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1Japanese Encephalitis

Rajeev Ojha

Case Scenario
A 21-year-old patient presented with complaints 
of fever for 4 days, limb weakness for 3 days, and 
altered sensorium for 2  days. According to the 
patient’s father, he was well 4 days back, then he 
developed mild fever, which was insidious in 
onset and not associated with chills and rigor. 
Same day, patient started having tingling sensa-
tion of left lower limb. Next day, patient devel-
oped weakness in left upper and lower limbs and 
had a high fever (104 °F). In local hospital, CT 
head was done, which showed no significant 
abnormal findings. Patient also had one episode 
of jerking of limbs with loss of consciousness 
lasting for about 1–2  min. After this episode, 
patient continued to have altered sensorium. 
Patient was then referred to our center for further 
management.

The patient presented to emergency depart-
ment with low Glasgow Coma Scale (E2M3V2) 
and was intubated. On examination, his vitals 
were BP: 140/80  mmHg, pulse: 120/min, tem-
perature: 103 °F. Bilateral pupils were equal and 
reactive to light. There was no disk edema, and 
movement of extraocular muscles was normal. 
Corneal and gag reflexes were preserved with no 
facial deviation. No spontaneous limb move-
ments were observed. Muscle tone was reduced, 

and areflexia was elicited across all limb joints. 
Plantar extensor was observed in left side, while 
right side had flexor response. His cerebrospinal 
fluid was clear with total leukocytes 310/mm3 
(polymorphs: 10% and monomorphs: 90%), pro-
tein: 38 mg/dL, and sugar: 4.7 mmol/L. A provi-
sional diagnosis of acute encephalitis syndrome 
was made, and the patient was then started on 
empirical treatment with acyclovir and ceftriax-
one. Routine blood investigations with renal and 
hepatic function tests were normal. The MRI 
brain T2 fluid-attenuated inversion recovery 
(FLAIR) sequence showed a bilateral thalamus 
hyperintense lesion extending to the upper mid-
brain region and another hyperintense area in the 
right medial parietal cortex and subcortex 
(Fig. 1.1a–c). Herpes simplex I and II and tuber-
culosis polymerase chain reactions (PCRs) were 
negative. Japanese encephalitis serology was 
found to be positive. The patient’s fever subsided 
in 3 days after admission. During his stay in the 
intensive care unit, the patient developed 
ventilation-associated pneumonia, and a trache-
ostomy was done on the 15th day of admission. 
In about 1  month of admission, mild improve-
ment in sensorium was noted, and he was able to 
follow simple commands. During discharge, he 
was still bed bound and able to move bilateral 
distal fingers with no further improvement in 
cognitive function.

R. Ojha (*) 
Department of Neurology, Tribhuvan University 
Institute of Medicine, Kathmandu, Nepal
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a b c

Fig. 1.1  (a, b) MRI brain T2 fluid-attenuated inversion 
recovery (FLAIR) sequence shows bilateral thalamus 
hyperintense lesion extending to upper midbrain region. 

(c) Hyperintense lesion in the right medial parietal cortex 
and subcortical region

1.1	� Introduction

Japanese encephalitis (JE) is a mosquito-borne 
flavivirus encephalitis, which is one of the com-
mon encephalitides found in clinical practice in 
South Asian countries [1]. First outbreak of JE 
encephalitis was reported from Japan in 1871, 
followed by a severe epidemic again in 1924. The 
JE virus (JEV) is a single-stranded RNA virus 
belonging to the family Flaviviridae and the 
genus Flavivirus. JE virus exists in an enzootic 
life cycle between mosquitoes and pigs. It com-
monly affects children, but frequently adult cases 
have also been encountered. About one-third of 
the patients die of this disease, one-third live with 
severe neurological sequelae, and remaining one-
third survive with mild or no sequelae [2, 3].

1.2	� Epidemiology

JE virus is transmitted to humans, animals, and 
birds by culex mosquitoes, C. tritaeniorhynchus. 
The natural cycle of JE virus usually consists of 
pig-mosquito-pig or bird-mosquito-bird. Swine 
are the amplifying host of the JE virus, and it can-
not spread directly from one person to another. 
There are two epidemiological patterns of trans-
mission during the seasonal peak, like summer, 
and they occur sporadically throughout the year. 
Nepal falls under an epidemic pattern where the 
cases rise in the summer season. The rate of 

infection is more common in children aged 
3–15 years, but a bimodal distribution has been 
found, with the elderly population being another 
peak. The annual incidence of the disease ranges 
from 30,000 to 50,000. A fatality rate of 30–40% 
has been reported from an Indian study [3, 4].

