment given,
and anticipated requirements during transfer, should be made to the receiving
hospital.

Step 6: Admit in the ICU

¢ Airway protection and mechanical ventilation
* Requirement of inotropes/vasopressors

* Severe head injury

e Organ support

* Correct coagulopathy

¢ Invasive monitoring

e Active rewarming of hypothermic patients

¢ Requirement of resurgery
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¢ Brain-dead patient scheduled for organ retrieval
* Observation in solid organ injury or aortic injury requiring endovascular repair
* ECG changes in patient with suspected blunt cardiac injury

Step 7: Secondary Survey

* Once the primary survey is accomplished—Ilife-threatening conditions are man-
aged and resuscitative efforts are underway—secondary survey is carried out.

¢ This is a head-to-toe evaluation of the trauma patient, which includes a complete
history and physical examination and reassessment of all the vital signs.

¢ History includes the following:
— A—allergies
— M-—medications currently taken
— P—opast illness/pregnancy
— L—last meal
— E—events/environment related to the injury

¢ Each region of the body is completely examined.

e The care should be continued with regular re-evaluation of the patient for any
deterioration and new findings so that appropriate measures can be taken.

Re-evaluation

e After the completion of the secondary survey, the patient should be reevaluated
beginning with the ABCs and thorough physical examination and examined for
any missed injury (tertiary survey) such as fractures.

* Constant monitoring of the severely injured patient is required and may neces-
sitate rapid transfer to the surgical intensive care unit, operating room, or to
another center having better-specialized facilities.

* Appropriate referrals for specialists should be sent.

¢ Adequate pain relief, tetanus prophylaxis, and antibiotics should be given.

* Specific care should be taken to examine the possible missed injuries on the
following:

— Back of the head and the scalp

— Neck, beneath semirigid collar

— Back, buttocks, and flanks

— Groin creases, perineum, and genitalia

Step 8: Sending Investigations

¢ Hemoglobin

* Hematocrit

« ABG

¢ Renal function tests and electrolytes
* Blood sugar
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¢ Total leukocyte count

* Platelet count

¢ Liver function tests and coagulation tests
¢ Blood grouping and cross-matching

» Urine pregnancy test (1445 years)

« ECG

* Breath/blood alcohol

Radiological

 Plain radiographs

e CT scanning

* Contrast studies

e Angiography

e Ultrasound (including plain sonography echocardiography and color flow
Doppler)

* Endoscopy

Step 9: Tertiary Survey

e Tertiary survey consists of a repeat of the primary and secondary survey exami-
nations, reassessment of the functions of all tubes and catheters, and review of
all X-rays.

¢ It is routinely performed in the morning after the patient’s admission to detect
any injuries not picked up earlier to minimize the missed injuries.
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A 25-year-old adult had an alleged history of bike skid. On arrival at the emer-
gency department, he was found to be unconscious with bleeding from the
scalp. The patient had a history of vomiting twice. His pulse rate was 60/min,
and his blood pressure was 140/80 mmHg. The pupillary size showed asym-
metry, and his breathing was labored.

Traumatic brain injury (TBI) is the leading cause of mortality and morbidity in
children and young adults in both developed and developing nations worldwide.
The aims and objectives of its management are prompt management of intracranial
hypertension and secondary brain injury, maintenance of cerebral perfusion pres-
sure, and ensuring adequate oxygen delivery to the injured brain tissue (Fig. 14.1).
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TRAUMATIC BRAIN INJURY

X X
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Fig. 14.1 Management objectives for TBI

Traumatic Brain Injury

Step 1: Initial Assessment/Components of Primary Survey
Airway Control and Ventilation
Airway, breathing, and circulation take precedence despite obvious head injury.

* Secure cervical spine with a cervical collar: An unstable cervical spine injury can
occur in 5-6% of cases of TBI. Risk factors include a motor vehicle collision,
assaults, falls, and a GCS of less than 8.

¢ In suspected cervical spine injury, orotracheal intubation, and ventilation with
100% oxygen along with manual inline cervical immobilization with the cervical
collar off to reduce the chance of worsening a neurological injury until the radio-
logical clearance is obtained.

* Prevent hypoxemia: Avoid PaO, less than 80 mmHg or O, saturation below 94%.

¢ Consider rapid sequence intubation: Succinylcholine or rocuronium may be used
as a muscle relaxant. Although succinylcholine may produce a small increase in
ICP, this has not proven to be clinically significant. To facilitate intubation an
opiate such as fentanyl (1-2 microgram/kg) may be used, there is no evidence to
support the use of lidocaine during intubation.
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¢ Adequate sedation and muscle relaxation tend to reduce the cerebral metabolic
oxygen requirement (CMRO,), optimize ventilation, and prevent coughing or
straining.

* Choice of sedative agent: Anesthetic drugs that allow for rapid control of the
airway while avoiding an increase in intracranial pressure (ICP) and providing
hemodynamic stability are preferred. Propofol and thiopental are the most com-
monly used drugs, but they may cause hypotension. Etomidate has advantages in
terms of cardiovascular stability, but the possibility of adrenal suppression exists.
Ketamine is popular in trauma patients and recent evidence suggests that its
effect on ICP may be limited.

* Ventilator strategy:

1. Hypoventilation should be avoided as increased PCO, levels may lead to
cerebral hyperemia with an increase in blood volume and ICP.

2. Hyperventilation, on the other hand, results in an increased risk of vasocon-
striction and increased tissue hypoxia, especially in the penumbra zone, so it
is best avoided. CO, level should be kept at 35-45 mmHg and use of end tidal
CO, monitor in most intubated patients.

3. The ventilator should be adjusted to achieve a PaO, of ~60 mmHg, which can
oxygenate the penumbra zone. High PaO, should be avoided considering the
risk of hyperoxic cerebral vasoconstriction. PEEP of 5-10 cm H,O may be
administered to prevent atelectasis and has been proven to be safe in these
patients.

4. Hyperventilation up to a PaCO, between 28 and 35 mmHg for the purpose of
reducing ICP is recommended for a brief period to avoid brain herniation (not
less than 30 mmHg).

5. Give a single dose of ceftriaxone 2 gm intravenously in patients with TBI
who require endotracheal intubation to decrease the risk of ventilator-
associated pneumonia.

Blood Pressure and Cerebral Perfusion Pressure (CPP)

* Maintain systolic blood pressure >100 mm Hg in patients with 50—-69 years old,
and >110 mm Hg in patients 15-49 years or >70 years old.

e In a hypotensive TBI patient, hypovolemia resulting from noncranial hemor-
rhage should be ruled out.

* Choice of fluid: Hypotonic solutions like 5% dextrose should be avoided. Isotonic
normal saline is the most common crystalloid used in TBI patients, but Ringer’s
lactate or other balanced crystalloids are an alternative and result in less acute
kidney injury. Infusion of large volumes of normal saline results in adverse
hyperchloremic metabolic acidosis that is detrimental to TBI. On the other hand,
balanced crystalloids are relatively hypotonic and may exacerbate cere-
bral edema.

* Colloids appear to provide no further benefit.

» Saline is preferable to albumin resuscitation as the latter has been found to
increase mortality in TBI patients.
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The recommended target CPP (MAP-ICP) value for survival and favorable out-
comes is between 60 and 70 mmHg.

Vasopressors are commonly used to augment CPP in the setting of TBI but avoid
aggressive attempts to maintain CPP above 90 mmHg with fluids and pressors (if
no invasive monitoring tool is available).

Labetalol is the drug of choice for the control of hypertensive emergencies in TBI.

Step 2: Secondary Survey/Neurological Assessment

Neurological Assessment

The Glasgow coma scale (GCS) has been the most widely used method of
recording the level of consciousness in patients at presentation and at subsequent
assessment. A score of >13 correlates with a mild brain injury, 9-12 is a moder-
ate injury, and <8 is a severe brain injury.

Patients with a Glasgow coma scale <13 and moderate to severe extracranial
anatomical injuries should be rapidly transferred to a higher level of care.

TBI can be classified based on severity and morphology (Table 14.1).

Step 3: Do Imaging—CT Scan

Indications of CT in TBI: a CT scan brain should be carried out in all moderate-
to-severe TBIL.

For mild TBI, CT scan indications are

Open or depressed skull fracture

Sign of basilar skull fracture

Vomiting more than two episodes

Age >65 years

Anticoagulant use

Seizure

A W=

Table 14.1 Classification of TBI

Mild 13-15
Moderate 9-12
Based on severity (GCS)  Severe <9
Based on morphology Skull fractures Vault Linear vs. stellate/compound

Depressed/nondepressed
Basilar ~ With/without CSF leak
With/without cranial nerve palsy
Intracranial lesions  Focal EDH, SDH
Intracerebral
Diffuse ~ Hypoxic/ischemic injury
Diffuse axonal injury
Multiple contusion
Concussion
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Step 4: Monitoring of Intracranial Pressure (ICP) and Measures
to Reduce ICP

ICP Monitoring and Management

* ICP monitoring is important, but it does not replace careful neurological and
radiological examination. ICP should be monitored in patients with GCS of 3-8.

* ICP should also be monitored in patients with severe traumatic head injury with
a normal CT scan if the patient is above 40 years, unilateral or bilateral motor
posturing, or systolic pressure less than 90 mmHg.

» Patients with elevated ICP have been shown to have worse outcomes and are at a
higher risk of mortality.

* Management of severe TBI patients based on ICP monitoring may reduce in-
hospital and 2-week post-injury mortality.

¢ Clinical judgment should be used to initiate intracranial monitoring in patients
who are at a high risk of clinical deterioration.

e It is recommended to treat ICP > 22 mmHg to reduce mortality.

 For patients with TBI, maintaining monitored intracranial pressure by parenchy-
mal ICP tool at 20 mm Hg or less was not superior to care based on imaging and
clinical examination (BEST-TRIP trial).

Initial measures of raised ICP include head of bed elevation, keeping neck in
neutral position appropriate sedation and analgesia, osmotherapy, and removal of CSF.

Sedation and Analgesia

» Sedatives and analgesics can affect outcomes in head-injured patients.

— Adequate pain control and sedation (Analgo-sedation) can be used as initial
measures to control raised ICP.

— Short-acting agents such as fentanyl, midazolam, or propofol are preferred for
frequent neurological assessments (Table 14.2). High-dose barbiturates are
recommended to control ICP refractory to maximum standard surgical and
medical treatments while ensuring hemodynamic stability.

Hemodynamic stability is essential before and during barbiturate therapy.

Although propofol may be used for ICP control, it is not recommended for

Table 14.2 Drugs and doses of sedatives and analgesics

Commonly used sedatives

Fentanyl 2 mcg/kg test dose, 2—5 mcg/kg/h continuous infusion

Midazolam 2 mg test dose, 2—4 mg/h continuous infusion

Sufentanil 10-30 mcg test bolus, 0.05-2 mcg/kg continuous infusion

Propofol 0.5 mg/kg test bolus, 20—75 mcg/kg/min continuous infusion (not to exceed 5 mg/
kg/h)
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improvements in mortality or 6-month outcomes. Despite optimal sedation and
analgesia if ventilatory dyssynchrony (responsible for high ICP and compro-
mised CPP), advisable to give trial dose of neuromuscular paralytic agent. It is
well demonstrated that infusion of paralytic agent only started once a positive
response is observed.

Start Osmotherapy (Fig. 14.2)

Osmotherapy with mannitol or hypertonic saline has been used for many years
but controversy remains regarding which solution is the best agent and regarding
the best method of administration.

Mannitol is used more often as intermittent boluses (0.25-1gm/kg). It should be
stopped if serum osmolality exceeds 320 mOsm/L. It should be avoided in hypo-
volemia and renal failure patients. Hypertonic saline as intermittent boluses of
3% 250 mL over half an hour or 30 mL of 23.4% can also be used. Withhold if
sodium exceeds 155 mEq/L. Serum sodium and osmolality must be assessed
every 6 hourly.

No specific hyperosmolar treatment protocol is superior.

Surgical Options and TBI

Acute hematoma with rapidly progressive neurological deterioration (difference
between EDH and SDH + indication of surgery in acute EDH and SDH mentioned
in Table 14.3), disappearance of basal or peri-mesencephalic cisterns, and high ICP
despite optimal medical intervention are indication of surgery in TBI.

Decompressive Craniectomy

Decompressive craniectomy is a surgical procedure that involves removal of a
large section of the skull. Craniectomy reduces ICP by giving extra space to the
swollen brain, and it may quickly prevent brainstem herniation.

Decompressive craniectomy may be a life-saving surgery, but it comes at the
expense of higher chances of severe disability among survivors (RESCUEicp trial).
Guidelines recommend a large frontotemporoparietal decompressive craniec-
tomy, as opposed to a smaller one, to target reduced mortality and better neuro-
logical outcomes.
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Table 14.3 Difference between SDH and EDH, indication of surgery, and different surgi-

cal options

Acute extradural hemorrhage

Middle meningeal artery: source

Limited by sutures

Commonly associated with fractures

Lucid interval followed by unconsciousness
Biconvex shape

Surgical approach: mostly required

Unilateral

Indication of surgery

Volume of more than 30 mL
Thickness of more than 15 mm

Acute subdural hemorrhage

Bridging cortical veins: source

Crossing cranial suture

Not associated with fractures

Gradually increasing headache and confusion
Crescent shape

Required based on neurological status (GCS),
midline shift and volume

Bilateral/unilateral

Thickness of more than 10 mm or
Midline shift of more than 5 mm on CT scan

Midline shift of more than 5 mm or
GCS of 8 or less

Surgical options

Craniotomy

Regardless of GCS score

Craniotomy (or small sized burr holes) with
hematoma evacuation
Hematoma irrigation with trephination

Step 5: Advance Multimodal Neuromonitoring (Fig. 14.3) Tool
to Monitor CPP If Resource Available

* Identification of the range of autoregulation following TBI to provide individual-
ized CPP therapy may be a means to improve outcome and is made possible by
newer monitoring devices.

* Jugular venous oxygen saturation (SjvO,): Used to estimate the balance between
global cerebral oxygen delivery and uptake. Both reduction in SjvO, < 50% and
SjvO, > 75% after TBI are associated with poor outcomes. Monitoring of SjvO,
following TBI may lead to improved outcomes.

* Brain tissue oxygen tension: PbtO, represents the balance between oxygen deliv-
ery and cellular oxygen consumption. PbtO, provides a highly focal analysis of
brain milieu and may be used to monitor the potentially salvageable penumbra
following TBI. Normal values are between 35 and 50 mmHg. Following TBI,
reduced levels of PbtO, (<5-10 mmHg) have been seen to be associated with
poorer outcomes.

* Cerebral microdialysis: Increasingly used as a bedside tool to provide analysis of
brain homeostasis in the intensive care setting. Severe ischemia is usually associ-
ated with significant increases in the lactate/pyruvate ratio (>20-25) and is asso-
ciated with poor outcomes following TBI.

* Autoregulation:

— MAP challenge: Record baseline data, that is, ICP, MAP, and CPP. Start vaso-
pressor titrate with MAP elevation by 10 mmHg for 20 min. Record the sec-
ond set of data. Compare values in autoregulation curve. Disrupted
autoregulation characterized by the sustained increase in ICP with MAP ele-
vation. Adjust new MAP based on intact versus disrupted static pressure auto-
regulation status (sPAR).
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SIBICC SEVERE TBI APPROACH

IF ICP + BRAIN TISSUE OXYGEN MONITORING AVAILABLE

TYPEA:TIERO
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VASOCONSTRICTION

NORMOBARIC HYPEOXIA
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OF PRBC IF Hb <9g/dL
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FLUIDS/VASOPRESSORS/
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INCREASE PaO, IF NEEDED
UPTO 150mmHg

DESPITE ALL MEASURES

PbtO,LOW: TRANSFUSION
OF PACKED RBC IF Hb

Fig. 14.3 Severe TBI algorithm by SIBICC when advanced monitoring tool available

Step 6: Pharmacotherapy

Reversal of Anticoagulation Therapy (Fig. 14.4)

Routine use of platelet transfusion is not recommended in TBI who are on platelet

inhibitors.

No evidence that DDAVP (desmopressin) administration in hemorrhagic TBI
(under the effect of platelet inhibitors) improves neurological outcome and reduce
progression of hematoma. Four-factor PCC recommended in comparison to plasma
(FFP) for treating hemorrhagic TBI patients on vitamin-K antagonists (VKAS)
(PCCs normalize INR faster than plasma, and evidence suggest that quicker INR

reversal reduces hematoma expansion).

e Tranexamic acid

— CRASHS-3 trial shows that use of tranexamic acid in TBI is safe and should be
used in 3 h of injury leads to favorable outcome, that is, reduces head injury-
related death observed.
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* ORAL CHARCOAL (50 G), IF LAST

* INTENSIVE SYSTOLIC BLOOD
PRESSURE REDUCTION:
TARGETING < 140 MMHG

* AVOID HYPOTENSION: SYSTOLIC
BLOOD PRESSURE LEVEL BELOW

+ NO ROUTINE USE OF

TRANSFUSION/DDAVP IN
TBI+ANTIPLATELET
* CRASH-3 TRIAL EARLY <3
HOURS USE OF TXA

VITAMIN K ANTAGONIST: WARFARIN

INTAKE < 4H

VKA VIT K + 4-FACTOR PROTHROMBIN
COMPLEX CONCENTRATES TARGET
INR LEVEL <1.5
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DIRECT ORAL ANTICOAGULATION:

~ DOA NON-SPECIFIC AGENT:
( ; FFP

4F-PCC

TRAUMATIC BRAIN
INJURY

HEMORRHAGIC
MANIFESTATION +
ANTICOAGULATION

DIRECT THROMBIN INHIBITORS
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DTI

IDARUCIZUMAB FOR DABIGATRAN

PLATELET FACTOR Xa INHIBITORS

Xal ANDEXANET ALFA :

FOR RIVAROXABAN AND APIXABAN

Fig. 14.4 Reversal agent and approach in TBI on anticoagulant therapy

» Anticonvulsant therapy

Post-traumatic seizures are a major cause of secondary brain injury following
TBI and are associated with higher injury severity and worse outcomes.
Seizures occur in up to 20% of patients with TBI. These seizures are usually
nonconvulsive in nature and cannot be detected clinically and EEG monitor-
ing (preferably continuous) is needed for this.

This should be clinically suspected if consciousness impairment is dispropor-
tioned to the severity of injury.

Phenytoin or levetiracetam (20 mg/kg IV over 60 min followed by 1000 mg
IV over 15 min every 12 h) is effective in decreasing the rate of early post-
traumatic seizures in the first 7 days of injury, but has no significant role in the
prevention of post-traumatic seizures after the first week of injury.

Patients with TBI who develop any seizures will require prolonged antisei-
zure medications.

* Role of steroids
— No benefit in lowering ICP or improvement in patient outcome has been

shown using high-dose corticosteroids in acute TBI.

— The use of methylprednisolone in patients with moderate-to-severe TBI has

been demonstrated to increase mortality and is contraindicated
(CRASH-1 trial).
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Table 14.4 Goals of treatment

Clinical Systolic BP
Laboratory Temperature

Hb
Glucose
INR
pH
PaCOz
Pa02
Na
Platelet
Monitoring CPP
ICP
PbtO,
SPO,

>100 mmHg, avoid hypotension
36-38°, avoid hyperthermia
>7gm/dL

140-180 mg/dL

<14

7.35-7.45

35-45, never less than 30 mmHg
>80 mmHg, avoid hypoxemia
135-145

>80,000

>60 mmHg, 60 to 70 mmHg
<22 mmHg

>20

>95%

No role of prophylactic antibiotic. No role of steroid.

* Antibiotic therapy

— Since TBI patients are more likely to receive invasive monitoring and thera-
peutic treatments, including mechanical ventilation, they are also more likely
to be at increased risk for the development of infections.

— Sources of potential infections need to be identified and appropriate therapy
should be instituted. A common source of infection is invasive monitoring of
ICP. The incidence of ICP device infection has been reported to range from

1% to 27%.

— The current guidelines suggest the use of antibiotic-impregnated EVD cathe-
ters to reduce infection rates (weak evidence).
— Prophylactic antibiotic should be avoided.

* Role of tracheostomy

— Early tracheostomy (preferably percutaneous) should be performed to reduce
ventilation days in patients with anticipated prolonged ventilation and /or

need for airway protection (particularly for the neurotrauma subgroup).

— The goals of treatment including clinical, laboratory, and monitoring param-

eters are summarized in Table 14 .4.

Step 7: Supportive Care and ICU Bundle

e Glycemic control

— Prevention of hyper- and hypoglycemia glucose-containing fluids should be
avoided and blood sugar monitored to maintain levels between 140 and

180 mg/dL.

e Nutrition

— Early nutritional support is associated with better outcomes and early enteral
feeding has been found to be beneficial (within 2448 h).
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Indirect calorimetry is the gold standard for the determination of energy
requirement (if not basic weight-based equation/predictive equation should
be used).

Calculated or measured caloric replacement (100-140% of basal expenditure)
should be started early and the full goal should be reached by 5-7 days.
Post-pyloric feeding may also be used to reduce the risk of ventilator-
associated pneumonia.

Patients with severe TBI have gastric feeding intolerance. Prokinetic agents,
such as metoclopramide, may improve feeding tolerance.

Supplemental parenteral nutrition (after 7-10 days) should be considered if
unable to achieve 60% of the requirement by enteral route alone.

Temperature management

Avoidance and aggressive treatment for fever (core temperature > 38 °C)
should be instituted and normothermia should be maintained.

Prevention of hyperthermia: In clinical practice, even mild hyperthermia has
been associated with poorer outcomes and longer ICU stays as it may lead to
increased edema and inflammation.

Use of induced hypothermia (32-35 °C) in TBI should be avoided as a signal
of harm (Eurotherm3235 trial).

Thromboprophylaxis

Ideally pharmacological thromboprophylaxis should be started as soon as
possible in TBI cases considering the risk and benefit between hematoma
expansion versus VTE risk.

But in cases of active bleeding, higher chances of brain hematoma expansion,
blunt solid organ injury, and spine injury, this can be delayed 24—72 h. In this
phase, mechanical thromboprophylaxis (intermittent pneumatic compression
device) use is justified.

After imaging stability and conjunction with a neurosurgical consultant, can
start pharmacological thromboprophylaxis.

Low-molecular-weight heparin (LMWH) is preferred over unfractionated
heparin (UFH).

Dose of LMWH for DVT prophylaxis in TBI is 30 mg (enoxaparin) subcuta-
neously 12 hourly (for 50-60 kg) and dose of UFH is 5000 U subcutaneously
8 hourly.

If creatinine clearance (CrCl) <30: advisable to choose UFH.

Dose of LMWH should be adjusted based on factor Xa level, CrCl, and weight
of the patient.

Stress ulcer prophylaxis (i.e., early enteral nutrition, H, blockers, or proton pump

inhibitors), physiotherapy, and skin/eye care are also crucial elements of trau-
matic brain injury patients.
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Step 8: Identify Complications of TBI

Complications of TBI

1.
2.

B

% N oL

©

Trauma-induced coagulopathy

Acute respiratory distress syndrome (ARDS)/negative pressure pulmo-
nary edema

Paroxysmal sympathetic hyperactivity/stress cardiomyopathy
Hypothalamic-pituitary-adrenal dysfunction/syndrome of inappropriate anti-
diuretic hormone secretion (SIADH)/cerebral salt wasting/diabetes insip-
idus (DI)

Hydrocephalus

Heterotopic ossification

Spasticity

Chronic traumatic encephalopathy/post-traumatic headache and depression/
Cognitive impairment

GI and GU complications

. Gastric ulceration and deep vein thrombosis (DVT)

Step 9: Measure the Outcome after TBI

Three tools commonly used to measure outcomes after TBI are the Functional
Independence Measure (FIM), Glasgow Outcome Scale (GOS), and Disability
Rating Scale (DRS).

Step 10: Know the Prognosis

Very difficult and complex.

Generally, patients with GCS < 8 have a 30% risk of mortality.

Patients who remain in a vegetative state or minimally conscious state have a
poor chance of meaningful recovery.

Recovery with functional independence or partial dependence may occur in
>50% of severe TBI over a period of years if initial aggressive management is
pursued.

Individual risk factors for poor outcome are low GCS score (especially GCS
motor score) increasing age, bilaterally absent pupillary light reflex, associated
injuries, abnormal CT scan, hypotension, hypoxemia, elevated ICP, reduced
CPP, bleeding diathesis, and pyrexia.

CT findings associated with poor prognosis: absence or compressed basal cis-
terns, tSAH (traumatic SAH), presence and degree of midline shift (CT severity)
and presence of abnormalities in initial CT.
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Fig. 14.5 Imaging choices in spine injury patient

Traumatic Spine Injury

* Spine injury, with or without neurological deficits, must always be considered in
patients with multiple injuries. Approximately 5% of patients with brain injury
have an associated spinal injury, whereas 25% of patients with spinal injury have
at least a mild brain injury and injury to limbs and viscera.

* Approximately 55% of spinal injuries occur in the cervical region producing
quadriparesis, 15% in the thoracic region, 15% at the thoracolumbar junction,
and 15% in the lumbosacral area. Up to 10% of patients with a cervical spine
fracture have a second, non-contiguous vertebral column fracture.

Choose an appropriate imaging for assessing spinal injury (Fig. 14.5).
Early management should incorporate a full Advanced Trauma Life Support
(ATLS) assessment with the intent to avoid hypotension, bradycardia, and hypoxia.

Manage Traumatic Spinal Injury Patient

1. Early intubation and mechanical ventilation are recommended for patients with
high cervical injuries (C1-C5).

2. All trauma victims with suspected cervical spine injury should have cervical
spine immobilized until an unstable fracture has been ruled out.

3. All patients with suspected cervical spine injury should have complete spinal
imaging by X-ray or CT scan.
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4. Urgent neurosurgical consultation.

5. Mean arterial pressure (MAP) augmentation with norepinephrine (if needed) is
recommended for at least the first 72 h following injury to a maximum of 7 days.
Goal MAP >85 mmHg for blunt/incomplete penetrating injury. Goal MAP
>65 mmHg for complete penetrating injury.

6. Use of high-dose methylprednisolone is not recommended routinely (not after
8 h of onset of injury). Even if it used, it should be within 8 h of onset of injury
and in isolated nonpenetrating spinal cord injury as a 30 mg/kg IV bolus fol-
lowed by an infusion of 5.4 mg/kg/h for 23 h.

7. Early (definition of early not standardized ranging from <8 h to <72 h) neurosur-
gical decompression of acute spinal cord compression is recommended.

8. Venous thromboembolism prophylaxis should be initiated within first 72 h
of injury.

9. Consider early (definition of early not standardized) tracheostomy in high cervi-
cal injury (C1-CS5) patients.

Rehabilitation should be offered to all patients.

Continue ICU Bundle Care

Nutrition, bowel care (as patient may develop neurogenic bladder and require uri-
nary catheterization), skin care and bed sore prevention, psychological support,
thromboprophylaxis, ulcer prophylaxis, and treatment of spasticity and neuropathic
pain are the supportive care required in spine injury patient.
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A 30-year-old man was hit by a motor vehicle about 3 h ago. At presentation,
he had a threatened airway with labored breathing; his respiratory rate was 32/
min with O2 saturation of 85%. He had paradoxical chest movements and
decreased air entry on the left side. His heart rate was 120/min, blood pressure
was 100/80 mmHg, and Glasgow coma scale (GCS) score was 15/15. After
initial stabilization and left-sided intercostal drainage (ICD), the secondary
survey revealed abdominal distention with tenderness over the left upper
quadrant of the abdomen. A computed tomography (CT) scan of the chest and
abdomen showed multiple rib fractures on the left side of the chest with
underlying lung contusion and ICD in situ. It also revealed a shattered spleen
and 3-cm laceration in segment 6 of the liver along with a 1-cm laceration in
the upper pole of the left-sided kidney and pneumoperitoneum, suggesting
both solid and hollow viscous injury. An exploratory laparotomy was per-
formed. The liver and kidney were preserved, while the spleen was removed,
and primary repair of the bowel segment was performed. The patient gradu-
ally recovered in the intensive care unit (ICU).

Multiple life-threatening conditions can result from thoracic and abdominal trauma.
Multiple factors, including mechanism of injury, injured body region, hemody-
namic status, and associated injuries, determine the diagnostic approaches.
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Step 1: Perform Primary Survey, Resuscitation,
and Secondary Survey

Primary Survey (A-E)

A. Airway with cervical spine protection: Evaluation of the airway is the first prior-
ity during the primary survey. All patients presenting with threatened airways
and respiratory distress should have their airways secured.

Cervical immobilization is maintained until radiological and/or clinical
means exclude the injury. Remember the Canadian C-Spine Rule (CCR) and
NEXUS Criteria for C-Spine evaluation.

B. Breathing and ventilation: Expose the chest to observe chest wall movement,
breathing pattern, percuss for dullness/hyperresonance, auscultate breath
sounds, and monitor oxygenation. Every polytrauma patient should receive sup-
plementary oxygen till a complete evaluation of all injuries is done.
¢ Point-of-care ultrasound: In trauma care, the extended focused assessment

with sonography for trauma (E-FAST) is a critical tool during the primary

survey. It helps identify pericardial tamponade, hemoperitoneum, and pneu-
mothorax. For trauma patients who are unstable, hypotensive, or pulseless,
any abnormal findings on E-FAST should prompt immediate intervention.

Diagnostic peritoneal tap is performed only when E FAST is not available.

» Life-threatening injuries that should be identified and treated during the pri-
mary survey are the following:

— Tension pneumothorax: Immediate large needle decompression should be
done in the fifth intercostal space in the midaxillary line or second inter-
costal space in the midclavicular line or finger thoracostomy, followed by
intercostal tube insertion. Positive pressure ventilation after intubation
may worsen the tension pneumothorax.

— Massive hemothorax (more than 1500 ml blood or more than one-third of
patient’s blood volume in thoracic cavity)—Insert a large-bore (28-32 F)
chest tube, replace volume, and get a surgical consult.

— Open pneumothorax—Flutter valve dressing, taped on three sides, fol-
lowed by chest tube insertion and surgical closure of the wound.

— Cardiac tamponade—Pericardiocentesis as a life-saving maneuver fol-
lowed by immediate thoracotomy or sternotomy.

— Tracheobronchial disruption—Guided intubation distal to the injury site,
or unilateral ventilation and immediate surgical intervention.

C. Circulation with hemorrhage control: The pulse rate, blood pressure, and level
of consciousness determine the grade of shock. Take two large bore size 14- or
16-gauge iv cannula peripherally. Collect blood for grouping and cross-
matching. Circulation volume has to be maintained with isotonic fluids (IV
Ringer’s Lactate 1 liter stat) and blood and blood product transfusions. Identify
the source of bleeding and control it. Look for external bleeding, bleeding in the
thorax, abdomen, pelvis, and long bones. Urgent hemostatic laparotomy should
be considered in all patients with hemodynamic instability and positive abdomi-
nal FAST. External pelvic stabilization with a pelvic binder or a sheet applied at
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the level of greater trochanter of femur is required in suspected pelvic fractures
or unstable pelvis.

D. Disability (neurological evaluation): Assess GCS and evaluate the pupillary
size and reaction to light. Low GCS score may be due to decreased cerebral
oxygenation or perfusion (shock) or direct cerebral injury. Prevent secondary
brain injury by maintaining adequate oxygenation and perfusion.

E. Exposure/environment control: Completely undress the patient for thorough
examination and assessment. Do not forget to examine the back. A warm envi-
ronment should be maintained to avoid hypothermia. Use warm fluids and warm
blankets to prevent hypothermia. Perineal and vaginal injuries are often missed.
One may need to do the log roll to examine the back.

Primary adjuncts—Urinary and gastric catheters, chest X-ray AP and pelvic
X-ray AP films, eFAST/DPL, ECG, ABG, and capnography are primary adjuncts
during the primary survey.

Secondary Survey

¢ This involves detailed pertinent history, a complete in-depth physical examina-
tion, with reassessment of vital signs. Additional investigations like X-rays, con-
trast CT, and other diagnostic tests will be required to identify all injuries. The
secondary survey also involves tubes and fingers in all orifices. ETT, NG tube,
urinary catheter, per rectal examination, and per vaginal examination. Injuries to
be identified in the secondary survey include the following:

— Blunt cardiac injury.

— Traumatic aortic disruption.

— Traumatic diaphragmatic injury.

— Blunt esophageal rupture .

— Subcutaneous emphysema.

— Rib, sternum, and scapular fractures.

— Pelvic fractures.

— Solid organ and hollow viscus injuries.

— Genitourinary injuries.

— In blunt abdominal trauma, pancreatic, mesenteric, and diaphragmatic inju-
ries are less common, difficult to diagnose, recognized late, and potentially
dangerous.

— Look for intra-abdominal injury in all patients with altered sensorium and
severe extra-abdominal injuries.

— Signs and symptoms of abdominal injury are often attenuated in patients
>60 years.

— Pedestrians usually sustain a triad of injuries to leg, torso, and cranium.

— Look for seatbelt signs, rebound tenderness, abdominal distension, and
guarding.

— Microscopic hematuria in a non-catheterized urine increases the likelihood of
intra-abdominal injury.
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Step 2: Triage for Surgery

Once the primary survey is concluded, the next step is to triage the nonresponders
to emergency surgery—exploratory laparotomy or thoracotomy for damage control
or definitive surgery as the clinical situation demands.

* Indications for urgent thoracotomy include
— ICD output: blood more than 1500 mL immediately following insertion of the
drain or more than 200 mL/h for 2—4 h
— Endobronchial blood loss
— Massive pulmonary contusion leading to significant impairment of ventilation
— Significant tracheobronchial tree injury
— Injury of the heart or great vessels leading to pericardial tamponade and hem-
orrhagic shock
— Penetrating chest injury as a cause of hemodynamic instability
* Indications for urgent laparotomy include
— Hemodynamic instability with penetrating trauma or positive FAST examina-
tion in blunt trauma
— Transperitoneal gunshot injury
— Clinical signs suggesting peritonitis and evisceration
* The rest of the patients should undergo further necessary radiological investiga-
tions to identify and assess the exact anatomical injuries and their severity.
* Guard against exacerbating spinal injuries while positioning patients for imaging.

A simplified approach for the evaluation and management of blunt trauma of the
abdomen is discussed in Fig. 15.1.

| Blunt abdominal trauma |

|
l I

| Stable hemodynamics | ‘ Unstable hemodynamics |
|
| Computed tomography ‘ e
| | eFAST |
| l —
‘ Non intra-abdominal | | Intra-abdominal injury | Positive — No free
[ presence of intra-
J ¢ ¢ intra abdor_mnal
‘ Observation | IAngio-emboIisationH Laparotomy | abdominal fluid fluid
I l
‘Deterioration | |Deterioration | Y
l l v Other causes
‘ Laparotomy ‘ I Laparotomy I Laparotomy of shock

Fig. 15.1 Simplified approach to the management of abdominal trauma. No intrabdominal injury
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Step 3:Triage the Patients to the ICU

» Triaging the patients to the ICU or the floor (wards) is decided of based on the
severity of the injury and the extent of surgery, requirement for the mechanical
ventilation and inotropic support, age, and comorbidities of the patient.

Step 4: Continue to Observe and Treat

While the need for complete and repeated clinical and eFAST examination in the
ICU cannot be overemphasized, the following features will have to be focused dur-
ing the daily examination of the patients:

A. Ventilation and circulation assessment

* Lung protective ventilator strategies should be applied in all trauma patients,
particularly with lung contusions.

* Pulse rate, blood pressure, urine output, hematocrit, and lactate levels indi-
cate the degree of perfusion and the grade of volume deficit.

* Unstable or critically ill patients might warrant other invasive monitoring
techniques such as intra-arterial pressure and cardiac output measurements.
Echocardiography should be performed repeatedly for the assessment of
circulation.

* Circulation is maintained with fluid and blood transfusion with or without
inotropic support.

B. Management of the ICD tube

*  Monitor the volume and nature of the output daily, column movement, pres-
ence of air leak, and lung expansion clinically and radiologically.

1. Volume
* Common causes for persistent high output:

— Ongoing hemorrhage
— Thoracic duct injury
— Hypoproteinemia

* Sudden decrease in the volume of the output: Check for tube blockage or
malpositioning. The tube should then be declotted (milking) or reposi-
tioned or changed to maintain its patency of the tube.

* Local thrombolytic agents may be used in exceptional cases to maintain
tube patency.

2. Nature of the output
* Sanguineous output—ongoing hemorrhage: Output of more than

200 mL/h of sanguineous fluid continuously for 4 h is an indication for
thoracotomy.

* Turbid output with pyrexia—infective focus. Fluid should be sent for fur-
ther microbiological analysis, and treatment should be started accord-
ingly. Bacterial or fungal growth from a drain that is >24 h old may reflect
colonization, a fresh sample with needle aspiration or sample from a new
drain should be sent for culture.
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* Milky white, high-volume output—thoracic duct injury (chylothorax).
Presence of chyle may be confirmed at the bedside by dissolving the
drained fluid in equal amount of ether. If it gets dissolved, then it is chyle;
otherwise, it is pus. Check the triglyceride level. Low output
(<1000 mL/24 h) can be managed conservatively. High output usually
requires surgical management.

3. Wide swinging of column movement (>5 cm) is suspicious of poor lung

expansion or lung collapse and should be investigated further with the chest
X-ray and bronchoscopy if needed.

. Air leaks indicate the presence of tracheobronchial/parenchymal communi-

cation with the pleural cavity.

* Chest tube insertion sites should be checked for peritubal air entry due to
loose sutures.

* Treatment of air leak: Minor air leaks usually heal with deep breathing
exercises. Persistent air leaks, not settling down with chest physiotherapy
alone, require application of negative pressure suction (usually 10 cm
H,O) to the underwater seal bottle. Massive air leaks causing oxygen
desaturation will require insertion of a second ICD tube and usually
thoracotomy.

» After stoppage of air leak, check the chest X-ray after clamping the tube
for 24 h to look for lung collapse, and the ICD tube can be removed if the
chest X-ray is normal.

* In case of subcutaneous emphysema, the extent should be marked and
monitored daily for change in extent after insertion of the ICD tube. There
is no role for skin incisions.

. In cases of clotted hemothorax, declotting is done with streptokinase. 1-1.5

million units of streptokinase is diluted in 100 mL and infused through the
ICD tube under aseptic precautions. The tube is then clamped for 3—4 h;
chest physiotherapy is done and then the tube is opened. This may be repeated
once a day for 3—4 days till clots are evacuated. This procedure is not indi-
cated in patients with coagulopathy or patients on systemic anticoagulation
therapy like warfarin.

. Fever, productive cough, and infiltrates in the chest X-ray indicate pulmo-

nary infections. Broad-spectrum antibiotics should be started empirically and
changed to specific antibiotics depending on the sensitivity pattern.

7. Radiological investigations

* Chest X-rays should be done to monitor the lung expansion and after the
removal of the ICD tube to look for pneumothorax.

» Ultrasonography and CT scans should be done for suspected loculated
effusions and pneumothorax and to guide its drainage percutaneously.

* The following conditions should be fulfilled before the removal of the
ICD tube:
— Less than 50-100 mL output and serous in nature
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— Less than 5 cm swinging of air column with normal breathing
— Full lung expansion
8. Chest tube insertion sites must be inspected every day for infections and air
or fluid leakage with regular care of the wound site.
C. Tracheostomy site and surgical wound sites: Inspect for surgical site infection.
D. Regular active and passive chest physiotherapy. This is required to prevent atel-
ectasis and pneumonia.
E. Pain control
Control pain through nonsteroidal anti-inflammatory drugs, opioids, epidural
analgesia, and patient-controlled analgesia devices.
F. Nutrition

Nutrition is maintained with enteral nutrition in most of the cases.

Abdominal Injuries

Solid organ injuries are managed either nonoperatively or operatively depending on
the severity of the injury and the hemodynamic stability of the patient. Hollow vis-
cous injuries are usually managed operatively.

Whenever applicable damage control surgery along with hemostatic resuscita-

tion should be considered as a first-line strategy to prevent triad of death.

Step 5: Nonoperative Management of Solid Organs (Spleen,
Liver, and Kidney)

Nonoperative management should be practiced only in highly specialized trauma
centers that have 24-h availability of trauma surgeons and interventional
radiologists.

Initial clinical examination and hemodynamic status dictate the decision rather
than the grade of solid organ injury or the degree of hemoperitoneum.

Daily clinical examination of the abdomen with hemodynamic status assessment
based on pulse rate, blood pressure, urine output, abdominal girth, intra-
abdominal pressure, and fall in hemoglobin and hematocrit levels.

No antibiotic coverage is needed in cases of nonoperative management of solid
organ injury alone.

Ultrasound examination of the abdomen is done; if the clinical situation demands,
to look for significant increase in the intra-abdominal collection.

Abdominal distention, development of peritoneal signs, and decrease in urine
output indicate ongoing hemorrhage and need for operative management.
Progressive drop in hematocrit with hemodynamic instability should also indi-
cate the consideration for operative management.

In case of liver injuries, biliary peritonitis may present the clinical picture of
intestinal perforations. Clinical and radiological examinations should be
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performed to rule out missed intestinal injuries, and in their absence, percutane-
ous drainage of the bile collection can be done, avoiding laparotomy.

Step 6: ICU Care After Operative Management
of Abdominal Injuries

* Repeated complete physical examinations should be performed every day.

e In case the abdominal closure seems to be difficult during the primary surgery
(due to bowel edema/retroperitoneal collection, etc.), it is prudent to leave it
open as forceful closure would lead to increase in intra-abdominal pressure
resulting in the abdominal compartment syndrome.

« Enteral nutrition is started at the earliest and gradually advanced to regular diet
as tolerated.

¢ Immediate enteral feeding is beneficial (in comparison to parenteral) in a criti-
cally ill patient regardless of the patient’s premorbid nutritional status.

* Care of the feeding jejunostomy tube should be taken properly.

* Conditions suggesting the need for partial or total parenteral nutrition are as
follows:

— Oral intake less than 50% of the energy needs

— Unable to tolerate nasogastric or nasojejunal feed for more than 7 days in
previously well-nourished patient

— Nonfunctioning gastrointestinal tract

* Inspection of the surgical sites is done for signs of inflammation and infection.

¢ Monitoring of the drain output and nature of fluid should be done.

* In case the drains show persistent and or purulent output, it can be indicative of
deep surgical site infections or intestinal fistulae. If such is the case, rapid clini-
cal/radiological examination followed by the opening of the laparotomy incision
site and thorough lavage is indicated. If intestinal fistulae are present, it should
be treated either surgically or nonoperatively depending on its location and output.

 Persistent high drain output in cases of pancreatic and splenic injury should raise
suspicion of the pancreatic fistula.

¢ Drain amylase should be requested on or after the third postoperative day in
cases of suspected pancreatic fistula and in cases of pancreatic and splenic injury.

* Continuing with the drains, if necessary CT-guided drainage, antibiotic coverage
(if signs of infections present), serial radiological examinations, and drainage of
collections are recommended for the treatment of pancreatic fistulae. Use of
somatostatin or its analog may be useful in such situations.
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Case Vignette

A 50-year-old man presented to the emergency department (ED) with an
alleged history of burns sustained while sleeping in a closed room. On arrival,
the primary survey was unremarkable except for a low BP of 80/50 mmHg
and hoarseness of voice with the production of sooty sputum. The secondary
survey revealed cold, clammy extremities with 60% burns involving the face,
torso, and extremities. Over the right lower limb, there were circumferential
burns and swelling with absent pulsations. The chest radiograph was normal,
and other associated injuries were noted.

The mortality and morbidity of burn patients have improved due to improvements
in care over the past few decades. Local burn wound care and long-term systemic,
nutritional, and rehabilitative care need to be addressed from the very beginning by
the treating team. The care of the burn patient requires very advanced critical care,
preferably in a dedicated burn unit.
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Step 1: Initial Assessment and Resuscitation

All burn patients should be approached as polytrauma patients. All severe burn inju-
ries complicated by major trauma or inhalational injury, chemical burns, high-
voltage electrical burns, and in adults deep burns covering more than 20% of body
surface area excluding superficial burns should be managed in a dedicated burn unit.

(i) Airway with cervical spine immobilization

The initial management of acute burns necessitates airway and cervical
spine assessment and stabilization.

All patients should immediately receive 100% oxygen supplementation,
recognizing that pulse oximetry readings may be falsely reassuring in the
setting of carbon monoxide poisoning.

A thorough evaluation for signs of inhalational injury is crucial as it signifi-
cantly impacts morbidity and mortality.

Wheezing, tachypnoea, stridor, and hoarseness indicate impending airway
obstruction due to an inhalation injury or edema, and immediate treatment
is required.

If the patient is not breathing or has labored respiration or signs of obstruc-
tion, clear the airway by oral/nasal suction followed by orotracheal intuba-
tion with inline stabilization of the neck if an injury to the cervical spine is
a consideration.

Risk of upper airway obstruction increases with the following:

. Inhalation burns—carbonaceous sputum, singed nasal hairs
. All patients with deep burns of more than 35-40% total burn surface

area (TBSA)

. Burns involving the face, neck, and upper torso

— If respiratory failure is imminent, intubation is instituted early, and fre-
quent chest physiotherapy and suctioning are performed to maintain pul-
monary hygiene.

— Early intubation is also performed if the patient requires prolonged
transport. Properly securing the airway is of utmost importance to the
patient.

Airway edema can progress rapidly within the first 2448 h following a

burn, potentially leading to sudden and complete airway obstruction.

Pediatric patients, in particular, may tire quickly, and supra-sternal retrac-

tion is a clear sign of impending respiratory failure requiring immediate

intubation.

Once a patient is intubated for inhalational injury, close monitoring is para-

mount, and extubation should generally be deferred for 48—72 h.

The medical management of inhalational injuries often involves a multi-

modal approach. Nebulized heparin (typically 10,000 IU every 4-6 h for

7 days) and nebulized N-acetylcysteine have been shown to improve airway

patency and mitigate the risk of airway complications.
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* Bronchodilator therapy can aid in mucociliary clearance by dilating the air-
ways, while corticosteroids can help reduce airway inflammation.

* Diagnosis of Inhalational injury is often established by the use of bronchos-
copy, which reveals early inflammatory changes such as erythema, edema,
ulceration, sloughing of mucosa, and prominent vasculature in addition to
infraglottic soot. Management of inhalation injury is directed at maintain-
ing open airways and maximizing gas exchange.

e A patient who can cough with a patent airway can clear secretions very
effectively, and all efforts should be made to treat the patient without
mechanical ventilation.

* Frequent bronchoscopies may be needed to clear inspissated secretions in
intubated patients.

* These patients should be ventilated as per the ARDSnet protocol with low
tidal volume (6 mL/kg ideal body weight). Try to keep the plateau pressure
below 30 cm H,O. Deep circumferential chest burn may limit chest wall
motility, so a higher plateau pressure up to 40 cm H,O may be tolerated.

(i1) Carbon monoxide poisoning

¢ Beyond airway management, addressing potential complications like car-
bon monoxide and cyanide poisoning is essential.

* Carbon monoxide poisoning, diagnosed by elevated carboxyhemoglobin
levels on arterial blood gas analysis, requires prompt treatment with 100%
oxygen or hyperbaric oxygen therapy to expedite the elimination of carbon
monoxide from the body.

(iii) Cyanide toxicity

* Cyanide toxicity, another potential threat, should be suspected in burn
patients presenting with depressed consciousness, lactic acidosis, and a
compensatory decrease in EtCO2 on arterial blood gas. Monitoring serum
lactate levels and EtCO2 can provide valuable insights into cyanide
poisoning.

e Treatment involves a three-pronged approach: Binding cyanide, inducing
methemoglobinemia, and administering sulfur donors. A combination of
sodium thiosulfate and hydroxocobalamin has proven effective in treating
severe cases. In situations where hydroxocobalamin is unavailable, the
Cyanide Antidote Kit, containing amy] nitrite and sodium nitrite for methe-
moglobinemia induction and sodium thiosulfate as a sulfur donor, can be
utilized.

Breathing and Ventilation

e Always be vigilant for acute respiratory distress in burn patients, which may
indicate potentially life-threatening conditions like tension pneumothorax, open
pneumothorax, or massive hemothorax. These conditions necessitate immediate
decompression.
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Additionally, deep circumferential eschar on the chest can restrict breathing and
may require urgent escharotomy, which consists of longitudinal incisions in the
mid-axillary line and extended for the length of eschar.

Circulation

Obtain IV access anywhere possible and start giving fluids:

— Unburned areas are preferred.

Burned areas are acceptable.

Central access is obtained if expertise is available.

Intraosseous route is an alternative in the pediatric age group and is nowadays
being used in adults as well.

— Venous cutdown performed if IV canulation is difficult.

Perform resuscitation in burn shock (first 24 h):

Before evaluating the burn size, it is reasonable to initiate intravenous fluids
(preferably Ringer’s lactate) at a rate of 10 ml/kg/h.

Once the burn area has been assessed, a more precise calculation of fluid resus-
citation volume is necessary. While formulas like the Parkland and modified
Brooke were historically popular, current guidelines from the American Burn
Association suggest a simplified approach.

Calculate the initial 24 h resuscitation volume as 2 ml/kg/% TBSA for adults and
3 ml/kg/% TBSA for children under 14 years old, where % TBSA represents the
percentage of total body surface area burned. For children weighing less than
30 kg, a 5% dextrose solution in Ringer’s lactate at standard maintenance rates is
also recommended.

These formulas provide a starting point, and fluid administration should be tai-
lored to each patient’s individual needs. The initial 8 h should focus on delivering
half of the calculated fluid volume, with the remaining half administered over the
subsequent 16 h.

Urine output serves as a real-time indicator of fluid resuscitation adequacy. The
goal is to maintain a urine output of 0.5-1 ml/kg/h in adults and 1-1.5 ml/kg/h in
children by adjusting the fluid administration rate accordingly.

For patients with extensive burns, urinary catheterization is necessary to allow
for continuous monitoring of urine output and ensure appropriate fluid
management.

Large amounts of resuscitative fluids may not be well tolerated and can contrib-
ute to the development of ileus, abdominal or extremity compartment syndrome,
pulmonary edema, ARDS, and generalized edema.

These patients should be examined frequently for neurovascular checks to deter-
mine the need for escharotomy.

Resuscitation Endpoint
When the maintenance rate is reached (approximately 24 h), change fluids to DS/NS
with 20 mEq KCI at the maintenance level:

Maintenance fluid rate = basal requirements + evaporative losses
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¢ Basal fluid rate
— Adult basal fluid rate = 1500 mL x body surface area (BSA) (for 24 h)
— Pediatric basal fluid rate (<20 kg) = 2000 mL x BSA (for 24 h)
» Evaporative fluid loss
— Adult evaporative fluid loss (mL/h) = (25 + percent TBSA burn) x BSA
— Pediatric evaporative fluid loss (<20 kg) (mL/h) = (35 + percent TBSA
burn) x BSA

Role of Albumin

¢ For patients in the initial 24 h of burn resuscitation, particularly those with exten-
sive burns, healthcare providers should consider incorporating albumin adminis-
tration to enhance urine output and potentially decrease the overall volume of
fluids required. This recommendation is particularly relevant in situations where
a patient’s condition is deteriorating despite receiving increasing amounts of
crystalloids.

Role of Blood Transfusion
¢ Hemoconcentration occurs during the first several hours immediately following
a severe burn and transfusions are generally unnecessary.

Step 2: Take a Detailed History

e Allergy

¢ Medication

* Pregnancy/past illness

* Last meal taken

¢ Environment (associated injuries)

Step 3: Start Supportive Treatment

* Initiate early enteral nutrition

¢ Analgesia, sedation, and delirium management

* Give stress ulcer prophylaxis

* Glycemic control

¢ Tetanus prophylaxis

¢ Deep vein thrombosis prophylaxis should be started

Step 4: Assess Severity

* Inadults, rule of “nines” is used as a rough indicator of percent TBSA (Table 16.1
and Fig. 16.1).
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Table 16.1 Rule of nines for Anatomic surface Total body surface (%)
establishing the extent of TBieanl el medk 9
burned body surface ANTEReT (s 18

Posterior trunk 18

Arms, including hands 9% each

Legs, including feet 18% each

a

Head and

nack9%

Trunk:

Anterior 18% Arm 8%

Posterior 18% {each)
2k Leg 18%

ek o

Genitalia

ANTERIOR

POSTERIOR

Relative percentage of body surface areas (% BSA) affected by growth

a-': of head
b- % of 1 thigh
c- ¥ of 1 lower leg

0 yr 1yr
9% 35
2% 3%
1% 24

Syr 10 yr 15 yr
6% 5% v

4 4 4y

2% 3 %

Fig. 16.1 (a) Rule of “nines” and (b) Lund-Browder diagram for estimating the extent of burns.
(Adapted from Artz CP, Moncrief JA. The treatment of burns. 2nd ed. Philadelphia: WB Saunders

Company; 1969)

¢ In children, adjust percent because they have proportionally larger heads (up to
20%) and smaller legs (13% in infants) than adults.
* Lund-Browder diagrams improve the accuracy of the percent TBSA for children.

Depth of Burn Injury

 First-degree burns

— Damage above the basal layer of the epidermis
— Dry, red, painful (“sunburn”)
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* Second-degree superficial burns
— Damage into dermis
— Skin adnexa (hair follicles, oil glands, etc.) remain intact
— Heal by re-epithelialization from skin adnexa
— The deeper the second-degree burn, the slower the healing (fewer adnexa for
re-epithelialization)
— Moist, red, blanching, blisters, extremely painful
— Superficial burns heal by re-epithelialization and usually do not scar if healed
within 2 weeks
* Second-degree deep burns (deep partial thickness)
— Damage to deeper dermis
— Less moist, less blanching, less pain
— Heal by scar deposition, contraction, and limited epithelialization
e Third-degree burns (full thickness)
— Entire thickness of skin destroyed (into fat)
— Any color (white, black, red, brown), dry, less painful (dermal plexus of
nerves destroyed)
— Heal by contraction and scar deposition (no epithelium left in the middle of
the wound)
* Fourth-degree burns
— Burn into muscle, tendon, and bone
— Need specialized care
— Deep burns usually need skin grafts to optimize results and lead to hypertro-
phic (raised) scars if not grafted

Step 5: Burn Wound Care and Control of Infection

¢ Effective burn wound management aims at maintaining wound cleanliness, pro-
moting the removal of debris and exudate, preventing microbial growth and
infection, protecting viable epithelium, fostering tissue regeneration, creating an
environment conducive to healing, minimizing pain, and preventing complica-
tions like joint stiffness and contractures.

 Partial-thickness burns typically heal within approximately 3 weeks with conser-
vative management, including dressings and topical antimicrobials. Conversely,
full-thickness burns necessitate surgical intervention for healing. Burns that can-
not be immediately classified as partial or full-thickness require reevaluation
within 10-14 days to determine the appropriate surgical approach.

e Treatment for partial-thickness burns often involves cleansing and dressing
changes to support epithelialization. While antimicrobial therapy might not be
necessary for superficial burns, extensive full-thickness burns often benefit from
topical antimicrobials to prevent colonization and maintain moisture. Full-
thickness burns, especially those that are circumferential, can restrict skin elas-
ticity and, in conjunction with edema, lead to compartment syndrome, requiring
an escharotomy to relieve pressure. Definitive treatment for full-thickness burns
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usually involves eschar excision and coverage with skin grafts or flaps. However,
temporary dressings, including allografts, xenografts, and biologic dressings, are
frequently employed, particularly when immediate grafting is not feasible. These
temporary coverings provide a barrier against infection, support re-
epithelialization, and allow time for wound healing in this immunocompromised
patient population.

Step 6: Supportive Treatment—Nutrition

e Providing early nutritional support is crucial for critically burned patients.
Ideally, enteral nutrition should begin within the first 612 h after injury to coun-
teract hypercatabolism, prevent stress ulcers, minimize infection risk by reduc-
ing bacterial translocation from the gut, and enhance immunoglobulin production.

¢ The caloric needs are estimated based on the Curreri formula (Table 16.2).
Protein needs are approximately 2.5 g/kg.

¢ Additionally, supplementing micronutrients like zinc, copper, selenium, calcium,
and vitamins B1, C, D, and E for up to 1 month post-injury can promote wound
healing.

The pediatric formulas have been derived from retrospective analyses of dietary
intake, which is associated with the maintenance of average body weight over hos-
pital stay (Table 16.3).

Table 16.2 Curreri formula Age Formulas
for estimating caloric 6-60 years 25 kcal/kg/day +40 kcal/percent burn/day
requirements for adult burn >60 years 25 kcal/kg/day +65 kcal/percent burn/day
patients
Table 16.3 Formulas for Age Formulas
estimating the caloric 0-1 year 2100 keal/m? TBSA/day +1000 kcal/m?
requirements for pediatric TBSA burn/day
burn patients 1-11 years 1800 keal/m> TBSA/day +1300 kcal/m?
TBSA burn/day
12-18 years 1500 kcal/m*> TBSA/day +1500 kcal/m?
TBSA burn/day

Shriners Hospitals for Children at Galveston, Texas
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Step 7: Manage Complications

Successful management of burns involves the management of predicted complica-
tions like sepsis, ARDS, and acute kidney injury.

Step 8: Physiotherapy and Psychological Support

Physiotherapy and psychological assessment and care should start from the very
beginning and can be continued till the patient gets discharged. Early rehabilitation
protocol as per the care facility should be in place for a better outcome.
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Case Vignette

A 24-year-old woman was admitted to the hospital with a history of consump-
tion of some liquid at home followed by vomiting, altered mental status, and
labored breathing. She was brought to the triage in the comatose state with
pinpoint pupils, frothy secretions from her mouth, heart rate 58/min, and
blood pressure 90/48 mmHg.

A high index of suspicion for intoxication is warranted in the practice of critical care
medicine, particularly for patients admitted with unexplained altered mental status,
seizures, cardiac dysrhythmias, and respiratory depression. Diagnosis may be com-
plicated by the possibility of multiple-drug ingestion. Supportive care during the
first few hours of admission may be life-saving. Antidotes should be used early on
suspicion of a particular poison to prevent organ dysfunction. Attempts to identify
the toxin should be done by focused history, a directed physical examination, and
commonly available laboratory tests.

Step 1: Initiate Resuscitation and Assessment

* Initiate resuscitation using the ABCDE approach.
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Airway

* Management of airways is very important in poisoning. Some toxins (acid or
alkali ingestion) require extra care during airway management. When intubation
is necessary, rapid sequence induction is indicated using short-acting para-
Iytic agents.

* Do not solely use a Glasgow coma scale of <8 to identify the need for intubation
in a poisoned patient who is otherwise protecting the airways as many of them
may improve over a short time.

» Urine toxicology screening should be obtained before any sedatives or hypnotics
are administered.

Breathing

e A patient’s oxygenation status can be monitored with a bedside pulse oximeter
except for toxins leading to dyshemoglobenemias, that is, in carbon monoxide
poisoning, the pulse oximeter is unreliable in detecting carboxyhemoglobin.
Similarly, in methemoglobinemia due to cyanide poisoning pulse oximetry satu-
ration is not reliable. In these cases, true oxygen saturation can be measured by
coximeter-enabled blood gas analyzer.

* Some newer-generation pulse oximeters are capable of estimating carboxy and
methemoglobin continuously by adding additional light-emitting diodes of dif-
ferent wavelengths.

* Give oxygen by the nasal cannula or face mask to maintain SpO, of more than
95%. Exceptions include paraquat poisoning, where oxygen therapy should be
avoided as it may lead to increased pulmonary injury.

¢ When the patient is in respiratory distress and not able to maintain oxygenation
or ventilation, assisted ventilation should be considered.

Circulation
* Monitor pulse and blood pressure. Do an ECG. Obtain a good peripheral line and
start intravenous fluids.

The “coma cocktail” of dextrose (1 Amp D50W IV), naloxone (2 mg IV), fluma-
zenil (0.2 mg IV), and thiamine (100 mg IV) can be considered in unknown
poisoning with unconsciousness and coma but should be avoided in patients with a
history of benzodiazepines or opiates abuse as seizures or arrhythmias may be
precipitated.

Step 2: Take a Detailed History

¢ Detailed and targeted history from the family members and friends, including the
past medical treatment and occupational environment, is important for making
the diagnosis of poisoning.

e The history should include the type of toxin or toxins, time of exposure (acute
versus chronic), amount taken, and route of administration (i.e., ingestion, intra-
venous, and inhalation).
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Table 17.1 Physiological grading of the severity of poisoning: signs and symptoms

Severity Stimulant poisoning Depressant poisoning

Grade 1 Agitation, anxiety, diaphoresis, Ataxia, confusion, lethargy, weakness, verbal,
hyperreflexia, mydriasis, tremors able to follow commands

Grade 2 Confusion, fever, hyperactivity, Mild coma (nonverbal but responsive to pain);
hypertension, tachycardia, tachypnea brainstem and deep tendon reflexes intact

Grade 3 Delirium, hallucinations, Moderate coma (respiratory depression,
hyperpyrexia, tachyarrhythmias unresponsive to pain); some but not all

reflexes absent

Grade 4 Coma, cardiovascular collapse, Deep coma (apnea, cardiovascular

seizures depression); all reflexes absent

* The patient should be asked about over-the-counter medications, vitamins, and
herbal preparations.

* The patient or accompanying attendants should be asked about all drugs taken,
including prescription drugs and empty bottles/containers, and the physician can
also perform a “pill count” to ascertain the number of consumed pills.

* Remember the history of the patient may not always be forthcoming or reliable.

* The clinical diagnosis of the type of poisoning can be identified by the clinical
manifestations that may fit into a particular toxidrome. Toxic overdose can pres-
ent with a wide array of symptoms, including abdominal pain, vomiting, tremor,
altered mental status, seizures, cardiac dysrhythmias, and respiratory depression,
which may be the only clues to diagnosis (Table 17.1).

* Symptoms are often nonspecific (as in early acetaminophen poisoning) or
masked by other conditions (e.g., myocardial ischemia in the setting of carbon
monoxide poisoning).

e Consumption of multiple toxins may make the diagnosis challenging as the typi-
cal symptomatology may not be present.

Step 3: Perform Physical Examination

e The patient stabilization should take precedence over the detailed physical
examination.

* Once the patient is stable, a more comprehensive physical and systemic exami-
nation should be performed.

» Serial examinations are even more important to assess dynamic change in clini-
cal appearance. The systematic neurological evaluation is critical in patients with
altered mental status. Alert/verbal/painful/unresponsive scale (AVPU) is a sim-
ple, rapid method of assessing consciousness in most poisoned patients.

» Focussed clinical examination, for example, characteristic odors of some poison-
ing (garlic in OP poisoning), pupillary findings, movement disorders like sei-
zures, skin findings (flushed or pale, dry or warm), temperature alteration
(hypo- or hyperthermia), respiratory alteration, etc., can help in differentiating
types of poisonings.

* Look for features of associated trauma or injury during intoxication.
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Step 4: Order Investigations

A basic metabolic panel should be obtained in all poisoned patients:

* Complete blood count

e Serum electrolytes

e Blood urea nitrogen and creatinine

* Blood glucose and bicarbonate level
e Liver functions test

» Coagulation profile

* Arterial blood gases (ABG)

* ABG with co-oximetry in patients with increased saturation gap or when dysh-

emoglobinemias are suspected
* ECG

 If the patient is a female of child-bearing age, a pregnancy test is essential.

* The anion gap, serum osmolality, and osmolar gap should be measured in each

patient as it can help in finding the cause (Table 17.2).
Chest and plain abdominal X-ray should be done if there is a high index of sus-
picion of radiopaque pills, drug-filled packets ie cocaine, enteric-coated tablets,

heavy metals, etc.

Table 17.2 Common causes of abnormal anion gap

Elevated anion gap Decreased anion gap

Lactic acidosis (type A) Increased unmeasured cation
Uremia Hyperkalemia

Sepsis Hypercalcemia
Rhabdomyolysis Hypermagnesemia
Ketoacidosis: diabetic, Acute lithium intoxication

starvation, ethanol

Elevated IgG (myeloma cationic

paraprotein)
Decreased unmeasured anion
Hypoalbuminemia

Toxic ingestions Drugs

Ethylene glycol Bromide

Methanol Iodide

Paraldehyde

Salicylate Polymyxin B

Analytical artifact
Hypernatremia
Hyperlipidemia

Increased osmolar gap
Methanol and ethylene
glycol

Diabetic ketoacidosis
(acetone)

Isopropyl alcohol
Ethanol
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Specific Investigations

A sample for urine toxicology screening for common drugs must be taken before
giving any sort of sedation.

The cholinesterase level for organophosphorus poisoning: specific levels of cho-
linesterase can guide treatment.

Paracetamol, salicylate, and other drug levels where appropriate.

Oxygen saturation gap (SaO,—Sp0O,): An oxygen saturation gap is present when
there is more than a 5% difference between the measured oxygen saturation from
a standard blood gas machine and the reading from a pulse oximeter. If it is
greater than 5%, the patient’s hemoglobin may be abnormal, representing carbon
monoxide poisoning (carboxyhemoglobin), methemoglobinemia (cyanide, dap-
sone), or sulfhemoglobinemia (hydrogen sulfide).

Step 5: Admit to the ICU

Admit in ICU if any of the following is present:

Respiratory depression (PaCO,>45 mmHg)

Emergency intubation

Seizures

Cardiac arrhythmia (QT prolongation, preferably corrected QTc)

QRS duration more than 0.12 ms

Second- or third-degree atrioventricular block

Systolic BP less than 80 mmHg

Unresponsiveness to verbal stimuli

Glasgow coma scale score less than 12

Need for emergency dialysis, hemoperfusion, or extracorporeal membrane
oxygenation

Worsening metabolic acidosis

Pulmonary edema induced by toxins (including inhalation) or drugs

Tricyclic or phenothiazine overdose manifesting anticholinergic signs, neuro-
logic abnormalities, QRS duration more than 0.12 s, or QT more than 0.5 s.
Administration of pralidoxime in organophosphate toxicity

Antivenom administration in envenomation

Need for continuous infusion of naloxone

Step 6: Management

The management of any clinically significant poisoning should begin with basic
supportive measures. The priority after the airway, breathing, and circulation
approach is to prevent and manage life-threatening complications.
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Step 7: Decontamination

* The clothing should be removed in suspected or confirmed dermal exposures,
and the skin should be copiously irrigated and washed with mild soap and water
in organophosphorus poisoning.

* The eye should be copiously irrigated with water in ocular exposure to acids
and alkali.

* Gastric lavage: The place of gastric lavage in acute poisoning is debatable and is
only of benefit in the hyperacute phase of poisoning (<1 h). Caution: Patients
must be awake with a preserved gag reflex or the airway should be secured before
attempting gastric lavage.

* Activated charcoal: Charcoal aspiration has a high morbidity and mortality. This
should not be attempted in patients without a safe or protected airway.

* Administer 50 g charcoal as soon as possible and another 50 g every 4 h thereaf-
ter while the indication persists. Co-administration with sorbitol has not been
shown to increase efficacy.

* Charcoal administration is most effective when it is given within 1 h of ingestion.

* Contraindications to charcoal administration are as follows:

¢ Elemental metals (lithium, iron)

» Pesticides

» Strong acids or alkalis

e Cyanide

» Late presentations (>4—6 h post-ingestion)

Step 8: Enhanced Elimination

* Alkalinization of urine may help in the excretion of drug in the urine in poison-
ings such as salicylates, phenobarbital, and chlorpropamide.

* In cases of severe poisoning, dialysis and charcoal hemoperfusion should be
considered if the toxin involved is removable through dialysis (see Fig. 17.1).
Plasmapheresis has also been tried for removal of certain poisons (Table 17.3).

* Other therapies like extracorporeal membrane oxygenation (ECMO) for cardiac
and pulmonary support have also been tried in several patients with acute poison-
ing (Table 17.3).

» Extracorporeal adsorption devices, such as Cytosorb, can be beneficial for treat-
ing overdoses of substances like amitriptyline, mercury, direct oral anticoagu-
lants such as dabigatran, and ticagrelor.
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Severe acute poisoning Modes ro reduce Reduced endogenous| Low volume
(high risk of Antidote absorption/elimination clearance of distribution
morbidity/mortality) (not available/effective) (not available/effective) (<5ml/kg/min) (<1-2 L/kg)

| Consider extracorporeal toxin removal |

| Percentage of poison which is protein bound |

¥>95% <80% 80-95%
Therapeutic plasma exchange| [Check the molecular weight of the poison]|
Y
[ <15000Da | [ 15-25,000 Da | [ 25-50,000 Da | [ >50,000Da |

Intermittent Hemofiltration | High-flux IHD or

Therapeutic plasma

hemodialysis (IHD) hemoperfusion exchange
Fig. 17.1 Approach to decide the mode for extracorporeal toxin removal
Table 17.3 Indication of dialysis and hemoperfusion
Hemodialysis Hemoperfusion  Plasmapheresis ECMO
Methanol Theophylline Tricyclic antidepressants ~ Amiodarone
Ethylene glycol ~ Phenobarbital Thyroxine Beta-blocker
Boric acid Phenytoin Heavy metals Calcium channel blockers
Salicylates Carbamazepine  Theophylline Opioids
Lithium Paraquat Verapamil Organophosphorus
Glutethimide Yellow phosphorus Paraquat
Baclofen Tricyclic antidepressants

Atenolol, sotalol

Step 9: Use Antidotes to Common Poisons

* Antidotes should be used early in the course to counteract the effects of poison-
ing (Table 17.4).
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Table 17.4 Common poisons and their antidotes

Poison

Acetaminophen

Anticholinergics

Anticoagulants (warfarin/coumadin,
heparin)

Dabigatran

Rivaroxaban, apixaban
Benzodiazepines

Botulism

B-Blockers

Calcium channel blockers
Cholinergic (i.e., organophosphorus)
Carbon monoxide

Cyanide

Digoxin

Iron

Isoniazid

Lead
Methemoglobinemia
Opioids

Toxic alcohols

Tricyclic antidepressants

Antidote

N-Acetylcysteine

Physostigmine

Vitamin K, protamine, respectively
Idramucizimab (praxbind)
Adenaxet alfa

Supportive care, flumazenil
Botulinum antitoxin
Glucagon

Calcium, glucagon
Atropine, pralidoxime
Oxygen, hyperbaric oxygen
Amyl nitrate, sodium nitrate, sodium thiosulfate,
hydroxocobalamin

Digoxin Fab antibodies
Desferrioxamine
Pyridoxine

BAL, EDTA, DMSA
Methylene blue

Naloxone

Ethanol drip, dialysis
Fomepizole

Sodium bicarbonate

aUse of flumazenil may be contraindicated in many situations including tricyclic overdose or in
chronically habituated benzodiazepine users as this may precipitate seizures

Step 10: Other Measures

Intravenous fat emulsion (IFE) has been suggested as a potentially beneficial ther-
apy in the management of local anesthetic overdose. For example, bupivacaine,
mepivacaine, ropivacaine, levobupivacaine, prilocaine, lignocaine, and lidocaine. It
has also been tried in several other poisoning, with varied results (Table 17.5).
While the exact mechanism of action is not fully understood, it is believed that the
antidote may work by compartmentalizing the offending drug into a lipid phase,
thereby sequestering it away from its target receptors.. As per the current dosing
recommendations, a bolus of 1.5 mL/kg, followed by an intravenous infusion at the
rate of 0.25 mL/kg/min, should be initiated.

Step 11: Whenever in Doubt, Seek Help from the National
Poison Information Centre (AIIMS)
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Table 17.5 Drug toxicities that may benefit from the use of intravenous fat emulsion

Probable benefit

All local anesthetics: bupivacaine, mepivacaine, ropivacaine, levobupivacaine, prilocaine,
lignocaine, lidocaine

Possible benefit

Anti-epileptics: carbamazepine, lamotrigine

Anti-psychotics: chlorpromazine, haloperidol, olanzapine, quetiapine

Anti-histamine: diphenhydramine

Barbiturates: pentobarbital, phenobarbital, thiopental

Beta-blockers: atenolol, carvedilol, metoprolol, nebivolol, propranolol

Calcium channel blockers: amlodipine, diltiazem, felodipine, nifedipine, verapamil
Disease-modifying antirheumatic drug: hydroxychloroquine

Tricyclic antidepressants: amitriptyline, clomipramine, dosulepin, dothiepin, doxepin,
imipramine

Other antidepressants: bupropion, venlafaxine

Others: baclofen, cocaine, endosulfan, flecainide, propanone
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A 38-year-old male known alcohol abuser, chronic smoker, and IV drug
abuser came to the emergency department in an inebriated state. On examina-
tion, he was cachectic and stuporous with bilateral pinpoint pupils. There
were multiple black erythematous patches on the forearm with multiple injec-
tion marks. His pulse rate was 46/min and blood pressure was §2/60 mmHg,

and on auscultation, there were bilateral crepitations.

Substance abuse may be persistent or sporadic, and inconsistent with or unrelated to
acceptable medical practice. This subset of patients may present to the hospital with
acute intoxication, withdrawal, or infectious and other chronic complications related
to drug abuse. They have an overall better prognosis compared to other critically ill
patients if diagnosed and managed timely. Narcotics, stimulants, and sedatives are
the common prescription drugs of abuse. Patients may present with deliberate or

accidental overdose.

Step 1: Initiate resuscitation

* Initial resuscitation should be done as mentioned in Chap. 24, Vol. 2.
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 In addition to routine investigations, CT head should be done to rule out intracra-
nial bleeding in patients presenting with hypertension, particularly with stimu-
lant abuse (e.g., cocaine).

¢ Administer IV naloxone in cases of suspected opioid-induced respiratory depres-
sion as it can quickly reverse the effects and potentially prevent the need for
intubation. However, use caution in patients with a history of chronic opioid
abuse as naloxone may trigger withdrawal symptoms, including seizures and
arrhythmias.

Airway

¢ Management of airways is very important in poisoning. When intubation is nec-
essary, rapid sequence induction is indicated using short-acting paralytic agents.

» Urine toxicology screening should be obtained before administering any seda-
tives or hypnotics.

e In a recent multicenter study, a strategy of withholding intubation in patients
with Glasgow coma scale less than 9, due to overdose with sedatives, narcotics,
etc. was associated with a reduction in mortality.

Breathing

« Patient’s oxygenation status can be monitored with a bedside pulse oximeter.

* Give oxygen by the nasal cannula or facemask to maintain SpO, of more
than 95%.

¢ Patient should be started on assisted ventilation if unable to maintain oxygen-
ation or ventilation.

Circulation

* Monitor pulse and blood pressure and do ECG.
* Obtain a wide-bore peripheral line and start intravenous fluids.

Step 2: Initial Assessment

» This subset of patients may present to the hospital with acute intoxication, with-
drawal, or infectious and other chronic complications related to drug abuse. The
drugs of abuse can be classified into major groups as given in Table 18.1.

¢ The initial evaluation of these patients has multiple physical, social, emotional,
and medicolegal issues that should be addressed.
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Table 18.1 Classification of drugs of abuse

Class
Stimulants

Depressants
Hallucinogens

Dissociative
anesthetics
Cannabinoids
Opiates
Inhalants

Others
Newer drugs

Drugs/toxins

Amphetamines, methamphetamine, cocaine,
3,4-methylenedioxymethamphetamine, nicotine, caffeine

Barbiturates, benzodiazepines, gamma-hydroxybutyrate, antihistaminics
Lysergic acid diethylamide, mescaline, psilocybin (mushrooms),
dextromethorphan

Ketamine, phencyclidine, and analogs (angel dust)

Ganja, hashish, marijuana

Opium, heroin, morphine, fentanyl, codeine, oxycodone, tramadol
Acetone, aerosol sprays, paint thinner, gases (nitrous oxide), glue, amyl
nitrite, gasoline, Iodex, pen ink, marker, room deodorizers

Alcohol, anabolic steroids

Substituted cathinone,

synthetic cannabinoids,

piperazines,

substituted phenethylamines, kratom,

tryptamines, salvia

Not psychotic
Pupils constricted

Excited
(See below)
Through
Psychotic

| 1
[ Pupils constricted | | Pupils dilated |

I
Skin | Skin |

|
[Diaphoretic, warm, flushed]

1
[ Cold clammy |

| Diaphoretic, warm, flushed | [Dry, warm, not flushed |

|Sedative/tranqui|izer|

|0piate intoxication| |Stimu|ant intoxication| |Stimu|ant withdrawal |

Fig. 18.1 Algorithm for the diagnosis of drug intoxication and withdrawal

History

* Complete and focused history should be taken from the patient, family, accom-
panying physician, or police, as mentioned in Chap. 6, Vol. 2. However, history
may not be forthcoming or reliable in such cases.

¢ Perform detailed clinical examination (Figs. 18.1 and 18.2):

— Once the patient is stable, a more comprehensive physical and systemic
examination should be performed.
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Non psychotic|

Constricted Dilated

| Dry, cool, Diaphoretic
Diaphoretic flushed
| 1 1 Flushed
Chronic Warm, not Warm, Cold, not
withdrawal flushed flushed flushed
I I
Non- Dissociative Psychedelic Acute
1 tranquilizer withdrawal intoxication intoxication
[warm, flushed]  [Cool, flushed] stimulant

Opiate withdrawal
Stimulant intoxication

Fig. 18.2 Algorithm for the diagnosis of drug intoxication and withdrawal (continued)

— Serial examinations are even more important to assess dynamic change in
clinical appearance.

— The systematic neurological evaluation is particularly important in patients
with altered mental status. Alert/verbal/painful/unresponsive scale (AVPU) is
a simple and rapid method of assessing consciousness in most poisoned
patients.

Step 3: Diagnosis by Toxidromic Approach

The signs and symptoms of drugs of abuse are organized around the activity of six
neurotransmitters (Table 18.2). This activity is sufficiently unique to permit rapid
identification of the specific drug responsible for a given clinical situation.

* Based on history and examination, it may be possible to define a constellation of
signs and symptoms or toxidromes, which may help in diagnosing the unknown
poison and provide a specific antidote. Polydrug abuse is common and may com-
plicate the clinical picture and make the diagnosis more challenging.
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Table 18.2 Specific
treatment for intoxication,
overdose, and withdrawal
based on the affected
neurotransmitter

Neurotransmitters involved in
intoxication

Acetylcholine

B-Endorphin

Dopamine

GABA
Norepinephrine

Serotonin
Withdrawal
B-Endorphin
Dopamine
GABA

Norepinephrine
Serotonin

GABA gamma-aminobutyric acid

Treatment
Physostigmine
Naloxone (Narcan)
Benzodiazepine
Butyrophenone
Mechanical support
-Blocker
Benzodiazepine
Benzodiazepine

Methadone, clonidine
Bromocriptine

Barbiturate or
benzodiazepine replacement
Desipramine

Fluoxetine

Step 4: Diagnose Common Drug Abuse

A. Alcohol
* Acute effects:

— Central nervous system (CNS) depressant.

— In low doses, alcohol depresses inhibitory centers and resultant disinhibi-
tion (out-of-character activities).

— At higher doses, alcohol inhibits excitatory centers.

» Signs of chronic alcohol abuse:
— Gastrointestinal—liver cirrhosis, peptic ulcer disease, gastritis, pancreati-

tis, and carcinoma

— Cardiovascular—hypertension, cardiomyopathy, atrial fibrillation (“holi-
day heart syndrome™)
— Neurological—peripheral neuropathy leading to ataxia, Wernicke enceph-
alopathy, Korsakoff psychosis, and structural changes in the brain leading

to dementia

— Immunologic—suppression of neutrophil function and cell-mediated

immunity

— Endocrine—in males, increase in estrogen and a decrease in testosterone,
leading to impotence, testicular atrophy, and gynecomastia
» Psychiatric—depression or anxiety disorders
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B. Opiates

* Acute intoxication—decreased respiratory rate and pinpoint pupils, with
complications including noncardiogenic pulmonary edema and respiratory
failure.

* Complications of chronic abuse are primarily infectious and include skin
abscess at an injection site, cellulitis, mycotic aneurysms, endocarditis, talco-
sis, HIV, and hepatitis.

C. Cocaine

Cocaine may be smoked, inhaled, used topically, or injected:

* Acute cocaine intoxication may present with agitation, paranoia, tachycar-
dia, tachypnea, hypertension, and diaphoresis.

* Complications of acute and chronic use can include myocardial ischemia or
infarction, stroke, pulmonary edema, and rhabdomyolysis.

D. Amphetamines
* Acute intoxication with amphetamines presents with signs of sympathetic
nervous system stimulation, tachycardia, hypertension, anorexia, insomnia,
and occasionally seizures.
E. Hallucinogens
 Different hallucinogens present with a variety of organ system effects.
* Phencyclidine (PCP) has been known to cause muscle rigidity, seizures,
rhabdomyolysis, and coma.
* Anticholinergics have been associated with delirium, supraventricular tachy-
cardia, hypertension, and seizures.

Other hallucinogens (e.g., lysergic acid diethylamide, peyote, marijuana, and
nutmeg) rarely cause significant physical complications.

Step 5: Send Investigations

A basic metabolic panel should be obtained in all suicidal poisoned patients:

* Complete blood count

e Serum electrolytes

¢ Blood urea nitrogen, creatinine

* Liver function tests

* Blood glucose, bicarbonate level

e Arterial blood gases

« ECG

¢ Echocardiography
Special investigations:

» Urine toxicology screening: In patients with acute intoxication, urine screening
for substances of abuse and a blood or breath alcohol level may be considered,
but these generally do not alter management. Urine toxicology screening is
needed for the following:



18 Drug Abuse 233

— Amphetamines

— Barbiturates

— Benzodiazepines

— Cannabinoids

— Cocaine

— Opioids

— Phencyclidine

Caution: a single negative urine toxicology screening or urine immunoassay is

not reliable, and repeat tests should be done after a few hours especially if clini-

cal suspicion is high:

— Blood toxicology profile, if available.

— If the patient is a female of child-bearing age, a pregnancy test is essential.

— Serum ethanol level, anion gap, serum osmolality, and osmolar gap should be
performed for alcohol intoxication.

— A CT scan of the head is advised if altered mental status is not explained or in
the presence of new focal neurological deficit.

Step 6: General Management

The general principle of management of patients with suspected drug overdose
or withdrawal is supportive and includes standard resuscitative measures,
employing the ABCDE approach.

Once the patient has been stabilized, the physician must consider how to mini-
mize the bioavailability of toxin not yet absorbed, which antidotes (if any) to
administer, and what other measures should be undertaken to enhance elimination.
After initial resuscitation, use the specific antidote, when available.

The management of acute intoxication and withdrawal again will depend on the

particular neurotransmitters involved (Table 18.2).

Step 7: Manage as per Specific Class

A. Dissociative drugs

* Acute intoxication: haloperidol, a presynaptic dopamine antagonist, is useful
for blocking significant symptoms of dissociative intoxication.

* Dose: 1 mg IV every 15-20 min, up to maximum 10 mg. This can be given
orally or intramuscularly, too.

Alternative to haloperidol is risperidone.

* Chronic intoxication: desipramine for post-withdrawal depression.

B. Opiates

* Specific antidote (naloxone, naltrexone, naltrefene): naloxone, at a dose of
0.1-0.4 mg or 0.01 mg/kg IV, may have to be repeated every 1-2 min.



234

D.Juneja et al.

* Naloxone should not be used in patients with chronic abuse as it can precipi-

tate seizures or withdrawal.

Withdrawal: Methadone is the drug of choice, but not easily available.
Clonidine orally or through Ryle’s tube (17 pg/kg/day in three to four doses)
can be used.

C. Hallucinogens
* Acute intoxication: benzodiazepines (midazolam, diazepam, alprazolam) are

the drugs of choice.
Withdrawal: fluoxetine can be given orally.

D. Sedative—hypnotic drugs
* Acute intoxication: for supportive management, flumazenil is the specific

antidote for benzodiazepines but can precipitate seizures or withdrawal in
patients with chronic abuse.

Chronic intoxication/withdrawal:

Barbiturates: The equivalent dose of phenobarbitone for a period, which
depends on the duration of action of the abused drug for withdrawal effect.
Flumazenil can cause seizures in patients with chronic intoxication of
barbiturates.

Benzodiazepines: Long-acting drugs like chlordiazepoxide (Librium) orally
or through Ryle’s tube (maximum up to 25 mg, three to four times a day), or
lorazepam (1-2 mg three to four times a day) may be prescribed.

Alcohol: Same as benzodiazepines. If chronic abuse, give thiamine 200 mg.

E. Stimulant drugs

Acute intoxication: benzodiazepines (lorazepam) are the drugs of choice.
Chronic abuse: bromocriptine and/or desipramine can be given orally.
Patients with substance abuse may present to the hospital with acute intoxi-
cation, withdrawal, or infectious and other chronic complications related to
drug abuse.

Initial resuscitation should be done using the ABCDE approach.

Based on detailed history and clinical examination, it may be possible to
define a constellation of signs and symptoms or toxidromes, which may help
in diagnosing the unknown poison.

Specific investigations may be required to diagnose specific substance abuse.
After initial resuscitation, use the specific antidote when available.
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Snakebite

Dhruva Chaudhry, Jaideep Phougat, and Aman Dhankar

Case Vignette

Case 1: A 20-year-old man presented with a history of diffuse abdominal pain,
myalgias, difficulty in swallowing, and pooling of secretions. He also com-
plained of difficulty in breathing and diplopia with acute onset drooping of
eyes. He was conscious, and oriented to time and space, with a respiratory rate
of 12/min and a single breath count of 12. The power in all limbs was 4/5, but
all reflexes were absent. He had ptosis, and the rest of the general and sys-
temic examination was normal. He was absolutely normal the previous night
when he had slept on the floor.

Case 2: A 36-year-old male farmer presented to the emergency department
with swelling and bleeding from the left leg after he was bitten early in the
morning when he was working on the farm. He also complained of bleeding
from gums, hematuria, and not passing urine since morning. He was con-
scious and oriented. His blood pressure was 90/60 mmHg. A neurological
examination did not reveal any abnormality.
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Snakebite is an injury caused by a bite from a snake that sometimes results in
envenomation. Most of the snakes are nonvenomous. Some snakebites result in
envenomation. The outcome of snakebite depends on numerous factors that include
the species of snake, the area of the body bitten, and the amount of venom injected.

Step 1: Initial Resuscitation and Assessment
Airway

¢ Management of the airway is very important in neuroparalytic snakebite.

e The patient should be assessed for any pooling of secretions, inability to open
mouth or protruding tongue, and weakness of neck flexors (broken neck sign).
Patients with any of these signs or a single breath count of <10 should be imme-
diately intubated following the standard procedure of intubation.

Breathing

¢ The patient’s oxygenation status can be monitored with a bedside pulse oximeter.
Supplemental oxygen should be given in the presence of hypoxia.

¢ When the patient is in respiratory distress and not able to maintain oxygenation,
he/she should be put on assisted ventilation.

Circulation

* Obtain a good peripheral line and start intravenous fluids. Start vasopressors if
hypotension persists after adequate fluid resuscitation.
* Be careful while venipuncture in patients with coagulopathy.

Step 2: Take a Detailed History (Table 19.1)

¢ Detailed history should be taken such as the type of the snake (species), timing
of bite, what was he/she doing at that time, location (in which part of the body
the snake has bitten), and first-aid measures received.

« Patients with snakebite usually present with a history of sudden onset of general-
ized weakness, abdominal pain, and vomiting.

¢ Neurological symptoms include drooping of eyelids, blurred or double vision,
difficulty in swallowing, pooling of secretions, and difficulty in breathing (4Ds—
diplopia, dysphagia, dysphonia, dyspnea).

¢ Ask for local swelling or pain in the body and bleeding from any site.
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Table 19.1 Syndromes Local effects Vipers, cobra, sea snakes (usually absent
associated with snakebite in krait)
Coagulopathy Vipers (Russell’s viper, hump-nosed
viper, saw-scaled viper)
Neurotoxicity Cobra, common Kkrait, sea snakes,
Russell’s viper (in some cases)
Renal toxicity Russell’s viper, hump-nosed viper
Myotoxicity Sea snakes, some krait species

Table 19.2 Differential Acute inflammatory demyelinating polyradiculoneuropathy
diagnosis of acute neurologi- (AIDP, i.e., LGB syndrome)
cal weakness Transverse myelitis
Periodic paralysis (hypokalemic, hyperkalemic,
normokalemic)
Acute myasthenic crisis
Organophosphorus poisoning
Hypomagnesemia and hypophosphatemia
Hypoglycemia
Acute intermittent porphyrias
Polymyositis/dermatomyositis
Tick paralysis
Head/spinal cord injury

Step 3: Perform Physical Examination

* A comprehensive general physical and neurological examination should be per-
formed on all patients with suspected snakebite.

e The examination may reveal generalized motor weakness with sluggish deep
tendon reflexes.

e There may be ptosis and both internal and external ophthalmoplegia giving a
false impression of brain stem dysfunction. However, the patient responds to
commands by using the frontalis muscle and orbicularis oculi.

e Usually, there are no local reactions in neuroparalytic snake envenomation
(krait); however, in cobra bite, severe local reactions can be seen.

» The differential diagnosis of any patient presenting with sudden onset of neuro-
logical deficit with respiratory compromise is enumerated in Table 19.2.

» Examination of the bitten part: fang marks, extent of swelling, blisters, necrosis,
infection, and abscess formation (Table 19.3).

* Bleeding from the bite site may be the first manifestation of envenomation.

e Look for hematuria, epistaxis, bleeding from gums, hematemesis, and
ecchymosis.

¢ Check blood pressure and carefully follow and monitor.
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Table 19.3 Symptoms and signs of snakebite

Local

Neurological

Coagulopathy

Renal

Cardiovascular

Skeletal
muscle
Others

Fang marks, swelling, blisters, necrosis, bleeding from bite site, lymph node
enlargement, infection, abscess formation, and compartmental syndrome.
Diplopia, ptosis, cranial nerve palsies, dysphagia, dysphonia, pooling of
secretions, neck muscle weakness, respiratory muscle weakness, paradoxical
breathing, descending paralysis, diminished, or absent deep tendon reflexes.
Bleeding from bite site, bleeding from gums, epistaxis, hemoptysis,
hematemesis, retroperitoneal bleeding, and intracranial bleeding resulting in
various neurological manifestations.

Loin pain, hematuria, hemoglobinuria, myoglobinuria, oliguria/anuria.
Symptoms and signs of AKI.

Visual disturbances, faintness, collapse, hypotension, shock, arrhythmias,
myocardial damage. Generalized increase in vascular permeability resulting in
facial, periorbital edema, conjunctival edema, pleural and pericardial effusions,
haemoconcentration, and albuminuria.

Generalized pain, stiffness and tenderness of muscles, pain on passive
stretching, trismus, and myoglobinuria.

Fear, anxiety, nausea, vomiting, abdominal pain, weakness, and drowsiness.
Stroke due to arterial thrombosis. Acute pituitary or adrenal insufficiency.

Table 19.4 Severity of snakebite

Severity Local findings Systemic findings
Nonenvenomation None or puncture wounds only None
(dry bite)
Mild Puncture wounds, pain, soft None
tissue swelling confined to the
bite site
Moderate Swelling beyond bite site Mild nausea, vomiting or
fasciculations, paraesthesia,
microscopic hematuria
Severe Severe pain and swelling Respiratory failure or hypotension or
bleeding

Step 4: Severity of Snakebite

Once a diagnosis of snakebite is made, the patient should be assessed for the sever-
ity, as enumerated in Table 19.4.

Step 5: Order Investigations

¢ Complete hemogram with platelet counts, bleeding time (BT), coagulation time
(CT), and 20 min whole blood clotting test 20WBCT).

¢ Urine examination—RBCs in the presence of gross hematuria.

e Prothrombin time, INR, PTTK, fibrinogen level, fibrin degradation product,

D-dimer.
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Table 19.5 Admission Circulatory shock, cardiac dysfunction, pulmonary edema
to the ICU Hemorrhage, hypovolemia
Coagulopathy, disseminated intravascular coagulation
Coma, seizures, intracranial hemorrhage
Cranial nerve dysfunction
Rhabdomyolysis, renal failure, hyperkalemia
Gastrointestinal bleeding
Respiratory failure
Anaphylaxis (component of venom or antivenom)

* If urine is smoky, dipstick positive for blood and RBCs absent, look for myo-
globulin to rule out myoglobinuria.

* Blood urea and serum creatinine levels should be regularly monitored in patients
with renal failure.

* Serum electrolytes and blood gas analysis.

* ECG for arrhythmias.

* Aminotransferases and muscle enzymes (creatine kinase and aldolase).

Step 6: Admit to the ICU

¢ Indications of ICU admission are mentioned in Table 19.5.

Step 7: General Management

» All the patients should receive antitetanus toxoid and the local wound should be
cleaned with soap and water.

e In patients with coagulopathy, tetanus prophylaxis should be postponed until
after antivenom therapy.

e The limb with the bite mark should be immobilized; however, no tourniquet
should be tied except in conditions where transport to a higher center will be
prolonged, pressure bandage may be applied rather than immobilization alone.

» Keep the bitten limb lower than the heart as far as possible.

* Open the tourniquet, if applied outside, only when resuscitative measures are
available and ideally after administration of anti-snake venom.

* Patients with mild features should be observed for at least 24 hours.

* Do not apply ice to the bite site. Avoid vigorous cleaning, incision, or suctioning
to bite site.

* Routine use of antibiotics is not recommended.

* Measure intracompartmental pressure if compartmental syndrome is suspected.

* Monitor blood pressure, oxygenation, cardiac rhythm, and urinary output.
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Step 8: Specific Management
Antisnake Venom

* Antisnake venom (ASV) is prepared from horses’ serum.

¢ It can be monovalent or polyvalent.

* One milliliter of reconstituted polyvalent antivenin neutralizes 0.6-mg venom of
Indian cobra and Russell’s viper and 0.45 mg of common krait and saw-
scaled viper.

* ASV should not be administered locally at the bite site.

* The usual initial dose of ASV is 10 vials.

* ASV can be given either by slow injection (maximum 2 ml/min) or by intrave-
nous infusion (diluted in normal saline or dextrose -5 ml/kg body weight) over
30-60 min.

* Repeat the initial dose of ASV if blood remains noncoagulable after 6 hours, or
1 hour later if spontaneous bleeding persists, or neurotoxic or cardiovascular
signs persist or deteriorate.

e Children should be given the same dose of ASV as adults since the amount of
venom injected is same.

e ASV will not have a dramatic effect in neuroparalysis. Low-dose ASV is as
effective as high dosage in neuroparalytic snake envenomation.

* ASV will however have a dramatic effect in stopping bleeding in coagulation
abnormalities.

* Seek expert help if unfamiliar with the administration of ASV.

» Patients with confirmed snakebite and evidence of life-threatening systemic
envenomation should receive ASV (Tables 19.3 and 19.4).

Step 9: Watch for Reaction

* ASVis aforeign protein. Therefore, allergic reactions including anaphylaxis are
not unknown.

» Skin test before injection is not recommended to predict infusion reactions.

* H, blockers, H, blockers, and hydrocortisone do not decrease the incidence of
infusion reactions.

* Use of prophylactic adrenaline 0.25 mg (0.25 ml of 1% adrenaline given subcu-
taneously) is recommended to decrease the incidence of infusion reactions, espe-
cially in situations where there may be a high risk of allergic reactions or
resuscitative measures not available if it occurs.
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An adrenaline syringe should always be kept ready before infusing ASV.

If the patient develops a reaction to ASV during infusion, first stop the infu-
sion of ASV.

It should be followed by adrenaline—the usual recommended dosage is 0.5 mg
of 1:1000 dilutions intramuscularly.

Additional dosages of H, (chlorpheniramine maleate) and H, (ranitidine) block-
ers with hydrocortisone 100 mg, though later will take 4—6 h to act, should be
given simultaneously.

If needed, adrenaline can be repeated up to two to three dosages or an infusion
can be started in dilution of 1:50,000.

Hypotension is treated with fluids. Inotropes may be required in patients who
had overt myocardial dysfunction.

There are no absolute contraindications to ASV but should be used with caution
in patients with asthma, on beta-blocker or ACE inhibitors.

Step 10: ICU Management

Initiate mechanical ventilation at the appropriate time as it reduces the mortality
significantly in neuroparalytic envenomation.

Anticholinesterase drugs such as edrophonium and neostigmine have also been
recommended for the treatment of neuroparalytic snake envenomation for envo-
nomation with postsynaptic neurotoxicity. They should be given with atropine to
take care of their harmful effect.

10 mg of edrophonium (IV) or 0.5 mg of neostigmine (IM) should be given over
2-3 min with atropine pretreatment (0.6 mg). In case the patient improves, he/
she should be managed with neostigmine/atropine over the next 24—48 h.

If there is no improvement after 3 doses of atropine neostigmine (within 1 h), this
indicates probable Krait bite. Krait affects presynaptic fibres where calcium ion
acts as neurotransmitter. Give Inj. Calcium gluconate 10 ml IV [in children
1-2 ml/kg (1:1 dilution)] slowly over 5-10 min every 6 hourly and continue till
neuroparalysis recovers that may last for 5-7 days.

General ICU management—propped up nursing, ulcer prophylaxis, DVT pro-
phylaxis, glucose control and appropriate sedation, and analgesia.

Majority of patients usually recover within 48 h.
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Step 11: Manage Complications

» Patients who develop complications should be managed in the ICU till they are
resolved (Table 19.5).

* Consider wound debridement if local swelling and necrosis is severe enough to
threaten viability of the limb and life.

* Consider fasciotomy if there is clinical evidence of intracompartmental syn-
drome or when the intracompartmental pressure exceeds 40 mmHg (in adults).

* Rhabdomyolysis should be managed with adequate hydration, correction of aci-
dosis with bicarbonate, and promoting alkaline diuresis.

Step 12: Discharge from the ICU
The patient can be discharged from the ICU if the following conditions are present:

* Resolution of paralysis more than 24 h.

« Fifty percent improvement in creatine phosphokinase and potassium.

* Peak expiratory flow rate (PEFR) more than 100 L/min.

* Normal oximetry and blood gas analysis on room air.

* Normalization of BT, CT, CRT, and platelets more than 50,000.

» Stable or improved urine output.

*  Most of the snakes are nonvenomous. Some snakebites result in envenomation.

Patients should be informed about late reactions (serum sickness) that can be
treated with oral antihistamine or steroid.
A flow chart of the management of snake poisoning is shown in Fig. 19.1.



19 Snakebite

245

Flowchart for Snakebite Management
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is before ASY

as prophyls
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= Inj. Atropine (A) 0.05 mg/kg IV + Inj. Neostigmine (N) 0.04mg/kg
IV for children
* Inj. Atropine 0.6mg IV + Inj. Neostigmine |.5mg 1V for adults
* Prosis & neck weakness improvement by A+N in one hour in cobra
bite, A+N not indicated in confirmed krait bite

No nenrological improvement within 1 hour of ASY -
*Infuse 10 vials of ASV rapidly
*+Inj. Atropine O0.6mg 1V then Inj. Neostigmine 1.5mg IV | hour after
1* dose

Neurodeficit not improving 1 hour after 2™ dose -
Endotracheal Intubation / Continue Amba bag ventilation
Also, use an Ambu bag on route 10 a referral center

Discharge after total neurological recovery.
Be aware of relapse in case of a cobra hite

No referral before giving 10ASY vials

No referral during ASV drip

Viper bite: Avoid Inj. Tetanus Toxoid

ASV dosg: Same for children and pregnant women
Painful progressive swedling i a sign of envenomation

e wimacn (m m

© Indian Council of Medical Research, New Delhi

L amecan __é‘

Admit patient, start b NS and (Endotracheal tube, laryngoscope,
get detailed history of bite neostigmine, and atropine)
I A 1 Respiratory Insufficiency
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I —— ] YMPOMAE ., preath holding time <45 seconds OR
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4
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Common krait Saw Scaled viper by a venomous snake
i
* Prosis = Bleeding from any body :
* Diplopia orifice ASY test dose OR ¢ Anxiety
+ Dysarthria = Painful progressive swelling * Palpitations
+  Dysphonia * Blistering ASY Intradermal Test »  Tachyecardia
* Dyspnea = Local necrosis should NOT be done * Headache
+ Dysphagia *  Compartment Syndrome + Giddiness
*  Paralysis = Shock

Observe for a minimum of 24 hours, Coatinee 1V NS slow drip.
Symplomatic treatment

Vasculotoxic
2OWBCT; blood in a new glass test tube not clotted after 20 minutes
VIPER BITE CONFIRMED

|
10 vials of ASV in running fMuid over a period ofrl hour

Active at | bleedi ists 30
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repeat 10 vials of ASV

e 0.5 ml IM on lateral thigh if signs of adverse reaction / anaphylaxis

Transfer the patient only after providing a full initial dose
of ASV under the eare of the Medical Officer
{refer to a center where Inb facility for kidney function test is available)
Repeat 20WBCT 6 hours after 10 ASV vials in the patient blood

i
204 20WBCT: blood not clotted
Repeat 10 vials of ASY in Muid rapidly

Uirine output - transfer to Nephrology ora facility with dialysis
availability (a tertiory cane facility)

Discharge only when the kidney function is stable and the
patient is completely cured

Toumniguet removal: Very slowly, oaly after ASY initiation

Adverse reaction: Terminate ASY drip, use 0.3ml IM adrenaline

(0.0 kg for children) with steroids and antilistamines.