1.3	� Pathogenesis

The incubation period of the JE virus ranges from 
6 to 16 days. Infestations depend on viral and host 
factors. Viral factors are route of entry, titer, and 
neurovirulence of the inoculum, and host factors 
are age, general health, and immunity. After a 
mosquito bite, the virus replicates in the skin and 
then spreads to regional lymph nodes. Viral parti-
cles are then transported to connective tissue, 
skeletal tissue, myocardium, smooth muscle, 
lymphoreticular tissues, and endocrine and exo-
crine glands, where they amplify to cause a tran-
sient viremia. Finally, central nervous system 
(CNS) penetration is through hematogenous 
transmission. Experiments suggest that passive 
transfer across the endothelial cells may be an 
important means of crossing the blood-brain bar-
rier. Factors that impair the blood-brain barrier are 
the risk factors for neuroinvasion. After the growth 
of the virus across vascular endothelial cells, CNS 
parts like the cerebral cortex, thalamus, basal gan-
glia, brainstem, Purkinje cells of the cerebellum, 
and hippocampus are involved [5, 6].

R. Ojha
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1.4	� Pathology

In histopathology, leptomeninges are normal or 
slightly hazy with inflammatory infiltrates. In the 
acute stage, congestion and edema are noted 
around the brain parenchyma. Microscopically, 
meningeal inflammation, perivascular cuffing, 
neuronal degeneration, mononuclear and poly-
morphonuclear infiltration, and microglial prolif-
eration are the features. Immunohistochemical 
study of lymphocytes shows cytotoxic cells such 
as CD4+ and CD8+. Migration of lymphocytes 
and monocytes toward virus-infected neurons 
takes place, and ultimately gliosis and apoptosis 
occur. In imaging, magnetic resonance imaging 
(MRI) will show the involvement of bilateral 
thalamus, basal ganglia, pons, cerebellum, and 
midbrain [2].

1.5	� Clinical Manifestation

Patient may present with headache, fever, altered 
sensorium, seizure, and even coma in severe con-
dition. Patients usually have a history of residing 
in an endemic area or have a travel history in that 
area. Early prodromal features are fever, myalgia, 
headache, rashes, lymphadenopathy, nausea, and 
vomiting followed by irritability and mild confu-
sion [2].Some patients may spontaneously 
improve with mild prodromal symptoms. Altered 
sensorium and confusion may gradually progress 
to stupor and coma. Often patients present with 
symptoms of behavioral changes and mutism [3]. 
JE patients presenting with behavioral changes 
are frequently referred to a psychiatric clinic. 
Further, patients can present with features such as 
pulmonary oedema, hepatomegaly, splenomeg-
aly, and thrombocytopenia [7].

Seizure and status epilepticus are common in 
JE and are more prevalent in children. Repeated 
and prolonged seizures are usually associated 
with poor prognosis. Seizure types are commonly 
focal motor, autonomic, or generalized [3]. Focal 
neurological deficits like hemiparesis and cranial 
nerve lesions, and signs like hypertonia, hyper-

reflexia, and neck stiffness are also present. There 
can be involvement of anterior horn cells in the 
spinal cord, causing flaccid limb weakness, 
which is sometimes confused with acute polio-
myelitis [8]. JE has usually been associated with 
Guillain-Barre syndrome with a demyelinating 
pattern [9]. Acute urinary retention with an atonic 
bladder is another feature of JE.

Movement disorders in JE are common find-
ings. Extrapyramidal features like generalized 
axial and limb rigidity and tremors are seen due to 
the involvement of the basal ganglia [10]. Patients 
can manifest other features of parkinsonism like a 
mask face, reduced eye blink, slow activities, and 
impaired gait [2]. Dystonia is frequently reported 
in JE, especially in children and young adults 
[11]. Both focal and generalized, involving axial 
and limb dystonia, are seen. Occasional dystonic 
spasms may occur, leading to the requirement of 
mechanical ventilation [12].

1.6	� Diagnosis

Diagnosis depends on the clinical manifestation 
correlated with living in an endemic area or a his-
tory of recent travel to such an area, serum or 
CSF JE virus isolation, and areas of MRI brain 
lesions. Blood count may show mild leukocytosis 
with thrombocytopenia in a few patients. 
Hyponatremia may be secondary to inappropriate 
antidiuretic hormone secretion. A CSF examina-
tion shows elevated opening pressure in about 
half of the patients. There may be lymphocytic 
pleocytosis, a normal CSF-to-plasma glucose 
ratio, and mildly elevated protein. The JE virus 
can be confirmed by IgM capture of ELISA of 
serum or CSF [13].