Krait bite: Transient abdominal collcky pain, vomiting, and descending
meuro-paralysis with no local signs at the bite site

*+  Posis, hoarseness of voice, and choking throat sre early nevrological signs

.

.

Fig. 19.1 Flowchart for snakebite management
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Case Vignette

A 25-year-old woman at36 weeks of pregnancy was admitted to the hospital
with complaints of breathlessness, right-sided chest pain, and swelling of the
left leg for 3—4 days. Her body mass index was 40 kg/m?. She was tachypneic,
her chest was clear, and SpO, on room air was 90%.

Acute respiratory failure during pregnancy can occur due to many disorders. It can
result in significant maternal and fetal morbidity and mortality.

Step 1: Initiate Assessment and Resuscitation
Airway

* Airway evaluation and management remain the priority in the initial resuscita-
tion as in nonpregnant patients.

* Definitive airway (tracheal intubation) is needed in persistent hypoxemia, airway
obstruction, impaired laryngeal reflexes, or in altered consciousness.
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Difficult airway equipment for airway management must be thoroughly checked
before proceeding to intubation, and an alternative plan for a definitive airway
including surgical access should be identified.

Intubation should be performed by a senior intensivist/anesthesiologist, espe-
cially in the later part of pregnancy, due to upper airway edema, narrow airway
caliber, and rapid desaturation due to low functional residual capacity.

Breathing

Respiratory distress is the most common symptom, but confusion, somnolence,
agitation, diaphoresis, and impending respiratory arrest can also be present.
Supplemental oxygen may be required in some patients depending on their oxy-
gen saturation.

High-flow nasal oxygenation or noninvasive ventilation (NIV) can be tried only
in the controlled ICU setting. Signs of NIV failure and the requirement for intu-
bation should also be identified sooner rather than later. These include increased
breathing work, mental status deterioration, hemodynamic instability, and an
inability to protect the airway or manage secretions.

Always target SpO, of more than 95%. For adequate fetal oxygenation, a mater-

nal arterial oxygen tension (Pa0O,) of more than 70 mmHg is required, which cor-
responds to an oxyhemoglobin saturation of 95%. In pregnant patients, the normal
range for paCO2 is typically 30-32 mm Hg. Therefore, when managing a mechani-
cally ventilated pregnant patient, this range is used as the target. A paCO2 level of
40 mm Hg is considered abnormal in this context and indicates respiratory failure.

Circulation

Two large-bore intravenous cannula (14G or 16G) should be placed to adminis-
ter fluids.

Administrate fluid judiciously to optimize preload and at the same time to avoid
overload.

Maintain high cardiac output.

Nursing in the left lateral (30° wedge to the right hip) position is needed to pre-
vent supine hypotension syndrome.

Step 2: Take History and Physical Examination

Take detailed history of pregnancy, antenatal evaluation and immunization,
respiratory disease (e.g., asthma and tuberculosis), and family history of active
respiratory infections.
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¢ A detailed history of respiratory symptoms such as dyspnea, cough, expectora-

tion, and chest pain should be evaluated.

The physical examination includes an assessment of the severity of respiratory
failure by general assessment, respiratory rate, use of accessory respiratory mus-
cles, and signs of impending respiratory arrest (e.g., fatigue, drowsy, silent chest,
and bradycardia).

Assessment of the fetus is also important. Fetal heart sounds and their variabil-
ity—to ascertain fetal well-being should be assessed along with the maternal
assessment.

Step 3: Understand Physiological Changes in Pregnancy

Pregnancy causes various mechanical, immunological, biochemical, and hemo-
dynamic changes in the cardiorespiratory system (Table 20.1).

Normal PaCO, on ABG should be interpreted as a sign of impending respiratory
failure as there is a mild respiratory alkalosis in pregnancy (see Table 20.1).
Inability to maintain a PaO, of more than 70 mmHg, or a SaO, of more than 95%),
with conservative therapy should also be interpreted as a sign of respiratory
compromise.

Table 20.1 Effects of pregnancy on pulmonary physiology

Anatomical changes Physiological alterations
Airway Edema, mucosal friability, nasal Increased respiratory drive
congestion Hyperventilation
Thorax including lung ~ Widened diameters, widened Reduced functional residual
parenchyma subcostal angle, elevated diaphragm capacity

Increased tidal volume,
respiratory rate unchanged
Preserved vital capacity
Respiratory alkalosis
Normal oxygenation

Abdomen Enlarged uterus Reduced chest wall compliance
Cardiovascular system Increased left ventricular (LV) mass Increased cardiac output

Increased blood volume

Arterial blood gas 7.40-7.45 pH

28-32 mmHg PaCO,
106-110 mmHg PaO,
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Step 4: Send Investigations

e Complete hemogram.

e Liver function tests.

* Renal function tests and serum electrolytes.

* Arterial blood gas.

* Coagulation profile [prothrombin time (PT), INR, activated partial thromboplas-
tin time (aPTT), and fibrinogen].

* When appropriate, send sputum examination/tracheal secretions—Gram stain
and aerobic culture sensitivity, throat swab for viral panel including HIN1

» Paired percutaneous blood cultures.

e Additional tests if indicated—D-dimer does not help in pregnancy.

e Chest X-ray with proper shielding.

e Multidetector computed tomographic (MDCT) pulmonary angiography if clini-
cal situation demands.

» Ultrasonography is used to assess the status of the fetus, to evaluate growth, and
in suspected case to evaluate deep venous thrombosis.

» Transthoracic echocardiography.

Step 5: Make a Diagnosis of Respiratory Failure in Pregnancy
The various causes of acute respiratory failure are summarized in Table 20.2.

A. ARDS
* The criteria for diagnosis of ARDS are like nonpregnant women (see Chap.
5, Vol. 1).
* The pregnant state is associated with higher risk of ARDS from both
pregnancy-associated and other conditions. The proposed mechanisms of
ARDS in pregnancy are increased circulating blood volume, capillary

Table 20.2 Differential diagnosis of acute respiratory failure during pregnancy

Conditions unique to Conditions can be affected Conditions unaffected by
pregnancy by pregnancy pregnancy
Peripartum cardiomyopathy Acute pulmonary edema ARDS

Bacterial pneumonia

Amniotic fluid embolism Aspiration of gastric Fat embolism

Venous air embolism contents

Tocolytic therapy-induced Asthma Inhalational injury

acute pulmonary edema

Severe pre-eclampsia Venous thromboembolism

Chorioamnionitis, endometritis Bacterial and viral Sepsis, trauma, burns
pneumonia

Ovarian hyperstimulation Malaria, fungal infections  Acute pancreatitis, transfusion-

syndrome (OHSS) related acute lung injury

(TRALI)
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hyperpermeability, hypoalbuminemia, and may be upregulation of acute
inflammatory response.
B. Asthma in pregnancy

* Rule of thirds—one-third of patients with asthma in pregnancy improve, and
one-third shows no change. One-third worsens and can present in acute
severe asthma.

» The risk of severe asthma exacerbation tends to revert by 3 months’ postpar-
tum like nonpregnant. The risk of asthma exacerbation is generally the same
during successive pregnancies.

C. Pulmonary embolism in pregnancy

* Pregnancy itself is a hypercoagulable state and an independent risk factor for
pulmonary embolism (PE). The risk of PE is increased 5-6 times during
pregnancy.

* Clinical prediction models that are used to predict pretest probability of PE
have not been validated in pregnant patients.

* D-dimers should not be used in pregnant as false-positive rates are high.

* The initial diagnostic test for venous thrombosis in pregnancy should be
duplex ultrasonography if suspicion of DVT or PE is present.

* Radiographic imaging remains the primary testing modality for diagnosing
PE, and it should not be delayed because of concerns about radiation
exposure.

* The diagnosis of pulmonary embolism in pregnant women can utilize
ventilation-perfusion (V/Q) scanning or CT pulmonary angiography.

The exposure of radiation to the fetus is the same for V/Q scan or CT pulmonary
angiography. However, risk of radiation to pregnant women’s breasts is higher with
CT angiography. So, V/QScan is preferred in patients with normal X-ray. The ven-
tilation portion of the study can be avoided if perfusion is normal. An algorithm for
diagnosis of PE is mentioned in Fig. 20.1.

* Compression ultrasonography and transthoracic echocardiography (TTE) can be
used for provisional diagnosis in case of unstable patient with suspected PE.

D. Ovarian hyperstimulation syndrome (OHSS)

* Gestation of 3-8 weeks.

* Increased vascular permeability—fluid shift from the intravascular to extra-
vascular space—causing pleural or pericardial effusions, ascites, electrolyte
imbalances, dyspnea, oliguria, severely enlarged polycystic ovaries, hemo-
concentration, and hypercoagulability, electrolyte imbalance are the com-
mon presentations.

* The common criteria for severe and life-threatening OHSS are described in
Table 20.3.
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Suspected PE in pregnancy
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Fig.20.1 Algorithm for the diagnosis of pulmonary embolism in pregnancy

Table 20.3 Criteria that define the severe and life-threatening stages of OHSS

Severe OHSS

Variably enlarged ovary

Massive ascites with or without hydrothorax
Hematocrit >45%

WBC count >15,000

Oliguria

Creatinine level 1.0-1.5 mg/dL

Creatinine clearance >50 mL/min

Liver dysfunction

Anasarca

E. Peripartum cardiomyopathy (PPCM)

Life-threatening OHSS

Variably enlarged ovary

Tense ascites with or without hydrothorax
Hematocrit >55%

WBC count >25,000

Oliguria

Creatinine level > 1.6 mg/dL
Creatinine clearance <50 mL/min
Liver failure

Thromboembolic phenomena
ARDS

The cause of the disease remains unknown.
* The associated conditions include hypertension, pre-eclampsia, multiparity,
multiple gestations, and older maternal age.
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Table 20.4 Clinical criteria for the diagnosis of PPCM

Development of cardiac failure in the last month of pregnancy or within 5 months postpartum
Absence of another identifiable cause for the cardiac failure

Absence of recognizable heart disease before the last month of pregnancy

LV systolic dysfunction shown by echocardiographic data such as depressed shortening fraction
(e.g., ejection fraction less than 45%, M-mode fractional shortening less than 30%, or both, and
an LV end-diastolic dimension of more than 2.7 cm/m?)

* Signs and symptoms are paroxysmal nocturnal dyspnea, chest pain, noctur-
nal cough, new regurgitant murmurs, pulmonary crackles, increased jugular
venous pressure, and hepatomegaly.

 Identify other cardiac and noncardiac disorders such as coronary, rheumatic,
or valvular heart disease; arrhythmias; and family history of cardiomyopathy
or sudden death and other risk factors of cardiac diseases such as hyperten-
sion (chronic, gestational, pre-eclampsia), diabetes, dyslipidemia, thyroid
disease, anemia, prior chemotherapy or mediastinal radiation, sleep disor-
ders, current or past alcohol or drug abuse, and collagen vascular disease.

* The diagnosis of PPCM is a diagnosis of exclusion and should be made when
other possible causes of acute/subacute heart failure have been ruled out
(Table 20.4).

F. Tocolytic-induced pulmonary edema

Terbutaline (beta 2 agonist) use to inhibit preterm labor may induce pulmonary
edema. This is more commonly seen in pregnancy with multiple gestations. It is also
seen sometimes with magnesium sulfate infusion.

Exclude other causes of cardiogenic or non-cardiogenic causes of pulmo-
nary edema.

Give supplemental oxygen, fluid restriction, and diuresis.

Most cases resolve within 24 hours.

Step 6: Treat the Specific Cause

The general management of respiratory failure in pregnancy is similar to the man-
agement in nonpregnant women, although one should be careful about normal phys-
iologic alterations that occur in the parturient state and effect of ventilator strategies.

A. Management of ARDS and mechanical ventilation in pregnant patients
* Lung-protective strategy to avoid volutrauma, biotrauma, atelectrauma, lead-
ing to less ventilator-induced lung injury has been found to reduce mortality
and improve outcome in patients with ARDS.

Lung-protective strategy causes hypoventilation, which is tolerated to main-
tain (permissive hypercapnia) the pH between 7.25 and 7.35. This strategy has
not been assessed in pregnancy. If necessary, in case of severe ARDS, mild
hypercapnia with PaCO, g4 maintained less than 40 mmHg.
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* Permissive hypercapnia can cause fetal acidosis, an increase in intracranial
pressure, and a right shift in the hemoglobin dissociation curve and in the
first 72 h may lead to retinopathy of prematurity, so lung-protective ventila-
tory strategy in pregnant patients should be used with close monitoring of the
fetal status with the biophysical profile.

* Oxygen levels should be closely monitored in pregnancy and kept higher than
in nonpregnant women (preferably SpO, > 95%) and pO, above 70 mm Hg.

* Target a paCO, between 30 and 32 mmHg for proper fetal gas exchange.

Chest wall compliance is reduced by the enlarging uterus, and the usual pres-

sure limits (e.g., plateau pressure of 35 cmH,0) may not be appropriate. This
may lead to increase need of higher airway pressures (without increased
trans-pulmonary pressure) for appropriate tidal volumes in pregnant women,
especially in the last trimester.

* Hyperventilation and alkalosis should be avoided to prevent uterine
vasoconstriction.

* The indication for prone position ventilation is the same as the general popu-
lation with special care for gravid uterus with adequate padding.

B. Management of asthma in pregnancy

* Management of asthma in pregnancy is similar to nonpregnant women.

» Beta-agonist bronchodilators with or without ipratropium are given with
spacer and metered dose inhaler or in nebulizations.

» IV corticosteroids are the mainstay of the treatment in severe asthma exacer-
bation like in a normal adult.

C. PE during pregnancy

* Acute treatment of PE can be done with low-molecular-weight heparin
(LMWH) or unfractionated heparin (UFH) and should be started without
delay whenever PE is suspected or confirmed.

LMWH is first-line therapy for the treatment of acute PE in the general popu-
lation and in pregnancy and is associated with fewer adverse effects than unfrac-
tionated heparin.

* Thrombolysis can have obstetric and neonatal complications such as preg-
nancy loss, abruption, and preterm labor. However, complications have been
found no more than nonpregnant. Therefore, the use of thrombolytics in
pregnancy should be reserved for women with PE who are hemodynamically
unstable or with refractory hypoxemia.

» The anticoagulation is continued for 6 weeks in postpartum or total duration
of minimum three months, whichever is later.

* Warfarin and direct oral anticoagulants are usually avoided in pregnancy.
Warfarin crosses the placenta and associated with fetal nasal, ophthalmo-
logic, or central nervous system abnormalities.

Heparins are thus the mainstay treatment during the entire period of preg-
nancy. Start oral anticoagulants only after delivery.

D. OHSS

* Syndrome is self-limiting, and resolution parallels the decline in serum HCG
levels: 7 days in nonpregnant patients and 10-20 days in pregnant patients.
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* Monitor frequently for deterioration with physical examinations, daily
weights, and periodic laboratory measurements of complete blood counts,
electrolytes, and analysis of renal and hepatic function.

» Severe disease—placement of two large-bore peripheral intravenous cathe-
ters or a central venous catheter (preferred) for fluid management may be
required.

» Use the Foley’s catheter for close monitoring of the urine output.

* Normal saline with or without glucose is the crystalloid of choice, and potas-
sium-containing fluids should be avoided because patients with OHSS could
develop hyperkalemia.

* In more severe cases with significant hypovolemia, hemoconcentration
(hematocrit >45%), hypoalbuminemia (serum albumin level < 3.0 g/dL), or
severe ascites, albumin can be given as a plasma expander along with diuret-
ics (furosemide) once hematocrit is 36-38%.

* If respiratory symptoms worsen, thoracentesis/paracentesis should be
performed.

» If ARDS develops and mechanical ventilation is required, lung-protective
strategies must be used.

E. PPCM

* Diuretic agents, including loop diuretics, and nitrates are initial agents for
symptom relief, in most patients because they cause symptomatic relief of
pulmonary and peripheral edema.

* Angiotensin-converting enzyme inhibitor or angiotensin receptor blockers
are contraindicated before delivery and can be used only in postpartum
females.

» Hydralazine and nitrates are the vasodilators of choice for pregnant women.

* [-Blockers (sustained-release metoprolol succinate, carvedilol, and bisopro-
lol) have been shown to reduce mortality with current or prior heart failure
and reduced ejection fraction and therefore constitute the first-line therapy
for all stable patients unless contraindicated (Table 20.5).

Table 20.5 Treatment of PPCM

Nonpharmacological Drugs for
measures routine use In selected patients Therapies avoided
Hypertension control (salt Diuretics Aldosterone Angiotensin-converting
restriction) antagonists enzyme inhibitors
Fluid restriction B-Blockers Inotropes Angiotensin receptor
blockers
Digoxin Anticoagulation Many antiarrhythmic drugs
Vasodilators Implantable Nonsteroidal anti-
defibrillators inflammatory drugs
Biventricular Nondihydropyridine calcium
pacing channel blockers

Cardiac
transplantation
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* Digoxin if required is safe in pregnancy with the same level of monitoring as
in nonpregnant.

* Anticoagulation to prevent systemic thromboembolism is recommended in
all females till resolution of cardiomyopathy or 3 months postpartum, which-
ever is earlier.
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Case Vignette

A 23-year-old female at 30 weeks of pregnancy was admitted to the hospital
with an episode of seizure, epigastric pain, and decreased urine output. She
had pedal edema, and her blood pressure (BP) on admission was
190/110 mmHg. Her urine output was 300 mL in the past 24 h. Urine exami-
nation showed protein 4+ and hemoglobin 8 g%. Liver function test showed
elevated aspartate aminotransferase and alanine aminotransferase.

Hypertensive disorders (preeclampsia, chronic hypertension, preeclampsia super-
imposed on chronic hypertension, and gestational hypertension) complicate 5—-10%
of all pregnancies. Preeclampsia either alone or superimposed on chronic hyperten-
sion may be associated with adverse outcomes.

Preeclampsia is a multi-system organ disorder characterized by the new onset
hypertension (systolic blood pressure > 140 mmHg or diastolic blood pressure more
than 90 mmHg on at least two occasions at least four hours apart) presenting after
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20 weeks of gestation or postpartum with significant proteinuria or the new onset
hypertension and end-organ dysfunction with or without proteinuria.

Most patients (90%) are diagnosed at or after 34 weeks of gestation and progress
until delivery or postpartum but some may develop earlier (10%) and be associated
with higher maternal and perinatal complications. Delivery of the placenta usually
results in the resolution of maternal organ dysfunction and results in
normotension.

Step 1: Initial Assessment and Resuscitation

* Always anticipate difficult airways in pregnant patients (Table 21.1).

* Endotracheal intubation should be performed by a senior intensivist/
anesthesiologist.

 Difficult airway equipment for airway management must be thoroughly checked
before proceeding to intubation, and alternative plans for definitive airway
including surgical access should already be identified.

* Supplemental oxygen may be required in some patients depending on their oxy-
gen saturation.

* Target SpO, of more than 95% with oxygen or ventilation.

Circulation

* Two large-bore intravenous cannulas (14G or 16G) should be placed to adminis-
ter fluids.

» Radial arterial catheter is preferred in patients with severe preeclampsia as blood
pressure is labile and changes rapidly with the administration of vasoactive med-
ications (like labetalol), labor, or anesthetic interventions.

¢ The Foley catheter should be placed to monitor urine output.

* Judicious fluid administration is needed to optimize preload and at the same time
to avoid overload.

* Nurse in the left lateral position (30° wedge to the right hip) to prevent supine
hypotension syndrome.

¢ Treatment of blood pressure with careful monitoring and target blood pressure is
close to the baseline, rather than normal, to preserve uteroplacental perfusion
while monitoring the fetus and ensuring late decelerations do not develop.

Table 21.1 Risk factors for difficult airway during pregnancy

Progesterone-induced airway edema is further exacerbated in pregnancy-induced hypertension
(PIH), which needs a smaller endotracheal tube and increases the risk of bleeding during
airway instrumentation.

Thick neck, large breasts

Increased risk of hypoxemia—decreased cardiopulmonary reserve and increased metabolic
requirements

Increased risk of aspiration of gastric contents
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Disability (Neurological)

¢ Magnesium is indicated in all patients with severe preeclampsia for intrapartum
and postpartum seizure prophylaxis.

¢ Magnesium sulfate is a drug of choice for the control of seizures.

 This can be given as 4 g diluted in 20 mL of IV fluid bolus over 10 min followed
by 5 g intramuscularly in each buttock.

¢ See Step 6 Seizure control.

Step 2: Take History and Physical Examination and Make
a Diagnosis

e A detailed history should be taken of previous pregnancy, antenatal evaluation,
immunization, hypertension, pregestational diabetes, and PIH (pregnancy-
induced hypertension) in the last pregnancy.

e Complications and outcomes of the previous pregnancy and family history of
hypertension should be required.

» History includes symptoms displaying end-organ effects to detect the presence
of severe preeclampsia:

— Headache

— Visual disturbances—blurred, scintillating scotomas

— Altered mental status

— Blindness

— Dyspnea

— Edema

— Epigastric or right upper quadrant abdominal pain

— Weakness or malaise—may be evidence of hemolytic anemia

¢ The physical examination includes the evaluation of end-organ dysfunction for

diagnosis of severe preeclampsia:

— Altered mental status

— Decreased vision or scotomas

— Papilledema

— Epigastric or right upper quadrant abdominal tenderness
— Peripheral edema

— Seizures

— Focal neurologic deficit

e PIH (preeclampsia) is defined as the presence of hypertension
(BP > 140/90 mmHg) on two occasions, at least 4 h apart in more than 20 weeks
of gestation in women with previously normal BP and who have proteinuria
(=0.3 g protein in 24-h urine specimen or urinary protein: creatinine ratio is
greater than 30 mg/mmol), with or without pedal edema, or the new onset of
hypertension and significant end-organ dysfunction with or without proteinuria.

¢ Severe preeclampsia is defined in Table 21.2.
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Table 21.2 Criteria for diagnosing severe preeclampsia

Systolic blood pressure > 140 mmHg or diastolic blood pressure > 90 mmHg on at least two
occasions at least four hours apart after 20 weeks of gestation in a previously normotensive
patient AND the new onset of one or more of the following
Proteinuria >0.3 g in a 24-hour urine specimen or protein/creatinine ratio > 0.3 (mg/mg)
(30 mg/mmol) in a random urine specimen or dipstick >2+ if a quantitative measurement is
unavailable
Platelet count <100,000/microLL
Serum creatinine >1.1 mg/dL (97.2micromol/L) and/or doubling of the creatinine
concentration in the absence of other renal diseases
Liver transaminases at least twice the upper limit of the normal concentrations for the local
laboratory and/or severe persistent right upper quadrant or epigastric pain unresponsive to
medication
Pulmonary edema
Cerebral or visual symptoms (e.g., new-onset and persistent headaches not accounted for by
alternative diagnoses and not responding to usual doses of analgesics; blurred vision, flashing
lights or sparks, or scotomata)
If systolic blood pressure is >160 mmHg or diastolic blood pressure is >110 mmHg,
confirmation within minutes is sufficient.

Adapted from: American College of Obstetricians and Gynecologist (ACOG) Practice Bulletin
No. 222: Gestational Hypertension and Preeclampsia. Obstet Gynecol 2022; 135:e1-e237.

Criteria for superimposed preeclampsia: In a woman with chronic/preexisting
hypertension are a new onset of proteinuria, significant end-organ dysfunction, or
both after 20 weeks of gestation.

» Eclampsia is defined as seizures that cannot be attributable to other causes in a
woman with preeclampsia.

Step 3: Send investigations

* Complete blood cell count.

* Liver function tests.

* Renal function tests and serum electrolytes.

* Arterial blood gas and blood glucose.

* Coagulation profile (prothrombin time [PT], activated partial thromboplastin
time [aPTT], and fibrinogen, international normalized ratio).

* Lactate dehydrogenase.

e Serum uric acid.

e Urine routine microscopy, 24-h urine protein, and creatinine, and urinary
protein:creatinine ratio.

» Additional tests—peripheral smear, serum magnesium levels.

» Ultrasonography is used to assess the status of the fetus as well as to evaluate
growth retardation.

* Fetal monitoring.

» Transthoracic echocardiography.



21 Severe Preeclampsia 263

e Patients with thrombocytopenia and hemolysis, neurological findings, and nor-
mal coagulation function should be assessed for ADAMTS13 activity to exclude
thrombotic thrombocytopenic purpura.

Step 4: Make a Differential Diagnosis (Table 21.3)

Principal differentiation includes exacerbation of underlying preexisting renal dis-
ease, acute fatty liver of pregnancy, thrombotic microangiopathy (TTP or HUS),
and exacerbation of systemic lupus.

The various conditions that can cause acute hepatic failure in pregnancy should
be considered before making a diagnosis of severe preeclampsia—eclampsia
(Table 21.4).

Table 21.3 Differential Severe preeclampsia (abdominal pain)
diagnosis Abruptio placentae
Abdominal aneurysm
Acute appendicitis
Blunt abdominal trauma
Cholecystitis and biliary colic
Ovarian torsion
Thrombotic thrombocytopenic purpura
Poisoning
Eclampsia (seizure)
Cerebrovascular accidents
Brain tumors
Brain infections—meningitis, encephalitis, abscesses
Thrombotic thrombocytopenic purpura
Metabolic disorders
Hypertensive encephalopathy
Illicit drug use
Postdural puncture syndrome
Epilepsy/status epilepticus
Posterior reversible encephalopathy syndrome

Table 21.4 Comparison of severe preeclampsia—eclampsia, intrahepatic cholestasis of preg-
nancy, HELLP syndrome, and AFLP

Severe Intrahepatic

preeclampsia— cholestasis of

eclampsia pregnancy HELLP syndrome AFLP
Trimester Second to third Second to third ~ Third Third
Incidence (%) 1-5 0.1 0.2-0.6 0.005-0.01
Family history Occasionally Often No Occasionally
Presence of Yes No Yes 50%

preeclampsia

(continued)
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Table 21.4 (continued)

Severe Intrahepatic
preeclampsia— cholestasis of
eclampsia pregnancy HELLP syndrome AFLP
Typical clinical Hypertension, Pruritus, mild Hemolysis Liver failure
features edema, jaundice, thrombocytopenia with
proteinuria, elevated bile (<50,000 often)  coagulopathy,
neurological acids encephalopathy,
deficits hypoglycemia,
(headaches, disseminated
seizures, coma) intravascular
coagulation
Aminotransferases None/mild Mild to 10- to Mild to 10- to 300-500 typical
20-fold elevation 20-fold elevation but variable
Bilirubin Normal— < 5 mg/ <5 mg/dL <5 mg/dL unless  Often <5 mg/
dL massive necrosis  dL, higher if
severe
Hepatic imaging ~ Normal—hepatic =~ Normal Hepatic infarcts ~ Fatty infiltration

infarcts hematomas,
rupture
Histology (usually Periportal Normal-mild Patchy/extensive ~ Microvesicular
not performed) hemorrhage, cholestasis, no necrosis and fat in zone 3
necrosis, fibrin necrosis hemorrhage Subunit,
deposits long-chain
3-hydroxy
acyl-CoA
dehydrogenase
defect—yes
No fatty acid
oxidation defect
Recurrence in 20% risk 60-70% 4-19% Rare
subsequent
pregnancies
Termination of Deliver after Ursodeoxycholic Prompt delivery ~ Prompt delivery
pregnancy 36 weeks and acid; delivery is essential is essential

early if worsening before 37 weeks

Preeclampsia

Step 5: Admit to the ICU and Identify Organ Dysfunctions

and Support Them

¢ ICU admission is indicated with:
— Eclampsia
— Hemorrhage
— Hyperkalemia

— Severe oliguria

— Coagulation support

— Intravenous antihypertensive treatment—initial stabilization of severe hyper-
tension—evidence of cardiac failure
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Abnormal neurology

Placental abruption

Severe preeclampsia

Hemolysis, elevated liver enzymes, and low platelet (HELLP) syndrome
Chorioamnionitis

Acute pulmonary edema

Respiratory failure

Acute respiratory distress syndrome

Acute renal failure

Maternal monitoring is required with severe preeclampsia:

Repeated clinical assessment including neurological examination (deep ten-
don reflexes for magnesium toxicity)

ECG

¢ Arterial BP—noninvasive BP can be tried initially but may be incorrect with
inadequate cuff size

¢ Pulse oximetry

» Foley catheterization—urine output monitoring

¢ Blood gas monitoring

e CVP monitoring—infusion of vasopressors

¢ Additional—intra-abdominal pressure monitoring during resuscitation, serum
magnesium levels

Step 6: Management of Severe Preeclampsia

The definitive treatment of preeclampsia is the delivery of the placenta. The timing
of delivery depends on gestational age, the severity of preeclampsia, and maternal
and fetal conditions.

Another important aspect in the management of severe preeclampsia is the con-
trol of hypertension.

A. BP control

Arterial pressure greater than 160/110 mmHg in preeclampsia can increase

the risk of complication, and it should be controlled.

BP control should only be done in the ICU, preferably with arterial line

monitoring.

BP control should also be done along with fetal monitoring. Avoid sudden

falls in BP as it can result in fetal distress.

The goal of BP control is a 15-25% reduction in the mean arterial pressure,

and a reduction of pressure to baseline BP levels (<140/90 mmHg) rather

than normal BP, should be avoided as it may compromise placental perfusion.

Drugs

— Labetalol (IV 20 mg) can be given initially followed by doubling the dose
every 10 min to a cumulative dose of 300 mg. This drug can result in
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severe bradycardia. A continuous infusion of labetalol at a rate of
0.5-2 mg/min can also be used.

— Hydralazine (5-10 mg) can be given every 20 min (maximum of 40 mg)
until BP is controlled.

— Nifedipine or nicardipine can be given (sudden precipitous decrease in BP
or tachycardia can occur).

— Intravenous nitroglycerin (10-100 mg/min) or sodium nitroprusside
(2-8 mg/min) can be given. Prolonged use of nitroglycerin may lead to
methemoglobinemia. Cyanide toxicity in the mother and fetus may occur
with sodium nitroprusside, limiting its use to less than 4 h and only as a
last resort.

B. Seizure control

The initial management of eclampsia includes airway, breathing, and
circulation.

Seizure prophylaxis is given intrapartum or postpartum with magnesium sul-
fate in cases of severe preeclampsia.

The initial bolus of magnesium (4 g over 5-15 min) is followed by an infu-
sion of 1-2 g/h maintained for 24 hrs.

The mechanism of action of magnesium is unknown, but magnesium sup-
presses excitatory neurotransmitter release by replacing calcium at nerve
endings.

Monitor toxicity—Iloss of deep tendon reflexes; loss of patellar reflex occurs
when the plasma magnesium level is more than 10 mg%. Look for respira-
tory muscle weakness.

Magnesium has a relatively narrow therapeutic range, and target magnesium
serum concentrations are 5—-8 mg/dL.

Infusion dose should be reduced in cases of renal dysfunction. Serum mag-
nesium levels should be monitored every 4—6 hours and whenever a seizure
occurs or signs of toxicity are present, as per Table 21.5.

Table 21.5 Clinical manifestations related to the serum concentration of magnesium

Serum magnesium levels (mg/dL) Effects

5-8 Therapeutic

8-12 Loss of deep tendon reflexes

12-16 Muscular paralysis and respiratory difficulties
>17 Conduction disturbances

>25

Cardiac arrest
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* Inrecurrent seizures, an additional 2—4 g of magnesium sulfate can be given over
5 mins concurrently with the magnesium sulfate infusion.

e Calcium gluconate 15-30 mL of a 10% solution, administered intravenously
over 2-5 minutes, is given to women with cardiac arrest or severe cardiac toxic-
ity related to magnesium toxicity.

e If seizures are not controlled by repeat magnesium bolus, then diazepam or
lorazepam can be administered (see Chap. 36, Vol 1).

¢ Discontinue magnesium sulfate 24 h after delivery.

C. Fluid management

Despite peripheral edema, patients with preeclampsia are volume-depleted
with high peripheral vascular resistance. Diuretics should be avoided.
Aggressive volume resuscitation, on the other hand, may lead to pulmonary
edema, which is a common cause of maternal morbidity and mortality.
Because volume expansion has no demonstrated benefit, patients should be
fluid-restricted, when possible, at least until the period of postpartum diuresis.
Central venous or pulmonary artery pressure monitoring or other hemody-
namic monitoring modalities may be indicated in critical cases.

Careful measurement of fluid input and output is advisable, particularly in
the immediate postpartum period.

D. Decide the timing and type of delivery

As maternal morbidity is very high with severe preeclampsia, prompt deliv-
ery is indicated regardless of gestational age.

Women with severe preeclampsia who are managed expectantly (nonsevere
disease) must be delivered under the following circumstances:

— Severe hypertension develops refractory to treatment

— Nonreassuring fetal heart status

— Uncontrollable BP

— Oligohydramnios, with amniotic fluid index of less than 5 cm

— Severe intrauterine growth restriction

— Oliguria (<500 mL/24 h)

— Serum creatinine level of at least 1.5 mg/dL

— Pulmonary edema

— Shortness of breath or chest pain with pulse oximetry of <94% on room air
— Headache that is persistent and severe

— Right upper quadrant tenderness with deteriorating liver function test

— Development of HELLP syndrome

Severe hypertension after 34 weeks when their blood pressure has been con-
trolled and a course of corticosteroids has been completed (if appropriate).
Offer birth to women with pre-eclampsia before 34 weeks only after discus-
sion with neonatal and anesthetic teams and a course of corticosteroids has
been given.

Preeclampsia is not an indication for caesarian delivery and many patients
can have a normal vaginal delivery.
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Step 7: Watch for complications

* Abruptio placentae

* Disseminated intravascular coagulopathy (DIC)

* Renal insufficiency and acute renal failure

e HELLP syndrome

e Eclampsia

* Cerebral hemorrhage

e Fetal changes—intrauterine growth restriction, abruptio placentae,
oligohydramnios

e Intrauterine fetal death

Step 8: Managing Complications
HELLP syndrome

e HELLP syndrome can complicate 4—12% of patients with severe preeclampsia.

» Signs and symptoms are right upper quadrant or epigastric pain, nausea and
vomiting, malaise, and nonspecific viral-like symptoms. Physical examination
findings include right upper quadrant or epigastrium tenderness and general-
ized edema.

Tennessee classification:

* Hemolysis: established by the presence of at least two of the following:

* Peripheral smear showing schistocytes and burr cells

e Serum bilirubin >1.2 mg/dL

* Low serum haptoglobin (<25 mg/dL) or LDH >2 times the upper level of normal

* Severe anemia unrelated to blood loss

Elevated liver enzymes

Aspartate aminotransferase (AST) or alanine aminotransferase (ALT) >2
times the upper level of normal

Low platelets: <100,000 cells/microL.

* Delivery is the definitive treatment for HELLP syndrome.

e Delivery is indicated for women with HELLP syndrome at greater than 34 weeks
of gestation.

* During labor and for 24-h postpartum, patients should receive intravenous mag-
nesium sulfate for seizure prophylaxis.

o If gestation is less than 34 weeks, delivery may be delayed for 48 hours to admin-
ister a steroid course of either betamethasone (12 mg intramuscularly every
24 hours for two doses, with delivery 24 hours after the last dose) or dexametha-
sone (6 mg intramuscularly every 12 hours for 2 days).

» Platelets are generally transfused when the platelet count is less than 20,000/
mm?. For cesarean delivery or with any significant bleeding, platelets should be
transfused if the platelet count is less than 50,000/mm?.
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Acute Pulmonary Edema

¢ Management is similar to nonpregnant patients.

 Intravenous furosemide (bolus 20—40 mg over 2 min) is used to promote diure-
sis. The repeated doses of 40—-60 mg are given after 30 min or infusion if there is
inadequate diuretic response (maximum dose 120 mg/h).

* Careful fetal monitoring, fluid restriction, and strict fluid balance and positioning
(such that the head is elevated) are required.
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Case Vignette

A 25-year-old woman who developed severe post-partum hemorrhage after
delivery of a still-born baby was taken up for emergency hysterectomy under
general anesthesia with rapid sequence intubation using 150 mg thiopentone,
rocuronium 50 mg, fentanyl 50 mcg, 7.5 mm tracheal tube, and controlled
ventilation with FiO, of 1.0 and 0.8 MAC sevoflurane. During the procedure,
the patient was administered 3 units of whole blood, 1 unit of FFP, and 2 liters
of Ringer’s lactate solution. Dopamine infusion was used to maintain the
mean blood pressure around 70 mmHg. At the end of the procedure, the
patient was transferred to the ICU without reversal of neuromuscular block-
ade. In the ICU, the patient was mechanically ventilated and the dopamine
was tapered off. The patient was hypothermic and anuric, with a hemoglobin
of 6.5 g/dl, platelet count of 37000/mm?, INR of 5.1, urea of 50 mg/dl, creati-
nine of 2.7 mg/dl, and raised liver enzymes. ECG showed tall T waves and a
blood gas analysis showed serum potassium of 6.1. Corrective measures for
hyperkalemia were instituted and the patient was allowed to rewarm. After
overnight ventilation and one episode of hemodialysis, the patient was extu-
bated. Hemodialysis continued for another two days until the patient’s urine
output improved.
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Perioperative medicine is a multidisciplinary, patient-centered system aimed at
improving surgical outcomes and reducing complications by providing continuous
care from the indication for surgery until full recovery. The risk of perioperative
adverse events depends on the patient’s disease condition before surgery, the preva-
lence of comorbidities, the urgency of the operation, and the magnitude, type, and
duration of the surgical procedure. The usual principles of coordinated evidence-
based resuscitation, monitoring, nursing, and medical care are applicable to these
patients as well. There are, in addition, a number of special circumstances that oper-
ate in these patients. This chapter attempts to summarize these principles and
factors.

Step 1: Assess the Reason for Perioperative Admission
to theICU

(a) Patient Factors

* Comorbidities: Patients with pre-existing conditions (e.g., heart disease,
respiratory failure, diabetes) often require closer monitoring and
management.

» Age: Older patients may have higher risks for complications and may benefit
from intensive care support.

* Functional Status: Patients with limited functional capacity or poor perfor-
mance status and frailty may need ICU admission for better postopera-
tive care.

(b) Surgical Factors

* Type of Surgery: Major surgeries (e.g., cardiac, thoracic, complex abdomi-
nal procedures) typically carry higher risks and may require ICU admission.

* Duration of Surgery: Prolonged procedures increase the likelihood of com-
plications, warranting closer monitoring.

* Intraoperative Complications: Any complications that arise during surgery
(e.g., significant blood loss, need for blood products) may necessitate
ICU care.

(c) Anesthetic Factors

* Type of Anesthesia: Certain anesthetic techniques or agents may require
postoperative monitoring in an ICU setting, especially those that impact
respiratory or cardiovascular function.

* Emergent or Urgent Procedures: Unplanned surgeries, particularly in unsta-
ble patients, often require intensive care support postoperatively.

(d) Postoperative Considerations

* Need for Close Monitoring: Patients who are at high risk for respiratory
distress, hemodynamic instability, or other complications may be admitted
to the ICU for enhanced monitoring.

* Ventilation Support: Patients requiring mechanical ventilation or significant
respiratory support postoperatively typically need ICU care.
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¢ Fluid and Electrolyte Management: Those needing careful management of
fluids, electrolytes, or renal function may benefit from ICU admission.
(e) Clinical Judgment
Multidisciplinary Assessment: Input from surgeons, anesthesiologists, and
intensivists is crucial in determining the need for ICU admission based on the
overall clinical picture.

* Initial resuscitation, monitoring, investigations, and continuing care differ in
each of these scenarios.

» Attempts have been made to predict the risk of ICU admission after surgery. It
has been identified that intraoperative vasopressor requirements (adrenaline,
noradrenaline, and vasopressin), as well as the need for vasopressors at the end
of surgery and emergency surgery, are good predictors of ICU admission.

Step 2: Obtain a Structured Handover from the Anesthesia
and Surgical Teams. Take Focused History, Perform Physical
Examination and Relevant Investigations

* Confirm the patient’s identification.

¢ Intraoperative findings and surgical procedures performed.

¢ Duration of surgery.

¢ Anesthesia chart and postoperative notes: pay attention to any airway problems
encountered, placement of venous and arterial lines, and all monitoring devices.

 Intraoperative complications, estimated blood loss, transfusions of blood and
blood products, and the nature and volume of other fluids administered.

* Postoperative instructions.

¢ Placement of surgical drains and current drainage.

* Urinary catheter and output.

 Fluids, antibiotics, analgesia, antiemetic prescription.

» Epidural catheters or patient-controlled analgesia (PCA) pumps.

* Review of the medical records of the patient for comorbid conditions.

e Drug history—aspirin, other antiplatelet agents, oral anticoagulants, and oral
hypoglycemic agents.

e Postoperative laboratory, imaging, and electrocardiogram studies should be
selected on a case-by-case basis.

Step 3: Identify Problems of Inmediate Concern

(a) Hemodynamic instability
 Intraoperative blood loss, inadequate resuscitation, vasopressor infusions,
transport.
* Assess patient volume status using clinical signs and noninvasive techniques
such as IVC collapsibility on ultrasound examination. Decide whether intra-
venous fluid is required and administer it in a titrated fashion.
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The cardiovascular examination is primarily directed at the assessment of
adequate clinical perfusion. Impressions from the initial survey of clinical
perfusion plus any available data from invasive monitoring can be used to
assess appropriate hourly maintenance fluid rate and the need for further
volume resuscitation.

Titrate any vasopressors.

(b) Coagulation and dyselectrolytemia

Massive blood loss and transfusion, along with excessive crystalloid admin-
istration (especially isotonic saline), can lead to dilutional coagulopathy and
dyselectrolytemia.

Any obvious bleeding should be looked for and treated.

Dyselectrolytemia should be corrected.

(c) Hypothermia

Causes: Bleeding, massive fluid and blood transfusion, anesthesia (dry
gases, muscle relaxants, medication), surgical causes (evaporative cooling
and lavage), and transport.

Oxygen can be detrimental in patients with low cardiorespiratory reserve.
Hypothermia may lead to tissue ischemia with delayed wound healing and
increased surgical site infection. Other adverse effects include deranged
coagulation and immunosuppression. Patients with coronary artery disease
and those with vascular anastomoses and skin grafts are particularly
vulnerable.

Hypothermic patients with a core temperature less than 35 °C should be
actively rewarmed with forced air rewarming devices, warm intravenous flu-
ids, and adequate covering.

(d) Pain

Appropriate and adequate pain relief is an essential component of postopera-
tive care; these patients are no exception. Consultation with the pain man-
agement team is helpful.

Pain should be assessed formally using a validated instrument such as VAS

regularly. Analgesia should be titrated according to the patient’s response.

The modalities of pain relief usually available are:

— Opioid analgesics such as morphine and fentanyl are used as iv aliquots as
infusions or in patient-controlled analgesia (PCA) devices.

— Intravenous paracetamol.

—NSAIDs such as diclofenac (iv/im/rectal). These should be avoided in
patients at risk of renal injury, including elderly patients and those who
have intraoperative hypotension.

— Intravenous tramadol.

— Neuraxial local anesthetic/opioid combinations.

— Intra-articular injection of local anesthetics/opioids.

— Peripheral nerve blocks.
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(e) Sedation and altered mental states

» Causative factors include residual effects of anesthetic drugs, hypothermia,
hyponatremia, and hypercarbia.

e Rule out residual neural blockade using a neuromuscular junction monitor
(train-of-four monitors).

* Other abnormal behavior is usually due to the effects of medication and
rarely due to hypoxia, acidosis, or hypotension. Depending on the clinical
scenario, you may need to rule out hypoglycemia.

* Reassurance and correction of underlying derangement are usually sufficient.

(f) Nausea and vomiting

* Postoperative nausea and vomiting (PONV) after general anesthesia is very
troublesome to the patient.

¢ Management strategies include reducing the dose of opioids and alternative
analgesics.

* 4-8 mg ondansetron can be effective. Be aware of the occurrence of side
effects such as arrhythmias and intractable headaches.

¢ Abdominal wounds are not always closed at the end of an operation. The clini-
cian needs to determine if the skin or fascia has been left open and, if so, what
kind of temporary closure is employed.

Step 4: Postoperative Fluid Resuscitation
Identify and Correct Fluid Imbalance

* Conventional intake—output charts do not reflect fluid balance in critically ill
patients or postoperative patients.

* Stress due to surgery and pain causes an increased secretion of ADH and aldoste-
rone resulting in a high incidence of SIADH. Fluid sequestration in the gut wall,
and interstitial fluid accumulation due to increased capillary leak, cause fluid
disturbances.

* A low urine output may not indicate hypovolemia. Alternative measures of vol-
ume status should be used such as using ICU beds with an in-built weighing
facility, abdominal ultrasound assessment of IVC collapsibility, transthoracic
echocardiography to assess filling of the left ventricle, or other dynamic mea-
sures of fluid responsiveness.

» Postoperative patients tend to retain free water. Hypotonic fluid administration
should be restricted due to the risk of hyponatremia.

¢ In patients with chronic diuretic use, hypertension, and cardiac dysfunction, cau-
tious use of diuretics could be tried if urine output remains low despite normal
hemodynamics and no evidence of sepsis.

¢ Renal replacement therapy should be instituted as necessary, in consultation with
the nephrology team.
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Targets for Adequate Clinical Perfusion

¢ Mean arterial blood pressure > 70 mm Hg

» Heart rate < 100 beats/minute

e Warm, pink skin without cyanosis or mottling over the digits, thighs, or knees,
with palpable pulses

¢ Good capillary refill

¢ Clear yellow urine >0.5-1 mL/kg/hour

Step 5: Identify and Correct Cardiac and Pulmonary Problems

¢ Pre- and intraoperative management

Cardiovascular status should be assessed and optimized preoperatively by
careful preoperative cardiovascular and pulmonary risk assessment, optimiz-
ing medications, and other measures. These will include cessation of smok-
ing, incentive spirometry, treatment of chest infections and bronchospasm, etc.
It is to be kept in mind that these measures are not possible in emergent
surgeries.

The risk indices for postoperative complications such as that developed by
Shoemaker for cardiac and others for pulmonary complications may be fol-
lowed to identify patients at high risk (Table 22.1).

Validated surgical risk calculators may also be used.

These patients may be managed using perioperative goal-directed therapy
using minimally invasive cardiac output monitoring techniques to improve
outcomes.

* Postoperative management

High-risk patients should be monitored for chest discomfort/pain, ST segment
changes, hemodynamic instability, and pulmonary edema. A low threshold

Table 22.1 Shoemaker criteria for identifying patients at high risk of cardiac complications

Patient factors

Prior severe cardiac illness, acute myocardial infarction (AMI), stroke, congestive heart failure
(CHF)

Age more than 70 years

Severe sepsis with septic shock

Severe nutritional problems

Respiratory distress, chronic obstructive pulmonary disease, requiring mechanical ventilation
Acute hepatic failure and acute renal failure

Severe CNS problem—head injury with coma (Glasgow coma score < 8)

Surgical factors

Extensive ablative surgery for cancer, more than 8 h

Severe multiple trauma—three organs or two body cavities

Massive blood loss of more than 8 units

Acute abdominal catastrophe—peritonitis, perforated bowel with gangrene

Aortic aneurysm and end-stage vascular disease
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for investigations such as 12-lead ECG and cardiospecific enzyme tests
is useful.

— Postoperative respiratory failure is usually due to one or more of the following:
* Atelectasis
e Aspiration
¢ Pain leading to splinting of the diaphragm and hypoventilation
¢ Tracheobronchitis and pneumonia
¢ Noncardiogenic pulmonary edema

— Measures to avoid pulmonary complications include:
¢ Early ambulation and assisted coughing
* Continuation of incentive spirometry
 Intermittent positive pressure breathing exercises
e Adequate hydration
¢ Humidification of inspired air and oxygen
» Noninvasive ventilation, especially in patients with COPD and hypercapnia
¢ Measures to reduce risk of aspiration (positioning, minimizing the use of

NG tube, prokinetics, etc.)
* Optimizing analgesia and avoiding excessive sedation
¢ Early identification and treatment of sepsis
e Early external stabilization of long bone fractures using a damage-
limitation philosophy

Step 6. Other Measures

e Transport patients safely with adequate monitoring, provide a structured hando-
ver, and use a documentation checklist.

e Early identification of ongoing hemorrhage by inspecting the volume and
type of drain, monitoring for hemodynamic instability, and detecting falling
hematocrit. Correct volume deficit, hypothermia, acidosis, coagulopathy, and
thrombocytopenia.

¢ Identify the site of bleeding and prepare the patient for re-exploration if neces-
sary, in consultation with the surgical team.

» Use blood and blood products judiciously. In a hemodynamically stable patient,
without active bleeding or active coronary artery disease, keep the hemoglobin
level at 7-8 g/dL.

¢ Identify sepsis early and use antibiotics judiciously. The institutional protocol
should be followed as per established guidelines for perioperative antibiotic
prophylaxis.

* Surgical patients are in a hypercoagulable state in the perioperative period.
Institutional protocols should be followed for deep vein thrombosis prophylaxis.
A combination of pharmacological and mechanical methods (pneumatic com-
pression or graduated compression stockings) is advocated in patients at high risk.

e Early enteral nutrition should be instituted as soon as possible. If early enteral
nutrition cannot be initiated, parenteral nutrition should be started especially in
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Table 22.2 Risk factors for Age more than 50 years
postoperative pulmonary Obesity
complications Smoking

Chronic obstructive pulmonary disease
Location of incision (upper abdominal, thoracic)
FEV, less than 1 L

FVC less than 1.5 L

FEV,/FVC less than 30%

Use of pancuronium

Surgery lasting more than 3 h

Functional dependence

Serum albumin less than 3.5 g/dL

patients with established malnutrition. Consideration should be given to immu-
nonutrition in patients with cancer surgery.

» Stress ulcer prophylaxis with H, blockers should be instituted in selected cases,
i.e., patients on mechanical ventilation, those with a previous history of GI bleed-
ing, or those on anticoagulants/aspirin.

* Thyroid status should be optimized in hypothyroid patients. Supplemental corti-
costeroids should be given to patients with a history of chronic use of systemic
steroids.

There are certain risk factors that help predict postoperative pulmonary compli-
cations (Table 22.2).

Enhanced Recovery After Major Noncardiac Surgery (ERAS)

Goals include minimizing surgical stress responses, reducing end-organ dysfunc-
tion, providing optimal control of postoperative pain, expediting recovery, decreas-
ing hospital length of stay, and reducing complications. It was originally proposed
for colorectal cancer surgery but has since been extended to the postoperative set-
ting of procedures such as duodenopancreatectomy, hepatectomy, esophagogastric
surgery, radical cystoprostatectomy, etc.

The four key elements of this approach are comprehensive preoperative evalua-
tion and preparation of the patient, optimum anesthesia and minimally invasive sur-
gery to reduce the patient response to surgical stress, adequate postoperative
management of the symptoms such as pain with early mobilization, and prompt
reintroduction of a normal diet.
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A 60-year-old male patient with triple-vessel disease with reduced left ven-
tricular function and diabetes mellitus underwent coronary artery bypass graft
(CABG) with extracorporeal support. He was transferred to the ICU, and his
blood pressure was 90/60 mmHg on epinephrine infusion.

A 50-year-old male patient with a road traffic accident had undergone an
emergency decompressive craniectomy due to an expanding intracerebral
hematoma. He had arrived in the ICU postoperatively on the ventilator and
was paralyzed. His blood pressure was 110/70 mmHg without any vasopres-
sor support.

A 50-year-old male patient had undergone an emergent thoracotomy and left
upper lobe resection due to massive hemoptysis not being controlled with
conventional measures. He had arrived in the ICU ventilated with a saturation
of 90% on FiO, of 0.8.
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Due to the increasing specialization of intensive care, patients with organ-specific
surgery (thoracic, cardiac, neurosurgery) are being managed in dedicated ICUs. As
these patients have specific perioperative problems, the intensive care physician tak-
ing care of these patients should have a working knowledge of their specific periop-
erative critical issues and should work in close consultation with the surgical and
anesthetic team.

Cardiac Surgery

Traditionally, cardiac surgery has been performed via a median sternotomy incision
with the use of a cardiopulmonary bypass (CPB) machine that maintains total body
oxygenation and perfusion despite cardioplegia. After CPB is initiated, injection of
a hyperkalemic cardioplegic solution directly into the coronary circulation produces
a cardiac standstill. The cardioplegic solution also provides necessary nutrients for
myocardial preservation despite the absence of cardiac blood flow. Traditional sur-
gical approaches are associated with varying degrees of hypothermia, coagulopathy,
and hemodilution. Usually, the patients need varying periods of mechanical ventila-
tion postoperatively.

Minimally invasive surgery (MIS) modifies one or more of these techniques
to accomplish similar surgical goals through small surgical incisions without
CPB (i.e., off-pump), or both. MIS has been shown to reduce blood require-
ments, length of stay, and resource use. Patients often exhibit hemodynamic
instability lasting approximately 12 to 24 hours, typically followed by a period
of recovery.

Step 1: Take Handover Information from the Operating
Room Staff

 Patient identification details
e Preoperative details
— Type of coronary artery disease, valve dysfunction, left ventricular function,
and pulmonary hypertension
— Medications used—antiplatelets, anticoagulants, diuretics, angiotensin-
converting enzyme inhibitors, statins, and calcium channel blockers
— Comorbidities—diabetes, hypertension, peripheral vascular disease, stroke,
renal dysfunction, and thyroid status
— Preoperative functional capacity
— Previous medical records
* Operation performed (on- or off-pump, arterial, venous graft) and problems
encountered
* Current drug infusions
¢ Pacemakers and antiarrhythmic drug information
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» Estimated blood loss, blood and blood product administered, and urine output
¢ Intraoperative fluid balance

¢ Antibiotics administered and timing

¢ Drains (number, placement)

¢ Latest arterial blood gas analysis, hematocrit, blood sugar, and electrolytes

Step 2: Checklist on Arrival of the Patient (A to I)

e Airway
— The patient is connected to the ventilator.
— Note the size of the tube, the position of fixation at the angle of mouth, and
cuff pressure.
* Breathing
— Look for chest movement. Auscultate and confirm air entry to both lungs.
— The usual initial ventilator settings are as follows:

* Breath rate of 12—15/min.

* FiO2 of 0.6-0.8.

* Tidal volume of 6-8 mL/kg.

* Depending on the arterial blood gas (ABG) report, settings are modified
subsequently.

» Circulation
— Set up the monitor.
— Check

* ECG for rate, thythm, and ST segment changes.

e Arterial pressure, oxygen saturation.

e Pulmonary artery pressure/central venous pressure—measure the pulmo-
nary artery wedge pressure (PAWP), cardiac output (CO), and systemic
vascular resistance.

¢ Mixed venous oxygen saturation.

* Temperature probe—if the temperature is less than 37 °C, a warming blan-
ket should be placed.

e Low urine output, acidosis, and peripheral examination are not a good
indicator of the low perfusion state in these patients, and direct measure-
ment of cardiac output is preferable in unstable patients.

* Drugs
— Vasoactive drugs—check infusion pumps labeled with proper drug dosing
and dilutions, and calculate infusion rate (mcg/kg/min).
* Electrolytes
— Maintain K+ at 4-4.5 mmol/L.
— Maintain Mg+ at 0.8-1.5 mmol/L.
e Fluids
— Intravenous maintenance fluids (crystalloid) are started at the rate of
1-1.5 mL/kg/h.
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— Blood transfusion to keep hematocrit at more than 25-30%.
— Maintain urine output at 0.5-1.0 mL/kg/h.

* Glucose control

* Maintain serum glucose between 140 mg and 185 mg/dl.

¢ Hypoglycemia should be avoided.

* Maintain Hemoglobin of 7.5-8 gm/dl.

¢ Prevent postoperative delirium.

* Hemorrhage
— Causes of bleeding after cardiac surgery include:

Inadequate surgical hemostasis
Inadequate platelet number or function
Inadequate reversal of heparin
Dilutional coagulopathy

Hypothermia

Chest tubes are connected to underwater seals. If bleeding is significant, and
the coagulation profile is normal, the patient needs to go back to the operation
theater for re-exploration.

In adult patients, bleeding is significant when:

>400 ml for 1 h

>300 ml/hr. for 2 h

>200 ml/hr. for 3 consecutive hours
>100 ml/hr. for 4 consecutive hours

CPB may induce coagulation abnormalities in these patients and this may be
the cause of excessive bleeding.
Anticoagulation protocols:

Valve surgery: Anticoagulation is maintained with intravenous heparin.
With mechanical valve prosthesis, oral anticoagulants (warfarin) should be
started as soon as oral intake is permitted (48—72 h). Initial overlapping
therapy of warfarin with heparin is recommended for 48-72 h to prevent
warfarin-induced hypercoagulability.

Coronary artery bypass graft—aspirin/clopidogrel in low doses is started as
soon as oral feeds are started.

— Reverse heparin effect by protamine if needed.
* Investigations
— Investigations should be done within 30 min of arrival.

ECG

ABG

Hct and electrolytes

Chest X-rays—Ilook for pneumothorax, hemothorax, position of endotra-
cheal tubes, chest tubes, intravascular catheters, pacing wires, lung infil-
trates, and cardiac size.

Coagulation profile (Prothrombin Time (PT), APTT, ACT)
Thromboelastogram (if available)
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Step 3: Take General Care of the Patients

Position—head end elevated at 30-45°

* Neurological assessment

— Awake and obeying commands
— Able to move all four limbs

Step 4: Look for and Manage Specific Complications

The most common complications after cardiac surgery are mechanical complica-
tions, physiological complications (inadequate preload, excessive afterload, and
poor ventricular pump function), mias, and myocardial infarction.

Arrhythmias are common, occurring in 25-60% of patients. Advanced age, prior

atrial fibrillation, and combined bypass graft/valve surgery are risk factors.

Exclude precipitating causes such as hypoxia, hypercarbia, lack of analgesia, and

electrolyte imbalance (hypokalemia and hypomagnesemia) before instituting

antiarrhythmics. Treat arrhythmias only if hemodynamically significant.

Arrhythmias with signs of ischemia may signal perioperative infarction, inade-

quate revascularization, and blocked graft requiring urgent reoperation.

Low-output state: Keep a high index of suspicion if unexplained postoperative

hypotension, tachycardia, or pulmonary edema occurs. An urgent echocardio-

gram should be performed to exclude pericardial tamponade. Assess left ven-
tricular function and volume status.

— In cases of pericardial tamponade, the patient should be re-explored with the
evacuation of hematoma. The chest may have to be reopened in the ICU if
tamponade is sudden and severe, leading to hemodynamic collapse.

— In low-output states, rewarming should be gradual. Decrease metabolic
demand by proper analgesia, sedation, and muscle relaxants to decrease shiv-
ering. Optimize preload by judicious use of fluid and blood (keep hematocrit
0.25-0.35) under monitoring. Add inotropes and if blood pressure permits
decrease afterload by adding vasodilators. Due to ischemia-reperfusion injury,
a phase of stunned myocardium persists, which usually resolves over a vari-
able period and is helped by inotropic support. This phenomenon should be
distinguished from ongoing ischemia where inotropic support is detrimental.

— An intra-aortic balloon pump is sometimes used to maintain coronary perfu-
sion in low-output states.

Postoperative hypertension: It is usually transient but may lead to left ventricular

dysfunction, myocardial ischemia, graft and suture line disruption, and increased

bleeding. Ensure proper analgesia and sedation. Parenteral vasodilators like
nitrates may be used.

» Atelectasis: Ensure early mobilization and incentive spirometry.

Fluid overload: Maintain a strict input—output chart. Low-dose diuretics may
be needed.
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e Myocardial ischemia or infarction may be difficult to diagnose in postoperative
settings as ECG, echocardiogram, and cardiac enzyme may not be able to detect
early ischemia and may be false positive.

e Right ventricular dysfunction: This may occur due to pulmonary hypertension or
ischemic reperfusion injury. It presents with low cardiac output syndrome, which
may initially be volume responsive. The patient has high right-sided filling pres-
sure disproportionate to left-sided pressure, low cardiac index, and low systemic
blood pressure. It is managed by maintaining sinus rhythm, appropriate heart
rate (by pacing if necessary), optimizing preload, reducing afterload (with pul-
monary vasodilators such as inhaled nitric oxide or epoprostenol infusion), ino-
tropic support, and mechanical assist devices if needed.

 Significant neurological deficit: It occurs in 2-3% of patients undergoing coro-
nary artery bypass surgery. This can present as stroke, transient ischemic attack,
or global cerebral dysfunction. Early recognition is important.

* Prevent the occurrence of renal failure: Acute kidney injury occurs in up to 30%
of patients and is associated with increased mortality. The best strategy is to pre-
vent AKI. Optimize renal perfusion (avoid hypotension and hypovolemia), and
avoid nephrotoxic drugs.

e Pulmonary dysfunction: Pleural effusion, atelectasis, pneumonia, difficulty
weaning, diaphragmatic dysfunction and ARDS.

Step 5: Take a Fast-Track Approach to Extubation

¢ The increasing use of off-pump surgery, short anesthesia, and lower doses of
sedatives has led to the early liberation of patients from ventilators. Many patients
can be extubated within 4 h of surgery or even in the operating room.

* Plan for extubation within six hours of arrival in the ICU for most patients, by
using short-acting sedatives such as dexmedetomidine or propofol.

» Use opioids judiciously to manage pain. For patients who are not candidates for
early extubation, continuous fentanyl infusion for analgesia should be started.

* The key to a successful fast-track program is proper patient selection, high-level
supervision by a disciplined team, and the absence of surgical complications.

Thoracic Surgery

Step 1: Take Care of Inmediate Postoperative Issues

¢ Immediate concerns include assessment of oxygenation, volume status, cardio-
vascular support, provision of ventilatory support if needed to ensure adequate
oxygen delivery and status of chest drains that accompany the patient from the
operating room.

* Special concerns apply to pain control, which is especially important, as pain
will limit respiratory effort and can also precipitate delirium and agitation.
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Step 2: Be Cognizant of Potential Problems
Following Thoracotomy

* Poor respiratory effort and sputum retention (chest wall trauma and pain)
» Atelectasis, pneumonia, and sepsis

e Alveolar and minor bronchial air leaks

* Localized or generalized pulmonary edema

* Intercostal, pulmonary, or bronchial vessel hemorrhage

* Cardiac arrhythmias, myocardial infarction, and heart failure

* Pulmonary and systemic embolism

¢ Chest wall hematoma, wound infection, and wound dehiscence

Step 3: Be Cognizant of Potential Problems Following
Lung Resection

» Respiratory insufficiency due to extensive lung resection

* Bronchopleural fistula and massive air leak

» Early and late mediastinal shift

e Atrial fibrillation and other supraventricular arrhythmias

» Torsion of lobe or segment

e Cardiac herniation (usually after pneumonectomy with a partial pericardium
excision, when the heart herniates through a gap in the pericardium; may be
manifested by supraventricular arrhythmias and/or severe hypotension)

* Residual venous or arterial lung infarction

* Blood loss into the pleural space, mediastinum, or bronchus

* Bronchial obstruction from accumulated secretions, blood, and pus

* Empyema following air leaks, insufficient lung volume, or overwhelming sepsis

» Paradoxical chest wall movement following extensive rib resection

* Pulmonary hypertension and acute right-sided heart failure

Step 4: Get a Chest X-ray of the Hypoxic Patient

 In all postoperative thoracic surgery patients who are hypoxic on arrival, after a
careful physical examination, urgent chest X-rays should be requested.

* A daily chest radiograph must be performed in unstable patients, to confirm
endotracheal, nasogastric, and chest tube placement, as well as to identify any
pneumothorax, mediastinal shift, or significant atelectasis.

Step 5: Assess Chest Drain Sites and the Amount of Drainage

* Hourly output from chest tubes should be recorded, and the operative team
should be notified if drainage is greater than 100 mL/h for more than 4 h, or if
greater than 200 mL of drainage is recorded in any 1-h observation period.
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* Expected chest tube drainage from major thoracic procedures in the first 24 h is
roughly 300-600 mL, tapering to less than 200 mL by the second day.

¢ Daily chest radiographs are usually obtained while chest tubes are in place.

¢ Once all air leaks resolve and drainage is minimal (<100 mL/24 h), chest tubes
may be removed during the expiratory phase of ventilation or while the patient
performs a Valsalva maneuver.

¢ After pneumonectomy, surgeons usually keep the intercostals drain on the oper-
ated side clamped so that the fluid fills the pneumonectomy space and maintains
the mediastinum central.

¢ This drain may be occasionally unclamped for a short period to note whether
there is bleeding.

¢ The drain may need to be unclamped if there is a very rapid accumulation of fluid
in the pneumonectomy space, manifested by dyspnea, mediastinal shift to the
opposite side, high jugular venous pressure (JVP), or central venous pressure.
This may be mistaken for congestive cardiac failure.

Step 6: Address Airway Concerns and Plan for Extubation

¢ Extubation can often be accomplished in the operating room, but continued ven-
tilation may be necessary in the presence of concurrent cardiac illness, inability
to protect the airway, malnutrition, or coexisting lung disease.

¢ Ideally, the patient should be awake and following instructions and have an ade-
quate gag reflex (signifying airway protection) and cough (for secretion
clearance).

Step 7: Control Pain

¢ Adequate pain control is important not only to ensure patient comfort but also to
avoid potential cardiac and pulmonary complications. Early pain management is
also important in an effort to reduce the chances of developing long-term post-
thoracotomy pain.

e Various options exist for pain management. They include systemic analgesics,
neuraxial opioids, and local anesthetics via the epidural route, regional anesthe-
sia such as intercostal and paravertebral nerve blocks, and adjuvant therapies
such as transcutaneous electrical nerve stimulation (TENS) or applied heat.
Exercise caution when using TENS in a patient with a temporary pacemaker in
situ as it may interfere with the sensing function of the pacemaker.

¢ The mainstay of postoperative pain control is systemic analgesics in the form of
opioids. Agents such as morphine and fentanyl are frequently used, with the
intravenous route providing the most predictable responses. Opioid side effects
remain the greatest issue, with respiratory depression, nausea, vomiting, and
ileus being the most common.
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¢ Nonopiate medications such as paracetamol and nonsteroidal anti-inflammatory
drugs (NSAIDs) are reasonable adjuncts to opioids. Because NSAIDs may exac-
erbate renal dysfunction, it is necessary to exercise caution when using them in
the presence of underlying renal insufficiency.

¢ Neuraxial opioids and local anesthetics via the epidural route provide excellent
regional pain control. Epidural catheters are the preferred route, and when local
anesthetics, either with or without opioids, are infused in this manner, the inci-
dence of pulmonary complications decreases relative to that with systemic
opioids.

e In addition, patients requiring prolonged postoperative mechanical ventilation
may benefit from the centrally acting a-adrenergic agonist, dexmedetomidine, as
an analgosedative.

Step 8: Optimize Fluid Balance

¢ Fluid management in the postoperative period requires special attention due to
the high risk for pulmonary edema.

e Traditional markers of perfusion help determine if a patient is adequately
volume-resuscitated. These include urine output (usually >0.5 mL/kg/h), mental
status, blood pressure, heart rate, blood lactate level, capillary refill time, venous
oxygen saturation, filling pressures, and cardiac performance.

* Ideally, the clinician should limit crystalloid infusion to 20 mL/kg for the
first 24 h.

Step 9: Start Respiratory Therapy

e Thoracic surgical patients often have significant underlying chronic obstructive
pulmonary disease, impaired mucociliary clearance, excessive secretions, and/or
increased closing volumes, all of which predispose to atelectasis.

¢ The respiratory therapist plays an important role in providing secretion manage-
ment and performing chest physiotherapy (percussion and vibration) and incen-
tive spirometry.

* Other modalities supporting recovery include adequate hydration, aerosolized
bronchodilators, humidified oxygen, and early identification and treatment of
infection of the tracheobronchial tree.

* Chest physiotherapy should begin as soon as the patient has recovered suffi-
ciently from anesthesia to cooperate.

Step 10: Manage Bronchopleural Fistula

¢ Early postoperative bronchopleural fistula in a pneumonectomy patient is a sur-
gical emergency. The typical presentation is sudden expectoration of copious
amounts of pink, frothy sputum, which may be misdiagnosed as pulmonary
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edema. Further management will likely include bronchoscopy to assess the
stump closure and immediate reoperation if a leak is detected.

¢ A double-lumen tube may need to be introduced to prevent soiling of the oppo-
site lung by contents of the pleural space and to prevent loss of tidal ventilation
through the fistula.

¢ Always insert an intercostal drain on the side of the fistula and keep it draining at
all times.

Step 11: Manage Postoperative Hypoxemia

¢ Postoperative hypoxemia is common and may be due to hypoventilation, atelec-
tasis, aspiration, sepsis, acute respiratory distress syndrome, pneumonia, or pul-
monary embolization.

* Noninvasive ventilation or High Flow Nasal Oxygen may be useful to treat respi-
ratory failure after lung surgery.

¢ If pulmonary emboli are suspected, manage the patient accordingly.

* Systemic tumor emboli, though uncommon, may be seen after pulmonary resec-
tions for primary bronchogenic carcinomas or metastatic sarcomas.

¢ Meticulous attention must be given to prevent dehydration, overtransfusion, and
infection.

Step 12: Address Special Concerns in Esophageal Surgery

¢ Patients who undergo esophageal resection for carcinoma tend to be malnour-
ished and have complications, including atelectasis, pneumonia, aspiration, and
retained secretions.

* One-third of patients experience respiratory complications. The most dreaded
complication of esophageal surgery is leakage from the surgical site. Factors
impacting the incidence include high estimated intraoperative blood loss, cervi-
cal location of the anastomosis, and the development of postoperative acute
respiratory distress syndrome.

e Anastomotic dehiscence or ischemia of the gastric tube should be suspected
when the following signs/symptoms appear: hydropneumothorax, broncho-
spasm, atrial fibrillation, dyspnea, hypotension, raised lactate levels, and
tachycardia.

e Mortality associated with anastomotic leaks is historically high, but with
improved surgical techniques, the patients now have a more promising outcome.

 Intraoperative nasojejunal tube placement or jejunostomy is vital to maintain
enteral nutrition throughout the postoperative period.

¢ A multimodal approach including epidural analgesia, judicious fluid administra-
tion, early mobilization, and enteral nutrition contributes to a good outcome.
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Neurosurgery

Step 1: Maintain Airway, Oxygenation, and Ventilation

* Adequate oxygenation is mandatory for proper neuronal functioning. Hypercarbia
is detrimental to the brain injury patient as it leads to a rise in intracranial pres-
sure (ICP), and therefore proper ventilation should be ensured (see Chap. 31,
Vol. 1).

* Maintain arterial oxygen saturation of more than 94% and PaCO?2 in the normo-
capnic range. Reserve hyperventilation for management of sudden increases in
the ICP.

Step 2: Maintain Adequate Fluid Balance While Preventing
Brain Swelling

* Avoid hypotonic fluids (like 5% dextrose) to prevent brain swelling. Note that
lactated Ringers’ solution is also mildly hypotonic.

e Use isotonic fluid like normal saline to maintain euvolemia.

* Fluid restriction and active diuresis should be avoided as they will lead to reduced
circulating blood volume and hypoperfusion of the brain.

* Maintain normal or slightly high serum sodium values (145-150 mEq/L).

Step 3: Maintain Normoglycemia

* Hyperglycemia is associated with worse outcomes after brain injury. This is
because during low oxygen supply state intracellular sugar is converted into lac-
tate, which causes intracellular acidosis and is detrimental to neuronal cells.

* On the other hand, for normal neuronal function, a continuous supply of glucose
is mandatory and hypoglycemia is equally detrimental.

* Thus, a fine balance of glucose control between 140 and 180 mg/dL should be
maintained, with insulin infusion and ensuring adequate carbohydrate intake.

Step 4: Treat Fever Aggressively

» Fever is detrimental to brain tissues, and on the other hand, mild hypothermia is
beneficial.

* Any febrile episode should be actively controlled with antipyretics and external
cooling measures.
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Step 5: Maintain Blood Pressure in the Normal Range

» Excessive swings of blood pressure should be avoided as autoregulation of cere-
bral blood flow is disrupted with the injured brain and flow will increase or
decrease with changes in blood pressure leading to hyperemia with increased
ICP during hypertension or hypoperfusion leading to decreased cerebral blood
flow and neuronal injury during hypotension. Mean arterial pressure should be
kept in the range of 65-75 mmHg in most patients.

Step 6: Decrease Cerebral Metabolic Demand

» Judicious use of sedatives (e.g., barbiturates and propofol) and analgesics is use-
ful in these cases.

Step 7: Prevent and Treat Convulsions Aggressively (See Chap.
30,Vol. 1)

* Anticonvulsant prophylactic may be given perioperatively for cortical surgeries.

* All episodes of new-onset seizures should be actively managed to prevent sec-
ondary brain injury.

* In patients with persistent or fluctuating levels of consciousness, nonconvulsive
status should be ruled out.

» Patients with pre-existing seizure disorder need to have antiseizure medication
continued perioperatively, with as little disruption as possible.

Step 8: Monitor the Patient for Increases in ICP
and Neurological Deterioration Frequently (See Chap.
37,Vol. 1)

* Hourly Glasgow coma score, pupillary size, and reaction.

* ICP monitoring where appropriate.

e Maintain CPP (MAP—ICP > 65 mmHg).

* Measurement and management of raised ICP (refer to Chap. 37, Vol. 1).

— Basics

Normal ICP is less than 15 mmHg.
Raised ICP is more than 15-20 mmHg for more than 1-5 min.
CPP = MAP - ICP.
Always measure cerebral perfusion pressure (CPP) along with ICP.
The ICP monitor (intraventricular drain or subarachnoid bolt) is inserted if
indicated.
The transducer (without a flush system) has to be kept at a midventricular
level, which is at the level of tragus in the supine position.
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Start treatment if ICP is more than 20-25 mmHg for more than 5 min.
Management of intraventricular drain (IVD)

Drain cerebrospinal fluid (CSF) whenever ICP is more than 15-20 mmHg.

Drain CSF until ICP is 10-15 mmHg.

Measure daily CSF drain required to maintain ICP.

Examine CSF every day.

Take full sterile precautions.

Lumbar drain

— IfIVDis in situ, do a lumbar puncture and compare opening and closing ven-
tricular and lumbar pressures.

— If there is a comparable drop, IVD can be removed, and CSF is drained by
lumbar punctures (LPs).

— If there is no fall in ventricular pressures, drain CSF from IVD and avoid
further LPs.

» Approach to an acute rise of ICP in a previously stable patient

— Check the transducer level and re-zero.

— Confirm the waveform of the ICP trace.

— Position the head, neck, and endotracheal tube tape properly to minimize an
increase in ICP.

— Check ventilation, ABG, and X-rays and increase mechanical ventilation to
decrease pCO?2 if necessary.

— Exclude anxiety, pain, or seizures.

— Drain CSF or give mannitol bolus.

— Perform a CT scan if appropriate.
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A 52-year-old male patient with a history of chronic active alcoholism and
history of endoscopic variceal ligation (EVL) for Grade III esophageal varices
2 years back was admitted to ICU with complaints of upper gastrointestinal
bleeding and altered sensorium. His vitals on arrival were axillary tempera-
ture of 37.0 degrees, non-invasive BP of 80/51 mm Hg, rapid thready pulse
with a rate of 142/min, and respiratory rate of 27/min with SPO2 of 87% on
ambient air with Glasgow Coma Scale (GCS) of 12.

Managing a patient in the ICU arriving in a morbid condition is a challenging task.
The underlying concept is that timely intervention is directly proportional to reduc-
ing morbidity and mortality. A prompt and protocolized resuscitation regimen will
help salvage these patients.

Step 1: Assign Responsibilities

* Quickly make a team and assign job responsibilities to every member clearly and
appropriately. Effective close-loop communication should be established.

* In the initial phase, the patient should be seen by a senior member of the ICU
team for initial resuscitation, investigation, management planning, and family
briefing.

» Assign two doctors for initial resuscitation.

* Assign two nurses initially for unstable patients.

» Take early assistance whenever needed from other members of the team.
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Step 2: Start Initial Assessment and Resuscitation

* The initial aim is to identify and address life-threatening conditions. Correction
of physiological abnormalities should take precedence over arriving at an accu-
rate diagnosis.

e Follow ACLS protocols immediately following cardiac arrest or near car-
diac arrest.

 Pertinent history taking, physical examination, sending investigations, and resus-
citation need to be carried out simultaneously rather than sequentially as time is
limited.

* Resuscitation should be systematic for hemodynamically unstable patients
and aimed at assessing and managing A (airway), B (breathing), and C
(circulation).

* All three components can be managed simultaneously; a sequential approach is
not necessary.

Airway (A)

* Assess the airway. The need for definitive airway by endotracheal intubation or
airway adjunct (oral/nasal airway), supralaryngeal devices, or surgical cricothy-
rotomy in a patient is mainly based on clinical assessment and should not be
delayed.

* Ask for assistance whenever in doubt about a difficult airway.

* Look, listen, and feel for signs of airway obstruction and secure the airway and
intubate when necessary (for details, see Chap. 1, Vol. 1).

— Snoring—due to upper airway obstruction by tongue and oropharyngeal soft
tissue—insert oro/nasopharyngeal airway.

— Gurgling—due to upper airway obstruction by secretions—perform
suctioning.

— Stridor—due to obstruction by a foreign body or stenosis of the upper airway,
usually inspiratory—remove the foreign body or intubate.

— Wheeze—due to spasms in small airways—give bronchodilators.

— Complete airway obstruction is silent—intubate.

Breathing (B)

* Assess the need for oxygen and ventilation. It can be assessed clinically along
with pulse oximetry and arterial blood gas analysis:

* Look for clinical signs of respiratory distress:

Breathlessness, dyspnea

Tachypnea

— Inability to talk

Open-mouth breathing
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Table 24.1 Clinical features of inadequate oxygenation

Restlessness Tachycardia

Delirium Arrhythmia

Drowsiness Hypotension

Cool extremities Flapping tremor (asterixis)
Cyanosis

Flaring of ala nasi

— Use of accessory muscles for respiration

— Suprasternal indrawing

— Paradoxical breathing (inward movement of the abdomen during inspiration)
Look for clinical features suggestive of inadequate oxygenation or ventilation
(Table 24.1).

Remember that these clinical presentations are late manifestations of respiratory
failure and imply impending cardiorespiratory arrest. Patients need to be identi-
fied much earlier, and appropriate management should be instituted.

Look for features of tension pneumothorax and evidence of massive pleural effu-
sion or hemothorax and drain immediately.

Any evidence of massive lung collapse with desaturation requires intubation,
suctioning, and positive-pressure ventilation.

Some clinical conditions, for example, deep unconsciousness (GCS <8), severe
hemodynamic instability, or severe respiratory distress, require immediate endo-
tracheal intubation and mechanical ventilation.

Noninvasive ventilation can be tried in relatively stable patients if they are suffer-
ing from a condition where noninvasive ventilation is effective.

Use High Flow oxygen device whenever indicated.

Normal oxygen saturation does not exclude compromised airway and the need
for intubation and ventilation.

Circulation (C)

Assess the adequacy of circulation. Assessment and management should go side
by side.

Examine the following:

— Peripheral and central pulse for rate, regularity, volume, and symmetry
— Skin temperature (cold clammy skin is a sign of shock)

— Heart rate and rhythm

— Blood pressure (supine and sitting for orthostatic hypotension)

— Capillary refill

— Jugular venous pressure

— Mental status

— Urine output
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e Early volume challenge by intravenous fluid boluses or passive leg raising is
appropriate in most hypotensive patients.

* Bedside echocardiography—e-FAST (Extended Focused Assessment with
Sonography in Trauma), POCUS (Point-of-Care Ultrasound), or FATE (Focus
Assessed Transthoracic Echocardiography)—can be performed.

» Consider invasive monitoring—invasive arterial pressure, central venous pres-
sure monitoring, intrabdominal pressure monitoring, cerebral pressure monitor-
ing, and advanced hemodynamic monitoring. Advanced hemodynamic
monitoring not only guides fluid, inotropes, and vasopressor administration but
also helps in making a diagnosis.

¢ Identify shock and classify it into different categories like cardiogenic, obstruc-
tive, distributive, and hypovolemic. Combined categories of shock are frequently
encountered in acutely unstable patients.

¢ Hemodynamic instability or cardiac arrest attributable to acute pulmonary embo-
lism needs urgent intravenous thrombolysis.

o Patients presenting with symptoms and signs suggestive of aortic dissection
should have urgent control of blood pressure and heart rate and should be urgently
investigated to confirm diagnosis.

e Apply sepsis bundle without delay in patients presenting with clinical features of
sepsis or septic shock. Prompt appropriate antimicrobial administration intrave-
nously is a part of the initial management of sepsis.

¢ Manage anaphylactic shock with intramuscular epinephrine.

¢ Neurogenic shock due to spinal cord injury may mimic distributive shock.

Disability—Neurological (D)

¢ Frequent neurological examination needs to be performed in drowsy patients.

¢ Hypoglycemia identification and its rapid correction are the rule of thumb in all
acutely drowsy or unconscious patients. Empiric intravenous dextrose can be
administered if blood sugar measurement is not possible within a few minutes.

e Lateralizing features like hemiplegia are usually a feature of neurological
disease.

e A depressed consciousness level in the absence of a primary neurological cause
is indicative of severe systemic disease.

* Control ongoing seizures with appropriate measures.

» Consider urgent antibiotics for patients with features suggestive of bacterial
meningitis.

* High spinal cord injury may present as neurogenic shock

Exposure and General Examination (E)

¢ Expose the patient in privacy under controlled temperature and perform a speedy
examination directed toward the identification of 7Hs and 5 Ts (Table 24.2).
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Table 24.2 Reversible causes of unstable patient may lead to cardiac arrest

7H 5T

Hypovolemia Tension pneumothorax

Hypoxia Tamponade—cardiac

Hydrogen ion excess (acidosis) Toxins

Hypoglycemia Thrombosis (pulmonary embolus)
Hypokalemia Thrombosis (myocardial infarction)
Hyperkalemia

Hypothermia

Step 3:Take a Focused History

* A working diagnosis is essential to formulate a definitive treatment plan there-
fore attempts must be made to diagnose the disease process simultaneously, and
on priority after the restoration of physiological parameters.

e Obtain history from relatives, doctors, nurses, and other medical staff in the
unstable patient.

* Review patients’ clinical charts and perioperative notes.

* Presenting problems in chronological order with duration and temporal profile of
illness needs to be documented.

* Enquire about mechanism of injury in trauma patients.

* Ask for significant comorbidities such as cardiac, pulmonary, renal diseases, pre-
vious surgery, or any other significant past medical problem.

* Enquire about previous hospitalization or use of NIV at home.

* Enquire about baseline functional state (bedbound, ambulatory with support or
independent), previous hospitalization, oxygen supplement, or use of noninva-
sive ventilation at home.

* In the elderly, enquire about usual mental state and cognition and assess frailty.

» Take detailed medication history with doses and duration. Do not forget to note
any recent change of medication, drug allergies, over-the-counter medications,
alternative medication, and self-administration of medications.

* Ask for any routine use of sedatives or psychiatric medication and other addic-
tions, for example, alcohol, tobacco, etc.

* An “issue list” of active and inactive problems needs to be documented in the
clinical notes.

e Ascertain patients’ resuscitation status as per the family’s wish or advanced
directive from the patient.

Step 4: Perform a Focused Physical Examination

e Check for vital signs.

* Look for warning signs of severe illness (Table 24.3).

e Examine for any life-threatening or limb-threatening abnormalities
systematically.
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Table 24.3 Warning signs BP systolic <90 or mean arterial
of severe illness pressure < 60 mmHg
Glasgow coma score < 12
Pulse rate > 150 or < 50 beats/min
Respiratory rate > 30 or < 8/min
Urine output <0.5 mL/Kg/h

» Examine for pallor, cyanosis, jaundice, clubbing, or pedal edema.

» Examine skin for rash, petechiae, urticaria, and eschar.

* Examine other organ systems systematically.

* Examination needs to be repeated frequently for any new features or findings
missed previously. In neurological patients, the Glasgow coma score needs to be
assessed frequently. Similarly in trauma patients, repetition of the secondary sur-
vey is mandatory to discern missed injuries.

e Patients should be fully exposed in proper privacy during the initial
examination.

e A detailed physical examination should be performed later once the patient sta-
bilizes after initial resuscitation.

Step 5: Order Investigations

e Complete blood count, blood sugar, sodium, potassium, urea, creatinine,
aspartate transaminase (AST), alanine transaminase (ALT), PT, APTT, arte-
rial blood gas, and lactate level in septic patients are important initial
investigations.

e Chest X-rays and a 12-lead ECG should be performed.

* Appropriate microbiology cultures should be sent.

» Further investigations should be based on findings from history and physical
examination.

* In unstable patients, investigations should be performed at the bedside as much
as possible.

 If transport outside the ICU is needed, the patient should be properly monitored
and accompanied by qualified personnel (see Chap. 31, Vol. 2).

* Maintain an investigation flow sheet in chronological order.

 Critical values (high/low) in investigations require immediate corrective actions
(Table 24.4).
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Table 24.4 Examples of Blood sugar <80 mg/dL or > 600 mg/dl

investigations requiring Sodium <110 or > 160 mmol/L

urgent corrective action Potassium <2.5 or > 6.0 mmol/L
pH<72

Bicarbonate <16 mmol/L

Step 6: Recognize the Patient at Risk

» Take special precautions in the following group of patients:
— The elderly and immunocompromised may not show features of decompensa-
tion such as fever and tachycardia.
— Polytrauma patients, due to multiple injuries and the effect of distracting pain,
are difficult to assess.
— In young adults, decompensation is late due to physiological reserve.

Step 7: Assess Response to Initial Resuscitation

* Assess changes in vital signs with initial resuscitation—pulse rate, rhythm, blood
pressure, oxygen saturation, urine output, and mental state.

* Continuous assessment is mandatory, and one needs to be vigilant and present at
the bedside.
— Preload assessment and volume responsiveness with bedside 2 D Echo, SVV,

PPV, PLR, etc.

— Repeat arterial blood gas at a timely interval.
— Comprehensive hemodynamics and neurological monitoring.

Step 8: Assess the Intensity of Support

» Inspired oxygen fraction needed to maintain saturation above 90%.

e Intensity of ventilatory support—positive end-expiratory pressure, minute
ventilation.

* Dose of vasopressor and inotrope needed to maintain mean arterial pressure
above 60 mmHg.

* Need for volume support to keep adequate urine output.

* Need for blood transfusion to keep hemoglobin above 7 gm/dL.

* Need for sedation in agitated patients.

* Need for dialysis support.

* Need of temporary intravenous pacemaker.

e Refractory cardiogenic shock may require urgent veno-arterial extracorporeal
membrane oxygenation (VA ECMO).

» Refractory severe hypoxia in ARDS may necessitate venovenous extracorporeal
membrane oxygenation (VV ECMO).
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Step 9: Seek Help for Specific Problems that Require Expertise
(Specialty Consultations)

Cardiologist—complete heart block, acute coronary syndrome, cardiogenic
shock, intra-aortic balloon pump insertion, pericardial tamponade, massive pul-
monary embolism

Nephrologist—need of urgent renal replacement therapy

Neurologist—acute stroke or undiagnosed depressed conscious level
Neurosurgeon—intracranial hemorrhage, head injury, severe cerebral edema
Gastroenterologist—for gastrointestinal bleed

Trauma surgeon—polytrauma, abdominal trauma, thoracic trauma, compart-

ment syndrome

* Opbstetrician—ruptured ectopic pregnancy, postpartum hemorrhage
e Intervention radiologist—control of ongoing hemorrhage by vascular

embolization

e Cardiothoracic surgeon/ECMO team—ECMO installation

Step 10: Construct a Working Diagnosis and Plan
for Further Management

* Initial resuscitation, assessment, investigation, and response are helpful in arriv-
ing at a working diagnosis or making ground for a differential diagnosis.

* Reassess the patient frequently to modify the initial plan if needed.

* Problem-oriented goals to be defined and steps to achieve these goals within
stipulated time must be incorporated in the plan of management (Tables 24.5

and 24.6).

Table 24.5 Examples of the plan of management with a list of relevant goals®

Goals
Mean arterial
pressure > 65 mm Hg

Hb >7 mg/dl

Blood platelets count
>10,000 per cu. mm

PaO2 > 65 mm Hg

Plan

Continuous invasive arterial blood pressure monitoring
Appropriate fluid resuscitation

Vasopressor/inotropic support if required

Monitoring of Hb level in blood 8 hourly

Packed red cell transfusion if Hb < 7gm/dl

Monitor blood platelet count 8 hourly

Watch for bleeding; if it occurs, transfuse one unit of single
donor platelets collected by apheresis (SDP)

If platelets count <10,000 cu. Mm, transfuse one unit of SDP
4-6 units of random donor platelets collected from multiple
donors (RDP) may be transfused if SDP is not immediately
available

Use oxygen supplementation methods—prongs/mask
Consider NIV/invasive ventilatory support/high flow nasal
cannula (HFNC)

(continued)
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Table 24.5 (continued)

Goals

Adequate and smooth

breathing

Conscious and alert

Plan

Provide ventilatory support with endotracheal intubation if
GCS <9

Bronchodilator nebulization if bronchospasm

Breathing exercises

Chest physiotherapy

Noninvasive ventilation where indicated

Close neurological monitoring

Consider CNS imaging

Consider osmotic therapy

Urine output >30 ml/hour Ensure adequate resuscitation

Sedation score = 0—1

Consider renal replacement therapy
Adjust infusion rate of sedative according to sedation score
Every day sedation interruption

Intra-abdominal pressure Continuous IAP monitoring

(IAP) < 12 mm hg

Apply nonsurgical measures to reduce AP
Consider surgical intervention if medical measures fail to reduce
IAP

4Please note this list is not comprehensive

Table 24.6 Framework for the plan of management of critically ill patients

Categories of plan
Plan related to
monitoring and
investigations

Plan related to
treatment initiation/
modification

Plan related to
general measures

Plan related to
procedure/
intervention/surgery
Plan related to
specialty
consultations

Common examples

Invasive BP, CVP, IAP, ICP, ABG, biochemistry investigation,
microbiology investigations, radiology investigations,
echocardiography study, endoscopic study

Vasopressors, inotropes, antibiotics, antihypertensive, antiepileptics,
blood products

Oxygen supplement, respiratory support, ventilatory setting,
positioning of patient, nutrition, diet specification, noise restriction,
pain management, oral hygiene, pressure injury prevention, infection
control general and specific measures

Intubation, CVL placement, arterial line placement, ICD placement,
pacemaker placement, coronary intervention, laparotomy, neurosurgery,
wound debridement, radiological interventions

Cardiology, neurology, gastroenterology, endocrinology, nephrology,
general surgeon, CTVS surgeon, gynecology, obstetrics, urology

Step 11: Brief Relatives

» After initial resuscitation, assessment, investigation, and response, the family
should be briefed about the likely diagnosis, treatment plan, approximate prog-
nostication, and duration of stay, and consent should be taken for any invasive

procedures.
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Step 12: Documentation and Consent

* Identify next of kin for briefing.
e Family briefing should be documented in clinical notes, preferably, counter-
signed by participants.
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Case History:

A 52-year-old male smoker presented with high-grade fever, breathing diffi-
culty, and decreased urine output, with cold clammy extremities. He was
diagnosed with severe community-acquired pneumonia for which he was
shifted to invasive mechanical ventilation after failing noninvasive support.
He was sedated and given vasopressor support. He was ventilated with a lung
protective strategy and was initiated on appropriate antibiotics.

Patients with multiorgan failure require aggressive intensive care management to
optimize the failing organ systems. This has become possible with the availability
of modern organ support systems. Management of such patients requires a system-
atic and multidisciplinary approach with the intention of preventing hospital-
acquired infections. Comprehensive ICU care should start as soon as the patient
enters the ICU and should include a tailor-made plan for each patient. Each patient
should undergo a basic pattern of care plan as follows:

Step 1: Workforce Assessment

* The most critical patient should be nursed by the most experienced staff and the
optimal nurse—patient ratio should be maintained as it helps in picking up the
problems faster.

» The staffing to other areas like high dependency unit (HDU) and other less criti-
cal areas should be allocated based on the experience.
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 Patients should be transferred within the hospital in a timely and safe manner.
e All patients with grossly deranged physiological parameters should be accompa-
nied by resident doctors.

Step 2: Detailed Handover

» To maintain continuity of patient care, a detailed handover should be exchanged
between the doctors and the nurses.

* Handover exchange should be practiced in each shift change but not less than 2
times in 24 hours.

¢ A structured method of handover has been shown to critically influence the trans-
fer of clinical information, and this process should be implemented for a smooth
and correct transfer of information.

* Only 2.5% of patient information is retained in verbal handover, 85.5% is
retained when using the combination of verbal and hand-written documentation,
and 99% is retained when the handover is exchanged in a printed format.

e The handover process should be taken in an unhurried manner. The process
should be done in the presence of a senior ICU clinician with minimum interrup-
tions. Each handover session should last at least 25-30 minutes to cover around
10 patients.

* The ISBAR format should be maintained for all new patient handover and it is
meant to increase safety in patient transfer. The components are as below:

— Identity of the patient—age, gender, and admitting consultant

— Situation—presenting symptoms/problems, stability of the patient, level
of concern

— Background—admitting complaints, relevant history, admission date, provi-
sional diagnosis

— Assessment and action—what has been done so far and assessment of the
situation

— Response and rationale—response to the interventions, what is pending to be
done, investigations to be done, review by whom and why, further plan, ongo-
ing medications, and further reccommendations on management

 For patients who are known to the ICU team, ISBAR can be reduced to SAR.

Step 3: Proper History Taking, Clinical Examination,
and Further Planning

e After taking handover from the previous doctor, the patient should be examined
afresh and the previous history should be used as a guide, and an unbiased reval-
uation is needed.

e The history should be taken from the person who is aware of the previous and
present medical issues of the patient. All relevant documents should be taken
from the relatives to understand the trend of co-morbidities.
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e After admission, the nurse should observe for any recent abnormal trends and
should inform the duty doctor.

* Observe the patient for any evidence of respiratory distress, restlessness, or
abnormal movements. For ventilated patients, the presence of spontaneous
breathing and any patient-ventilator asynchrony should be noted.

¢ The patient should be examined after performing proper hand hygiene. The pri-
vacy of the patient should be respected, and curtains should be drawn before
exposing the patient. For a female patient, the presence of a female nurse is
mandatory before doing any examination. The conscious patient should be
informed before exposing him or her. The examination should follow a sequence
from head to toe.

e Examine for pallor, jaundice, clubbing, and any evidence of anasarca. Pupillary
examination should be done for pupil size, reaction, symmetry, and any evidence
of subconjunctival hemorrhage or exposure keratitis. Manipulation of the neck in
trauma victims should be avoided and the neck should be stabilized with a cervi-
cal collar.

* Neurological assessment should be done with monitoring of the Glasgow Coma
Scale (GCS).

¢ For intubated patients, the length of the endotracheal tube at the level of lips
should be noted and it should be properly secured. The endotracheal tube cuff
pressure should be checked with the help of a manometer, and it should be main-
tained at around 25 cm H,O. A heated and moist exchanger (HME) should be
placed at the inspiratory limb of the ventilatory circuit, and it should not be
clogged. Check for any kinking of the endotracheal tube or the ventilator circuit
to avoid any patient-ventilator asynchrony. For ventilated patients, the in-line
closed suction apparatus should be ideally applied.

* For tracheostomized patients, the site should be examined for any bleeding or
erythema or pus point. The tube should be snugly secured around the neck and
the cuff pressure should be maintained.

e The suction frequency should be noted and the type of secretions should be
documented.

e The placement of an orogastric or nasogastric tube should be confirmed both by
chest radiology and by auscultation. Feeding should be ascertained by connect-
ing with a feeding pump.

¢ The insertion site of a central venous line should be examined for any induration
or a pus point to exclude local site infection. The ports of a central line should be
regularly flushed if not being used and should not contain any backflow of blood.
The lines should be secured with a suture and covered with a clean transparent
dressing, which should be changed either when visibly soiled or every 3 days.

¢ The chest should be examined systematically. Proper placement of electrocardi-
ography (ECG) leads, any visible skin changes, or dressing of intercostal tubes
should be examined. Palpation for crepitus, percussion for the presence of dull-
ness of pleural effusion or hyperresonance of pneumothorax, and auscultation
for adventitious sounds should be done.

¢ Heart sounds and murmur should also be heard during auscultation.
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¢ Abdomen examination should look for fullness, tenderness, visceromegaly, asci-
tes, and bowel sounds. Also, look for stoma dressing and position of feeding
jejunostomy or abdominal drains if any.

e All patients should undergo a rectal examination to look for any hemorrhoids or
any other growth. Pelvic examination in females should not be ignored.

» Urinary catheter hygiene and proper fixation should be ascertained in all cathe-
terized patients. The urinary bag should be hung above the ground and below the
level of patient and catheter acquired urinary tract infection (CAUTI) bundle
should be strictly followed.

» Upper extremities should be examined for radial and ulnar arterial pulses, blood
pressure, and thrombophlebitis due to peripheral cannula. Radial arterial lines
should be properly flushed and kept secured at all times.

¢ Lower extremities should be examined for edema, calf swelling, muscle strength,
and proper fitting of intermittent pneumatic compression stockings. Femoral
lines should be observed for any soiling or hematoma.

¢ Bed-bound patients should be log-rolled with the help of the nurse to examine
the back. Pressure points should be palpated for any swelling or bogginess as
they are the risk factors for pressure sores. Similarly, sacral sores should also be
examined and documented.

e In post-operative and trauma patients, the wound or the surgical incision site
should be examined for erythema, purulence, and any other palpable induration
and tenderness. The drainage bags should be properly labeled and fixed on the
abdomen.

¢ The nurse should note down the vitals on the ICU flowsheet. Heart rate, blood
pressure, respiratory rate, SpO2, and temperature should be monitored for all
patients, irrespective of the criticality status. ECG should be read to identify any
arrhythmias.

* Check ventilator parameters—mode, FiO2, positive end-expiratory pressure
(PEEP), tidal volume, pressure limit, ventilator rate, inspiratory-expiratory ratio
(L:E ratio), and inspiratory flow. Minute ventilation, auto-PEEP, plateau pressure,
driving pressure, lung compliance, and airway resistance should also be noted.

» All intravenous infusions should be labeled and connected.

e All advanced monitoring equipment should be noted and their reading
documented.

¢ Intra-abdominal pressure should be monitored in patients at risk of developing
abdominal compartment syndrome.

¢ Recent relevant investigations including hematology, biochemistry, microbiol-
ogy, and imaging studies should be reviewed and the trend should be documented.

¢ All invasive procedures like central line insertion, hemodialysis catheter inser-
tion, thoracocentesis, or abdominal paracentesis should be performed under bed-
side ultrasound guidance.