The MRI brain may show a high signal in T2 
and FLAIR in the basal ganglia, thalamus, mid-
brain, pons, and medulla [14]. Thalamic lesions 
are common findings in most JE patients. 
Although nonspecific, an electroencephalo-
gram (EEG) may show seizure activity, slow 
waves, and periodic lateralized epileptiform 
discharges [15].

1  Japanese Encephalitis
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1.7	� Differential Diagnosis

1.7.1	� Herpes Simplex Encephalitis

Herpes simplex encephalitis (HSE) is clinically 
difficult to differentiate from Japanese encephali-
tis. JE is usually prevalent in endemic regions or 
has a travel history to these regions, whereas HSE 
prevalence is worldwide distributed. Typical pre-
sentations are fever, headache, altered sensorium, 
focal neurological deficits with hemiparesis, dys-
arthria, ataxia, and cranial nerve involvement. 
CSF analysis may show RBC along with lympho-
cytic leukocytosis, normal or reduced sugar, and 
elevated protein. Herpes simplex virus PCR from 
CSF has a high sensitivity and specificity for the 
diagnosis. MRI features fluid-attenuated inver-
sion recovery (FLAIR) or diffusion-weighted 
imaging (DWI) hyperintense lesions in the tem-
poral lobe and adjacent lobes. EEG can be posi-
tive in about 80% of HSE patients, showing 
periodic lateralized epileptiform discharges or 
theta and delta waves in the temporal and frontal 
regions [16]. Patients usually respond well to 
early intravenous acyclovir treatment; however, 
no specific antiviral drug is available for JE.

1.7.2	� Acute Disseminated 
Encephalomyelitis

Acute disseminated encephalomyelitis (ADEM) 
is an autoimmune demyelinating disease of the 
central nervous system with a presentation of 
multifocal neurological features like headache, 
malaise, altered sensorium, motor, sensory, and 
cranial nerve involvement. ADEM typically fol-
lows infection or vaccination and is common in 
the pediatric population. Typical MRI lesions of 
ADEM are bilateral, could be symmetric or 
asymmetric, involve deep and subcortical white 
matter, and are hyperintense on the FLAIR 
sequence. Although ADEM is usually a mono-
phasic illness, a few percentage of similar subsets 
but relapsing pattern of demyelinating disorders 
are also reported [17]. ADEM usually responds 
well to high-dose corticosteroids.

1.8	� Treatment

Since no specific antiviral drug is available for 
JE, supportive care is the major focus of manage-
ment. Early administration of acyclovir is empiri-
cally given till lumbar puncture, and MRI reports 
and JE serology reports are available. Intravenous 
mannitol or 3% NaCl may be needed to control 
the raised intracranial pressure. Antiepileptic 
drugs are administered if a seizure is present. 
EEG monitoring is helpful to detect non-
convulsive status epilepticus if the patient is per-
sistently unconscious. The use of intravenous 
immunoglobulin has been found to be effective in 
some studies, although more studies are needed 
to confirm this [16].

Prevention of JE can be done by taking protec-
tive measures against mosquito bites. Mosquito 
repellents, full clothing, netted windows, and the 
use of bed nets are the measures to be taken in 
endemic regions. Tourists should follow these 
measures while traveling to such regions. Longer-
term and frequent travelers who are at risk of JEV 
exposure could be vaccinated.

1.9	� Prognosis

Poor prognostic features are a depressed con-
scious level, repetitive seizures, raised intracra-
nial pressure, secondary complications, and 
extended MRI lesions. Mortality occurs in up to 
30% of cases due to acute cerebral edema and 
pulmonary complications [3]. Sequelae like limb 
weakness, tremor, rigidity, cognitive impairment, 
seizure, or behavioral disturbances are present in 
30–50% of survivors [4].
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2Herpes Encephalitis

Rajeev Ojha

Case Scenario
A 40-year-old female was admitted with the chief 
complaint of fever, headache, and altered senso-
rium for 7 days. She was well 7 days back when 
she felt generalized fatigue and reduced appetite. 
Two days later, she had a high-grade fever of 
103  °F, which was associated with mild-to-
moderate headache in bilateral temporal side 
along with nausea. Next day, patient was found to 
be confused and was not properly responding to 
commands. Patient was then taken to local hospi-
tal and admitted for 3 days. Although fever was 
subsided then, her sensorium further worsened 
and was unable to recognize own family mem-
bers. Then the patient was referred to our center. 
Patient had one episode of generalized tonic-
clonic seizure after she landed in emergency.