¢ Point of care ultrasound (POCUS) should be used to assess the fluid status of the
patient and diagnose pleural effusion, consolidation, or even pneumothorax in
clinically relevant situations.
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* Familiarize with the ICU nursing chart and review it systematically. Examine the
previous 24-hour trend and look for events and worst values.

e Cumulative fluid balance, daily fluid balance, protein, and calorie intake should
be reviewed daily.

¢ Review the medication card daily for appropriateness of dosing and route of
medications. Stop unnecessary medications whenever deemed appropriate.

¢ Review the referrals that have been done for the patient and incorporate impor-
tant suggestions.

* In ICUs using electronic medical records, familiarize yourself with the system.

* Review the payor status of the patient.

Step 4: Participate in Multidisciplinary ICU Round

* Care of a critically ill patient involves teamwork. The typical ICU rounds in a
tertiary care hospital involve the ICU in-charge, resident/trainee doctors, ICU
nurse in-charge, duty nurses of each bed, physiotherapist or respiratory therapist,
clinical pharmacist, ICU technician, and usually a social worker.

¢ These rounds comprise of detailed exchange of information about each patient
among all the members and a detailed plan of the day for the patient is made and
each member is allocated their role. These rounds put emphasis on physiological
derangements rather than admitting diagnosis. These rounds aim to stabilize the
patient to a non-critical state so that they can be transferred to a lower level of
care from the ICU.

¢ These rounds are also being used for bedside training of younger colleagues and
trainees in the team.

¢ The treatment plan should take into account all organ systems of the patient,
such as neurological (assessment of sedation and analgesia), respiratory, car-
diovascular, renal, metabolic (including nutrition planning), hematological,
and gastrointestinal. Special emphasis should be placed on infection control
practices that are required for the patient and appropriate antibiotics should be
initiated if required. ICU rounds are conducted in a smooth and coordinated
manner if all the members speak the same terminologies and understand the
patient (Table 25.1).

¢ Each patient handover should start with the identification of the patient including
name and gender followed by the day of ICU stay, reason for admission, and
significant past history. Then any significant event in the previous 24-hour period
should be highlighted.

¢ A brief mention of patient vitals, various organ-specific investigations and exam-
ination findings, the presence of invasive lines, and medications initiated should
be mentioned. Areas of major concern should be addressed and the treatment
plan and goal should be elaborated. Each patient case presentation should be
short and precise and should not take more than 5 minutes.
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Table 25.1 Outcome and process variables

System Outcome variables

Neurological Glasgow coma scale
(GCS)

Motor function
Sedation score
Agitation level
(delirium)

Pain level

Occurrence of seizures
Intracranial pressure
Oxygen saturation
Chest x-ray findings
Presence of crepitations
or wheeze

Arterial blood gas
analysis

Spontaneous ventilation
rate in intubated patients
Compliance and
resistance of airway
Blood pressure

Heart rate

Abnormal cardiac
rhythm

Presence of crepitations
Peripheral pulses
Warmth of the limbs
Evidence of myocardial
ischemia on ECG
Cardiac output
noninvasively or
invasively

Weight of the patient
Blood urea nitrogen and
serum creatinine
Arterial blood gas
(ABG) analysis
Electrolytes

Urine output

Net intake/output
balance

Bowel sounds and
function

Tolerance of enteral
feeds

Fraction of daily calorie
target achieved
Hypo/hyperglycemic
events

Nitrogen balance

Pulmonary

Cardiovascular

Renal

Gastrointestinal/
metabolic/nutrition

Process variables

Type/route of antipsychotic medications
Type/route of analgesics

Type/route of sedatives

Type/route of anti-epileptics
Intracranial pressure monitors

Supplementation of oxygen

Administration of nebulized bronchodilators
Ventilator settings

Daily assessment of the readiness of weaning
and extubation criteria

Need for antibiotics or pleural fluid tapping
based on chest x-ray

Estimation of preload either by inferior vena
cava assessment or more dynamic indices or
continuous central venous pressure
monitoring

Estimation of afterload and therapy by
vasodilators

Adjustment of anti-arrhythmic agents based
on either drug level or toxicity on ECG
Titration of vasopressors or antihypertensives
to keep optimum mean arterial pressure
(MAP)

Correction of metabolic acidosis in ABG
Supplementation of electrolytes
Intravenous fluid composition and rate
Sites of unexpected loss of specific
electrolytes

Need for prokinetic or antiemetic agents
Route/rate/composition of enteral feeds
Prophylaxis against gastrointestinal bleeding
Insulin requirement

Hormone therapy like for thyroid disorders

(continued)
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Table 25.1 (continued)

System Outcome variables Process variables

Hematologic Findings suggestive of ~ Transfusion requirement
new episodes of Deep venous thrombosis prophylaxis
bleeding

Hematocrit, platelet
count, and coagulation

parameters
Existent liver disorder
Infectious disease New onset fever Investigations to diagnose fever
Features suggestive of ~ Steps to prevent infection
infectious issues Appropriate antimicrobial prescription

Presence of organisms  Follow antimicrobial stewardship
on gram stain and

various cultures

Leucocyte count and

differential count

Raised biomarkers

Adapted from www.sccm.org
Medical students’ guide to intensive care medicine

Step 5: Documentation in Clinical Notes

* Documentation should be done in a detailed manner highlighting the current
clinical condition of the patient as well as the treatment plan for areas of concern.
* Appropriate clinical notes can give entire information about the patient on a
daily basis and are the most important document of the patient file. The patient
notes can be either put in the patient’s file or electronic depending upon the insti-
tute’s protocol. All clinical notes should contain the date, time, name, signature,
and employee ID of the person who is documenting them.
* The SOAP (subjective, objective, assessment, plan) format may be utilized in
clinical notes for short-stay cases. Subjective includes patient’s complaints,
history of present illness, past medical history, and general review of various
organ systems. The objective includes vital signs, physical examination find-
ings, and various investigation data. Assessment includes forming a differential
diagnosis after evaluating the problems of the patient. The plan includes advice
for further testing and additional consultation with other specialties to mitigate
the problems.
* For long-stay cases, a more detailed and comprehensive checklist should be
incorporated to address all major concerns of the patient (Table 25.2).
* There should be a continuous quality improvement project that should be under-
taken in the ICU in an attempt to improve patient outcomes (Table 25.3).
e Family briefing and communication should be documented daily. The surrogate
or representative of the patient should be educated on it and made to sign which
acts as a proof that the condition of the patient has been updated to the family.
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Table 25.2 Daily checklist Daily variable

F = Feeding

A = Analgesia

S = Sedation

T = Thromboprophylaxis
H = Head end elevation
U = Ulcer prophylaxis

G = Glycemic control

S = Spontaneous breathing trial
B = Bowel movement

I = Indwelling catheter
D = Drug de-escalation

Table 25.3 Continuous quality improvement (CQI) checklist

What needs to be done to reduce ICU length of stay?

What are the greatest risks for the patient in the ICU, and what steps can be taken to reduce
them?

‘What methods to follow to reduce pain in critically ill patients?
How to optimize cardiac output in ICU patients?

How to ensure lung protective ventilation strategies for all patients?
FASTHUGSBID for all patients

Early mobilization for all patients

Methods to reduce hospital-acquired infections in ICU patients
How to improve feeding tolerance and ensure proper nutrition

Plan de-escalation of drugs on a daily basis if possible

Order clinically justifiable tests and procedures

Review the trend of morning investigations

Can catheters be removed from the patient?

Effective communication with the family

Continuous update to the admitting consultant

Step 6: Perform the Procedure Under Supervision

* Each doctor in the ICU team should acquire the technical skills required to per-
form various procedures in the ICU.

* During the training period, one should be able to understand the indications,
contraindications, anatomy, steps of the procedure, use of ultrasound for real-
time procedure, and complications of the procedure.

* The trainees should first observe the procedure being done by the seniors and get
familiarized with various aspects of the technique.

* All elective procedures should be preceded by informed written consent either
by the patient (if conscious) or by the next of kin or legally authorized represen-
tative of the patient.

* One should be aware of when not to do a procedure or abandon a procedure as
“do no harm” should be the motto.

* Post-completion, the procedure should be documented in the patient notes and
complications if any should also be mentioned.
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Step 7: Implement Infection Control Practices

» Take leadership and exemplary role in maintaining proper infection control prac-
tices in your unit.

» Teaching infection control practices to juniors and other consultants visiting the
ICU should be practiced continuously. Similar training should be given to ancil-
lary personnel involved in the care of the patient like physiotherapists, house-
keeping services, technicians, etc.

* All nosocomial infections should be immediately reported and steps should be
taken to prevent further infections.

* Antimicrobial stewardship should be practiced.

* All invasive procedures should follow the basic steps of infection control like
cleaning and draping of the site as well as the proper surgical washing of the
hands of the person who is doing the procedure.

» Patients requiring isolation in ICU should be identified early and should be
shifted to isolation rooms. The pressure within these rooms should be adjusted to
positive or negative depending upon the condition for which they have been
isolated.

Step 8: Counsel Family Members

* Family counseling is an art, and it should be learned by observing your seniors
speaking to the family members.

» Listening to the family in detail is the key to non-conflict during family counsel-
ing. Be truthful in updating the clinical condition of the patient and also in shar-
ing your expectations regarding the clinical path of the patient with the family
members.

* Do not fall into an argumentative discussion with the family members.

* End-of-life issues should ideally be discussed by a senior member of the ICU
team as it is a very sensitive issue.

* Above all, be compassionate in all family counseling meetings.

Step 9: Contribute to the Activities of the ICU Team

e Each member of the ICU team has a defined role and this is the basis of teamwork.

o Effective communication is very important among team members as many of the
tasks performed in the ICU are interdependent.

e Each member should be aware of all policies and protocols of the ICU as they
may be different from your previous work experience.

* Create a safe work culture, avoid distractions, and keep the ICU environment
clean, calm, and acceptable to patients and family members.
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¢ The basics of workplace ethics like punctuality, a defined dress code (maybe
scrubs), keeping ICU noise low, respect for all members working in the ICU, and
proper mannerisms should be always followed.

¢ Be updated with the latest scientific literature related to your work and attend
departmental scientific meetings regularly.

» Take active participation in various quality audits being conducted in the ICU.

* Always clear your doubts about any aspect of ICU working with your seniors.

Step 10: Keep Yourself Updated

» Actively participate in academic and research activities in the ICU.

* Try to lead a research topic that can improve patient care in the ICU.

¢ Read the latest literature to stay abreast and try following a reference book or
handbook for quick revision.

* Be updated regarding the hospital drug formulary and always refer to it for any
doubts about drug dosing.

* Always have a valid Advanced Cardiac Life Support (ACLS) certificate while
working in the ICU.

* One should have basic training in using Point-of-care Ultrasound (POCUS) for
various procedures, assessment of fluid status, lung ultrasound, and basic
echocardiography.

e Attend simulation-based training courses to understand and develop proce-
dural skills.

¢ Try becoming a member of a professional society for various workshops, confer-
ences, and CME.

e Try completing the syllabus during your training period and try completing the
course in which you have been enrolled.

¢ Try becoming a senior member of the team once a new junior colleague joins and
helps them in their journey.
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Sedation, Analgesia, and Paralysis in ICU
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Case Vignette

A 40-year-old gentleman with no known comorbidities presented with acute
onset of abdominal pain lasting for 5 days. On evaluation in the Emergency
Department, he was found to be tachycardic with a heart rate of 140/minute,
tachypneic with a respiratory rate of 40/minute saturating 85% on room air, and
a blood pressure of 100/60 mm Hg. Systemic examination revealed abdominal
tenderness in the epigastric region. A blood gas analysis revealed lactate of
4 mmol/L. He was started on oxygen supprt through face mask and administered
a stat dose of fentanyl for analgesia. Following initial resuscitation, he showed
some respite in terms of improvement in pain score and a decrease in the heart
rate to around 130/min. A contrast CT abdomen with pelvis was performed,
which showed a bulky edematous pancreas suggestive of acute pancreatitis. He
was transferred to the ICU for further care. In view of ARDS, he was commenced
on high-flow nasal cannula (HFNC) and patient-controlled analgesia with fen-
tanyl. Over the next 24 hours, despite HFNC, he had worsening respiratory dis-
tress needing to be intubated with modified rapid sequence induction.
Post-intubation, in view of a poor PaO2/FiO2 ratio, he was kept deeply sedated
and paralyzed to facilitate proning. After a session of proning, he improved and,
over the next 48 hours, was weaned off paralysis and sedation. However, on day
4 of ICU admission, he developed ICU delirium. He was commenced on a dex-
medetomidine infusion, which improved his condition. He was weaned off the
ventilator and extubated successfully on day 6 of admission. Fentanyl PCA was
provided for analgesia, and he was transferred to the wards the next day.
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A critically ill patient admitted to the intensive care unit (ICU) experiences vari-

ous unpleasant stimuli in the ICU due to a variety of factors that may be related to
the underlying illness, secondary to uncontrolled light and noise, etc. Besides, many
patients commonly experience pain even at rest, while additional pain and discom-
fort could occur consequent to providing general care procedures or when subjected
to various invasive procedures. This type of severe or poorly controlled pain may
induce a stress response in critically ICU patients causing disturbed sleep, delirium,
and agitation resulting in both short-term and long-term consequences

Short-term effects include sympathetic stimulation, which causes impaired tis-
sue perfusion, increased myocardial oxygen consumption, hyperstimulation of
catabolism leading to hyperglycemia, breakdown of muscle, lipolysis, and even
impaired wound healing.

Long-term consequences may be depression, anxiety, and chronic pain
syndromes.

Deep sedation and delirium are associated with increased length of stay in ICU,
on the ventilator, and also in mortality. The 2018 Pain, Agitation/Sedation,
Delirium, Immobility (rehabilitation/mobilization) and Sleep (disruption)
(PADIS) guidelines provide an evidence-based approach to meet these goals.

Step 1: Assess the Need for Analgesia

Evaluation starts with the assessment of pain, which becomes an important first
step in the management.
This sensation is highly individualized in nature needing a personalized approach
to every patient. Factors to be considered in assessing pain and its effects include:
— Intensity of pain experienced

* Involves a component of subjectiveness and the ability to endure the pain
— Source of origin (including neuropathic, visceral, and somatic causes)
— Presence of compounding factors like anxiety and depression
— Demographic factors (young age, Caucasian race, female gender)
— Comorbidities
— Previous procedures
— Barriers to assessment:

e Communication disorders

* Altered mental status

* Mechanical ventilation

 Invasive procedures and devices

¢ Immobility
— An assessment-driven, standardized pain management is quintessential

» This approach is associated with reduced nosocomial infections, reduced

risk of hypotension, bradycardia, and other secondary outcomes such as
duration of ventilation and ICU stay.
¢ Pain assessment with the use of validated reproducible tools
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PAIN SCORE 0-10 NUMERICAL RATING

0 1 2

3 4 5 6 7 8 9 10

No Moderate Worst
pain pain Possible
pain

Fig. 26.1 Numerical rating scale (NRS) for awake patients. Scores range from 0 (no pain) to 10
(maximum pain)

NRS I I A N S A
No pain Moderate pain Worst
possible pain
| i 1 B | ||
VDS None Mild Moderate Severe
FPS N 28 - - ~ N

Fig. 26.2 Comparison of different pain assessment scales: numeric rating scale (NRS), verbal
descriptor scale (VDS), and faces pain scale (FPS)

— Patients who are able to self-report the 0—10 Numeric Rating Scale
(NRS) (Fig. 26.1) are recommended for pain assessment. A score of
less than 3 on NRS would indicate adequate analgesia, while 10 would
indicate the worst pain experienced by the patient.

— The Verbal Descriptor Scale (VDS) is a more descriptive form of pain
assessment scale where a string of descriptive words and phrases are
used to refer to various intensities of pain with a horizontal line 10 cm
long indicating “no pain,” “very severe pain,” or “extremely severe
pain” at each end (Fig. 26.2). It can be used on ICU patients on whom
numerical scales cannot be used.

— For patients who cannot self-report the assessment tools that can be
used are the Behavioral Pain Scales (BPS) (Table 26.1) and the Critical-
Care Pain Observation Tool (CPOT) (Table 26.2). These two systems
show the greatest validity and reliability for monitoring pain. The fam-
ily can participate in the patient’s pain assessment in these situations.
Though the family-reported pain is closer to the patient’s self-reported
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Table 26.1 Behavioral pain scale (BPS) score —from 3 (no pain) to 12 (maximum pain)

Facial expression Relaxed
Partially tightened (e.g., brow lowering)
Fully tightened (e.g., eyelid closing)
Grimacing

Upper limb No movement

Partially bent
Fully bent with finger flexion
Permanently retracted
Compliance with ventilation Tolerating movement
Coughing but tolerating ventilation most of the time
Fighting ventilator
Unable to control ventilation

AW~ LWND~ B WND—

Table 26.2 The critical care pain observation tool (CPOT) score—from 0 to 8 and the target
isOto 1

Sighing or moaning
Crying out, sobbing

1 Facial expression Relaxed, neutral 0
Tense 1

Grimacing 2

2 Body movements Absence of movement or normal position 0
Protection 1

Restlessness 2

3 Muscle tension Relaxed 0
Tense, rigid 1

Very tense or rigid 2

4 Compliance with ventilator Tolerating the ventilator or movement 0
(intubated patients) Coughing but tolerating 1

OR Fighting the ventilator 2
Vocalization (extubated patients) Talking in a normal tone or no sound 0

1

2

pain as compared to the assessment by healthcare workers, there was a
general tendency by the family to overestimate the pain.

— The use of vital signs like heart rate, blood pressure, respiratory rate,
oxygen saturation, and end-tidal CO, are not reliable for pain monitor-
ing and assessment in such ICU patients.

Step 2: Manage Pain

* Guidelines for medication selection and dosage in a step-by-step approach, pri-
oritizing pain control over sedation, are preferable—called the “analgesia-first
approach.”

— Optimize nonpharmacologic measures like improving patients’ comfort,
maintaining a proper body posture, fixation of fractures, removal of any other
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physical stimuli, etc. This helps treat the source of the noxious stimuli, reduc-

ing the need for unnecessary analgesia.

— Choosing the right analgesia (Table 26.3):

e Various pain-modulating medications such as opioids, non-steroidal anti-
inflammatory drugs (NSAIDs), paracetamol, and anticonvulsants are
available.

* Select the right analgesic with the optimal dose.

* Choice and dose will be dependent on the type of pain, intensity of pain,
PK/PD characteristics of the drugs, clinical profile, and organ dysfunctions
at the time of administration.

* Intravenous opioids are generally preferred front-line analgesics for non-
neuropathic pain. Commonly used opioids include fentanyl, morphine,
hydromorphone, and more recently remifentanil.

* Non-opioids used as adjuncts in a “multi-modal analgesia” strategy are
employed to reduce the dose of opioids and augment the pain-modulating
effects, improving overall outcomes. The most commonly used adjuncts
with opioids include paracetamol and ketorolac (non-cox-2 inhibitor),
which can help reduce the dose of opioids by 25-50%.

* Low-dose ketamine has also been used as an adjunct for analgesia in ICU
patients.

* Neuropathic pain is managed by using analgesics such as gabapentin, car-
bamazepine, and pregabalin along with an opioid.

* COX-1-selective NSAIDs should not be routinely used as adjuncts in ICU
patients.

— Dosing of analgesics: As a generally accepted strategy, analgesics are admin-
istered as a continuous IV infusion unless contraindicated. This helps main-
tain a steady serum concentration and dose titration. Continuous infusion also
decreases the need for boluses, which could be fraught with the risk of adverse
effects due to the need for a larger dose of medication.

— As an alternative option, patient-controlled analgesia (PCA) can be used
where the analgesic is administered upon the patient’s need delivered by a
patient-controlled pump delivering a bolus dose of medication.

— A transdermal route of delivery, particularly a fentanyl patch, can be used for
long-term analgesia, although the degree of absorption varies according to
permeability, body temperature, tissue perfusion, and skin thickness. The
patch takes 12 to 24 hours to reach maximal effectiveness; it is not recom-
mended for rapid pain control.
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Step 3: Reevaluate the Responses to the Treatment Using
the Same Pain Assessment Tools

The response to the treatment of pain is evaluated by using the pain assessment tools
again and deciding about increasing the dose or adding sedation.

Step 4: Assess the Need for Sedation—Beyond Analgesia

Indications of sedation and analgesia are described in Table 26.4.

* After pain management sedation is added to achieve the goals.

e Unless there’s a clinical need, the optimal sedation will be light sedation—
enough to keep the patient asleep, but easily arousable with maintenance of the
sleep-wake cycle. Deep sedation with or without paralysis is sometimes needed
in special situations depending on the clinical need.

* There are various sedation assessment tools, including the RASS, Ramsay scale,
Riker SAS, Motor Activity Assessment Scale (MAAS), and Observer Assessment
of Alertness/Sedation (OAA/S) scale. Among them, the RAAS (Table 26.5) and
Riker SAS (Table 26.6) are widely used to assess the degree and depth of seda-
tion in ICU patients.

Table 26.4 Indications of sedation and analgesia

Facilitation of endotracheal intubation and mechanical ventilation (for amnesia, anxiolysis,
reduction of agitation, toleration of endotracheal tube (ETT) and to reduce cough, to alleviate
dyspnea, to minimize pain, and to prevent self-extubation)

While performing invasive procedures

To facilitate nursing care

Postoperative/trauma pain

To tolerate ICU environmental influences (stressful environment, monitoring devices, noise,
fear of illness, separation from family)

During severe hypoxemia to tolerate certain ventilatory strategies (low tidal volume ventilation,
high-frequency oscillation (HFO), and prone positioning)

Table 26.5 Richmond Combative, violent, danger to staff +4
agitation-sedation scale Pulls or removes tubes or catheters, aggressive +3
(RASS) (target 0 to —3) Frequent nonpurposeful movement, fights the +2
ventilator
Anxious, apprehensive, but not aggressive +1
Alert and calm 0
Awakens to voice (eye opening/contact) >10 s -1
Light sedation, briefly awakens to voice (eye -2
opening/contact) <10 s
Moderate sedation, movement or eye opening (no  —3

eye contact)

Deep sedation, no response to voice, but movement —4
or eye opening to physical stimulation

Unarousable, no response to voice or physical -5
stimulation
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Table 26.6 Riker sedation-agitation scale (SAS) (target sedation 3 to 4)

]

Dangerous agitation, pulling the ETT, trying to remove catheters, climbing over bedrail,
striking at staff, thrashing side to side

Very agitated, requiring restraint and frequent verbal reminding of limits, biting the ETT
Agitated, anxious or physically agitated, calms to verbal instructions

Calm and cooperative easily arousable, follows commands

Sedated, difficult to arouse but awakens to verbal stimuli or gentle shaking, follows simple
commands but drifts off again

Very sedated, arouses to physical stimuli but does not communicate or follow commands,
may move spontaneously

Unarousable, minimal or no response to noxious stimuli, does not communicate or follow 1
commands

W A~ N

[\S)

o It is generally accepted to classify the depth of sedation as light, moderate, or
deep, where light sedation usually ranged from —1 to —2 on the Richmond
Agitation-Sedation Scale (RASS) in most studies as against a RASS score of —2
to +1 in a few other studies.

e A light level of sedation can be achieved and maintained using daily sedation
interruption (DSI) and nurse-protocolized targeted sedation protocol (NP-
targeted sedation).

* NP-targeted sedation is applied by nurses who titrate drug doses at the bedside to
achieve the targeted sedation score.

» Following a structured assessment, continuous infusion dosing is recommended
where it’s practical and possible to achieve the necessary sedation targets. If not
alternatively, less preferred intermittent dosing can be used.

* In those patients where a sedation scale cannot be used due to the need for deep
sedation or the use of a neuromuscular blocker, the depth of sedation can be
monitored using objective methods such as bispectral index (BIS) monitoring
and auditory evoked potentials.

* Frequent reevaluation and readjustment of sedation targets may be needed from
time to time.

Choose a Drug for Sedation

* Based on indications, goals, clinical pharmacology, organ dysfunctions, and
other factors.

* A sedative with rapid onset and offset of action is preferred. The choice of seda-
tion is largely met by propofol and dexmedetomidine. Benzodiazepines which
used to be the cornerstone of therapy as a sedative-hypnotic are preferred only
for alcohol withdrawal syndrome.

— Benzodiazepines:
* For anterograde amnesia.
* Eliminates memory of unpleasant experiences that occur following
drug use.
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¢ Anticonvulsant effect, but no analgesic action. Their main indications for
use in the ICU include sedative treatment and short-term use for anxiety,
alcohol withdrawal, preoperative anxiety, initial treatment of convulsions,
muscle spasms, and insomnia. The risk of prolonged action and accumula-
tion is higher after using a prolonged infusion, elderly, renal, and hepatic
dysfunction.

Propofol:

* For general anesthesia and sedation.

* Sedative, sleep-inducing, anti-anxiety, memory loss, antiemetic, and anti-
convulsant effects, but no analgesic effect, found to reduce cerebral blood
flow and brain metabolism.

¢ There’s no need for any pharmacokinetic changes in patients with renal or
hepatic failure. Due to the rapid clearance of its sedative effect, temporary
discontinuation during infusion allows a neurological evaluation.

Dexmedetomidine:

* Selective a2-agonist and has sedative, analgesic, and sympathetic suppres-
sion effects with less respiratory depression as compared to other sedatives.

» Sedation similar to that of normal physiological sleep.

Step 5: Assess the Need for the Use of Neuromuscular
Blockade (NMBA)

* Indications for use of NUBA in ICU

Rapid sequence intubation (RSI): The most commonly used NMBA are suc-

cinylcholine and rocuronium.

Acute respiratory distress syndrome (ARDS):

» Facilitates lung protective ventilation by preventing the start of spontane-
ous respiratory efforts, and helps decrease the work of breathing conse-
quentially reducing oxygen consumption by abolishing resting muscle tone.

e Helps improve chest wall compliance, reduce patient-ventilator asyn-
chrony, facilitate lung recruitment, and reduce the inflammatory response
of ARDS.

¢ NMBA as a continuous infusion with cisatracurium in patients with mod-
erate to severe ARDS showed improvement in mortality in one of the stud-
ies, but no benefit in a more recent trial. Recent RCT showed neither
benefit nor harm. Re-evaluation of the Systemic Early Neuromuscular
Blockade (ROSE) study showed that the use of cisatracurium infusion for
48 hours, compared with its intermittent administration in patients with
ARDS, resulted in no significant differences in mortality. The current rec-
ommendation is that NMB may be considered if clinically indicated in
severe ARDS.
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— Status asthmaticus: To facilitate synchrony with the ventilator, prevent exces-
sive hyperinflation, help reduce airway pressures, and decrease the activity of
the respiratory muscles.

— Reduction of Intracranial pressure (ICP): Helps in the reduction of carbon
dioxide, reduces positive end-expiratory pressure, decreases metabolic out-
put, and limits ICP surges after stimuli such as tracheal suctioning, coughing,
movement, agitation, and postural changes.

— Elevated intra-abdominal pressure (IAP).

— Therapeutic hypothermia after cardiac arrest.

Step 6: Choose Neuromuscular Blockade and Monitor Its
Effects in the ICU (Table 26.7)

e NMBA are classified according to their mechanism of inducing neuromuscular
blockade.
(a) Depolarizing agents, including succinylcholine: The rapid effect and 3- to
5-minute duration of succinylcholine make it useful in short procedures,
such as orotracheal intubation.
(b) Non-depolarizing agents are further classified as
e Aminosteroids (such as rocuronium, vecuronium, and pancuronium),
which undergo hepatic metabolism and renal elimination to varying
degrees depending on the drug.

e Benzylisoquinolines (including cisatracurium and atracurium) metabo-
lized at physiological pH through Hoffmann elimination (an organ-
independent mechanism).

Table 26.7 Neuromuscular blocking agents commonly used in the ICU

Infusion Duration
SD 95/intubation Start time  dose (ug/  of action

Type Agent dose (mg/kg) (Minutes)  kg/minute) (minutes)
Depolarizing Succinylcholine 0.5-0.6/1-1.2 <I NF 10-12
Non-depolarizing: ~ Rocuronium 0.3/0.6 (1.2 for 1.5-3 (Ifor 5-12 20-70
Aminosteroids fast sequence rapid
induction) induction

dose)
Non-depolarizing: ~ Pancuronium  0.07/0.1 3-5 0.8-1.7 20-40
Aminosteroids
Non-depolarizing: ~ Vecuronium 0.05/0.08-0.1 3-5 0.8-1.7 20-40
aminosteroids
Non-depolarizing: ~ Cisatracurium  0.05-0.07/0.15  4-7 1-3 35-50
benzylisoquinolines
Non-depolarizing: ~ Atracurium 0.4/0.4-0.5 3-5 5-20 20-35

benzylisoquinolines
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* Monitoring the level of NMB

— Titration of neuromuscular blockade is best done by the use of neuromuscular
transmission monitoring.

— Quantitative monitoring methods are ideal, but cumbersome at the bedside.

— Qualitative methods are more practical.

— Principle: Stimulation of peripheral nerves while recording, quantifying, and
numerically displaying the evoked response patterns.

— Many available techniques.

— All these devices perform various patterns of neurostimulation; they include
train of four (TOF), single contraction, double burst, and post-tetanic poten-
tiation count (PTC).

— Most widely used method of NMT monitoring through peripheral nerve stim-
ulation by TOF.

— Ensures an appropriate level of blockade and decreases the total dose of
NMBA administered.

— Train of four (TOF):
¢ Administration of four supramaximal stimuli for 0.5 s (2 Hz).

* Repeated every time the evaluation of neuromuscular relaxation is needed.

¢ The repetitive stimulus produced by the four contractions in a row pro-
duces a decrease in the muscular response and constitutes the basis of the
evaluation in such a way that the ratio of the amplitude of the fourth con-
traction to the first provides the TOF value. When there is no effect of any
neuromuscular relaxant, the TOF value is equal to 1 (100%), and in condi-
tions of partial NMB, the TOF value is inversely proportional to the level
of blockade.

— Discontinuation of NMB has to be considered at the earliest possible oppor-
tunity when the patient is clinically ready for it. Cessation of NMB with con-
tinuing deep sedation or a TOF-guided cessation of NMB can be considered.

— Due to an inability to assess sedation underneath paralysis, DO NOT wean
down sedation unless the paralytics are interrupted and have worn off.
Sedative and analgesic continuous infusion doses that achieved pre-paralysis
RASS —4/-5 should be maintained throughout this period.

Step 7: Daily Interruption of Sedation and Reassess Its Need

e The critically ill patients often have deranged hepatic and renal function leading
to prolonged metabolism of medications used.

» Daily sedation interruption (DSI) helps give time for the accumulated sedative/
analgesic drugs to metabolize, with resultant patient arousal and facilitation of
neurological status assessment in some patients. This strategy along with a spon-
taneous breathing trial (SBT) has been shown to decrease the duration of
mechanical ventilation, ICU, and hospital stay.
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e The patient should not be left unattended after the sedation is stopped. This
should be done in the morning hours, when there is better staffing, to avoid any
tubes or lines from being pulled out by the patient.

* In critically ill, intubated adults either DSI protocols or nurse-targeted sedation
can be used to achieve and maintain a light level of sedation. If a nurse-targeted
sedation is able to achieve lighter levels of sedation, DSI is not required.

Step 8: Discontinuation of Sedation

* This step may often be an extension of DSI.

¢ All those patients who are on sedation infusion for over a week are at risk of
developing withdrawal symptoms manifested as neurological changes or physi-
ological dependence—especially if abruptly discontinued. This can be prevented
by lowering the sustained infusion rate by 20-40% for the first time, with an
additional 10% reduction every 12-24 hours depending on the patient’s response.

Step 9: Prevent, Assess, and Treat Delirium

¢ Delirium is defined as acute cerebral dysfunction accompanied by a change in
the level of consciousness, disorientation, and cognitive dysfunction during a
short duration (hours to days).

¢ Delirium is classified into three subtypes:

1. Hyperactive (agitated)
2. Hypoactive (calm or lethargic)—associated with a poorer prognosis
3. Mixed (fluctuation between the two subtypes)—most common

e 20% to 80% of critically ill adult patients have experienced delirium during their
ICU stay.

* The PREdiction of DELIRium in ICu patients (PRE-DELIRIC) model and early
(E)-PRE-DELIRIC model can predict delirium in critically ill adult patients.

¢ Delirium is associated with poorer short- and long-term outcomes.

— Short term: Increased mortality, longer ICU and hospital stay, higher health-
care costs.

— Greater long-term cognitive dysfunction such as dementia.

— Prevention of risk factors (Table 26.8), early recognition, and treatment are
associated with a good outcome.

e Thus, adult ICU patients should be routinely evaluated for delirium using a vali-
dated tool.

e The CAM-ICU (Fig. 26.3) and ICDSC (Table 26.9) are the most widely used and
validated. Patients with an RASS score > —4 or SAS score > 2 would be the first
prerequisite to make them eligible for delirium evaluation using the CAM-
ICU. Ideally, clinicians should perform the CAM-ICU at least twice a day (day
and night) to assess delirium.
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Table 26.8 Risk factors for Use of benzodiazepines
delirium History of hypertension
Transfusion

Increasing age

Prior dementia

Pre-ICU emergency operation

Admission because of a neurologic disease
Trauma

Use of psychoactive medication

Prior coma, increasing APACHE and ASA scores

* Pharmacologic prevention and treatment of delirium:

— Pharmacologic agents used for the treatment of delirium include the following:
* A typical antipsychotic like haloperidol
* Atypical antipsychotics like risperidone, olanzapine, and quetiapine
* Dexmedetomidine

— The short-duration use of haloperidol or an atypical antipsychotic may be
helpful for patients who experience significant distress secondary to delirium
or may be at risk of causing physical harm to themselves or others. Atypical
antipsychotics are preferred as they have a lower risk of extrapyramidal symp-
toms than haloperidol; however, atypical antipsychotics are not recommended
for use in patients at risk of torsades de pointes (as in those with a prolonged
QT interval, administration of drugs that prolong the QT interval, or a history
of arrhythmias).

— Dexmedetomidine use may also be considered in patients with delirium on
mechanical ventilation. Although benzodiazepines are known to induce delir-
ium, they can be used in patients with secondary delirium related to alcohol
or benzodiazepine withdrawal.

— The use of haloperidol or an atypical antipsychotic in patients with subsyn-
dromal delirium is not associated with a reduced incidence of delirium or an
improved prognosis.

— There is no role for any of the drugs in the prevention of delirium.

* Nonpharmacologic prevention and treatment:
— The multicomponent interventions may include the following:
* Performing reorientation
» Stimulating cognitive capability
* Using clocks
* Improving sleep quality by minimizing light and noise
* Minimizing sedation
* Reducing immobility through early rehabilitation and exercise
* Decreasing hearing and/or visual impairment by using available devices
including hearing aids or eyeglasses

— The increase in compliance with the ABCDEF bundle (ICU LIBERATION
BUNDLE) is significantly related to decreased mortality and prolongation of
the period without coma or delirium in the ICU.
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1.ACUTE CHANGE OR FLUCTUATING COURSE OF
MENTAL STATUS

¢ Is there an acute change from mental
status baseline? OR

NO CAM-ICU NEGATIVE

NO DELIRIUM

¢ Has the patient's mental status fluctuated
from the past 24 hours?

2. INATTENTION

e “Squeeze my hand when | say the letter A’

CAM-ICU NEGATIVE
Read the following sequence of letters: 0-2 ERRORS

SAVEHAART or CASABLANCA or ABADBADAAY NO DELIRIUM
e If unable to complete letters then pictures can be

used

RASS
3.ALTERED LEVEL OF CONSCIOUSNESS OTHER CAM-ICU POSITIVE

THAN

Current RASS level DELIRIUM PRESENT
ZERO

4. DISORGANISED THINKING:
>1 ERROR
a. Will a stone float on water?
b. Are there fish in the sea?

c. Does one pound weigh more than two?

d. Can you use a hammerto pound a nail?
CAM-ICU NEGATIVE

Command- "Hold up this many fingers" (hold up 2 fingers) NO DELIRIUM

“Now do the same thing with the other hand”
(Do not demonstrate)

OR ‘Add one more finger” (If patient unable to move both arms)

Fig. 26.3 The confusion assessment method for the ICU (CAM-ICU) flowsheet

¢ Assess, prevent, and manage pain

* Both Spontaneous Awakening Trials (SATs) and Spontaneous Breathing
Trials (SBTs)

» Attention to the Choice of analgesia and sedation

¢ Delirium monitoring and management
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Table 26.9 Intensive care delirium screening checklist (ICDSC)

1

6
7

8

ALTERED LEVEL OF CONSCIOUSNESS: coma (no
response) or stupor (no response to loud voice and pain)

No response: No score
Response only to intense and repeated stimulation No score
Response to mild or moderate stimulation 1 point
Normal wakefulness or sleep with easy arousal 0 point
Exaggerated response to normal stimulation 1 point
INATTENTION: Difficulty following conversation or 1 point

instructions, easy distractions

DISORIENTATION: Any obvious mistake in time, place, or 1 point
person

HALLUCINATION, DELUSION OR PSYCHOSIS 1 point
HYPERACTIVITY REQUIRING SEDATION OR 1 point
RESTRAINTS

OR

CLINICALLY IMPORTANT PSYCHOMOTOR SLOWING
INAPPROPRIATE SPEECH OR MOOD 1 point
DISTURBANCE IN SLEEP OR WAKE CYCLE: frequent 1 point
spontaneous awakening, sleeping less than 4 hours/night
FLUCTUATION IN SYMPTOMS 1 point

A score of >4 is positive for delirium (with scores of 1 to 3 termed “subsyndromal delirium”)

» Early mobility and exercise
* Family engagement and empowerment

¢ Role of physical restraints; Medical staff can consider using physical restraints

to improve patient safety, protect staff from combative patients, prevent self-

removal of medical devices, regulate patient behavior, and maintain patient pos-

ture/position. In a few studies, the use of physical restraints was associated with

a prolonged ICU stay, increased agitation, increased demand for opioids and

sedatives, and risk of delirium or disorientation.

Manage sleep disturbances in the ICU:

— Sleep disturbance in the ICU could be in any of the phases—sleep segmenta-
tion, increased light sleep (N1 + N2 stage), and decreased rapid eye move-
ment (REM) sleep.

— Potential causes of sleep disturbance include the following:

* Environment of the ICU

* Continuous bright lights and alarms

¢ Treatment process, pain, and ventilation

¢ Disease-related events like systemic inflammatory conditions, drugs, and
the mode of the ventilator

— The negative adverse effects of sleep disturbances include delirium, longer
duration of mechanical ventilation, and decreased immune function.
According to the 2018 PADIS guidelines, using the assist-control mode at
night may help improve sleep quality in comparison to using the pressure-
support mode.
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¢ A sleep-promoting protocol should be used to improve the sleep of critically ill
patients. This includes nonpharmaceutical strategies and pharmacologic treat-
ment includes sleep-inducing drugs (melatonin, dexmedetomidine, and propofol).

« Immobility (Rehabilitation/Mobilization):

— Rehabilitation in critically ill patients is related to a shortened duration of
delirium, mechanical ventilation, and ICU stay. Though, no evidence of
improvement in mortality, several RCTs have reported that intensive care
rehabilitation can strengthen limb and respiratory muscle strength, improve
physical function and quality of life, shorten the duration of delirium and
mechanical ventilation, and shorten the ICU length of stay.
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Case 1

A 70-year-old male patient with dementia and Parkinson’s disease was admit-
ted to the ICU in the confusional state. He fell from his bed on the night of
admission and suffered scalp injuries. How would you ensure that similar
accidents do not happen in the future?

Case 2

A 60-year-old male patient was admitted to the hospital with hypertensive
intracerebral bleed and required ventilatory support. On the fourth day of
admission, he developed features of ventilator-associated pneumonia. What
measures should have been in place to avoid this complication?

Case 3

A 30-year-old male patient was admitted to hospital with gastroenteritis and
severe hypokalemia. He was inadvertently administered a high concentration
of potassium in intravenous infusion through the central line and suffered a
cardiac arrest. How could you have prevented such errors?

S. Todi (<)
Department of Critical Care, Manipal Hospitals, Dhakuria, Kolkata, West Bengal, India

A. Bhagwati
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In a landmark publication, To Err Is Human: Building a Safer Health System, a
decade ago by the Institute of Medicine USA, it was described that human error was
one of the common causes of morbidity, mortality, and increased healthcare costs in
hospitalized patients worldwide. Experts estimate that as many as 98,000 people die
every year due to medical errors in hospitals. This number is more than the number
of deaths due to motor vehicle accidents, breast cancer, and AIDS—three causes
that receive far more public attention. This error is even more evident in the criti-
cally ill patients in the ICU. Increasing accountability and demand from public and
accrediting agencies have led to a movement quality care in ICUs.

Step 1: Understand the Concept of Quality and Safety

¢ Quality and safety are two sides of the same coin. Quality reflects measures
that should have been taken but were not carried out (errors of omission),
while safety reflects actions that were taken inappropriately (errors of
commission).

* Case 1 may be taken as a quality issue as proper precautions were not taken,
which led to a compromise in patient safety.

* Case 2 reflects the need for preventive protocols for ventilator-associated pneu-
monia to be in place, another quality control issue.

* Case 3 reflects not only an error of commission, clearly a safety issue, but also a
lack of protocol for intravenous potassium infusion, a quality issue.

Step 2: Understand Donabedian’s Theory on Quality Control

¢ Three important components are as follows:
1. Structure (what we have)
2. Process (what we do)
3. Outcome (what we get)

» Structural issues consist of organizational elements, personnel, and finance and
are predominantly under administrative control.

e Process issues are the care given to the patient by healthcare providers. Daily
checklists of such issues are always helpful.

* Outcome reflects what happens to the patient from a morbidity and mortality
point of view, given the structure in place and processes being implemented
(Table 27.1).
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Table 27.1 Donabedian’s model of quality control

Structure

Closed model of ICU
care

Critical care consultant
availability

24 x 7 intensivist
coverage

Ward design
Nurse—patient ratio

Doctor—patient ratio
Policies and protocols

Infectious disease
consultant

Infection control nurse
Multidisciplinary ward
round

Infection control
committee

Daily goal sheet
Antibiotic form
Adequate equipment

Process
Compliance with hand hygiene

Family conference

End-of-life support policies

Compliance with ventilator bundle
Compliance with central line
insertion bundle

Antibiotic consumption
Implementation of catheter-related
bloodstream infection prevention
policies

Implementation of urinary tract
infection prevention policies

Outcome
Crude ICU mortality

Risk-adjusted ICU mortality
Standardized mortality

ratio = crude mortality/
predicted mortality

Hospital mortality

ICU length of stay

Hospital length of stay
Family satisfaction

Cost of care

Resource utilization

Step 3: Implement Standardized Data Collecting
and Reporting System

* This should be done for all three elements: structure, process, and outcome.

e It should follow the SMART principle (specific, measurable, achievable, reli-
able, and time-bound). A well-trained data collector is the backbone of any qual-
ity control program (Fig. 27.1).
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Quality control and safety
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{
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Compare with benchmark,
own performance

Plan-do-study-act
cycle

Fig. 27.1 Quality control approach in the ICU

Step 4: Understand the Principles of Data Collection

¢ Any data should have a numerator (affected persons) and a denominator (persons
at risk) (Table 27.2).
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Table 27.2 Formulae for urinary tract infections, central line-associated bloodstream infections,
and ventilator-associated pneumonia

Number of catheter —associated urinary tract infections

- x1000
Number of urinary catheter —days

Number of central line —associated blood stream infections 1000

Number of central line —days

Number of ventilator —associated pneumonias
P 1000

Number of ventilator —days

Table 27.3 Fundamental quality indicators

(a) Early administration of acetylsalicylic acid in acute coronary syndrome

(b) Early reperfusion techniques in ST-elevation myocardial infarction

(c) Semirecumbent position in patients undergoing invasive mechanical ventilation

(d) Prevention of thromboembolism

(e) Surgical intervention in traumatic brain injury with subdural and/or epidural hematoma

(f) Monitorization of intracranial pressure in severe traumatic brain injury with pathologic CT
findings

(g) Pneumonia associated with mechanical ventilation

(h) Early management of severe sepsis/septic shock

(i) Early enteral nutrition

(j) Prophylaxis against gastrointestinal hemorrhage in patients undergoing invasive mechanical
ventilation

(k) Appropriate sedation

(1) Pain management in unsedated patients

(m) Inappropriate transfusion of packed red blood cells

(n) Organ donors

(o) Compliance with hand-washing protocols

(p) Information on patients’ families in the ICU

(q) Withholding and withdrawing life support

(r) Perceived quality survey at discharge from the ICU

(s) Presence of an intensivist in the ICU 24 h/day

(t) Adverse events register

Adapted from Spanish quality control guideline

Step 5: Prioritize

* Identify important elements for which data need to be collected. The parameters
chosen for measurement should be institution specific (Table 27.3).
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Step 6: Identify Team Members

e This should be done for data collection, data entry, data analysis, and data
reporting.

Step 7: Identify Benchmarks

e This should be done for comparison of data.

e There are national and international benchmarks for various quality control pro-
cesses and outcomes.

* In the absence of a comparative benchmark, one can follow one’s own trend and
performance over time.

Step 8: Adopt the Plan-Do-Study-Act Cycle for Quality Control

* After identifying specific elements for data collection, collect, analyze, and com-
pare reliable data with benchmarks, take corrective action, and revisit the same
process periodically to maintain a standard of care.

Step 9: Understand Terminology for Reporting of Safety Issues

» Patient safety data should be reported in the format including errors, incidents,
near misses, adverse events, and preventable adverse events (Table 27.4).

Table 27.4 Terminology for reporting adverse events

Patient safety  Absence of the potential for, or occurrence of, healthcare-associated injury to
patients

Error It is defined as mistakes made in the process of care that result in, or have the
potential to result in, harm to patients. Mistakes include the failure of a planned
action to be completed as intended or the use of a wrong plan to achieve an
aim. These can be the result of an action that is taken (error of commission) or
an action that is not taken (error of omission)

Incident Unexpected or unanticipated events or circumstances not consistent with the
routine care of a particular patient, which could have, or did lead to, an
unintended or unnecessary harm to a person, or a complaint, loss, or damage

Near miss An occurrence of an error that did not result in harm

Adverse event An injury resulting from a medical intervention

Preventable ~ The harm that could be avoided through reasonable planning or proper

adverse event  execution of an action
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Step 10: Implement

* One of the measures for evaluating patient safety such as an incident report, root
cause analysis, and failure mode effect analysis should be implemented:

— Incident report: It evaluates how a single patient comes to a harm. An incident
reporting system should be voluntary, anonymous, and not linked with any
form of punitive measures.

— Root cause analysis: This is a more focused inquiry on certain incidents
deemed to be important for patient safety. A sentinel event is identified,
important preventive aspects of this event are discussed by the safety team,
and safeguards are implemented.

— Failure mode and effects analysis: An error-prone process is identified, and a
multidisciplinary team is formed to analyze prospectively the process from
multiple perspectives before a sentinel event occurs.

Step 11:Initiate a Safety and Quality Culture

 This has to come from strong leadership, primarily from the ICU director, backed
up by supportive management.

* This has to be backed up by the full support and motivation of ICU staff.

* An adequate budget needs to be provided by the administration.

* Computerized physician order entry systems and clinical decision support sys-
tems go a long way in ensuring safety in the ICU by reducing human error.
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in the ICU

Aakriti Chawla

Case Vignette

A 45-year-old female, presenting with drowsiness and a heart rate of 125
beats per minute, reported sloughing of the skin for the past two days. She had
been on a new medication, phenytoin, for her history of seizures for five days
before developing fluid-filled lesions and darkened skin that subsequently
sloughed off, involving approximately 70% of her body surface area.

She complains of fever, eye discharge, nasal crusting, and raw wounds in
the mouth and genitalia with adherent black, necrotic crusting. She has been
unable to eat or drink for two days, leading to weakness, drowsiness, severe
dehydration, and low urine output.

Acute dermatological emergencies are skin conditions with life-threatening impli-
cations and require utmost care and attention with intensive management in the ICU.

The most common ones are due to drug reactions or infections manifesting
as Steven—Johnson syndrome-toxic epidermal Necrolysis (SJS-TEN), DRESS
(drug rash eosinophilia and systemic symptoms), staphylococcal scalded skin
syndrome (SSSS), acute generalized exanthematous pustulosis (AGEP), menin-
gococcaemia, necrotizing fasciitis, purpura fulminans, and severe cutaneous
vasculitis.

Prompt recognition and management are crucial to prevent morbidity, mortality,
and long-term sequelae. This chapter will provide an overview of how to approach
and manage some such patients in the ICU setting and highlight the importance of
multidisciplinary collaboration.

A. Chawla (><)
Department of Dermatology, Kailash Hospital and Neuro Institute, Noida,
Uttar Pradesh, India
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Step 1: Initiate Cardiopulmonary and Fluid Resuscitation

Assess the patient’s vitals and general condition: Patients presenting with drug
reactions may arrive in an altered sensorium. Ensure that vitals are stable, and
promptly secure an intravenous (IV) line for fluid resuscitation, which is critical
in managing patients with Stevens—Johnson syndrome-toxic epidermal necroly-
sis (SJS-TEN). Admit the patient to the special unit or intensive care unit.
Importance of fluid resuscitation and temperature management: These are para-
mount because denuded skin leads to significant water loss, and mucosal involve-
ment reduces oral intake, exacerbating dehydration. Fluid requirements in
SJS-TEN are approximately two-thirds of what is required for burn patients.
Fluid management guidelines: In the first 24 h, administer 2 mL/kg per percent-
age of body surface area affected. Subsequently, fluids should be adjusted based
on strict input—output monitoring to maintain a urine output of 0.5-1 mL/kg/h.

Step 2: Clinical Assessment

1.

Take a Detailed History
A thorough history is critical in patients suspected of having Stevens—Johnson

syndrome-toxic epidermal necrolysis (SJS-TEN). This should include the

following:

* Timeline of symptoms: Document the onset and progression of lesions, typi-
cally beginning with bullae or vesicles that progress to sloughing of dark,
necrotic skin.

» Extent of skin and mucosal involvement: Assess symptoms such as oral, geni-
tal, and ocular mucositis, which are hallmark features of SJS-TEN.

* Medication history: Identify any recently started medications, as causative
drugs are often introduced 5-30 days before symptom onset. Include over-
the-counter drugs, herbal supplements, and new treatments initiated for other
conditions.

* Focus on temporal correlations between the introduction of the medication
and symptom onset.

. Rule Out the Culprit Drug

» Stop the offending drug: Discontinuation of the causative agent is the most
critical step in management. This includes medications with a high risk of
SJS-TEN (see Table 28.1).

» Consider cross-reactivity: Be vigilant about drugs within the same pharmaco-
logical group that may pose similar risks. Avoid reintroducing these medica-
tions unless necessary and under strict monitoring.

. Perform a Detailed Physical Examination

* Lesion characterization: Document the appearance, distribution, and extent
of lesions. Most cases involve painful, fluid-filled vesicles or bullae with
subsequent sloughing of necrotic epidermis (Figs. 28.1, 28.2, 28.3, 28.4,
and 28.5).
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Table 28.1 Drugs causing Steven—Johnson syndrome-toxic epidermolysis

Drugs with moderate (significant

Drugs with a high risk of but substantially lower) risk for Drugs with lower risk/
inducing SJS-TEN SJS-TEN suspected association
Allopurinol Cephalosporins Pantoprazole
Lamotrigine Macrolides Glucocorticoids
Cotrimoxazole (anti-infective ~ Quinolones Omeprazole
sulphonamides and Tetracyclines Tetrazepam
sulfasalazine) NSAIDS (acetic acid type, e.g., Levetiracetam
Nevirapine diclofenac) Terbinafine

NSAIDS (oxicam type, e.g., Oxcarbazepine Dipyrone (metamizole)
meloxicam, etoricoxib) Rifampin

Phenobarbital Amifostine

Phenytoin

Carbamazepine

Fig. 28.1 Dead, necrotic
skin with bullae and few
erosions

Fig. 28.2 Lips showing
adherent necrotic crust

* Body surface area (BSA) involvement: Assess the extent of skin detachment
using the “Rule of Nines” commonly applied for burn patients. Categorize the
condition based on BSA involvement as:

— SJS: BSA <10%
— SJS-TEN overlaps: BSA 10-30%
— TEN: BSA >30%
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Fig.28.3 Showing bullae
and dark necrotic skin
which has separated

Fig. 28.4 Showing
conjunctivitis in the eyes
and sticky yellow
discharge

Fig.28.5 Showing
coalescing erythematous
papules with dead necrotic
skin adherent




28 Acute Dermatological Emergencies in the ICU 349

¢ Mucosal involvement: Examine the mouth, eyes, genitalia, and other mucosal
sites for erosions, crusting, and necrotic sloughing.

Step 3: Multidisciplinary Approach

* Dermatology consultation: Obtain an expert dermatology opinion to confirm the
diagnosis and guide management, especially for drug rashes requiring com-
plex care.

* [Involve other specialists: Include ophthalmology, gynecology, or urology for
managing mucosal complications and critical care for severely ill patients.

* Analyze ongoing medication needs.

— Risk-benefit analysis: For patients on multiple medications, evaluate which
drugs are essential and safe to continue. Consider withholding non-essential
medications until they can be definitively cleared as non-contributory.

— Document allergies: Record suspected and confirmed drug allergies to pre-
vent future exposures.

» Systemic involvement: Monitor for signs of multisystem complications, such as
sepsis, acute kidney injury, or respiratory distress, which are common in SJIS-TEN.

Step 4: Check Vitals, Perform Arterial Blood Gas Analysis

The next step in managing patients with drug-induced rashes, such as SJS-TEN, is
to assess the mortality risk. This involves:

* Monitoring vital signs: Continuously check for abnormalities such as hypoten-
sion, tachycardia, fever, or hypoxia, which may indicate sepsis or impending
organ failure.

» Arterial blood gas (ABG) analysis: Perform ABG to evaluate oxygenation and
acid—base status, and identify any respiratory compromise or metabolic
disturbances.

* A simple tool such as SCORETEN (Table 28.2) helps determine the prognosis in
SJS-TEN patients. This scoring system incorporates parameters like age, heart
rate, presence of malignancy, extent of epidermal detachment, and others, to pre-
dict mortality risk.

» Patients with SJS-TEN are at high risk of sepsis, which is a leading cause of
mortality.

e Other major contributors to poor outcomes include respiratory distress and
multi-organ failure.

¢ Early identification of these risks and prompt management in a critical care set-
ting are essential to improve survival outcomes.

Round-the-clock monitoring of temperature and vitals along with fluid input—
output is required.
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Table 28.2 SCORETEN: A prognostic scoring system for patients with epidermal necrolysis

Prognostic factors Points

Age >40 years

Associated cancer

Heart rate (beats/minute) >120

Serum blood urea nitrogen >28 mg/dL (10 mmol/L)
Detached or compromised body surface >10%
Serum bicarbonate <20 mEq/L (<20 mmol/L)
Serum glucose >250 mg/dL (>14 mmol/L)

S VG VI G W

More risk factors indicate a higher score and a higher mortality rate MORTALITY RATE

(%) as follows: (%)

0-1 3.2% (CI: 0.1-16.7)

2 12.1% (CI: 5.4-22.5)
3 35.3% (CI: 19.8-53.5)
4 58.3% (CI: 36.6-77.9)
>5 >90% (CI: 55.5-99.8)

Step 5: Perform Investigations

1. Comprehensive Laboratory Workup

Complete blood count (CBC): Assess for leukocytosis or leukopenia, which
may indicate infection or immune dysregulation.

Liver and kidney function tests (LFTs and KFTs): Evaluate for organ involve-
ment or drug-induced toxicity.

Blood glucose: Monitor for hyperglycemia, which can indicate stress or
infection.

C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR): Measure
inflammatory markers.

Coagulation profile: Check for coagulation abnormalities, as these are com-
mon in severe systemic illnesses.

Complement levels: Evaluate for immune system activation or deficiency.
Urinalysis: 1dentify renal complications or secondary infections.

2. Microbiological Investigations

Cultures: Obtain bacterial and fungal cultures from wounds, blood, and urine
to identify potential infection sources and prevent sepsis.

Mycoplasma pneumoniae testing: Some studies suggest an association between
Mycoplasma pneumoniae and toxic epidermal necrolysis (TEN). Polymerase
chain reaction (PCR) or serology for this pathogen may be indicated.

3. Imaging Studies

Chest radiograph: Perform in all patients to detect pulmonary involvement,
such as pneumonia or interstitial pneumonitis.

4. Specific Diagnostic Tools

Indirect immunofluorescence on skin biopsy: This test may help confirm the
diagnosis of SIS-TEN, particularly in ambiguous cases.

Nikolsky’s sign: A simple bedside test where lateral pressure applied to a bulla
causes epidermal shearing, indicating epidermal necrolysis. Although not
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specific for SIS-TEN, it is a useful clinical indicator of the severity of skin
involvement.

Timely and comprehensive investigations are critical for confirming the diagno-
sis, identifying complications, and guiding treatment in SJIS-TEN patients.

Step 6: Initiate Specific Treatment

Comprehensive management of Stevens—Johnson syndrome-toxic epidermal
necrolysis (SJIS-TEN) requires addressing systemic involvement in addition to sup-
portive care, wound care, and systemic therapy.

* Supportive Care
* Supportive measures remain the cornerstone of SJS-TEN management,
focusing on fluid resuscitation, electrolyte balance, nutritional support,
complications prevention, and organ function monitoring and support
(Table 28.3).

Table 28.3 Supportive care of SJS-TEN

Mucosa
involved

Eyes

Oral cavity

Urogenital

Symptoms

Corneal and conjunctival
epithelial defects
Conjunctivitis

Chemosis

Psuedomembrane formation
Adhesions/synechiae

Painful mucosal erythema
Bullae and consequently
erosions may spread to the
larynx and pharynx

Adherent necrotic crusting on
lips

Dysuria
Urinary retention
Erosions of external genitalia

Treatment

Saline rinses

Lubricants

Topical corticosteroids/
antibiotics

Daily examination by an
ophthalmologist with the
sweeping of the eye

If no infection topical
corticosteroid may be
considered
Mucoprotectant and
antiseptic mouthwash
Benzydamine hydrochloride
anti-inflammatory mouth
wash

Emollients on lips
Catheterization

Frequent use of emollients
Mild corticosteroid cream
with antimicrobial activity
Silicone sheet dressings in
vulva/vagina

Possible
long-term
sequelae
Fibrosis
Corneal
ulcerations
Entropion
symblepharon
Trichiasis
Alterations in
vision
Chronic
inflammation
Dysgeusia
Dryness

Late alterations
of teeth

Preventing
urethral strictures
Preventing
stricture
formation
Dyspareunia



352 A. Chawla

* Wound Care

— Deroofing of large bullae to allow separated epidermis to act as a biological
dressing.

— Gentle cleansing is performed with sterile water or chlorhexidine.

— Dressings with petroleum- or paraffin-impregnated gauze, cleaned with nor-
mal saline during dressing changes.

— Use air-fluidized mattresses to minimize shearing forces and pressure injuries.

* Nutritional Support and Analgesia

— Ensure adequate nutritional support, with 20-25 kcal/kg per day, especially in
cases of mucosal involvement, through enteral or parenteral feeding. Give
25-30 kcal/kg per day during recovery, the anabolic phase of the disease.
Protein should be provided as 1.5-2 gm/kg body weight.

— Provide analgesia using paracetamol or opioids for effective pain management.

* Infection Monitoring and Management

— Vigilantly monitor for signs of infection, as sepsis is a leading cause of
mortality.

— Repeated surveillance cultures of the skin, blood, catheters, gastric, and uri-
nary tubes should be obtained at regular intervals (e.g., every 48 h) to facili-
tate early infection detection.

— Initiate empirical or culture-specific antibiotics based on clinical suspicion or
confirmed infection. Prophylactic antibiotics are not recommended.

Systemic Therapy

There is no proven pharmacologic treatment for SJS/TEN. The evidence supporting
these interventions is limited, and none can be definitively recommended. However,
findings from several meta-analyses indicate a potential benefit of some of these.

* Cyclosporin: Growing evidence from case series and meta-analyses suggests
that early cyclosporine use during the acute phase may reduce mortality. Some
experts recommend initiating cyclosporine (3—5 mg/kg/day) as adjunctive ther-
apy within 24-48 h of symptom onset for 10 days followed by tapering.

» Systemic Steroids: While controversial, still commonly used, the efficacy of systemic
corticosteroids has not been proven. A 2017 meta-analysis of 1209 patients, includ-
ing 367 treated with systemic corticosteroids, found a modest reduction in mortality
risk compared to supportive care alone. Thus, routine use of systemic corticosteroids
cannot be recommended. They should be used only on a case-to-case basis.

— Prednisolone: 0.5-1 mg/kg/day for 10 days, followed by tapering.
— IV Methylprednisolone Pulse Therapy: 500 mg intravenously for three con-
secutive days.

e [V Immunoglobulin (IVIg): 0.5-1 g/kg daily for 3—4 consecutive days. Mostly rec-
ommended against using intravenous immune globulin (IVIG) as monotherapy for
SJS/TEN. Meta-analyses have shown no clear survival benefit with IVIG alone. Its
role in combination with systemic steroids requires further investigation.
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Organ-Specific Involvement and Management

e Gastrointestinal Involvement

Symptoms: Includes malabsorption, melena, and, rarely, perforation.
Management: Ensure nutritional support and monitor for gastrointestinal
bleeding or perforation.

e Renal Involvement

Presentation: Hematuria, proteinuria, microalbuminuria, azotemia, and acute
kidney injury (AKI) due to tubule damage or end-organ hypoperfusion.
Management: Monitor renal function and manage AKI with fluid resuscita-
tion or renal replacement therapy if indicated.

e Pulmonary Involvement (40%)

Symptoms: Detachment of the epithelial lining causing dyspnea, bronchial

hypersecretion, increased respiratory rate, and progression to pulmonary

edema, pneumonia, atelectasis, or acute respiratory failure.

Risk Factors for Mechanical Ventilation:

¢ Hemoglobin <8 g/dL

¢ BSA involvement >10%

* WBC >12,000/mm?

¢ Serum bicarbonate <20 mmol/L

e Serum urea >10 mmol/L

¢ Bacteremia, shock, or organ failure at admission.

Bronchoscopy: This may be required to confirm bronchial involvement.

Mechanical removal of sloughed bronchial epithelium can prevent airway

obstruction and atelectasis.

Ventilation:

* Noninvasive ventilation is contraindicated due to skin and mucosal
involvement.

¢ Oral intubation is challenging due to mucosal lesions, requiring skilled
airway management.
— Eye care is done to prevent long-term complications. In severe cases,

use preservative-free corticosteroid eye drops, and cover the eye with
cryopreserved amniotic membrane.

Additional Supportive Measures

e Prevention of complications:

Stress ulcers: Use proton pump inhibitors (PPIs) or H2 blockers.

Deep vein thrombosis (DVT): Employ anticoagulants if no contraindica-
tions exist.

Disseminated intravascular coagulation (DIC): Address promptly in patients
with sepsis.

Hyperglycemia/Hypoglycemia: Manage per intensive care protocols.

* Close Monitoring: Monitor all parameters for 7-10 days, the critical period for
complications and mortality.
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To improve outcomes in SJIS-TEN patients, a multidisciplinary approach involv-
ing dermatology, critical care, pulmonology, nephrology, and gastroenterology is
essential.

Case Vignette 2

A 65-year-old male, with a known case of diabetes and hypertension, pre-
sented to the emergency department as a referral from another hospital. He
had been admitted to the previous hospital for the treatment of a stroke for the
past four weeks. During this time, he received antibiotics and various other
medications. He now complains of reddish, scaly lesions all over his body for
the past five days. His eosinophil count, transaminase levels, and urea/creati-
nine levels are elevated to three times the upper limit of normal. He is drowsy,
has low urine output, and is tachycardic.

Drug reaction with eosinophilia and systemic symptoms (DRESS) is a rare but
potentially life-threatening hypersensitivity reaction triggered by certain drugs. It is
marked by a skin eruption, hematologic abnormalities, lymphadenopathy, and/or
internal organ involvement. Other features include eosinophilia, as well as typical
and atypical lymphocytosis. A distinguishing characteristic of DRESS is the pro-
longed latency period between drug administration and the onset of symptoms,
which usually ranges from 2 to 8 weeks Most cases are linked to antiseizure medi-
cations, allopurinol, antibacterial sulfonamides, minocycline, and vancomycin. The
causative drugs are listed in Table 28.4.

Table 28.4 Drugs implicated in DRESS

High-risk drugs Low-risk drugs
Allopurinol Beta lactams
Aromatic and anti-epileptic agents Amoxicillin
Carbamazepine Ampicillin
Phenytoin Piperacillin
Lamotrigine Others
Oxcarbazepine NSAIDs (celecoxib, ibuprofen, diclofenac)
Phenobarbital Olanzapine
Sulphonamides Fluoxetine
Sulfasalazine Imatinib
Dapsone Sorafenib
Cotrimoxazole Vemurafenib
Sulfadiazine Omeprazole
Vancomycin Raltegravir
Minocycline
Nevirapine
Antituberculosis agents
Rifampicin
Isoniazid
Ethambutol

Pyrazinamide
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Some studies also suggest an association between DRESS and the reactivation of
viruses from the Herpesviridae family, with HHV-6 being the most commonly
implicated virus.

Step 1: Initiate Resuscitation

e Assess the vitals and general condition of the patient and resuscitate as men-
tioned in Chap. 24.

Step 2: Take a Clinical History and Perform an Examination

¢ Patients typically present with a polymorphic eruption, which may include mac-
ulopapular rashes, purpura, infiltrated plaques, exfoliation, target-like lesions, or
pustules.

* More than 50% of the body surface area (BSA) is usually involved. Pruritus and
facial swelling are common features in most cases.

e Mucosal involvement may also occur but is generally less severe compared to
Stevens—Johnson syndrome (SJS) or toxic epidermal necrolysis (TEN).

Step 3: Make a Diagnosis

The diagnosis of DRESS can be confirmed or excluded using the criteria outlined in
the RegiSCAR scoring system (Table 28.5).

Table 28.5 RegiSCAR scoring system for diagnosis of DRESS

Score
Clinical parameters -1 0 1 comments
Fever >101.3 °F or No/ Yes
38.5°C unknown
Lymphadenopathy No/ Yes >1 cm, at least 2 sites
unknown
Hematological abnormalities
Eosinophilia No/ Yes Score 2 points if >1.5 x 10
>0.7 x 10 or unknown
>10% if leukopenia
Atypical lymphocytes No/ Yes
unknown
Skin rash
Rash suggestive of No unknown Yes Suggestive features >2 symptoms- facial
DRESS edema infiltration desquamation purpura
Extent >50% BSA No/ Yes
unknown

(continued)
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Table 28.5 (continued)

Score
Clinical parameters -1
Skin biopsy No
suggestive of DRESS
Organ involvement
Disease duration No/
>15 days unknown

Exclusion of other
causes

Total score
<2: excluded
2-3: possible
4-5: probable
>6: definite

0

Yes/
unknown
No

Yes

No/
unknown

Yes

Yes

comments

1 point for each organ involvement,
maximum score: 2

1 point if 3 of the following tests are
performed and are negative: hepatitis A,
HBYV, HCV, mycoplasma, chlamydia,
ANA, blood culture

» Itis essential to differentiate DRESS from other conditions, including:
Other adverse drug reactions.

Hypereosinophilic syndromes.
Acute systemic lupus erythematosus (SLE).

Viral exanthems.
Lymphoma.

Step 4: Send Investigations

Initial Laboratory Investigations for Confirming the Diagnosis

1. Basic Evaluations:
e Complete blood counts (CBC) with differential leukocyte count.
* Peripheral blood smear to detect atypical lymphocytes.

Inflammatory markers.

Blood PCR for viral reactivation: HHV-6, HHV-7, CMV, and EBV.
2. Assessment of Organ Involvement:

Liver Function Tests:

— SGPT/ALT >2 times the upper limit of normal (ULN).
— Alkaline phosphatase >1.5 times ULN on at least two occasions.

Kidney Function Tests:

— Serum creatinine >1.5 times the baseline value on at least two occasions.
— Proteinuria >1 g/day, hematuria, or decreased creatinine clearance.

Cardiac Evaluation:
— Troponin levels.
— Creatine kinase.

— ECG to assess cardiac involvement.
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Pancreatic Evaluation:

— Serum amylase and lipase levels >2 times ULN.

Additional Investigations:

— Coagulation profile.

— Imaging: CT scan, ultrasound, etc.

— Skin biopsy (if required for diagnostic clarification).

For the exclusion of alternate diagnoses, blood cultures, ANA, anti-nuclear
antibodies serology for viral hepatitis, and lymph node biopsy may be done.

Step 5: Evaluate Organ Involvement

Approximately 35% of patients with DRESS have involvement of two or more
internal organs.

1. Liver Involvement:

Liver injury is the most common visceral manifestation of DRESS, present-
ing with cholestatic, hepatocellular, or mixed patterns.

Elevation of liver enzymes to more than three times the upper limit of normal
is commonly observed.

Some patients may develop acute liver failure requiring liver
transplantation.

2. Kidney Involvement:

Kidney manifestations range from proteinuria to kidney failure or acute inter-
stitial nephritis.

Risk factors include older age and pre-existing kidney or cardiovascular
disease.

Kidney involvement is commonly associated with allopurinol use.

3. Pulmonary Involvement:

Typically presents with symptoms like shortness of breath and dry cough.
Severe cases can present as acute interstitial pneumonitis, pneumonia, ARDS,
or pleuritis.

Chest X-rays and CT scans can help visualize infiltrates and/or effusions.

4. Cardiac Involvement:

Cardiac involvement is a poor prognostic factor, presenting with hyperten-

sion, chest pain, dyspnea, tachycardia, and ECG changes.

There are two primary types:

— Hpypersensitivity myocarditis, associated with non-specific symptoms.

— Acute necrotizing eosinophilic myocarditis, a severe form with high
mortality.

Diagnosis can be confirmed through endomyocardial biopsy.

5. Other System Involvement:

Nervous System: Bell’s palsy, vasculitis, meningitis, and encephalitis.
Gastrointestinal System: Pancreatitis, colitis, gastrointestinal bleeding, perfo-
ration, and cholecystitis.
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e Other Rare Manifestations: Thyroid dysfunction, hemophagocytic syndrome,
and uveitis.

The clinical course of DRESS is variable, and there are no reliable markers to
predict outcomes. Reactivation of Cytomegalovirus (CMV) has been associated
with poor prognosis.

Step 6: Specific Treatment
Management of DRESS depends on the severity of organ involvement.

1. General Principles:
e The first and most crucial step is the immediate withdrawal of the sus-
pected drug.
* Supportive care includes fluid resuscitation, nutritional support, proper skin
care, and avoiding the introduction of any new medications.
e Management typically requires a multidisciplinary approach, with consulta-
tions from specialists as needed.
2. Treatment Based on Severity:
* Mild Cases:
— Outpatient treatment with corticosteroids usually suffices.
* Moderate Cases:

— Super-high potency topical steroids combined with systemic steroids

tapered over three months or longer are recommended.
* Severe Cases:

— Patients with extensive rash and severe systemic symptoms should be hos-
pitalized for assessment and treatment.

— Systemic corticosteroids are the mainstay.

— Oral prednisone (0.5-1 mg/kg/day) is given until clinical and laboratory
improvement is noted, followed by tapering over 812 weeks or longer to
prevent relapse.

— Alternatively, pulse-dose intravenous methylprednisolone (250-500 mg/
day for 2—4 days) may be used, followed by oral prednisone (1 mg/kg/day)
tapered over 8—12 weeks. However, this approach may increase the risk of
Cytomegalovirus (CMV) reactivation.

3. Alternative Therapies:
e Cyclosporine:

— For corticosteroid-refractory DRESS, oral cyclosporine (3—5 mg/kg/day,
tapered over 7-14 days) is a second-line option, showing faster symptom
resolution and shorter hospital stays in limited studies.

— Not recommended for patients with kidney involvement or pre-existing
chronic kidney disease.
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o JAK-STAT Inhibitors:
— Dosage: 10 mg/day.
— These have shown promise in refractory cases.

e [VIG has limited evidence for use in DRESS.

4. Resolution Timeline:

e Withdrawal of the causative drug usually results in resolution of skin and
organ involvement within 15 days to 7 weeks.

* Prolonged healing may occur in cases with viral reactivation, atypical lym-
phocytosis, or severe liver dysfunction.

* Flare-ups may occur if steroid treatment is stopped prematurely or if HHV-6
reactivation occurs.

Resolution and Prognosis

Withdrawal of the causative drug typically leads to the resolution of skin and organ
involvement, which can take anywhere from 15 days to 7 weeks or months.
Factors associated with prolonged healing include:

* Viral reactivation.
e Atypical lymphocytosis.
* Severe liver dysfunction.

Flare-ups may occur if steroid treatment is discontinued prematurely or if HHV-6
reactivation takes place.
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Pharmacological Principles and Drug 29
Interactions in the ICU
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Case Vignette

An 84-year-old male was admitted to the intensive care unit with a history of
syncopal attack at home, after a day-long fast for religious reasons. In the
emergency department, his heart rate was 35/min, and BP was 80/60 mmHg.
His lab results were normal except for a serum creatinine level of 3.2 mg/dl
(baseline: 1.4 mg/dl, 3 months ago) and a potassium level of 6.2 meq/L. ECG
showed a complete heart block. On medical reconciliation, he was found to be
taking atenolol 50 mg once daily and telmisartan 40 mg once daily for his
hypertension. His son also showed a tablet of aceclofenac (100 mg) that he
had purchased over the counter from a chemist shop for his back pain.

Intensivists should have a sound knowledge of pharmacology, as it not only helps in
diagnosing the etiology of serious illness due to drug side effects but also aids in
patient treatment. ICU patients often suffer from poor absorption from the gut (due
to poor perfusion, dysmotility, mucosal edema, and drug-food interactions caused
by nasogastric feeds), a high volume of distribution (due to hypoproteinemia, large
volume resuscitation, and high extracellular fluid from edema), low cardiac output,
and maldistribution of flow (as seen in hepatorenal syndrome and abdominal com-
partment syndrome). Additionally, multiorgan dysfunction (liver and kidney) causes
reduced metabolism, as well as drug—drug interactions. Most patients in modern
ICUs are elderly with multiple comorbidities, including chronic organ dysfunctions.
Failure to consider alterations in pharmacokinetics (PK) and pharmacodynamics
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(PD) characteristics can lead to suboptimal dosing, resulting in adverse outcomes,
increased risk of medication errors, and adverse drug reactions.

These aspects are so dynamic and complex that, despite constant surveillance by
all members of the intensive care team, additional supervision by a clinical pharma-
cist is highly desirable. This chapter aims to provide guiding principles for intensiv-
ists to fine-tune medication use in ICUs. Let us revisit the basics of PK-PD concepts
in the context of intensive care patients.

Step 1: Check Oral Bioavailability

e It means oral absorption, the amount of drug taken orally reaching to blood-
stream. The lipophilic drug diffuses across membranes and small hydrophilic
(water soluble) molecule gets absorbed via small aqueous channels.

e Large water-soluble molecules and protein-bound drugs need active pumps to
facilitate passage.

¢ Hypo perfusion, reduced gut motility (acidic drug absorbed more with gastropa-
resis and vice versa), use of PPI-increased pH, regular NG feeds (phenytoin and
thyroxin absorption reduced markedly with food), bowel transit time (diarrhea or
high output fistula—poor absorption), extent of fist pass uptake by liver (depend
on liver perfusion and function), etc., lead to reduced bioavailability of medica-
tions taken orally.

¢ Few medications are available only in enteral form and are prone to these
alterations.

¢ Beware of enteric-coated formulae (most of the PPI) and controlled-release for-
mulations (like metoprolol, theophyllines, and antiparkinsonian drugs) that can-
not be crushed and given through a nasogastric tube.

Step 2: Consider Edema and Volume of Distribution

» Lipophilic drugs (analgesics, sedatives, antifungals) have very high Vd (almost
equal to the volume of body fluid) and depend more on liver metabolism for their
elimination. So, increasing intravascular or extracellular volume by fluid resus-
citation will not affect their serum concentration.

e Hydrophilic drugs (beta-lactam antibiotics) have limited Vd but vary widely with
protein binding, the quantum of fluid resuscitation, and edema formation (e.g.,
trauma and burns resuscitation). Increasing intravascular or extracellular volume
by fluid resuscitation will decrease their serum concentration.

e Most critically ill patients receive large volumes of intravenous fluids during
various phases of illness, resulting in high ECF volume and subtherapeutic
plasma concentrations of medication during the crucial phase of illness
(Resuscitation).

e Most beta-lactam and aminoglycoside antibiotics are hydrophilic drugs while
linezolid, chloramphenicol, and moxifloxacin are lipophilic drugs. Edematous
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patients have less absorption of drugs injected subcutaneously (e.g., insulin,
G-CSF, erythropoietin, heparin, LMWH), which further varies with skin perfu-
sion and so very unpredictable drug levels in seriously ill patients.

Step 3: Keep in Mind Plasma Protein Binding and Free
Drug Concentration

e A drop in serum albumin is an acute phase reaction and its level varies inversely
with the severity of illness (recovers on convalescence). Therefore, highly
protein-bound drugs like digoxin and beta-lactam antibiotics (ceftriaxone,
ertapenem, flucloxacillin, daptomycin) have a high free fraction during the early
phase of critical illness while the same goes down during the recovery phase. The
high free fraction will also lead to increased renal clearance, so the ultimate level
of free drug level is unpredictable.

* Competition at protein binding sites along with the changing quantum of such
binding sites leads to major changes in the concentration of free drugs in plasma
and body fluids.

Now that the drug has reached its site of action, its concentration depends on its
elimination kinetics, which varies widely in ICU patients.

Step 4: Examine Organ Functions Responsible
for Drug Elimination

Step 4a: Liver Dysfunction

* There is no single marker to quantify liver dysfunction. The Child—Pugh score is
less sensitive and specific but useful to quantify to some extent.

* Glucuronidation is less affected than the CYP450 system in mild to moderate
liver dysfunction.

¢ Reduction in plasma proteins and their binding affect the distribution of drugs.

* Reduction in renal function is common with chronic liver disease.

¢ Portosystemic shunting reduces first-pass metabolism, increasing systemic drug
levels in cirrhotic patients (e.g., carvedilol, propranolol, metoprolol, midazolam,
labetalol). Reduced muscle mass and decreased creatine-to-creatinine conver-
sion lead to an overestimation of GFR by the Cockcroft-Gault equation.

¢ Relative refractoriness to beta-blockers and diuretics and increased sensitivity to anx-
iolytics, sedatives, and analgesics are noted in all patients with liver dysfunction.

Recommendations for Liver Dysfunction

Use the Child—Pugh score to quantify the severity of liver dysfunction. Use the
manufacturer’s recommendation based on the Child—Pugh score when available.
When no such guide is available, use the following:
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Drugs with a relatively high hepatic extraction ratio have increased oral bioavail-
ability (reduce oral loading dose); for parenteral delivery, clearance depends on
hepatic blood flow—reduce maintenance doses as well.

Drugs with a low hepatic extraction and high plasma protein binding (>90%):
effect may be more than plasma level, titrate to effect, reduce maintenance dose
in proportion to the Child—Pugh score.

Drugs with a low hepatic extraction ratio and low plasma protein binding (<90%):
adjust the dose aimed at maintaining total plasma drug concentration.

Excreted unchanged by the kidney: caution—creatinine clearance overestimates
GFR in liver disease patients due to low skeletal muscle mass.

Vd of hydrophilic drug increases markedly with ascites and edema, but caution
is required for renal excretion while increasing doses.

Drugs with a narrow therapeutic window—use with caution in Child—Pugh class
C cirrhotic patients.

Drugs with predominant biliary excretion to be reduced with cholestasis
conditions.

Step 4b: Augmented Renal Clearance

As high as 65% of critically ill patients in ICU with normal plasma creatinine
levels have augmented renal clearance (i.e., supranormal 120—150 ml/min) dur-
ing hyperdynamic states (sepsis, trauma, burns, pancreatitis). This leads to
increased elimination of antibiotics in the urine leading to subtherapeutic
plasma levels.

Loading dose with the maximum allowable dose of IV antibiotics is advisable.

Step 4c: Renal Dysfunction

ICU patients may have stable CKD, AKI on CKD, or AKI only. Creatinine rise
is a delayed and poor marker for severity of renal dysfunction and any method to
estimate GFR in AKI patients is far from perfect. However, GFR-based guidance
for dose adjustment for most of the medications as per manufacturer’s guidance
needs to be followed.

Use of various methods of dialysis (HD, SLED, CRRT) needs dose adjust-
ment on a daily basis as per the manufacturer’s guidance. One is advised to
keep a table created from such a source and keep it in the ICU for ease
of access.

Adsorption on extracorporeal circuits during CRRT, ECMO, LVAD, CPB pump,
etc., needs to be accounted for and the use of TDM in such circumstances is
highly encouraged where available and practical.
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Step 5: Re-look at the Drug Chart for Drug Interactions Daily

* Drug interactions can be pharmaceutical (chemical or physical) or phar-
macological (PK or PD related). PD-related can be antagonistic, additive,
or synergistic, and PK related can be absorption, distribution, metabo-
lism, or excretion related. Interaction can be drug—food or drug-to-drug

related.

Step 5a: Drug-Drug Interactions (Table 29.1)

* The majority of drug interactions occur due to the induction or inhibition of
cytochrome P450 pathway or glycoprotein P. As cytochrome P450 3A4 accounts
for more than 60% of medications metabolized by this group of enzymes, it
needs special attention. Intensive care practitioners must have a list of tables stat-
ing CYP450 inducers and inhibitors in the ICU.

Table 29.1 Common drug—drug interactions in ICUs as found in one study: Actual type and
incidence may vary in your ICU. Lexi-Interact DDI risk category in the second column

DDI (frequency in study)

Meropenem + valproic acid (2)

Naproxen + furosemide (1)

Ciprofloxacin + theophylline

)

Multivitamins and

minerals + levothyroxine (1)

Naproxen + aspirin (1)

Aspirin + warfarin (2)

Risk
category
D

Mechanism of effect/
interaction
Meropenem may
decrease the serum
concentration of
valproic acid.
Naproxen may
diminish the diuretic
effect of furosemide.
Ciprofloxacin may
increase the serum
concentration of
theophylline.

Multivitamins and
minerals may
decrease the serum
concentration of
levothyroxine.

Additive/naproxen
may enhance the
adverse effect of
aspirin.

Aspirin may enhance
the anticoagulant
effect of warfarin.

Recommendation
Consider alternative
antibiotic agents or
antiseizure. Monitor
closely if combined.
Monitor for the decreased
therapeutic effect of
furosemide.

Monitor for toxic effects
of theophylline.
Theophylline dose
reductions will likely be
required. Avoid
combination.

Separate the oral
administration of
iron-containing
multivitamins and
levothyroxine by at least
4 h.

Monitor for increased risk
of bleeding.

Avoid combining. Monitor
for increased signs and
symptoms of bleeding.

(continued)
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Table 29.1 (continued)

DDI (frequency in study)
Indomethacin or
Naproxen + aspirin (1)

Diclofenac + furosemide (1)

Famotidine + itraconazole (1)

Cyclosporine + mycophenolate

)

Ibuprofen or
naproxen + furosemide (1)

Pantoprazole + itraconazole (1)

Amlodipine + phenytoin (1)

Cyclosporine + atorvastatin (1)

Risk
category
D

Mechanism of effect/
interaction

Naproxen or
indomethacin may
enhance the adverse
effect of aspirin
Antagonistic/
diclofenac may
diminish for diuretic
effect of furosemide.
Famotidine may
decrease the serum
concentration of
itraconazole due to an
increment in gastric
pH.

Cyclosporine may
decrease the serum
concentration of
mycophenolate.

Antagonistic/
ibuprofen may
diminish the diuretic
effect of furosemide.
Absorption/
pantoprazole may
decrease the serum
concentration of
itraconazole.

Amlodipine may
increase the serum
concentration of
phenytoin. Phenytoin
may decrease the
serum concentration
of amlodipine.
Cyclosporine may
increase the serum
concentration of
atorvastatin.

Table modified from Hosseinpoor et al. (2022)

Recommendation
Monitor for increased risk
of bleeding.

Monitor for decreased
therapeutic effect of
furosemide.

Administer famotidine at
least 2 h before or 2 h after
itraconazole. Monitor
patients closely for
reduced itraconazole
efficacy if combined.
Monitor mycophenolate
dosing and response to
therapy closely particularly
when starting, stopping, or
changing cyclosporine
dose.

Monitor patients for
decreased therapeutic
effect of furosemide.

Administer itraconazole at
least 2 h before or 2 h after
itraconazole. Monitor
patients closely for
reduced itraconazole
efficacy if combined.
Monitor for phenytoin
toxicity. Monitor for
reduced therapeutic effects
of amlodipine.

Avoid concomitant use of
cyclosporine and
atorvastatin. Consider
changing to a statin that is
less sensitive to this
interaction. Limit the
atorvastatin dose to no
more than 10 mg daily.
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* Up to 63% of recently discharged medical-surgical patients had potential DDI
when their drug charts were studied. Additional medication added in intensive
care over their long-term meds will certainly increase the chance of DDI. As the
number of medications used on each patient increases, the chances of drug—drug
interactions rise exponentially.

» Use of proprietary interaction checkers (e.g., Micromedex, Lexi-Interact, etc.) in
hospital prescription software increases the chances of timely alerts. However,
excessive alerts, the need for frequent overrides, and “alert fatigue” must be con-
sidered before implementation.

e The top 25 DDIs involve several commonly used medications, including thy-
roxin, warfarin, digoxin, theophylline, fluoroquinolones, statins, phenytoin,
benzodiazepines, fluconazole, clarithromycin, and MAO-inhibitors like
linezolid.

¢ According to a study on signals to suspect DDIs, they should be considered when
unexplained hypoglycemia, leucopenia, thrombocytopenia, low TSH, T4, ele-
vated CPK, AST, or ALT, high INR or aPTT, high or low potassium, or hypona-
tremia occurs in any clinical setting.

Step 5b: Drug-Food Interactions

* Biochemical interactions between food and medications occur in ICU patients.
For example, iron, calcium, milk, etc., can chelate all fluoroquinolones in the
bowel and reduce their absorption.

» Fatty food increases absorption of itraconazole, but food reduces bioavailability
of phenytoin and thyroxin significantly.

Step 5c: IV Line Piggyback Interactions

* As many ICU patients have maintenance IV fluids, adding any other medication
can result in precipitation (calcium chloride + soda bicarbonate =» calcium car-
bonate), Ringer lactate (its calcium content) is incompatible with many medica-
tions like ceftriaxone, fluoroquinolones, imipenem, and blood products. Thus, by
default, no medication should be added to Ringer’s lactate or added to the line
having Ringer’s lactate.

¢ Amiodarone gets precipitated in normal saline at lower dilutions, so does phe-
nytoin in dextrose-containing solutions.

e A list of drug dilutions must be fixed and followed as a protocol in inten-
sive care.

e Involving clinical pharmacists while designing these protocols is highly
desirable.
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Step 6: Know Special Onset and Offset Kinetics of Key Drugs
in ICU Patients

Step 6a: Context-Sensitive Half-Life

* Inintensive care, many drugs are used as I'V infusions for their immediate effects,
but many have prolonged effects that last long after stopping their infusion—e.g.,
amiodarone (days to weeks), labetalol (5.5 h), insulin (2 h). Fat-soluble medica-
tions like fentanyl and midazolam when infused for hours in ICU patients get
cumulated in fat and recirculated after stopping the infusions. This leads to the
prolonged hangover effect of sedatives called context sensitive half-life, which is
much longer than that of single boluses.

* Hydroxy-midazolam glucuronate, an active metabolite of midazolam, excreted by
kidneys gets cumulated if the patient develops AKI during the use of midazolam
infusions. This can account for undue prolonged sedation after stopping midazolam
infusion and therefore should be avoided in patients with renal dysfunction.

Step 6b: Cautions in Antibiotic Infusions

PK-PD data: PK-PD of antibiotics vary according to their mode of action (killing or
inhibiting growth of microbes) and can be grouped into one of the following three
types. Time-dependent antibiotics are often used as prolonged infusions in the ICU;
however, one needs to consider the limitations of this approach (Table 29.2).

There are limitations in the use of IV antibiotic infusions like IV piggyback
incompatibility with other meds, post-dilution stability of antibiotics, etc.
(Table 29.3).

Table 29.2 Antibiotic groups as per kinetics of killing

Concentration dependent Time dependent (Time > Concentration and time dependent
(Cmax/MIC) MIC) (AUC—24h/MIC)
Gentamicin Piperacillin— Fluconazole
Amikacin tazobactam Linezolid, Azithromycin
Daptomycin Meropenem Ciprofloxacin
Metronidazole Vancomycin Glycopeptide

Cephalosporins Tigecycline

Table 29.3 Antibiotic stability after dilution at room temperature

Antibiotics Stable at room temperature for Hours
Piperacillin, temocillin, aztreonam At least 24 h

Ceftazidime 24 h at 25 °C, but only for 8 h, at 37 °c
Meropenem, doripenem, 3—4 h only

imipenem

Amoxicillin 8h

Penicillin 12h

Modified from Van Herendael et al. (2012)
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Step 7: Consider Therapeutic Drug Monitoring (Table 29.4)

* The dosing range defined by the manufacturer is often based on PK-PD on nor-
mal individuals and at times few lines of guidance for liver and renal
dysfunction.

e Many medications have measurable therapeutic effects (BP, blood sugars, tem-
perature, APTT, INR, etc.) but most don’t (antibiotics, antiepileptics, thioxan-
thines, antibiotics). Therefore, periodic blood level monitoring is necessary.

* No specific guidance is available for ICU patients; however, timely achievement
of therapeutic plasma concentrations (target tissue fluid concentration) and their
maintenance is of vital importance in critically ill patients. Therefore, monitor-
ing therapeutic drug concentrations, at least in a few critical situations (ECMO,
CRRT, burns and trauma resuscitation, extremes of weight range, status epilepti-
cus, etc.), is advisable, if not for all patients.

Availability of TDM and more importantly setting a minimal acceptable TAT are
factors intensive care regimen has to consider and develop protocol accordingly
(Table 29.4).

This step-by-step approach has led us to understand the following clarification
on the etiology of the case vignette given above.

Table 29.4 Therapeutic drug concentrations

Toxic effects
Visual disturbance, dizziness, nausea and
vomiting, PR prolongation, AV blocks,

Drug Therapeutic concentration
Digoxin Css:
CHF: 0.5-0.9 ug/L

AF: 0.8-2 ug/L (level

measured 12 h after dose, or

24 hrs in CKD and HD
patients)

brady- and tachyarrhythmias (simultaneous
thyroid function, potassium and magnesium
check advised )

<0.5 ug/L under digitalization, >1.2 ug/L
increased mortality

Gentamicin, Cmax /MIC >8-10 Nephrotoxicity, ototoxicity
tobramycin Cmin <0.5 mg/L
Amikacin Cmax/MIC >8-10 Nephrotoxicity, ototoxicity
Cmin <2.5 mg/L
Vancomycin Cmin >10 mg/L, Nephrotoxicity, ototoxicity, reversible
>15-20 mg/L in severe neutropenia
infections.
Css: 20-25 mg/L
(continuous infusion)
Teicoplanin Cmin >10-20 Thrombocytopenia, neutropenia
uncomplicated Cmin >60—nephrotoxicity
20-30 mg/L severe
complicated MRSA
infections
Phenytoin Cmin: 10-20 mg/L Nystagmus, ataxia, dysarthria, cardiovascular

collapse
Correct for hypalbuminemia
Caution in uremia

(continued)
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Table 29.4 (continued)

Drug
Theophylline

Beta-lactams
Daptomycin

Linezolid
Colistin

Polymyxin B
Voriconazole

Posaconazole

Therapeutic concentration
Css: 10-20 mg/L (4 h after
initiation infusion and

12 hourly)

Css > MIC

AUC/MIC >666

Cmin (1 h before next dose)
<24 mg/L (72 h
post-initiation)

Cmin: 2-7 mg/L (48 h
post-initiation)

Cmin: 2 mg/L, 48-72 h
post-initiation

AUC 0-24:50-100 mg h/L
Cmin: 2-6 mg/L
(prophylaxis or treatment)
2-5 days post-initiation

Cmin >0.5-0.7 mg/L
(prophylaxis)

Cmin >1 mg/L (treatment)
7 days post-initiation

Toxic effects
Arrhythmia, nausea, vomiting

Neurotoxicity at very high dose exposure
Rhabdomyolysis (CPK—20-fold rise if
Cmin > 24.3)

Cmin 7-10/L—thrombocytopenia, neutropenia,
serotonin syndrome
Nephrotoxicity, neurotoxicity

Nephrotoxicity, neurotoxicity
Neuropsychiatric disturbances, visual
disturbances, CYP C450 inhibition-associated
interactions, cholestasis, poor oral
bioavailability-related low levels

Nausea, vomiting

Modified from Antimicrobial therapeutic drug monitoring in critically ill adult patients: a Position
Paper. Intensive Care Med. 2020 Jun; 46(6):1127-1153. Cmin 30 min or just before the next dose,
Cmax 30 min after the end of infusion, MI/C minimum inhibitory concentration for the microbe for
that molecule, Css monitoring for continuous infusion, AUC/MIC-based monitoring two samples
taken between 1.5 and 3 h post-dosing and the other one taken within 1 h of the next infusion,
AUCO-24 one sample taken between 12 and 24 h post-initiation of therapy

 Fasting has led to dehydration with a consequent drop in his renal function. His
creatinine clearance was noted to have dropped from 25 ml/min to less than
10 ml/min now causing AKI. The interaction of dehydration (low renal blood
flow), aceclofenac (NSAID—glomerular afferent vasoconstriction), and telmis-
artan (ARB—glomerular efferent vasodilatation) caused a further drop in glo-
merular filtration pressure and so GFR. This has led to the accumulation of
atenolol causing hypotension and bradycardia, initiating a vicious cycle.

Thus, a step-wise approach from focused history-taking to revisiting pharmaco-
logical principles helps not only manage the patients in the ICU but diagnose the
underlying etiology as well.
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Case 1

A 56-year-old male, a known case of diabetes mellitus and ischemic heart
disease, presented with bilateral pneumonia complicated by ARDS and septic
shock. He was on invasive ventilation with 85% FiO, and receiving a high-
dose noradrenaline infusion. At 4 am, during sponging, the patient’s central
venous access was accidentally dislodged. He subsequently suffered a cardiac
arrest. CPR was performed, and he was successfully revived. However, the
patient sustained significant hypoxic brain and cardiac damage.

Case 2

A 46-year-old female, a known case of hypertension, was admitted to the ICU
for angina and was gradually recovering. During oral medication administra-
tion, the patient was mistakenly given Tab. Metoprolol 50 mg twice a day
instead of the prescribed 25 mg twice a day. This resulted in significant hypo-
tension with bradycardia, requiring vasopressor infusion.
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Case 3

A 67-year-old female with diabetes was admitted at 11 am with urosepsis and
septic shock. Blood cultures were ordered, and antibiotics were prescribed
with a thrice-daily dosing regimen. However, the first dose of antibiotics was
administered at 2 pm due to the routine practice of giving medications pre-
scribed for thrice-daily dosing at fixed times: 2 pm—10 pm—6 am.

The article “To err is human: Building a safer health system”, published in
the year 2000 by the Institute of Medicine (US) Committee on Quality of Health
Care in America, discussed the importance of errors in healthcare as they can
result in significant increase in mortality, morbidity, and the financial burden to
the family and the institute. It also increases the emotional burden on the family
members and the healthcare workers. As per the WHO report (2023), more than
3 million deaths occur annually due to unsafe care. This is much more than the
commonly perceived causes of death including road traffic accidents, malig-
nancy, etc. Around 1 in every 10 patients is harmed in healthcare while more
than 50% is preventable. Out of all the medical errors, about two-thirds are
medication errors. This is probably because of less awareness, underreporting,
and less research.

Step 1: Understand the Concept of Safety

Safety and quality are integral parts of patient care. Unintentional errors result in
compromising safety. By preventing medical errors, patient safety and thereby qual-
ity improves. Because of its nature, ICU is more prone to errors and suffers more
serious adverse consequences. We can’t have an error-proof care provider, but we
can create a safety culture by creating an error-proof environment by making and
following systems, protocols, etc. This originates from the Hippocratic Oath “pri-
mum non nocere”—*“First do no harm.”

Step 2: Familiarize the Terminologies

There are lots of terms that are used interchangeably, but there are definite differ-
ences between them (Table 30.1).
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Table 30.1 Terminologies

Patient safety
Slips/lapses

Mistakes
Near miss

Incident
Adverse
event

Medical error

Prescription
error

Medication
error

Sentinel
event

The avoidance, prevention, and amelioration of adverse outcomes or injuries
stemming from the process of healthcare.

Errors when executing a correctly planned action. Slips are due to errors in
performing the action and lapses are due to failing in performing the action.
Errors in planning actions.

Any event that could have had an adverse patient consequence but did not result
in a poor outcome.

Unexpected or unanticipated events or circumstances, not consistent with the
routine care of a particular patient, which could have, or did lead to, an
unintended or unnecessary harm to a person, or a complaint, loss, or damage.
Unintended injury or complication to patients that results in measurable
disability, death, or prolonged hospitalization.

An act of omission or commission in planning or execution that contributes or
could contribute to an unintended result.

Failure of the process of prescription writing/documentation that results in
wrong instruction about one or more of the normal features of a prescription,
like dose, duration, dilution, date, frequency, etc.

Any preventable event that may cause or lead to inappropriate medication use or
patient harm, while the medication is in the control of the healthcare
professional, patient, or consumer.

An unexpected occurrence involving death, serious physical or psychological
injury, or the risk thereof

Step 3: Understand the Progression of the Error

The progression is usually from the incidence to near miss to ultimately an error.
James Reason proposed a “Swiss cheese model of error causation.” It gives insight
into the error occurrence. He suggested that most complex systems (like Intensive
Care Units) and work environments (stressful ones like ICU) have different layers
of defense. Consider each layer (of the system) is a slice of Swiss cheese (Fig. 30.1).
Each layer (system) always possesses several holes or flaws as no system is perfect.
There are times or circumstances or “opportunities” when these holes align together
in such a way that bypass all layers of defense resulting in an error.

The errors occur due to active failures (because of skill or knowledge-based
errors) or latent conditions in the presence of some situational factors (like fatigue,
distraction, multitasking, etc.).
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Layers of defence

Losses

Faults in the system

Fig. 30.1 Swiss cheese model. (Modified from Reason 2000)

Step 4: Evaluate the Reasons for Error Underreporting

More commonly, there is no working culture for reporting errors for fear of disciplin-
ary actions. There is a tendency to hide the error. The common practice is to find out
“WHOQO?” is at fault rather than “WHAT” is at fault. Because of this, the same error tends
to be repeated and sometimes it may lead to unintended consequences. Furthermore,
very few hospitals have error reporting systems and transparency in documentation.
There is very little participation (if at all any) in the study of errors at large scale because
of the fear of getting defamed when published, despite the confidentiality status.

Step 5: Identify the Factors in the ICU That Contribute to Errors

e Multiple caregivers

* Too many experts involved in the care

e Complex disease

e Multiple organ involvement

* Less time for decision-making

e Multiple medications

* More frequent changes in the treatment plan

» Stressful environment

» Severity of illness

* Multiple intervention

e Deficit of trained manpower

* High turnover of patients

* Multiple emergency admissions

* An Intensivist needs to be a multi-tasker while managing critically ill patients,
e.g., to do a procedure, train nurses, counsel family members, co-ordinate/liaise
with multiple departments/consultants, etc.

» High attrition rate of caregivers
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Step 6: Identify the Probable Reasons for Drug Errors
in the ICU (Table 30.2)

The process of medication starts from prescription to transcription to dispensing to
preparing to administer. There are a lot of scopes of making an error, especially in
the ICU. Approximately 1.2-947 errors per 1000 patient days occur in ICUs, which
may be 2-3 times more hazardous in critically ill patients and 2.5 times more likely
to be fatal as compared to non-critically ill stable patients.

Table 30.2 Probable reasons for drug errors in the ICU

Probable reasons of drug errors in the ICU over and above the general factors

Medication related Patient related
Use of a higher number of drugs Severity of illness
Drug—drug and drug—food interactions The higher the severity, the
higher the chances of ADE
Spelling errors Requirement of high-risk
medications
Illegible handwriting when hand-written Extremes of ages—require
special attention
No standardization in prescription writing No or minimal, patient
No capital letters in writing prescription participation in the care makes
No capital letters in writing the dosage frequency like TDS  them vulnerable to error
vs TDS Poor organ reserves to tolerate
No standard format tds vs tid any additional insult

No order maintained about writing drug name, dose,
frequency, dilution, duration of administration, route of
administration, etc. Multiple formats used as per
convenience and habits
No pharmacological name of the drug written
Multiple look-alike sound-alike brand names which are
different compounds
Decimal errors (zero point one .1, read as 1, 1.0 read as 10),
“I” read as one (Paracetamol 500 as Paracetamol 1500), “U”
misread as Zero (Insulin 2 Units as 20 Units)

No repeated review of the drug chart by the doctor, especially  Prolonged/repeated

when no change in the drug chart for 2-3 consecutive days hospitalization—higher
chances of ADE
Calculation-based errors Dosing errors because of
Wrong weight-based calculation as most of the time it is altered pK/pD
calculated as predicted body weight In liver or renal dysfunction
Wrong calculation when the drug is diluted resulting in relative drug
Wrong infusion rate overdose

Relative drug underdose in
the case of augmented renal
clearance
Extremes of age requiring
special dosing attention
Labeling errors Allergy related issues
Wrong combination of drugs
Frequent use of drug boluses or infusions
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In the ICU, the above are the probable reasons that are likely to contribute to an
error occurrence over and above the general factors:

Moreover, there are certain errors that are not recognized and tend to be repeat-
edly occurring. This is because there is no formal education for the same. As we
discussed in our cases, these kinds of errors are very common and need to be
addressed seriously.

Step 7: Adapt Tools to Measure Safety

Various systems and tools are available to measure safety in the hospital. A few of
them are described in Table 30.3.

Table 30.3 Tools to measure safety

Tool
Incident report system

Root cause analysis

Failure mode and
effect analysis
ICU audits

Trigger tools or
targeted injury
detection systems

Process of care
measurement

Description

Evaluation of a single
incidence where the harm
occurred

E.g., ISMP (Institute for Safe
Medication Practices) Error
Reporting System

More focused evaluation of
certain incidents
Identify error-prone processes

Prepare guidelines/protocols
based on national or
international guidelines
Compliance audit

A strategy to detect safety
hazards to prevent harm

Evidence-based action or
intervention

Measures the compliance/
adherence to the best patient
care practices/protocols

Pro and Cons

Voluntary

Anonymous

Not punishable

Try to find out “what” is at fault rather
than “who” is at fault

Analyze the root cause and formulate
the action plan to prevent the same
incident in the future

Implement preventive measures

Multidisciplinary team to implement
prospective actions

By internal or external agencies and
maintaining transparency

Retrospective analysis of medical
records to identify SA/SAE, its
frequency

Compliance/progress of safety
protocols

Analyze discharge summary
Retrospective chart review
Automated surveillance
Voluntary incident/error reporting
system
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Step 8: Implement Strategies for Medication Safety

There are five fundamental questions to be asked while patient care is ongoing.

Dk e =

Strategies

Has patient care been safe in the past?
Are our clinical systems and processes reliable? It reflects the reliability.
Are we responding and improving? It reflects integration and learning.
Is care safe today? It reflects sensitivity to the ongoing operation.

Will care be safe in the future? It reflects anticipation and preparedness.

Improvement in medication safety can be done by improving the processes, under-
standing the situational factors, and using advanced technology. There are lots of
systems/strategies to prevent drug errors and thereby improve the safety of patients

(Table 30.4).

Table 30.4 Strategies to prevent medical errors

Optimization of medications process

Medication
standardization

Computerized
physician order entry
(CPOE)

Use of standard drug
concentration charts

Use of user-friendly labels
Standardized format of
prescription

Involves prescription and
transcription stages of the
medication process

Allow direct order entry into
the computer, which is
connected to HIS (hospital
information system)

Advantages:

Can be customized as per unit-
specific requirements

The labels can be prepared in local
language

Disadvantages:

Needs chart reference majority of the
time

The chart should be available in
multiple places

Advantages

Can track documented allergies
Suggests the dosage and dosage
adjustments in organ dysfunction
Gives an indication of the significant
drug—drug interaction

Less chances of look-alike-sound-
alike drug-related errors as it also
mentions the drug’s pharmacological
name

Disadvantages :

Costly systems

Needs technical update from
time-to-time

Evidence of paradoxical increase in
errors while in the implementation
phase

Time-consuming at the initial stages

(continued)
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Table 30.4 (continued)

Optimization of medications process
Use of barcode
technology stage of the medication
process

Usually used along with

CPOE

Labels the patient, the drug,
and the administering person

and document these
electronically

Use of computerized
syringe and
volumetric infusion
pumps

and barcode technology

Medication
reconciliation
programs

Incorporates patient’s

are often forgotten after

Involves the administration

long-term medications, which

Advantages:
Ensures:
Right patient
Right drug
Right dose
Right dilution
Right route of administration
Right duration of administration
Right time
Disadvantages:
Cost

Allow incorporation of CPOE Advantages

We can feed the standard drug

concentration

Can suggest the drug infusion rate

Can set the dose limits

Gives alarms if any interruption or

when approaching finishing the

syringe volume, thereby avoiding any

drug-interruption duration (important

for drugs like vasopressors)
Disadvantages :

Cost

Require calibration from time-to-time
Advantages

Prevents medication withdrawal and

its consequences

admission to ICU and later

not re-started

1. Minimize situational risk factors

Avoid the long/  Avoid double shifts working

cumulative Assign duty in such a way

working hours that balances the risk of care
provider fatigue and the risk
of frequent patient
hand-over

Manage the Keep on engaging the case

stressful provider in various

environment stress-buster activities
Encourage them with reward
programs including
error-reporting reward
programs

Graduated The transition from trainee

responsibility supervision to graduated

responsibility needs to be
managed efficiently

Avoid giving multiple tasks
to less experienced care
providers

2. Other error-preventing strategies

Intensivist Minimized errors

Participation

Pharmacist Pharmacovigilance helps
participation prevent errors

Adequate Proper distribution of
nurse—patient ~ nurse:patient as per the
ratio patient’s condition and

support

(continued)



30 Safety and Drug Errors in the ICU 381

Table 30.4 (continued)

1. Minimize situational risk factors 2. Other error-preventing strategies
Avoid the long/  Avoid double shifts working Error reporting Encourages the care
cumulative Assign duty in such a way reward provider to report errors
working hours that balances the risk of care programs

provider fatigue and the risk
of frequent patient

hand-over
Manage the Keep on engaging the care ~ Educational Talk more about errors,
stressful provider in various programs importance of reporting and
environment stress-buster activities prevention programs

Encourage them with reward
programs including
error-reporting reward

programs
Graduated The transition from trainee  Innovative Error prevention modules
responsibility supervision to graduated programs

responsibility needs to be
managed efficiently

Avoid giving multiple tasks
to less experienced care
providers

Step 9: Use the Innovative Approach of Error
Prevention Modules

We can design innovative programs and workshops especially to recognize errors
early and prepare preventive modules. One such program can incorporate labeling
the errors that keep on happening in the ICU, are never documented, are not acted
upon, and thereby become vulnerable to the recurrence of the same error. These
errors are not mentioned in one place in the literature but are witnessed very rou-
tinely. These errors are even unit-specific, area-specific, manpower-specific, sys-
tem-specific, etc. We can identify these errors by making criteria of the individual
error, making care providers aware of the circumstances in which it occurs, giving
these errors innovative and fancy names so that it is easy to remember, and doing
awareness campaigns or workshops to educate further.
Here are a few examples:

1. Sponging Syndrome:

As discussed in case 1, the accidental removal of central venous access and its
dangerous consequences are not uncommon. These disasters do occur during the
sponging time, which is usually between 4 and 7 am. We can label it “sponging
syndrome” and label the precautions like care of tubes and lines, witnessing the
sponging of high-risk patients by on-duty doctors, delaying the sponging of most
risky patients during daytime in the presence of the bigger team, etc. This aware-
ness can be created easily and most effectively by this terminology. You need to
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just instruct—*‘P1 take care of sponging syndrome” and daytime sponging of the
XYZ patients. This definitely prevents errors from occurring during this vulnera-
ble time.

2. Look-Alike-Dose-Alike (LADA Syndrome) Medications:

In the second case, Tab Metoprolol was accidentally administered in a double
dose because the difference between 25 mg and 50 mg was missed. While look-
alike-sound-alike (LASA) or sound-alike-look-alike drug (SALAD) errors are well
known, there is another common risk in ICUs. Many drug strips of the same medi-
cation but with different strengths look almost identical (e.g., metoprolol 25 mg vs.
metoprolol 50 mg). This error is more common during dose titration (either up or
down) than with LASA drugs. To address this, we can introduce the term “look-
alike-dose-alike (LADA) drugs,” which highlights the risk of confusing different
strengths of the same medication.

3. 2-10-6 Syndrome:

In the third case, the first dose of the antibiotic was delayed by three hours due
to the routine practice in many ICUs/hospitals of administering TDS doses at
fixed times: 2 pm—10 pm—6 am. Although this schedule is convenient for staff, it
can lead to clinically significant delays, especially in critical care settings. In
cases of sepsis or severe infections, even a 3—4 h delay in antibiotic administration
can increase mortality and worsen outcomes. Despite repeated reminders, this
fixed-timing practice persists in many ICUs. To raise awareness and encourage
prompt action, we can introduce the term ‘“2—10-6 syndrome,” which captures this
systemic delay in a memorable way. The unique and catchy name makes it easy to
remember and may help reinforce the need for timely antibiotic administration
without requiring constant reminders.

ICUs are highly complex environments where various types of errors frequently
occur, including medication errors, system-related errors, communication errors,
transportation-related errors, and procedure-related errors. To reduce ICU errors,
we can implement an innovative, multifaceted approach.

Step 10: The Safety Culture and Drug Error
Prevention Programs

Hospitals should designate a dedicated quality and safety leader to collaborate
with the ICU team. Staff members should be engaged through motivational
methods rather than punitive measures. The adoption of computer-based, par-
ticularly Al-powered, systems can significantly enhance safety. Additionally,
innovative and customized programs should be designed and effectively
implemented.
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Case Vignette

A 57-year-old male patient was admitted to the emergency department of a
small hospital with complaints of chest pain and palpitation. He was found to
be hypotensive with inferior wall STEMI, pulmonary edema, and a low ejec-
tion fraction of 30%. The patient was initially given NIV but was later intu-
bated and put on invasive ventilation. The hospital did not have a Cardiac
Cath lab. The cardiologist resuscitated the patient and administered throm-
bolysis. The patient was subsequently sent to a higher center for PCI interven-
tions and further care. The patient was on 10 ml/h of noradrenaline infusion
and ventilatory support. He was shifted to an ACLS ambulance.

Inter- and intrahospital transport is commonly undertaken for critically ill patients
requiring advanced diagnostics, major interventions, and advanced medical/surgical
care. Victims of major roadside trauma may require on-site stabilization and quick
transfer to a trauma center. These critically ill patients are in a dynamic and vulner-
able physiological state and the transport process potentially exposes them to addi-
tional harm, instability, and increased risk of morbidity and mortality during
transport.

A protocolized approach that includes planning, preparation, standard monitor-
ing, liberal communication, appropriate documentation, and use of experienced
manpower during transport is essential for the safe transport of critically ill patients.
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The ideal way to consider the transport of a critically ill patient is as a “mobile ICU
environment.”

Types of Transport

Transfer of critically ill patients is performed for multiple indications (Table 31.1)
by healthcare professionals using various platforms. Broadly, patient transfers can
be categorized by:

* Based on level of care: primary, secondary, tertiary
» Urgency of care: emergency, urgent, routine
 Indication for transfer: clinical or capacity (triaging)
e Transfer platform: bed, road, or air
¢ Level of care required during transit:
— Level 0: Stable patients in the ward and not required to be accompanied by
specialized personnel.
— Level I: Patients at risk of deterioration during transport and should be accom-
panied by a trained paramedic or nurse.
— Level II: Patients requiring continuous observation and interventions for sin-
gle organ failure and should be accompanied by a competent physician.

Table 31.1 Commonly used transfer terms

Primary transfer =~ Movement of patients from the scene of injury or illness, to the nearest
receiving hospital

Extended primary Movement of a patient from the scene of injury or illness to a specialist

transfer center or trauma center, bypassing the nearest hospital to reach a center
more appropriate to the needs of the patient

Secondary transfer Movement of a patient from any hospital facility (emergency department/
ward/critical care unit/operating theatre) to another center

“Clinical” transfer Patient transfer for specialty treatment or investigation not provided at the
referring hospital

“Capacity” Patient transfer for specialist treatment or investigation normally provided

transfer at the referring hospital, but this is not currently available

Repatriation Patient transferred back to the referring hospital or a hospital nearer the
patient’s home

Interhospital Transfer of a patient between hospitals

transfer

Intrahospital Transfer of a patient between areas/departments within the same hospital

transfer site

Primary ECMO A mobile ECMO team initiates ECMO at an outside facility and, after

transportation initial stabilization, the patient is transferred to an ECMO center

Secondary ECMO A patient is currently supported with ECMO but must be transferred to

transportation another facility on ECMO support

Tertiary ECMO Hospital A has a patient with an ECMO indication and a mobile ECMO

transportation team from Hospital B goes to Hospital A. The ECMO team from Hospital
B puts the patient on ECMO and transports the patient to Hospital C with
ECMO capacity

Intra-facility A patient is currently supported with ECMO but must be moved within an

ECMO transfer institution
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— Level III: Patients on mechanical ventilation with 2 organ failures and must
be accompanied by competent physicians, besides paramedic and nurs-
ing staff.

 Distance/duration of transfer: intrahospital, interhospital, or international transfer

Intrahospital Transport

Step 1: Evaluate the Need for Transport

¢ The most important initial step is to evaluate the potential benefit that may be
derived by shifting the patient against the risks involved.

e The purpose and the justification for transport should be noted in the
case sheet.

e The potential risks can be minimized by careful planning of the procedure and
utilization of available equipment and personnel.

e The timing of transport should also be carefully decided, preferably during day
time for elective transfers.

¢ A multidisciplinary team of physicians, nurses, paramedical staff, and transport
coordinators is required to plan and coordinate the process.

Step 2: Identify High-Risk Patients

 Patients in the following categories are at particularly high risk for deterioration
during or after transport:

¢ The mechanically ventilated patients, particularly those with the requirement of
high PEEP >6 and FiO, more than 0.5. Extra oxygen reserve for patients with
high oxygen requirements should be kept.

¢ Patients with higher injury severity.

¢ Patients with traumatic brain injury.

* Hemodynamically unstable patients requiring continuous infusion of single/
multiple vasoactive drugs—noradrenaline, vasopressin, adrenaline, dobuta-
mine, etc.

e Transport of the patient should not be undertaken in the following
circumstances:

— If there is any predicted inability to maintain airway control, breathing (oxy-
genation and ventilation), or circulatory parameters, or to adequately monitor
the cardiopulmonary status during transport or at destination.

— If all the necessary members of the transport team are not present.

— If the receiving team is not ready.

e Decision: Transporting a patient in serious condition is a critical decision and
should involve the senior physicians in the unit.
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Step 3: Pre-transport Coordinate and Communicate

» Effective communication should be established between physician-to-physician,
nurse-to-nurse, and the service/therapy provider to reduce transit time and delays.

* The clinical condition and the urgency for the study or therapy should be dis-
cussed to avoid waiting.

* The receiving team should signal their readiness to receive the patient for imme-
diate procedure and testing.

» Patients/relatives are to be counseled regarding the need for transport and any
risk involved.

Step 4: Decide Accompanying Personnel

* All critical transfers should be accompanied by a physician (preferably from the
treating team), nurse, and a paramedic with full resuscitation gear including
equipment and medications.

» It is strongly recommended that a physician competent in airway management
and advanced cardiac life support accompany the unstable patient.

* Additional help may be asked from the ICU if the situation demands so.

e The transport personnel should accompany the patient until return to the ICU.

Step 5: Decide the Equipment Required

* The equipment to be used during transport should be dedicated and should not be
used anywhere else.

e A transport monitor including ECG, heart rate monitor, blood pressure monitor,
pulse oximeter, invasive and/or noninvasive ventilators, and defibrillators.

* Basic resuscitation drugs, including epinephrine, norepinephrine, antiarrhythmic
drugs, vasopressin, muscle relaxants, sedatives, narcotics, analgesics, dextrose
ampoule, and appropriate IV fluids.

* Intubation and resuscitation equipment for ACLS.

* Drip medications properly labeled must accompany the patient.

* All battery-operated equipment must be fully charged and should have adequate
battery backup provision.

* Portable oxygen to cover the transport duration with an additional reserve
of 30 min.

* The portable ventilator should have control and spontaneous modes, FiO, up to
100%, PEEP and airway pressure, and disconnection alarms.

* In mechanically ventilated patients, endotracheal tube position is noted and
secured before and during transport and the adequacy of oxygenation and venti-
lation is reconfirmed.

* No equipment or drugs should be placed over the patient. Most units will have
custom-made shelves, which will fit on the beds or trolleys.
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* The monitors and/or ventilators should be properly secured with straps to the bed
or shelves so that they do not fall on the patient.

Step 6: Monitoring During Transport of Critically Ill Patients

¢ Monitoring should continue during the transport as well as inside therapy or
diagnostic areas:
— Continuous ECG monitoring
— Continuous pulse oximetry
Periodic measurement of the blood pressure, pulse rate, and respiratory rate
Selective patients may benefit from capnography, continuous intra-arterial
blood pressure monitoring, and intracranial pressure monitoring if required.

Step 7: Take Care During Transport

* Ideally, the patient should receive the same level of care as in the ICU.

 Vital signs must be monitored and recorded at intervals.

* Use of memory-capable multipara monitors is recommended. This will allow
documentation of data during transport.

¢ Any adverse events should be noted and immediately managed.

e There should be a designated senior physician available for consultation in the
case of an adverse or critical event during transport. Ideally, he/she should be
available on-site and should be able to arrive at the destination area if required.

e The transport team should be able to communicate with the designated person
during transit as well as upon arrival at the destination in the case of an emergency.

Step 8: Do Documentation

¢ Documentation in the medical record should be done, which includes the
following:
— Indication of transport
— Clinical status of the patient before, during, and after return to the ICU
— Any critical event during the whole process
— Signature of the transport team personnel

Interhospital Transport

Basic requirements are the same for intra- or interhospital transport. However, inter-
hospital transport requires more planning, more personnel, consideration of the
choice of vehicle and its availability, altitude effects in air transport, weather condi-
tions, battery life of equipment, backup equipment, oxygen supply, power supply, a
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contingency plan in the case of breakdown, and more documentation for medicole-
gal purposes.

Step 1: Take Informed Consent

e Informed consent for interhospital transport must be taken from a competent
patient, or from a guardian/legally authorized representative if the patient is
incompetent.

¢ Itincludes a discussion of the risks and benefits of transfer and its documentation
in medical records before transfer.

* In the case of life-threatening emergencies when an informed consent cannot be
taken, the indication of transfer and the reason for not obtaining consent must be
documented.

Step 2: Plan, Communicate, and Coordinate Before Transport

The transport action plan carried out by the transport team should consider the fol-
lowing issues:

e The referring physician will contact the receiving physician and will explain the
clinical condition to him/her.

* Choice of mode of transport: Air or road will be determined by the transferring
physicians based on the medical condition, time savings, available facilities, and
required medical interventions. Air transfer may be considered for longer jour-
neys of more than 80 km or 2 h. Helicopters are recommended for journeys of
80-240 km or if access is difficult. Fixed-wing pressurized aircraft should be
used for transfer distances over 240 km. The advantages and disadvantages of
individual modes are discussed in Table 31.2.

* Choosing the monitoring and other support equipment.

¢ Anticipating potential complications during transport and necessary steps to pre-
vent/tackle such complications.

* Choice of transport team as per the condition of the patient and available
resources.

Step 3: Prepare the Patient

Appropriate preparation of the patient before transfer is crucial for preventing prob-
lems and delays. A systematic approach (e.g., “airway, breathing, circulation
(ABC)” or similar) helps to avoid oversight and pre-empt potential pitfalls.

e A patient should only be transported after airway stabilization if airway
patency is anticipated to become an issue during transport. It is difficult to
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Table 31.2 Advantages and disadvantages of different modes of transport

Mode of
transport Advantages Disadvantages
Road Quickest to arrange Limited range
ambulance  Cheaper Limited speed
No altitude-related issues Clear road access needed
Less affected by inclement  Much more vibrations, depending on the road
weather conditions
If needed, the ability to pull
over to perform a lifesaving
procedure
Helicopter  Faster to organize than Range is limited
fixed-wing aircraft Expensive
Rapid transit time Highly weather-dependent
Being a vertical take-off Small cabin, limited space
and landing (VTOL) aircraft Noisy for crew and patient
does not need an airport/ Communication possible only via headset
runway Cabin not pressurized; mild complications of high
Less turbulence than a road  altitude possible
ambulance Poorer safety records
Fixed-wing Highest range Most expensive
aircraft Fastest speed Slowest to organize

Less weather dependent
than a helicopter

Large cabin, more space for
equipment and crew

Better temperature and
noise control than a
helicopter

Can be pressurized at high
altitude

Need to load into an ambulance, then into aircraft
at the airport, then disembark at another airport and
load into another ambulance (i.e., tantamount to
three separate transfers)

intubate a patient in a moving ambulance as the conditions are suboptimal.
The endotracheal tube should be properly secured to avoid dislodgement dur-
ing transport.

Any pneumothorax should be drained beforehand. Oxygen saturation and
end-tidal CO, monitoring should continue en route. It is suggested that the
oxygen requirement during transport should be twice the patient and ventila-
tor oxygen consumption. The transport ventilator should have provision for
spontaneous breathing, disconnection, and high-pressure alarms with ade-
quate battery backup.

Fluid resuscitation and vasopressor support should be initiated before transport
if required. Good venous access, preferably a jugular or subclavian central
venous catheter or two large bore peripheral cannulas, should be obtained. Blood
products should be arranged beforehand if the need is anticipated during trans-
port. The need for special equipment like an intra-aortic balloon pump, cardiac
pacing, and intracranial pressure monitoring should be anticipated and arranged
before initiating transport.

The trauma patient should be immobilized, secured, and well-covered.
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e Vascular access lines, drains, and indwelling catheters should be secured in
place, and if a nasogastric tube or urinary catheter is required, it should be
inserted.

e In critical transfers, it is advisable to use neuromuscular blockers, sedatives, and
analgesics to achieve stability en route.

e Transfer trolleys must be secured tightly into the vehicle to protect the patient
and transfer team in the case of an unprecedented accident.

e A copy of the medical record including case summary and all relevant laboratory
and radiographic data will accompany the patient.

Step 4: Decide on Accompanying Personnel

¢ The transport team should have a minimum of two members besides the driver.
The critical transfers must be accompanied by experienced intensivists and
nurses who are competent to handle en route medical emergencies like advanced
airway, arrhythmias interpretation, basic and advanced cardiac life support, and
other lifesaving interventions.

* The transport team leader should be a treating physician/intensivist/anesthesiolo-
gist/emergency physician with additional training in transport medicine.

* Super-specialist services may often be required for pediatric transfers and for
patients on IABP or ECMO.

* The transport personnel will remain with the patient until reaching the ICU.

¢ There must be a clear chain of responsibility throughout the transfer. A proper
handover from the referring physician to the transfer physician and then to the
receiving facility physician is essential.

Step 5: Choose Transport Equipment and Medicines

¢ When choosing the equipment, the following should be considered: size, weight,
battery life, ability to fit trolley railings, ability to function under conditions of
vibration, ease of use in poor light, and placement in restricted space.

¢ Equipment should be adequately restrained and should be easily accessible to the
operator.

¢ Backup equipment may be desirable in some situations.

¢ The recommended minimum transport equipment and medications are given in
Table 31.3.

e Additional drugs like scheduled dosages of antibiotics, antiarrhythmics, or
others should be taken along with those that need to be dosed during
transport.

e Itisa good idea to have a pre-departure checklist to avoid any critical short-
comings during critical transfers as their use has shown significant improve-
ment in safety during transport. A sample checklist has been given in
Table 31.4.
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Table 31.4 A suggested pre-transfer checklist for critically ill patients

Is the patient stable for transport?
Airway and breathing

Ready for departure?
Patient

Airway safe or secured by intubation/
tracheostomy [

Tracheal tube position confirmed on chest X-ray
O

Adequate spontaneous respiration or controlled
ventilation established on transport ventilator [J
ABG parameters confirming adequate gas
exchange [

Sedated and paralyzed as appropriate (]

Circulation
Heart rate optimized [
BP optimized O]
Tissue and organ perfusion adequate [J
Any obvious bleeding controlled O
Circulating blood volume restored [
Adequate hemoglobin [J
At least two routes of venous access []
Arterial line and central venous access if
appropriate [

Neurology
Raised ICP managed appropriately [
Seizures controlled, metabolic causes ruled out/
controlled [J

Trauma
Cervical spine stabilized [
Pneumothorax drained [J
Intra-abdominal and intra-thoracic bleeding
controlled [J
Intra-abdominal injuries adequately investigated
and managed appropriately [
Pelvic/long bone fractures stabilized [

Metabolic
Blood glucose >90 mg/dl O
Potassium <5 mmol/l (I
Calcium*™ >1 mmol/l [J
Acid-base balance acceptable [
Temperature maintained [

Stable and secured on transport trolley
a

Appropriately monitored: ECG, BP,
SpO,, Temp, EtCO, O

All infusions running [

All lines adequately secured and
labeled O

Adequately sedated and paralyzed [
Adequately wrapped to prevent
hypothermia [

Equipment

Appropriately equipped ambulance (]
Appropriate/checked equipment and
drugs OJ

Pre-drawn up, labeled, and capped
medication syringes [J

Batteries checked (spare batteries
available) [

Sufficient oxygen supplies for
anticipated journey [

Portable phone charged and available
O

Money for emergencies [

Staff

Transfer risk assessment completed [J
Staff adequately trained and
experienced [

Received appropriate handover [J
Adequately clothed and insured [

Organization

Case records, images, lab results,
blood collected [

Transport documentation prepared []
Location of hospital bed and receiving
doctor known ]

Receiving unit advised of departure
time and estimated time of arrival [
Telephone numbers of referring and
receiving units available [J
Ambulance crew briefed [

Relatives informed about everything [
Return travel arrangements done [

Pre-departure

Patient and trolley secured [J
Ventilator connected to ambulance
oxygen supply O

Electrical equipment plugged into
ambulance power supply [

All equipment safely mounted [J
Staff seated and wearing seat belts
where applicable [J
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Step 6: Monitor Closely During Transport

For critical patients who are being shifted from ICUs, it is desirable to have the
same level of monitoring en route. The minimum monitoring should include the
following:

— Continuous clinical observation.

— Continuous ECG monitoring.

— Continuous pulse oximetry.

— Invasive BP monitoring is preferred in sick patients, especially on vasoactive
medications, and also reduces battery use of the monitor due to intermittent
NIBP measurement; otherwise, periodic measurement of blood pressure, pulse
rate, respiratory rate, etc.

— Selective patients may benefit from capnography, continuous intra-arterial blood
pressure monitoring, and intracranial pressure monitoring.

Step 7: Take Care of Safety During Transport

* Patients should be secured to the transport trolley by means of appropriate
restraint (e.g., S-point harness/straps).

e Pressure areas (including neurovascular bundles) should be appropriately
protected.

* Warming/insulating blankets should be used to keep the patient warm unless
otherwise contraindicated.

* Indwelling lines and tubes should be secure and visible/accessible.

* All equipment (including transfer bags) must be securely stowed. Equipment
should be either fastened to the transport trolley or securely stored in appropriate
lockers in the ambulance. When this is not possible, equipment should be placed
on the floor against the bulkhead wall. Under no circumstances should equip-
ment (e.g. syringe pump) be left on top of the patient trolley. This may become a
dangerous projectile in the event of a sudden deceleration. Gas cylinders must be
held in secure housing.

e Staff should remain seated at all times and wear the seat belts provided.
Adequately resuscitated and stabilized patients should not normally require
any significant changes to treatment during transport. If, however, despite
meticulous preparation, unforeseen clinical emergencies arise and the patient
requires intervention, this should not be attempted in a moving ambulance.
The vehicle should be stopped appropriately in a safe place before administer-
ing treatment.

* High-speed journeys should be avoided except where strictly necessary. Blue
lights and sirens may be used to aid passage through traffic to deliver a smooth
journey.
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¢ During the transport of patients with communicable infectious diseases, the team
must follow local and/or international infection control guidelines and use appro-
priate PPEs.

Step 8: Document and Handover

Effective communication and comprehensive formalized hand-off between trans-
porting and receiving teams is an important issue to enhance safety and should be
mandatory.

* Clear records should be maintained at all stages. These should include details of
the patient’s condition, the reason for transfer, names of referring and accepting
consultants, clinical status before transfer, and details of vital signs, clinical
events, and therapy given before, during, and after transport.

* On arrival at the receiving hospital, there should be a formal handover between
the transport team and the receiving medical and nursing staff who will then
assume responsibility for the patient’s care.

¢ Handover should include a verbal and written account of the patient’s history,
vital signs, therapy, and significant clinical events during transport. X-rays,
scans, and other investigation results should be described and handed over to the
receiving staff.

» Standardized documentation should be developed across networks and should be
used for both interhospital and intrahospital transport. This should include a core
data set for audit purposes and the transport team should be able to retain a dupli-
cate for such purposes.

Special Considerations 1: ECMO Transport

ECMO transfer (Table 31.1) is a newer addition to the complexity of critical care
transports. Detailed recommendations are outlined in ELSO guidelines while a few
important points are mentioned below.

* Mobile ECMO Team: A team leader who can be an experienced ECMO provider
and cannulation provider, an ECMO specialist like a trained perfusionist, a nurse
or respiratory therapist, and a medical transport person. Cross-training between
them with high-fidelity simulation is strongly recommended.

* The mobile ECMO team should be self-sufficient in providing full ECMO care,
including all ECMO-related equipment, medications, monitoring, and point-of-
care diagnostic devices.

* Pre-prepared, fully stocked, and checked ECMO bag is recommended prior to
team mobilization.

* During primary ECMO missions, the patient is to be adequately stabilized post-
cannulation and initiation of ECMO prior to transport.
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Special Considerations 2: Aeromedical Transport of Critically
Ill Patients

The air evacuation team should be familiar with high-altitude physiology, cabin
decompression, dysbarism, air expansion in cavities, barotrauma, and other issues
that may create problems unique to this mode of travel.

o Staff involved in aeromedical transport must have a high level of expertise, spe-
cialist knowledge, and additional practical training in acromedical transfer.

* Some practical issues that may be relevant for those preparing a patient for air
transfer:

— A fall in barometric pressure results in a reduction in alveolar PAO, and may
lead to hypoxemia. Increased FiO, is mandatory for all aeromedical transfers.

— At lower atmospheric pO, (unpressurized cabins) oxygen can bubble out of
the solution, leading to hyper-oxygenation of the ECMO circuit, which must
be prevented.

— A fall in barometric pressure also leads to an increase in the volume of gas-
filled cavities within the patient. Endotracheal tube cuff pressure should be
monitored or the cuff filled with saline. Pneumothorax must be drained.
Nasogastric tubes should be inserted and placed on free drainage. Pneumo-
peritoneum and intracranial air are relative contraindications to air transport.
Tissues may also swell, and plaster casts should be “split.”

— Increased altitude is also associated with a fall in temperature; additional
measures may be required to keep the patient warm.

— Noise and vibration may cause nausea, pain, and motor dysfunction. Anti-
emetic pre-medication should be available for patients and transfer personnel
and ear protection to be provided.
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Chest Imaging in the ICU 3 2
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Case Vignette

A 58-year-old female presented to the emergency department with fever,
chills, and sudden worsening of dyspnea for the past three days. The patient
had a history of asthma and is a known case of rheumatoid arthritis on chronic
prednisolone therapy (10 mg/day) and methotrexate. On examination, the
patient had tachycardia, tachypnoea, and the use of accessory muscles for
respiration. Which imaging modality will you recommend to further investi-
gate this patient?

Chest imaging is perhaps the most commonly performed diagnostic imaging in
intensive care units (ICUs) worldwide. Selecting an appropriate modality of
chest imaging helps in establishing the diagnosis, evaluating the progression of
the disease, and helping in prognosticating outcomes. Although chest radiogra-
phy (CXR) is one of the simplest examinations in ICUs, other newer modalities
like ultrasound, computerized tomography (CT), and nuclear scanning tech-
niques are also emerging.
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Step 1: Understand and Utilize Various Imaging Modalities

Normal Chest X-Ray in the ICU

e Chest radiography in the intensive care unit (ICU) typically involves an antero-
posterior (AP) projection rather than the standard posteroanterior (PA) view
(Figs. 32.1 and 32.2).

* Optimal image acquisition requires a 72-inch patient-to-image receptor distance
in the upright position at full inspiration. However, due to patient immobility, AP
radiographs are often obtained at a shorter distance (40 inches) in the supine or
sitting position. This suboptimal technique results in mediastinal and cardiac
magnification caused by gravitational and geometric factors.

Fig.32.1 Chest
radiograph frontal view in
supine AP position
showing no sign of volume
gain or volume loss.
Rotation is a common
feature in critical care
supine radiographs due to
which the left hemithorax
shows slightly increased
density than the right; this
should not be mistaken for
a pathology

Fig.32.2 Chest
radiograph frontal view in
erect AP position showing
complete “whiteout” of the
right hemithorax. The right
cardio-mediastinal
silhouette and the right
hemidiaphragm outline are
not visualized (D.D.:
pneumonia, lung collapse,
and pleural effusion)
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e Additionally, the supine position alters pulmonary vascular physiology, leading
to blood redistribution to lung apices, which is a normal finding in this context
but may be misinterpreted as a pathology on a PA radiograph.

* Other limitations of supine radiographs include difficulty in differentiating pleu-
ral effusions from airspace disease and detecting pneumothorax. Obtaining a
fully inspired radiograph in ICU patients is challenging due to patient coopera-
tion and pain issues.

Step 2: Identifying Tubes and Lines and Other Devices

Tubes, lines, and drainage catheters are critical components in the management of criti-
cally ill patients. Accurate placement and ongoing monitoring of these devices are
essential for optimal patient care. The initial portable chest radiograph is indispensable
for verifying correct positioning and identifying potential complications. Table 32.1
gives the correct positioning of various lines and tubes seen on a chest radiograph.

Table 32.1 Identifying lines and tubes and other devices

Endotracheal tubes
(Fig. 32.3)
Nasogastric tube

CVP line
(Figs. 32.4 and
32.5)

Thoracostomy tube
(Fig. 32.6)

Cardiac pacemakers

Safe level 5 cm from carina (T4-T5 interspace), minimum distance 2 cm

Tip anywhere in the stomach (>10 cm) distal to the gastro-esophageal
junction, hence seen below the left hemidiaphragm (unless situs
inversus); point downward toward the midline; no radio-opaque tip
Ideally the distal duodenum (Fig. 32.7)

The tip should be at the cavo-atrial junction usually located at the first
anterior intercostal space toward the right of the sternal margin.

In most patients, cavo-atrial angle may be seen in the right mediastinal
silhouette (viz. straight line of vena cava and outward bulge of right
atrium).

Ideally placed between proximal venous valves of the subclavian or
jugular veins and the right atrium.

The position of the last side hole in a thoracostomy tube can be identified
by an interruption in the radiopaque line.

This interruption in the radiopaque line should lie within the thoracic
cavity, if not and or with evidence of subcutaneous air, a misplaced tube
is suspected.

Incorrectly placed tubes for empyemas may delay drainage and result in
the loculation of the purulent fluid.

Thoracostomy tubes placed within pleural fissures often cease to drain
when the lung surfaces become apposed.

The tip of the cardiac pacemaker should be at the apex of the heart, and
there should be no sharp angulations along the length of the pacemaker
wires.

The lateral radiograph should show the tip embedded within the cardiac
trabeculae.

For correct placement to have occurred, the tip should appear 3—4 mm
beneath the epicardial fat pad.

A tip that appears to be placed beyond the epicardial fat stripe may have
perforated the myocardium.

Cardiac pacers placed within the coronary sinus appear to be directed
posteriorly on the lateral chest radiographs.

(continued)
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Table 32.1 (continued)

Intercostal drain Tip should be evaluated on two views (AP and lateral).

(ICD) Unless placed in a loculated effusion (when it is located at the effusion
site), it should point upward and located at a posterior or lateral
costophrenic angle.

Pericardial drain Tip on the left of the midline into the pericardial space. A lateral view
may also be needed to confirm.

Intra-aortic balloon Tip at the level of the aortopulmonary window. A lateral view may also

pump (IABP) be needed to confirm.

Fig.32.3 Chest X-ray AP
view showing the position
of endotracheal tube and
left sided pleural effusion

Fig.32.4 Chest X-ray AP
view showing the position
of the internal jugler line
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Fig.32.5 Chest X-ray AP
view showing the position
of the subclavian

central line

Fig.32.6 Chest X-ray AP
showing subcutaneous
emphysema and
intercostal tube
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Fig.32.7 Chest X-ray AP
view showing a nasogastric
tube in the lung

Common Conditions on Chest X-Ray

Pleural Effusion

Pleural effusion, an accumulation of fluid within the pleural cavity, is a common
clinical finding, particularly in critically ill patients (Fig. 32.3).

Its etiology is diverse, encompassing conditions such as congestive heart failure,
nephrotic syndrome, pneumonia, pulmonary embolism, and malignancy. The
fluid's characteristics—transudative or exudative—offer valuable diagnos-
tic clues.

Pericardial Effusion

Pericardial effusion, characterized by fluid accumulation within the pericardial
sac, is often asymptomatic unless it develops rapidly, leading to cardiac
tamponade.

Its causes range from viral infections and autoimmune diseases to malignancy
and trauma.

Radiographic detection of pericardial effusions is challenging due to their subtle
manifestations. In some cases, a globular or “water bottle” cardiac silhouette
may be observed.

Atelectasis

Atelectasis is a condition characterized by the collapse or incomplete expansion
of lung tissue.

Radiographically, it manifests with a constellation of findings: elevation of the
ipsilateral hemidiaphragm, displacement, and crowding of pulmonary vascula-
ture, compensatory hyperinflation of the unaffected lung with resultant splaying
of vessels, mediastinal shift toward the affected side, and obscuration of normal
lung contours (silhouetting).



32 ChestImagingin the ICU 407

Aspiration

Aspiration pneumonitis is characterized by pulmonary consolidation that typi-
cally emerges within the first 48 h. These consolidative opacities are often bilat-
eral and perihilar but may display asymmetric distribution.

Improvement in the consolidative process usually begins by the third day,
although complications such as lung abscess or pleural effusion can prolong the
course and worsen the radiographic findings.

Pulmonary Embolism

Chest radiographic findings are generally nonspecific. In the absence of pulmo-
nary infarction, subtle radiographic signs may emerge, including discoid atelec-
tasis, elevated diaphragms, an enlarged pulmonary artery (Palla’s sign), and
diminished blood flow distal to the occlusion (Westermark’s sign).

The complications of pulmonary infarction, such as multifocal consolidation,
pleural effusions, and the distinctive Hampton’s hump, can further complicate
the radiographic interpretation.

Pneumonia in the ICU (Fig. 32.8)

Fig.32.8 CXR showing
left upper lobe
consolidation

Chest imaging assumes a pivotal role in diagnostic confirmation. However, dif-
ferentiating pneumonia from other airspace opacities, such as atelectasis and
acute respiratory distress syndrome (ARDS), can be challenging.

Pneumonia typically manifests radiographically as patchy consolidation or ill-
defined nodules, often exhibiting a bilateral distribution and predilection for
gravity-dependent lung regions.

In certain cases, a symmetric pattern mimicking pulmonary edema can arise,
particularly with specific causative organisms, resulting in rapid and extensive
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lung involvement. The presence of patchy consolidation, segmental involvement,
air bronchograms, and associated pleural effusions lends support to the diagnosis
of pneumonia.

* It is crucial to recognize that pleural effusions secondary to Gram-negative
organisms are more likely to represent empyema, necessitating drainage
procedures.

* Moreover, pneumonia in the ICU can lead to severe complications, including
abscess formation and bronchopleural fistulas. Apart from common conditions,
cardiac pacemakers can also be seen on chest radiographs.

Pneumothorax

Pneumothorax is defined as the accumulation of air within the pleural space. Its
etiology is varied, encompassing spontaneous, traumatic, and disease-related
occurrences. The characteristic radiographic appearance is influenced by patient
positioning. Supine radiographs are characterized by “deep sulcus sign” (increased
radiolucency at the costophrenic sulcus due to anterolateral air accumulation).
Visualization of the diaphragm’s superior surface and the proximal inferior vena
cava further supports this diagnosis (Figs. 32.9 and 32.10). Subcutaneous emphy-
sema can be seen on chest X-rays (Fig. 32.6).

Pulmonary Edema in the ICU
This is very commonly seen in the ICU (Fig. 32.11) with characteristic parahilar
shadows and pleural effusion.

Fig.32.9 Chest X-ray AP
view showing tension

pneumothorax. Patient was
hemodynamically unstable
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Fig.32.10 Chest X-ray
showing pneumothorax
with deep sulcus sign

Fig.32.11 Chest X-ray
AP view showing
pulmonary edema
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Step 3: Utilizing Ultrasonography

e Ultrasonography (USG) of the lungs is easy, noninvasive, free of radiation,
and available at the bedside. As compared to chest radiography, lung USG is
more sensitive and has similar specificity in diagnosing common chest condi-
tions like pneumothorax, pleural effusion, consolidation, and pulmo-
nary edema.

* This is the reason why USG has become an extremely popular diagnostic modal-
ity in recent times. Lung ultrasound in critically ill patients (LUCI) is an excep-
tion as it is artifact-based as compared to other modalities that visualize the target
organ directly.

Patient Position The patient can be placed in a sitting, supine position, or lateral
decubitus position.

USG Machine and Ergonomics One can use either low-frequency, curvilinear
probe or high-frequency, linear probe. It is desirable to place the probe on a long
axis, perpendicular to the skin surface. Care should be taken not to place the probe
over ribs as it creates acoustic shadowing.

Areas of Interest Merlin’s space is defined as the area between the pleural line on
one side and the bottom of the screen on the other side. As per the BLUE (bedside
lung ultrasound in emergency) protocol, lungs are divided into three sites for exami-
nation. Both hands are placed on the patient’s chest.

1. The upper BLUE point lies in the middle of the upper hand.

2. The lower BLUE point lies at the center of the lower hand.

3. PLAPS (posterior lateral alveolar pleural syndrome) point—Tracing the lower
BLUE point posteriorly at the point where it meets the posterior axillary line lies
the PLAPS point. This is the best point for visualizing pleural effusion and
consolidation.

Lung Ultrasound Several lung signs arise as artifacts in lung USG. They are
as under:

* A-lines: A-lines represent air space and are a result of reverberation artifact of
the pleural line. They are also found abundantly in patients with pneumothorax.
Figure 32.12 shows A-lines.

* Normal respiration moves both the layers of the pleura. This is referred to as
the lung sliding sign. This normal lung sliding gets impaired when there is a
collection of either air (pneumothorax) or fluids (pleural effusion) in the pleu-
ral space

Pulmonary edema The presence of B-lines signify interstitial or interalveolar
edema (Fig. 32.13). B-lines (>3 mm) are hyperechoic, vertical lung rockets arising
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Bat wing sign

A- line

Fig.32.12 Batwing sign. The pleural line appears as the body of the bat, while the ribs resemble
the wings of the bat. Normal lungs: The pleural line with adjacent ribs creates the characteristic
batwing sign

Fig. 32.13 B-lines seen on lung ultrasound

from the pleural line, extending till the end of the screen and moving with respira-
tion. The presence of B-lines obscures A-lines.

Pneumothorax Normal lungs appear as sea shore on M-mode USG, known as sea-
shore sign (Fig. 32.14). The presence of air in pleural space obscures normal sea
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Fig. 32.14 Barcode
sign—Pneumothorax on
lung ultrasound seen as
barcode sign on M-mode

shore signs and produces a barcode-like image on an M-Mode known as a barcode
or stratosphere sign. Careful ultrasound examination reveals a point where the sea
shore sign meets the barcode sign, known as lung point. The presence of lung point
is almost 100% specific and is pathognomic for pneumothorax.

Pleural Effusion Accumulation of fluid in the pleural space leads to the separation
of visceral and parietal layers of the pleura and the collapse of surrounding lung
tissue. This together with normal up and down movement of the diaphragm during
normal respiration appears as a curtain sign.

The separated parietal and visceral layers together with adjoining ribs give the
appearance of a quadrilateral (figure with four sides) known as a quad sign. The
compressed lung is visualized under ultrasound as jellyfish (Fig. 32.15).

Consolidation or Pneumonia Subpleural consolidations produce irregular lines
with hyperechoic underlying lung, known as shred sign or fractal sign (Fig. 32.16).
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lelly fish sign

Parietal Pleura

Visceral Pleura

Fig. 32.15 Jellyfish sign—Pleural effusion is seen as a separation of two layers of pleura with a
compressed adjacent lung giving the appearance of jellyfish

Fig.32.16 Shred
sign—Subpleural
consolidations appear as
shreds of pleural line
known as shred sign
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Step 4: Role of Computerized Tomography (CT) Scan of Chest
in Diagnosing Chest Disorders

e Computerized tomography (CT) scans are more sensitive in identifying small
pathology of the thorax, which might get missed on chest radiographs.

* CT scan is based on taking several cross-section images of the chest and thorax
from different rotational angles and then, making a digital reconstruction of the
three-dimensional image.

e The amount of radiation removed while passing through tissue in cross-section
is termed a Hounsfield Unit (HO).

» Tissues removing more radiation are given positive HU like muscle and bone.
Water has zero, and lungs and fat are given negative HU values (Table 32.2).

e The use of thin collimation sections, preferably 1-2 mm, improves the spatial
resolution of images. This combined with high-frequency digital reconstruction
of images improves image quality and is termed a high-resolution CT (HRCT)
scan. With the advent of modern multi-slice spiral CT machines, the image qual-
ity of NCCT is comparable except that post-processing is done with a specific
software in HRCT.

Table 32.2 Appearance of Substance  Density (HU) Appearance on CT scan
various structures on the Air —~1000

basis of density
Fat =50

Water 0

Soft tissue  +30 to +60

Bone +1000
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Contrast-Enhanced Computerized Tomography (CECT) Thorax

* Administration of contrast accentuates the vascular structures and helps in better
delineation of vascular from nonvascular structures. A good vascular access
should always be secured, preferably 18 G intravenous (i.v.) cannula in the ante-
cubital vein with adequate injection pressure (3—6 ml/s).

e A delay of 55-70 s is advisable to allow vascular structures for enhancement.
CECT chest is useful in the evaluation of hilar structures, mediastinal structures,
pleural diseases, lobar collapse, aortic dissection, and pulmonary embolism.

Computerized Tomography Pulmonary Angiography (CTPA)

CTPA helps evaluate pulmonary artery and for evaluation of a patient with sus-
pected pulmonary embolism. CTPA is either performed with the patient breathing
freely or preferably with a shallow inspiratory hold to avoid dilution with blood
coming from the inferior vena cava.

Step 5: Approach for Interpretation of HRCT Chest

¢ A thorough understanding of lung anatomy is required for the interpretation of a
CT scan of the chest.

* The secondary lobule is the basic anatomical and functional unit of the lung.

* The secondary lobule is the smallest lung unit, composed of up to 30 acini, each
cluster having its own pulmonary artery and terminal bronchiole. In between
secondary lobules are the septae, which are composed of connective tissue, distal
pulmonary veins, and lymphatics.

e Peripheral lobules are cuboidal whereas central ones are hexagonal in shape.
Interpretation of lung parenchymal disease depends primarily on the pattern of
involvement of secondary lobule.

Centrilobular involvement Centrilobular area is the central part of the secondary
lobule. Centrilobular areas are usually affected by disorders that enter the lungs
through the airways. These diseases begin from the center of the secondary lobule
and spread toward the peripheral part like emphysema, bronchiolitis, hypersensitiv-
ity pneumonitis, etc.

Peri-lymphatic involvement Peri-lymphatic areas are usually affected in diseases
that spread via bloodstream or lymphatics like carcinoma, sarcoidosis, pulmonary
edema, etc., and primarily affect the peripheral part.

Other Patterns of Involvement Diseases can cause various patterns on CT scan of
the chest like reticular (fine line-like), nodular (in the form of small nodes), high
density (more radio-opaque), or low density (less radio-opaque).
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1.

Reticular pattern—Thickening of interlobular septa and interstitial fibrosis leads
to several fine linear opacities within a secondary pulmonary lobule. This pattern
is characteristic of idiopathic pulmonary fibrosis. It appears on a CT scan as a
network of interlacing patterns producing a mesh-like appearance. Small cystic
spaces lined by alveolar epithelium give the appearance of honeycombing.

. Nodular pattern—Presence of several nodules on CT film indicates the presence

of a predominant nodular pattern of lung involvement. Based on the location of

nodules in relation to the secondary lobule, they are classified into three catego-

ries: centrilobular, peri-lymphatic, and random (Fig. 32.17).

(a) Centrilobular nodules are situated on the center of the secondary lobule and
spare the pleural surfaces, e.g., bronchiolitis, hypersensitivity pneumoni-
tis, etc.

(b) Peri-lymphatic nodules are situated on either pleural surfaces or in inter-
lobular septa, e.g., sarcoidosis, silicosis, etc.

(¢) Random distribution of nodules like tuberculosis and metastasis, where nod-
ules are distributed randomly on pleural surfaces and in centrilobular areas.
Fig. 32.18 shows a basic interpretation of the HRCT chest based on the pat-
tern of involvement of the secondary lobule.

. High attenuation (ground glass opacity): When a diffuse increase in lung attenu-

ation does not obscure underlying vessels, known as ground glass opacity
(GGO), and in case it obscures underlying vessels, known as consolidation.

This pattern could be obtained whether airspaces are filled with pus, edema,

inflammation, or due to the involvement of the lung interstitium with fibrosis. GGOs

are

anonspecific finding on HRCT chest, and their presence should always correlate

with other CT findings. A crazy pavy pattern occurs when ground glass opacities are
combined with septal thickening. This pattern is seen in alveolar proteinosis, sar-

coi

Fig

dosis, neoplasm, etc.

Based on
dominant pattern
of involvement

High or low
attenuation

. 32.17 Basic interpretation of HRCT chest on the basis of the dominant pattern of involve-

ment HRCT high-resolution computerized tomography
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Based on
distribution in
secondary lobule

Centrilobular Perilymphatic Random

Fig. 32.18 Basic interpretation of HRCT chest on the basis of distribution in secondary lobule
HRCT high-resolution computerized tomography

Low Attenuation Diseases that lead to air trapping in the lungs lead to characteris-
tic low attenuation patterns, e.g., emphysema, lung cysts, bronchiectasis, etc.

A few respiratory diseases with characteristic findings on HRCT chest are
listed below:

A. Asthma
CT chest is an extremely useful tool in the identification of the cause of acute
decompensation of an asthmatic patient. Pneumothorax and pneumomediasti-
num are easily diagnosed with the help of a CT scan. Other HRCT findings
include bronchial wall thickening, air trapping in expiratory films, narrowing of
the bronchial lumen, and bronchiectasis in up to 60% of cases.
B. Bronchiectasis
Bronchiectasis is characterized by dilation of central bronchi with a lack of
peripheral tapering. Often, there is an accumulation of mucus in the bron-
chial lumen.
C. Allergic Bronchopulmonary Aspergillosis (ABPA)
ABPA is a lung disease occurring in patients with asthma due to hypersensi-
tivity reaction to Aspergillus fumigatus. HRCT films typically show central
bronchiectasis with extensive mucoid impaction and atelectasis.
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A 50-year-old male, a known case of COPD, presented to the emergency with
complaints of shortness of breath and cold clammy extremities. On examina-
tion, he was found to be tachypneic, tachycardiac, and hypotensive. A decrease
in urine output was also noted. How would ultrasound help in the evaluation
and management of this patient?

Ultrasonography is now considered the stethoscope of the intensivist and has
become an essential component in evaluating and clinically managing patients
admitted to the intensive care unit. Routinely using ultrasound in the ICU can rule
out various disorders of the lungs, heart, abdomen, and vasculature and help manage
fluid balance, which is an integral component of the ICU. Repeatability, reproduc-
ibility, portability, good-quality imaging, and the lack of hazards from radiation
make ultrasound a handy tool to dynamically evaluate the various pathological con-
ditions in real time.

Step 1: Understand Thoracic Ultrasound

Air produces artifacts and taking that as an advantage various abnormalities can be
diagnosed with good sensitivity and specificity.

S. S. Padhi
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Pleural Line

With the transducer held in a longitudinal orientation to the skin surface and
centered over an intercostal space, a horizontally orientated hyperechoic artefac-
tual line approximately 0.5 cm deep to the origin of the rib shadows is seen,
which represents the interface of the visceral and parietal pleural surfaces and is
called the pleural line.

Lung Sliding

During respiration, the two pleural surfaces slide against each other, and this
appears as a shimmering white line artifact that moves in synchrony with the
respiratory cycle called lung sliding and is identified in B-mode.

On M-mode ultrasound, lung sliding appears as what is known as the seashore
sign, which is characterized by a horizontal linear pattern corresponding to the
chest wall, the pleural line appearing like bright granularity and a homogeneous
granular pattern, an artifact generated by respiratory cycles and air movement
below the pleural line (Fig. 33.1).

Lung sliding is found in normal lungs and is reduced or absent in various pathol-
ogies that affect lung mobility.

Lung sliding becomes restricted in acute respiratory distress syndrome, chronic
adherences, fibrotic lung disease, phrenic palsy, and high-frequency jet ventila-
tion while it is absent in pneumothorax, complete atelectasis, pleural fibrosis,
and apnea.

A-Lines

The normal lung parenchyma cannot be seen beyond the pleural line, as the pres-
ence of air prevents penetration of ultrasound waves. When ultrasound beams
encounter the air tissue interface, there is a production of artifacts known as

Pleural sliding

lPIeura‘ (Chest wall ,

Fig. 33.1 Lung sliding and seashore sign
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Fig.33.2 A-lines

A line

A-lines, which are horizontally orientated lines seen deep into the pleural line
(Fig. 33.2). They represent reverberation artifacts from ultrasound reflection
between the pleural surface and the chest wall.

¢ A-lines with lung sliding are consistent with a normal aeration pattern. A-lines
with no lung sliding could denote a pneumothorax.

B-Lines

* B-lines are artifacts that appear as vertically orientated laser-like lines extending
from the pleural interface to the bottom of the screen without fading and effacing
A-lines where the two intersect and they generally move synchronously with
lung sliding (Fig. 33.3).

¢ B-lines strongly correlate with interstitial edema and are formed when air and
water are simultaneously hit by ultrasound beams (Fig. 33.3).

e Three or more B-lines in two adjacent intercostal spaces may be considered as
significant findings.



422 S.S. Padhi et al.

Fig. 33.3 B-lines

B lines

» Diffuse B-lines in lung parenchyma with a distance of <3 mm are also called
lung rockets corresponding with a ground-glass pattern in chest computed
tomography scans.

* Since B-lines arise from the pleural line, their presence rules out a pneumothorax
in that field.

E-Lines

e E-lines are formed due to subcutaneous emphysema. As the air bubbles infiltrate
into the subcutaneous tissues, the tissue air interface moves up from the pleural
line to the subcutaneous fat and muscle planes. This leads to the formation of
vertical artifacts similar to B-lines but emerging at different levels from the sub-
cutaneous tissues and muscle planes (Fig. 33.4).

Pleural Effusion (Fig. 33.5)

» Using the curvilinear probe (2-5 MHz), a proper evaluation of pleural effusion
requires identifying three key findings:
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Fig. 33.4 Subcutaneous
emphysema

Fig. 33.5 Pleural effusion

Pleural fluid

1. Anatomical boundaries: chest wall, lung, diaphragm, and adjacent solid
organs (liver/spleen), confirming the intrathoracic location of the collection,
especially if a thoracentesis has been planned

2. Anechoic space: the pleural effusion itself

3. Dynamic changes: intermittent lung aeration, compressed lung, or both
(atelectasis)

» Two signs are associated with pleural effusion:

1. Quad sign: A quadrilateral formed by the chest wall (parietal pleura) above
and the pleural line (visceral pleura) below along with the shadow of two adja-
cent ribs; the intervening space is hypoechoic, which indicates pleural effusion.

2. Sinusoid sign: It’s a dynamic sign on M mode wherein the sinusoidal move-
ment of the freely floating lung with each inspiration denotes the presence of
an effusion.

* A 15-mm distance is considered the minimum required for safe diagnostic or
therapeutic puncture for pleural effusion.

Atelectasis

e The pleural line may move in synchrony with cardiac pulsation in addition to
lung sliding that occurs synchronously with the respiratory cycle. This move-
ment, termed lung pulse, is caused by the force of the cardiac pulsation being
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transmitted to the lung and the visceral pleura. The lung pulse is useful for imme-
diate diagnosis of an atelectasis, which is seen as a marked reduction in sliding
with pulsation transmitted from the heart.

* The presence of lung pulse also rules out a pneumothorax in that field because it
is produced when the two layers of pleura are opposed to each other allowing the
transmitted cardiac pulsations to be visualized.

¢ Absence of dynamic air bronchograms (see below).

e Loss of lung volume and raised hemi diaphragm on the affected side.

Consolidation

* Consolidations can be either non-translobar or translobar.

» Shred sign (Fig. 33.6) indicates non-translobar consolidations, where the border
between consolidated and aerated lung appears as an irregular line, known as the
fractal line.

o Tissue-like sign is used for translobar consolidations, where the lung appears
similar to the liver.

* Dynamic air bronchogram: Seen as air artifacts appearing and disappearing with
each inspiration and expiration, respectively, within a deaerated or tissue-like
hepatized lung. This denotes the patency of the bronchi and bronchioles, while
the alveoli are flooded and deaerated. The presence of this sign distinguishes
consolidation from atelectasis.

Interstitial Syndrome

e B-line is a comet-tail artifact arising from the pleural line and moves synchro-
nously along with lung-sliding.

¢ The presence of B-lines 7 mm apart suggests interstitial edema.

* As the number of B-lines increases and becomes confluent (3 mm) apart, it rep-
resents alveolar edema.

Fig. 33.6 Shred sign

Shred sign
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Fig. 33.7 Pneumothorax
on M mode:
Stratosphere sign

Stratosphere sign

Pneumothorax (Fig. 33.7)

e Absent lung-sliding: The visceral pleura doesn’t move against the parietal pleura
with respiration using real-time ultrasound assessment.

e Lung point: A pathognomonic sign indicating the junction between the sliding
and the nonsliding lung. M-mode shows the stratosphere sign, characterized by
laminar and horizontal artifacts seen below and above the pleural line. This is
also known as a Barcode sign.

Airway

* The passage of the endotracheal tube in the trachea can be visualized in real time
during intubation by placing the linear probe on the trachea during intubation.
Bilateral ventilation is confirmed by visualizing bilateral lung sliding.

Diaphragm

» Diaphragm function can be assessed by estimation of diaphragmatic excursion
and thickening fraction, mainly in ventilated patients to assess for weaning.
Diaphragmatic excursion is conducted in M mode by using the 12-5 MHz probe
towards the dome of the diaphragm. An excursion of <11 mm might indicate
failure to successfully extubate. Diaphragm thickening fraction is seen at the
point of apposition in the costophrenic angle (7th-9th intercostal space, mid-
axillary line) wherein the diaphragm is visualized as a three-layered structure
that thickens with every inspiration and thins out in exhalation, the fraction of
thickening (inspiratory thickness-expiratory thickness/expiratory thick-
ness x 100) being proportionate to the strength of diaphragmatic contraction. A
fraction more than 30% is suggestive of good diaphragmatic strength and less
than 15% poor function and could contribute to weaning failure.
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BLUE-protocol (Fig. 33.8) (bedside lung ultrasound in emergency) evaluates
three standardized points, which are identified by placing both hands side by side
on the chest: upper BLUE-point (middle of the upper hand), lower BLUE-point
(middle of the lower palm), and PLAPS (posterolateral alveolar and/or pleural
syndrome)-point (defined by the intersection of a horizontal line at the level of
the lower BLUE-point; a vertical line at the posterior axillary line) (Tables 33.1

and 33.2).
The profile combining A-profile, free veins, and PLAPS is called A-V-PLAPS-
profile.
Lung
Sliding
I 1 1 [
A B A/B or B
profile profile C profile profile
Venous system Pulmonary Pneumonia Pneumonia
thrombosis Edema
P No
resent thrombosis
Pulmonary
Embolism

(PLAPS = posterior / No
lateral alveolar and / | PLAPS PLAPS
or pleural syndrome) |
) COPD or
Pneumonia Asthma

Fig.33.8 Blue protocol

A
profile

With lung
point

Without lung
point

Need for other
diagnosis
modalities

This algorithm does not aim at
providing the diagnosis. It indicates a
way for reaching a 90.5% accuracy
when using lung ultrasound
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Table 33.1 Various profiles and their correlation with the pathology

Profile Definition
A profile Anterior lung-sliding with A-lines

B profile Lung-sliding with lung-rockets

B’ profile  B-profile with abolished
lung-sliding

C profile A thickened, irregular pleural line

A/B profile Half A-profile at one lung, a half
B-profile at another

Pathological process

Normal or if lung sliding
absent—pneumothorax

If DVT positive—pulmonary embolism

If DVT negative with PLAPS—pneumonia
If DVT and PLAPS negative—nude profile
s/o severe asthma or COPD

Acute cardiovascular pulmonary edema
Pneumonia

Pneumonia
Pneumonia

PLAPS- Posterolateral alveolar and/or Pleural effusion, consolidation, pneumonia
profile pleural syndrome
Table 33.2 Various signs Seashore sign Normal lung

and their correlation Quad sign or

sinusoidal sign Pleural effusion

Shred sign or tissue-like sign Consolidation

Lung rockets
Stratosphere
Lung point

Interstitial syndrome
sign or barcode sign ~ Pneumothorax
Pneumothorax

Step 2: Hemodynamic Assessment of Circulatory Failure Using
Lung Ultrasound: FALLS-Protocol (Fig. 33.9)

* The FALLS protocol follows Weil and Shubin’s classification of shock where it
first considers obstructive shock followed by cardiogenic, hypovolemic, and then

distributive shock.

Other causes of shock like Abdominal aortic aneurysm (AAA) rupture in some-

one who comes with an unexplained shoc

k with abdominal pain and a pulsatile

mass on palpation can be excluded by scanning the abdomen at the level of the
umbilicus in a transverse and longitudinal plain. US has been shown to have excel-
lent accuracy (sensitivity of 95-100% and specificity of 100%) when used as a

screening modality for detection of AAA.
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The FALLS-protocol (Diagnostic algorithm)

Shock of unknown origin

\

Simple emergency —— 3 Tamponade,

pulmonary embolism

Echocardiography
Lung > Pneumothorax
Ultrasound +

(Blue Protocol)

Mostly | Obstructive shock

‘ > B-profile

A-profile Mostly | Cardiogenic shock
l *Use SVC or IVC analysis etc.
If non-cardiogenic pulmonary edema suspected
FALLS-protacol > Clinical improvement
(fluid therapy) ¢ P
No clinical improvement Mostly | Hypovolemic shock
and
New B-profile
Mostly
Septic shock

Fig. 33.9 The FALLS Protocol

Step 3: Cardiac Ultrasound
The intensivist performs goal-directed echocardiography to know hemodynamic

instability in a patient and it differs from the detailed examination of the heart as
done by the cardiologist.

Essential Views Using Ultrasound (Table 33.3)
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Table 33.3 Essential views using ultrasound

Window Footprint position Structures assessed

Parasternal 3rd/4th ICS near the Aortic and mitral valvular abnormalities
long-axis sternum with beam toward

(PLAX) view the right shoulder

Parasternal Rotating the transducer to EF by eyeballing method mitral valve,

short-axis view 90 degrees clockwise from  papillary muscles, and apex

the PLAX view and tilting it

Apical four- At the apex of the heart Four chambers of the heart along with size
chamber view and the mitral and tricuspid valves, right

ventricular free wall, left lateral wall,
interventricular septum

Apical five- Tilting of the transducer LVOT and the aortic valve
chamber view from the four-chamber view
Subcostal view  Below the xiphoid process  Four chambers along with valvular functions,

septal defects, pericardial effusion

Suprasternal Suprasternal notch Aortic flows, arch of aorta with branches,

view

ascending and descending aorta, and
pulmonary artery

To Evaluate Hemodynamic Instability in a Patient

Hypotension in ICU patients can be due to hypovolemia, valvular disorders, ven-
tricular dysfunction, or pericardial tamponade. Using point-of-care Echo, several
indices can be used to predict fluid responsiveness like inferior vena cava imag-
ing and variation, ventricular size, aortic flow variations, and passive leg rais-
ing test.

A. Inferior vena cava size and variability

Respiratory variations in IVC size can predict fluid responsiveness, both in
mechanically ventilated and in spontaneously breathing patients.

During spontaneous ventilation, the IVC collapses in inspiration, whereas
during mechanical ventilation the IVC dilates during inspiration.

IVC distensibility index is measured for fluid responsiveness in mechanically
ventilated patients and the IVC collapsibility index in spontaneously breath-
ing patients.

A distensibility index of more than 18% in mechanically ventilated and
collapsibility of >50% in spontaneous ventilation is indicative of fluid
responsiveness. IVC diameter and its respiratory variations are assessed in
the subxiphoid ECHO view. It can be measured either close to its entrance
to the right atrium (less susceptible to motion artifact but can be influenced
by diaphragmatic contraction) or 1-2 cm caudal to the hepatic vein—-IVC
junction (approximately 3—4 cm from the junction of the IVC and the right
atrium; Fig. 33.10).

IVC can “inappropriately” collapse in a fluid-resistant patient when the
patient is inspiring excessively or the intra-abdominal pressure is abnormally
high as in ascites and intra-abdominal hypertension.
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Fig. 33.10 IVC variation
with respiration in 2D
mode and M mode
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B. Right ventricular dysfunction

RV dysfunction accompanies a dilated IVC in almost all cases. Right ventricular
dilation can be assessed by ultrasound if its size is similar to or larger than the left
ventricle. PSAX view will demonstrate flattened interventricular septum, better
known as D-sign in the case of RV overload states.

C. Left ventricular dysfunction

Assess the LV size to determine whether it is dilated or hypertrophied, along with
evaluating the ejection fraction and detecting regional wall motion abnormalities.
The parasternal short-axis view is particularly effective for detecting RWMA,
although this assessment is best performed by a trained intensivist.

D. Pericardial tamponade (Fig. 33.11)

Right atrial collapse during ventricular systole and RV diastolic collapse along
with the presence of pericardial fluid in hemodynamically unstable patients indi-
cates cardiac tamponade, which is best visualized in the apical four-chamber view
or subcostal view.
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Fig.33.11 Pericardial
tamponade

—i Pericardial eﬂusion'

Step 4: Procedures

Venous cannulation: IJV or subclavian vein cannulation can be done by out-
of-plane or in-plane technique. In-plane technique is one where the entire
length of the needle penetrates the soft tissue until the vein is seen during
cannulation, which minimizes the risk for arterial puncture and pneumotho-
rax. Out-of-plane technique is where the needle is directed toward the plane
of the ultrasound beam and only the tip of the needle is followed until the
vessel is cannulated.

Ultrasound guidance arterial cannulation minimizes the number of attempts as
well as shortens the procedure time.

Thoracentesis and abdominocentesis.

Percutaneous tracheostomy to exclude the presence of vascular structures and
visualizing the course of needle and guidewire insertion.

Step 5: Evaluation of DVT

Use the three-point compression test to assess for DVT by evaluating the com-
mon femoral vein, proximal deep femoral vein, and popliteal vein. Lack of com-
pressibility of the veins during scanning suggests the presence of DVT.

Step 6: FAST Protocol—Focused Assessment of Sonography
in Trauma

Assesses four areas for fluid collection: hepatorenal pouch (Morrison’s pouch),
splenorenal recess, pelvic space, and pericardial space. When the lungs are
assessed for pneumothorax or hemothorax alongside the FAST scan, it is referred
to as eFAST (Table 33.4).
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Table 33.4 FAST protocol

Quadrant Transducer position Structures identified
RUQ Right subcostal, anterior axillary Liver

line Diaphragm

Mid axillary line approx. in 7th  Kidney

ICS Hepatorenal recess
LUQ Left subcostal, anterior axillary ~ Spleen

line Kidney

Mid-posterior axillary line in 7th Lung

ICS Diaphragm

Splenorenal recess

Subcostal Below the xiphoid process IVC, pericardial collection
Pelvic Above pubis with inferior Bladder, uterus, prostate, cul de sac, rectovesical

angulation space

Step 7: Ultrasound in Cardiac Arrest

» This is for patients receiving CPR to rule out potential reversible causes of car-
diac arrest like pneumothorax, cardiac tamponade, and pulmonary embolism
along with assessing the contractility of the heart.

Step 8: Examine Surrogates for Increased ICP

Optic nerve sheath diameter (ONSD) is normally less than 5.0 mm in diameter.
Using the linear transducer over the eyelid, measure the optic nerve sheath diameter
at a distance 3 mm posterior to the globe. It has a good negative predictive value,
i.e., if less than 5.7 mm, then the ICP is unlikely to be more than 20 mmHg.

B-mode transcranial color-coded duplex (TCCD) insonation of MCA (middle
cerebral artery) can be used to measure the pulsatility index and diastolic flow
velocities, to rule out intracranial hypertension, detect signs of brain death, and
evaluate for vasospasm.

Step 9: Renal Ultrasound

POCUS allows for the detection of hydronephrosis, volume of urine in the urinary
bladder, and urinary distention, aiding in the decision for catheterization. Using a
convex probe along the lower intercostal space in the mid-axillary line, with a trans-
ducer directed posteriorly, helps rule out hydronephrosis, which appears as an
anechoic area within the normally echogenic renal sinus.



33 Ultrasound in the ICU 433

Conclusion

US has the potential to become a reference tool for bedside head-to-toe diagnosis,
dynamic monitoring, and guide therapy in the ICU. It is noninvasive, easily repeat-
able, and provides rapid and accurate evaluation of the patient’s physiological state.
It minimizes radiation exposure to medical personnel. Standardized training and
systematic use should be advocated to fully utilize its potential.

Suggested Reading

Lichtenstein D. Lung ultrasound in the critically ill. Curr Opin Crit Care. 2014;20(3):315-22.

Lichtenstein DA. BLUE-protocol and FALLS-protocol: two applications of lung ultrasound in the
critically ill. Chest. 2015;147(6):1659-70.

Messina A, Robba C, Bertuetti R, et al. Head to toe ultrasound: a narrative review of experts’ rec-
ommendations of methodological approaches. J Anesth Analg Crit Care. 2022;2:44. https://doi.
org/10.1186/s44158-022-00072-5.

Staub LJ, Mazzali Biscaro RR. Lung ultrasound for the emergency diagnosis of pneumonia, acute
heart failure, and exacerbations of chronic obstructive pulmonary disease/asthma in adults: a
systematic review and meta-analysis. ] Emerg Med. 2019;56(1):53-69.

Zieleskiewicz L, Muller L, Lakhal K. Point-of-care ultrasound in intensive care units: assessment
of 1073 procedures in a multicentric, prospective, observational study. Intensive Care Med.
2015;41(9):1638-47.


https://doi.org/10.1186/s44158-022-00072-5
https://doi.org/10.1186/s44158-022-00072-5

®

Check for
updates

Extracorporeal Life Support 3 4

Vivek Gupta, Arpan Chakraborty,
and Nilanchal Chakraborty

Case Vignette

A 35-year-old male with a connective tissue disorder presented with a 3-day
history of shortness of breath. On evaluation patient was found to be hypoxic
(oxygen saturation of 46%), with severe respiratory distress. The patient was
intubated and initiated on lung protective ventilation. HRCT thorax followed
by bronchoscopy proved diffuse alveolar hemorrhage. In view of persistent
hypoxemia and a P/F ratio of 55 mmHg, the patient was initiated on prone
ventilation. After 6 h of prone ventilation, the patient was on FiO, of 1.0,
respiratory rate of 32/min, and tidal volume of 6 ml/kg, and arterial blood gas
(ABG) revealed pH 7.19, pCO, 75 mmHg, pO, 56 mmHg, and SaO, 78%.

Extracorporeal membrane oxygenation (ECMO) is the only treatment modality
currently available that can completely replace the cardiorespiratory function
and remains the rescue therapy of choice for refractory hypoxemia in patients
with severe acute respiratory distress syndrome (ARDS). The use of ECMO for
worsening oxygenation has been on the rise since the HIN1 influenza pandemic
in 2009. Veno-venous ECMO (VV ECMO) is preferred unless the patient is in
septic shock or has associated myocardial dysfunction leading to cardiogenic
shock. In these circumstances, veno-arterial ECMO (VA ECMO) can be
considered.
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Step 1: Planning for ECMO

Initiate discussion with family members of the patient for probable need of
ECMO immediately when other rescue ventilation methods are failing and the
ECMO team should be communicated regarding potential ECMO patient.
Percutaneous ECMO cannulation trolley should be checked for the follow-
ing items:

— Measuring tape to estimate height, predict weight, and cardiac output

— ECHO/USG machine

— Appropriate size drainage and return cannulas

— J tipped Guide wires (0.035-0.038 in, 150-180 cm long)

— Dilators of various sizes (8F-26F)

— 11-size surgical blades

— Sterile surgical whole-body drapes

— Isotonic crystalloid solution

— Heparin

— Sutures (non-absorbable)

— Large transparent dressings

— 3-way stopcocks

— Pressure monitoring kits

Continue with lung protective ventilation throughout before initiating ECMO,
with a target plateau pressure of less than 30 and driving pressure of less than 15.

Step 2: Indication of ECMO

Patients with severe but potentially reversible acute respiratory or cardiac failure

that is unresponsive to conventional management are suitable candidates

for ECMO.

For patients who are in a medical center not equipped with ECMO, transfer to

ECMO-equipped medical center should be considered, ideally after the referral

team has assessed the patients and if necessary transfer on ECMO.

Inclusion criteria for Extracorporeal Cardiopulmonary Resuscitation:

1. Age less than 70 years

2. Cardiopulmonary arrest to initiation of CPR (no flow time) less than 5 min

3. Witnessed arrest

4. Ventricular fibrillation or paroxysmal ventricular tachycardia or pulseless

electrical activity (PEA) as initial cardiac rhythm

Recurrent VF intermittent ROSC

6. Absence of any comorbidity like COPD, liver failure, end-stage heart failure,
or terminal irreversible disease

7. No known aortic valve incompetence

b
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* Indication for VV ECMO:

1.

Hypoxic respiratory failure

(a) After optimal medical management, after a trial (maximum of 6 h of
prone ventilation), if the patient’s blood gas reveals the following
parameters:

(b) P/F <80 mmHg with FiO, > 0.8

(c) ECMO can also be initiated after 3 h of prone ventilation if the P/F ratio
remains less than 50 mmHg with FiO, > 0.8

Hypercapnic respiratory failure despite mechanical ventilation despite high

P, (>30 cm H,0)

(a) pH <7.25 with pCO, >60 mmHg after conventional mechanical ventila-
tion (respiratory rate 35 beats per minute and plateau pressure [P plat]
<30 cm H,0)

As a bridge to lung transplant or primary graft dysfunction following a lung

transplant

(a) Specific clinical condition:

(i) Viral/bacteria/pneumonia and aspiration causing acute respiratory
distress syndrome
(i) Acute eosinophilic pneumonia
(iii) Diffuse alveolar hemorrhage
(iv) Status asthmaticus
(v) Severe inhalational injury
(vi) Large bronchopleural fistula
(vii) Severe air leak syndromes
(viii) Extracorporeal assistance to support the lung in cases of airway
obstruction, pulmonary contusion, drowning, and smoke inhalation
(ix) Immediate cardiac or respiratory collapse (PE, blocked airway,
unresponsive to optimal care)

Indication for VA ECMO:

1. Cardiogenic shock characterized by systemic systolic pressure less than
90 mmHg, urine output less than 30 ml/h, lactate over 2, SVO2 less than
60%, or altered conscious state for 6 h unresponsive to optimal treatment.

* Contraindications for ECMO

The sole absolute contraindication for starting ECMO is expected non-
recovery without a feasible decannulation plan.

Relative contraindications include

Older age

Mechanical ventilation more than 7 days with P, more than 30 cm H,O and
FiO, more than 90%

Contraindication for anticoagulation (high bleeding risks, expanding intracra-
nial hemorrhage)

Comorbid conditions like terminal malignancy, severe brain injury, and
immunosuppressed patients
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Step 3: Selection of Cannula

* Assess the vessels (femoral and jugular) for diameter and flows: the size of the
drainage cannula should not be more than 2/3rd of the total diameter of the femo-
ral vein.

* Measure patient’s cardiac output by echocardiography: cannula size should
accommodate the highest ECMO flows possible (at least 60% of native cardiac
output) with the least revolutions per minute on the ECMO machine.

» Essentially, ECMO cannulas should be short and fat.

* Appropriate size cannula will allow sufficient ECMO flow at maximum speed
for the given pump.

e In an adult person:

— Drainage cannula: 23-25 Fr
— Reinfusion cannula: 17-21 Fr

e Multistage drainage cannula is preferred. Each cannula has M numbers, which
suggest the maximum flow that can be achieved with the particular size of cannula.

» Kink-free reinforced cannulas with heparin/bioline coating should be used.

Step 4: Percutaneous ECMO Cannulation

* Things to be considered before cannulation:
— Cannula access feasibility
— Cannula size
— Efficiency of the chosen VV mode
— Performance of the right ventricle
— Biventricular function
— Predicted duration of support

e Can be done by critical care physicians, cardiologists, emergency physicians,
and cardiac surgeons.

* The cardiac surgical team should always be available at the cannulation site, for
rescue surgical cannulation if the percutaneous approach fails.

* Configuration of VV ECMO: separate draining and perfusion cannula, either
femoro-femoral, jugulo-femoral, or femoro-jugular, are still the most fre-
quently used.

* Percutaneous cannulation should always be done under ECHO/USG or fluoros-
copy guidance. When USG guidance is not available, anatomical landmark tech-
niques must be used, venous placement can be confirmed using the transducer.

* Femoro-Jugular VV ECMO:

— Tip of drainage cannula: junction of inferior vena cava and right atrium
— Distance between drainage and reinfusion cannula: at least 10—15 cm to mini-
mize reperfusion

* Double lumen cannula:

— Tip of cannula: in the inferior vena cava
— Reinfusion: in the right atrium pointing anteromedially toward the tricuspid valve
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Step 5: Initiation of VV ECMO
Pre-ECMO Check List

* The cannula should be well secured and without bleeding.

* All connectors should be adequately tightened and preferably have a tie gun.

* All ports should be blocked.

* Pressure tubing and pressure line connected.

» Patient’s vitals should be noted including ABG, lactate, and CBC.

* A bolus dose of heparin must be given.

* Blood products (PRBC) must be available.

* The circuit should be primed properly and is de-aired and running with the flow
of 300 ml/min.

* ACT machine should be available.

e Crash cards and emergency medicines should be available.

* Venous end of the circuit should be connected to the venous cannula and the arte-
rial end should be connected to the venous cannula.

Protocol for Initiation

e The pump should be started at RPM 1200 to target flow 20 ml/kg/min and
gradually increase the flow every 5-10 min by 10 ml/kg/min up to the
desired flow.

* The gas flow to blood flow ratio should be 0.5:1 and FiO, must be 100%
on ECMO.

* The color of the venous and arterial cannula should be checked for color
difference.

* The heater—cooler unit should be attached to the oxygenator.

* Prepump, preoxygenator, and postoxygenator pressures should be checked.

ECMO Settings

* ECMO flow and inspired oxygen on the membrane: titrated to target PaO, of at
least 60 mmHg.

* ECMO flow—increase slowly to avoid hypotension on initiation.

* Target ECMO flow—at least 60% of native cardiac output. ECMO flows should
be increased until the target oxygenation is achieved.

* Sweep gas flow: at initiation, sweep gas flows should be as low as possible.
During ECMO initiation, a sweep gas flow of 2 1 is recommended.

* Sweep gas can be titrated gradually based on pH and pCO,. Rapid correction of
CO, should be avoided as it increases the risk of intracranial hemorrhage.

* Once the desired flow has been achieved, ventilator settings should be low-
ered down.
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e Prepump pressure normally should be less than —20 mmHg, and post-oxygenator
pressure must be kept less than 300 mmHg.

e Mechanical ventilation settings

e Ultra-lung protective ventilation.

* Respiratory rate: 5-10 breaths/min.

* Tidal volume: 1-3 ml/kg.

 Plateau pressure: <20 cm H,0.

e PEEP: at least 10 cm H,O is suggested to decrease LV afterload and prevent or
treat pulmonary edema.

¢ FiO,: less than 50%.

Step 6: Anticoagulation and Blood Product Management
onVV ECMO

» The first choice is heparin as it has a rapid onset of action and is easily reversible
in pediatric and adult patients.

* Heparin/bioline-coated circuits should be used to minimize the need for
anticoagulation.

¢ The initial bolus dose of heparin should be 75-100 units/h.

¢ The maintenance dose should be started with 20 units/kg/min.

* Bivalirudin and argatroban can be used in patients with heparin-induced throm-
bocytopenia or when the patient is allergic to heparin.

e Starting dose of argatroban: 0.2-0.5 mcg/kg/min and the dose of bivalirudin:
0.025-0.05 mg/kg/min.

Anticoagulation monitoring parameters (with heparin anticoagulation)

* ACT (Activated Clotting Time)
Most commonly used, before initiation on heparin, 1 h after initiation, every
4 hourly when on a heparin drip.
— It is a measure of whole blood clotting.
— Deranged ACT could be because of various factors other than
anticoagulation:
» Excessive anticoagulation
¢ Thrombocytopenia
¢ Coagulopathy
¢ Liver or renal dysfunction
¢ Hypothermia
e aPTT (Activated Partial Thromboplastin Time)
— Measures both intrinsic and final common pathways of coagulation.
— Deranged aPTT is seen in the following factors, other than heparin
anticoagulation:
e Lupus anticoagulant
* Deficiency of coagulation factors
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¢ Anti-Xa activity
— Assay of anti-Xa is dependent on heparin anticoagulation and anti-
thrombin levels.
— Itis used to measure the plasma level of heparin.
— Not influenced by any other parameter.
¢ Thromboelastography can be used for anticoagulation monitoring.
¢ Anticoagulation targets:
— ACT: 160-180 s
— aPTT ratio: 1.5-2 times the normal value
— Anti-Xa levels: 0.3-0.7 IU/ml
e VV ECMO at high ECMO flows (>4 /min) can be maintained with minimal to
no anticoagulation, especially in patients with a high risk of bleeding.
* ECMO flows of 2.5 I/min or less have an extremely high risk of thrombosis and
thus necessitate higher anticoagulation.
¢ Anti-thrombin III activity should be checked in patients who require high doses of
heparin, to achieve a given anticoagulation target. Target range is more than 70%.
Causes of decreased level
- DIC
Microangiopathic hemolytic anemia
Chronic liver disease

Blood product management (Table 34.1)
¢ Protocol for blood product transfusion

 If the patient develops massive life-threatening coagulopathy, the entire ECMO
unit should be changed.

Table 34.1 Blood component therapy on ECMO

Management
Blood ELSO (Extracorporeal life support
component organization recommendation) Recent evidence
Platelets In the case of bleeding transfuse
<75,000/mm?
If no bleeding: transfuse if <30,000/
mm?
Fresh frozen ~ Transfuse if INR >2 No new evidence
plasma Low antithrombin
Fibrinogen Transfuse cryo-precipitate to maintain If fibrinogen persistently <100 mg/dl,
fibrinogen >100 mg/dl consider changing the ECMO circuit

Dose is 15 ml
In bleeding patients, target >150 mg/
dl
Red blood Target hematocrit of 30% No higher targets are needed on
cells ECMO.
Transfuse when Hb is <7 g%
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Step 7: Clinical Care on ECMO

1.

Sedation and ventilation

Continue with deep sedation with or without neuromuscular blockage for an
initial 24-48 h on ECMO.

Most of the sedatives get adsorbed by the circuit; hence, their dose require-
ment is usually high.

The patient can be initiated on spontaneous respiration at the earliest, with
targets of lung protective to ultra-lung protective ventilation.

Aggressive physiotherapy of the chest and limbs is to be performed
routinely.

The patient should be mobilized at the earliest possible opportunity and
all measures to prevent ventilator-associated pneumonia should be car-
ried out.

Assess every day for the readiness of weaning from ECMO and the ventilator.

. Nutrition

Enteral nutrition should be initiated at the earliest and nutrition care should be
the same as any critically ill patient.

Target caloric intake: 60-90 per kg per day.

Glycemic control should be achieved with target blood sugars of
140-180 mg/dl.

. Antibiotics

Incidences of secondary sepsis are almost 20% with the patient on ECMO.
Fever may not be there as the patient is on ECMO.

. Drug dosing

Significant alterations in drug pharmacokinetics occur in patients on ECMO.

Most common ones include:

— Increased volume of distribution

— Absorption of the drug to the ECMO circuit and membrane, leading to
enhanced clearance

— Renal dysfunction and non-pulsatile flow, leading to reduced clearance

Appropriate dosing of drugs is of paramount importance and drug monitoring

should be used whenever indicated clinically.

. Fluid management

Most of the patients are fluid loaded but sometimes may be intravascularly
depleted due to capillary leak syndrome, high flow ECMO, bleeding, or
diuresis.

It is difficult to assess fluid status by CVP or pulmonary artery pressure due
to ECMO flow. Fluid status can be determined by

— Too negative pre-membrane pressure

— Response to fluid challenge

— Maintenance fluid requirement is 80—100 ml/kg/day.
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Step 8: Monitoring and Trouble Shooting on ECMO

1. Clinical monitoring

Every ECMO patient should be examined from head to toe, drainage cannula

to reinfusion cannula at least once during every shift and as and when required.

Clinically look for the following:

— Insertion sites of cannula for infection, and bleeding

— Circuit for signs of thrombosis

— Color difference of the blood in the inflow and outflow tubings of the
ECMO circuit. If the color difference is minimal, one should rule out recir-
culation and also check if the sweep gas is disconnected or turned off

— An emergency blood product supply should be maintained

— Chattering of the ECMO tubings

— Membrane: for thrombosis and fibrin deposition

— Pressure sores

— Perfusion of limbs: signs of ischemia, discoloration, and mobility

2. Monitoring on ECMO console

Mode on the ECMO machine

Power connection on the ECMO console

Charge on the battery (battery backup)

ECMO flows

RPM (revolution per minute)

Temperature on the heat exchanger

Sweep gas flows, gas connection

Inspired oxygenation to the membrane

Tubing clamps preferably guarded must be available on the pump cart; mini-
mum 6-8 clamps

3. Blood gas analysis and ventilation

Arterial blood gases: one hour after and then as clinically indicated.

Ventilatory parameters: tidal volume, plateau pressure, driving pressure and

peep should be routinely monitored.

Trans pulmonary pressure guided ventilator management can be considered,

if available.

Spontaneous ventilation is always preferable.

Sweep gas should be adjusted to achieve PCO, up to 30 with respiratory rate

30-34/min if respiratory rate is high on spontaneous ventilation.

Central venous oxygen saturation (ScvO,):

— Certain ECMO machines have in-built monitoring of central venous
saturation.

— Routine monitoring of ScvO,is not required.

— High ScvO, is a marker of recirculation.

4. Anticoagulation lab

The anticoagulation lab schedule is discussed in Table 34.2.
Plasma-free hemoglobin (PFH):
— Should be measured every day in patients with ECMO.
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Table 34.2 Anticoagulation monitoring

Parameter
ACT

APTT ratio

Anti-Xa levels

Platelets

Fibrinogen

Plasma-free hemoglobin
Anti-thrombin IIT assay

Frequency of monitoring

After one hour of initiation of ECMO
Once stabilized—every 4 h

Every 4-12 h initially

Once stabilized, daily

Once stabilized, daily

Every 12 h and as needed

Once daily

Once daily

As and when needed

Thromboelsatography As and when needed
Hemoglobin Before and after starting ECMO
Twice a day
P1 P2 P3
VENOUS ECMO RE
DRAINAGE PUMP MEMBRANE INFUSION

Fig. 34.1 ECMO circuit pressure monitoring

— Higher PFH (>5 g/dl) is an indicator of significant hemolysis and needs
immediate steps to identify the cause and initiate corrective measures.
— Cause of high PFH (high hemolysis):

* Hypovolemia

» Position of drainage cannula—too low in the inferior vena cava

* Small drainage cannula

* Thrombosis of the membrane
* Repetitive episodes of chattering of the lines

5. Other laboratory tests

* Blood cultures should be sent as per the clinical need.

* Renal function tests and electrolytes—as and when appropriate.

e Liver function tests—as and when clinically appropriate.

e All other tests as deemed necessary according to the clinical profile of the

patient.

6. ECMO circuit pressure monitoring
* The interfaces where pressure monitoring should be done on ECMO are

explained in Fig. 34.1.

P1: inflow pressure into the pump and is always negative:

— Normal range up to —20 mmHg.

— Alarm limit should be set at —70 mmHg.

— Causes of increased negative pressure are poor catheter placement, low vol-
ume, and inadequate cannula size, which should be addressed.

P2: pressure between the pump and membrane oxygenator. It is the pressure

generated by the non-occlusive pump to propel blood forward:
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Table 34.3 Circuit pressure monitoring

P1
}

T/N
/N
/N

P2 P3 Cause

1 | Hypovolemia, tension pneumothorax, tamponade, kinking, or malposition of
drainage cannula

Pump failure

Oxygenator failure (thrombosis)

Increased afterload, hypertension, kinking, or malposition of infusion cannula

i
1N
1

— —

Depends on the size of the oxygenator and its surface area.

P2 is always positive, with normal values ranging from 150 to 280 mmHg
depending on ECMO flows.

Depends on the blood flow rate—the more the flow, the more the pressure.
Clogging of the oxygenator will increase the pressure.

e P3: pressure post-membrane:

The difference between P2 and P3 (membrane pressure drop) should always
be less than 50 mmHg.

Depends on the blood flow rate—the more the flow, the more the pressure.
Clogging of the oxygenator will decrease the pressure.

Higher pressure drops suggest membrane thrombosis.

Post-membrane pressure should be kept below 300 mmHg in order to mini-
mize the risk of hemolysis and plasma breakthrough.

* The various reasons for the changes in pressures are discussed in Table 34.3.

7. Radiological investigations

L]

Chest X-ray:

To check for the position of ECMO cannulas

Radiological improvement in lung parenchyma

Position of other tubings like endotracheal tube, central venous lines, naso-

gastric tubes, etc.

— Identification of pleural effusions, pneumothorax

Ultrasonography and echocardiography:

— Check for lung parenchyma, pneumothorax, and pleural and pericardial
effusion

— Position of ECMO cannulas

— Evidence of venous thrombosis and pseudoaneurysm

— Cardiac output of the patient

— Volume status of the patient

— Examination of valves—especially tricuspid for fungal endocarditis

Step 9: Hypoxemia on VV ECMO

* There is no defined cutoff for hypoxemia on ECMO.
» Patients with SaO, of less than 80 despite best ECMO optimization should be
considered to be hypoxic.
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e A fraction of patients would continue to remain hypoxic despite initiation of
ECMO and a fraction of them will develop episodes of significant hypoxemia
during the treatment period.

» A simplified algorithm (Figs. 34.2 and 34.3) explains the approach to identify the
cause of hypoxemia on VV ECMO and hypotension (Fig. 34.4).

Hypoxia on VV ECMO
Treatment
Causes
Recirculation Maintain Hb. Decrease
- . . recirculation increases blood
No lung contribution Check parameter settings (FiO2 of ECMO and flow, change or add an
Oxygenation failure ventilator, PEEP, blood flow rate, sweep gas etc.) oxygena{0r induce hypothermia
Increase oxygen chanée o VAECMO
demand J/
Delta pressure |

Post oxygenator ABG
| Calculate recirculation | \

More than 30%

Less than 30%

Change oxygenator

Check pre pump pressure

Decrease ECMO flow | A ~—
Too negative N Positive

| Give volume |
Improvement No improvement /

Continue decrease |

Add cannula, increase
ECMO blood flow

Reposition cannula |

™~

No improvement

Fig. 34.2 Hypoxia algorithm on VV ECMO
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Patient bleeding l Optimise clotting factor reduce
heparin keep ACT 150

Effective

AN

Still bleeding

TEG
Operate
Novoseven Tranexamic acid/
\ Still bleeding Aprotinin
L
Stop Stop
S — Still bleeding

‘ Stop ECMO ‘ ‘ Stop Heparin ‘\ Surgical intervention like ligation,

cauterization, embolisation

Fig. 34.3 Protocol for bleeding patient on ECMO

Hypovolemia

Low cardiac output Se\{ere
peripheral

Hypotension

N

Large pleural effusion

‘ Cardiac tamponade ‘

Poor LV Pneumothorax Sepsis, SIRS

| Pathophysiology |

Low volume

vasodilation

Low cardiac Low venous Low venous
output return return

Diagnosis

‘ 2D Echo ‘ ‘ 2D Echo

Low ScVO2, high

Low CVP and PWP,
SVV > 15%

Negative Prepump
pressure

2D ECHO- empty RA,
RV

l Increase ECMO Flow Treatment ICD insertion

Infuse fluids

X-ray chest PCT, high

lactates

X-ray chest

- Vasopressors
ICD Insertion and antibiotics

Fig. 34.4 Approach to a patient with hypotension on ECMO
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Step 10: Weaning from VV ECMO

* The weaning trial can be considered once the support on ECMO is less than 30%
of total lung function, usually 3 I/min in adults.
¢ Criteria for trial off:
— Acceptable blood gases and tissue perfusion on 21% FdO, and minimal
sweep gas
— ABG on moderate ventilator settings showing
* PO, more than 70 mmHg
* PCO; less than 50 mmHg
e Normal pH
— Stable hemodynamics
— Improving lung compliance, generating a tidal volume of more than 5 ml/kg
with a peak pressure of less than 26
* Stepwise weaning protocol
— Stepl
* Reduce FdO, of ECMO by 5% every 3—4 h until 50%
* Maintain SpO, more than 92%
* Once FdO, has reached 50%, increase ventilator settings to a moderate
level: FiO, 40% and PEEP 8-10 cm H,O
— Step I
* Reduce FdO, of ECMO by 5% every 2 h until FdO, 21%
e Maintain SpO, 92%
— Step III
* Decrease sweep gas by 0.8 L/min every 2 h until it reaches 0.5 1/min
* Heparin/ACT should be maintained at the same level
e Monitor HR, BP, PaO,, and PaCO,, and look for evidence of reduced tissue oxy-
genation like lactates and ScvO,.
* Pa0, >60 mmHg, with acceptable carbon dioxide levels and normal tissue oxy-
genation, is an indicator that the patient can be weaned off from VV ECMO.
e The patient should be stable for a minimum of 4 h before considering
decannulation.
* Trial off can be given for 12-24 h if the patient tolerates it.

Step 11: ECMO Decannulation

* The surgical team should be ready.

» Stop heparin anticoagulation for at least half an hour.

* Measure ACT or aPTT before decannulation.

e ACT should ideally be less than 150 s.

* Percutaneous cannulas can be just pulled out, followed by the application of
horizontal matrix sutures and compression for over 30 min.

* Ask the patient to perform a Valsalva maneuver to minimize the risk of air embo-
lism during decannulation.

* Observe the patient for at least 6 h before mobilizing the limb and patient.



34 Extracorporeal Life Support 449

Step 12: Critical Care Post-ECMO

» Every aspect of critical care should continue.

» Aggressive chest rehabilitation should be pursued.

* Daily examination of vessels for evidence of thrombosis and pseudo aneurysm
should be done.
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Step 1: Initiate Resuscitation

» These patients should be resuscitated as mentioned in Chap. 24.

e Administer IV fluids promptly as these patients have severe dehydration.

* The type and amount of fluid should be guided by volume status, electrolytes,
and cardiac functions.

* The role of point-of-care ultrasonography (POCUS) in identifying the severity of
volume deficit in such patients is of paramount importance.

* To avoid peripheral vasoconstriction, vasopressor use should be reserved for
patients in whom hemodynamic instability is not improved with volume
resuscitation.

Step 2: Assess the Cause and Type of Hyperthermia by History
and Examination

* Hyperthermia may be caused by infection, sepsis, tetanus, malaria, toxic inges-
tions, central nervous system disorders, and heat waves.

e Severe hyperthermia (>40.5 °C or > 105 °F) is usually caused by heat stroke,
malignant hyperthermia, and neuroleptic malignant syndrome.

» Exertional heat stroke is usually caused by prolonged exposure to excessive lev-
els of perceived heat. Core temperatures exceeding 104 °F (40 °C) indicate ther-
moregulatory failure.

» Exertional heat stroke occurs in young, healthy individuals engaged in heavy
exercise during periods of high ambient temperature and humidity.

* Non-exertional heat stroke is diagnosed with a core temperature of >40 °C and
central nervous system dysfunction. It may be precipitated by exposure to severe
environmental heat or medications like anticholinergic drugs, antihistamines,
antipsychotics (e.g., MAO inhibitors and TCA), neuroleptic agents, and illicit
drugs (amphetamines, cocaine, LSD, MDMA) as these drugs affect vasodilation,
sweating, and other heat-loss mechanisms. Other causes include brain hemor-
rhage, status epilepticus, thyrotoxicosis, and pheochromocytoma.

* Heat exhaustion is a relatively milder form of heat-related disorder that presents
with excessive sweating and exhaustion after heat exposure and is not associated
with CNS symptoms, electrolyte disorder, and organ dysfunction, but may prog-
ress to heat stroke if not properly managed. Advise rest in a cool and well-
ventilated place and offer fluids (precluding alcohol and caffeine).

* Encourage him/her to shower and bath, or sponge off with cool water.

e Malignant hyperthermia is a rare complication associated with general anesthet-
ics such as succinylcholine and halothane.

» Signs and symptoms of heat stroke include dry skin, pupillary dilatation, altered
mentation, seizures, hallucinations, delirium, tachypnoea, rales due to noncar-
diogenic pulmonary edema, tachycardia, hypotension, arrhythmias, rhabdomy-
olysis, dyselectrolytemia, and coma. Disseminated intravascular coagulation and
mixed respiratory and metabolic acidosis can also accompany the elevated
temperature.
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Step 3: Send Investigations

* Complete hemogram.

* Creatine phosphokinase—elevated levels suggest rhabdomyolysis.

* Renal function tests.

* Urine for myoglobin.

» Coagulation studies, toxicological screening, CT head, and lumbar puncture.

» Diagnosis of malignant hyperthermia is confirmed by an in vitro muscle contrac-
ture test.

Step 4: General Management

e Adequate airway protection, assisted breathing if needed, and support
circulation.

* Isotonic saline is the fluid of choice for resuscitation.

e Vasopressors should be avoided.

* The definitive management is total body cooling.

» Patients suffering from heat stroke should be exposed completely, and intrave-
nous access established for medical management.

* Intravenous fluid should be titrated using vital signs, urine output, and hemody-
namic measurements to avoid pulmonary edema associated with fluid overload.