Patient had no significant past medical and 
surgical history. She was a non-smoker and non-
alcoholic. On examination, vitals were blood 
pressure: 125/60; pulse: 78/min; respiratory rate: 
18/min; and temperature: 100.2 °F. She was anx-
ious and irritable and was not cooperative during 
examination; Glasgow Coma Scale was E3M6V4. 
Patient was not oriented to time, place, and per-
son. Bilateral pupils were equal and reactive to 

light. There was no facial deviation, and gag 
reflex was normal. Bulk, tone, deep tendon 
reflexes, and power were normal in both upper 
and lower limbs. There were no cerebellar signs, 
and bilateral planters were flexor. Blood investi-
gations were total leukocytes count: 7670/mm3, 
neutrophils 70%, lymphocytes 30%, sugar: 
5.2  mmol/L, urea: 5  mg/dL, creatinine: 50  mg/
dL, sodium: 140 mEq/L, potassium: 3.7 mEq/L, 
platelet: 187,000/mm3, chest X-ray: normal find-
ings, and ECG: normal findings. Cerebrospinal 
fluid (CSF) findings: total cells: 20, lymphocytes: 
90%, neutrophils: 10%, protein: 195 mg/dL, and 
sugar: 6.3 mmol/L. MRI brain showed asymmet-
ric T1 low and T2 and FLAIR (Fig. 2.1) high sig-
nal intensity in the bilateral temporal, insular, and 
precuneus areas of the parietal lobe (left > right) 
with diffusion restriction. EEG showed periodic 
triphasic waves in frontal, parietal, and temporal 
areas (Fig. 2.2). CSF Herpes simplex 1 (HSV-1) 
PCR was found to be positive. The diagnosis of 
herpes encephalitis was made, and intravenous 
acyclovir was given for 21  days. The patient’s 
sensorium gradually improved after 10  days of 
treatment and was oriented to time, place, and 
person during discharge.
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Fig. 2.1  Asymmetric 
FLAIR high signal 
intensity in bilateral 
temporal region, insular 
area, and precuneus area 
of the parietal lobe 
(left > right) with edema 
in the left medial 
temporal lobe, loss of 
left temporal horn, and 
compressing left 
midbrain suggesting 
uncal herniation

Fig. 2.2  EEG showing generalized periodic epileptiform discharges

2.1	� Introduction

Encephalitis is the inflammation of the brain 
parenchyma resulting in neurological symp-
toms, with infectious etiologies being common. 
Herpes encephalitis is the most common cause 
of fatal encephalitis all around the world. 
Herpes viruses are the enveloped DNA viruses, 

out of which herpes simplex 1 has been found 
to be the most common sporadic cause. The 
clinical manifestations are usually altered sen-
sorium, fever, headache, seizure, and focal neu-
rologic symptoms. Despite treatment, HSV-1 
encephalitis has high mortality and mortality 
with cognitive and other focal neurological 
sequelae [1].
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2.2	� Epidemiology

The worldwide incidence of HSE has been esti-
mated at 1–2 per 1000,000 populations [2]. A 
10-year encephalitis study in the United States 
found HSV to be the most common etiological 
pathogen [3]. Most HSE in adult patients are 
likely due to HSV reactivation. HSE occurs 
equally in males and females. Bimodal variation 
in age group distribution has been reported; peak 
incidence is under 3 years and more than 50 years. 
HSV-1 is common among adults and children, 
whereas HSV-2 is likely to cause encephalitis in 
infants and immunocompromised population [4]. 
The presence of herpes labialis along with 
encephalitis usually correlates with associated 
HSV infection.

2.3	� Pathology

Brain pathology of HSE includes cytolytic viral 
proliferation along with immune-mediated 
inflammatory responses. In histopathology, 
necrosis involves neurons, astrocytes, oligoden-
drocytes in temporal lobe, infero-frontal lobe, 
and insular cortex of cerebral hemispheres. HSV 
replication is characterized by mononuclear 
inflammation with perivascular cuffing and focal 
infiltrates of inflammatory cells, along with 
Cowdry type A intranuclear inclusion bodies [5]. 
Infection further triggers the innate immune sys-
tem, while adaptive immunity tries to combat the 
early acute infection. Toll-like receptors (TLRs), 
which are the pattern recognition receptors of 
innate system, bind to the pathogen. Then, initia-
tion of cascades of proinflammatory cytokines 
like interferon, interleukins, and tissue necrosis 
factor takes place [6]. Finally, the development of 
host resistance to viral proliferation, destruction 
of viral cellular RNA, apoptosis of infected cells, 
and stopping cellular translation take place. 
Deficiency in immune response, both in acute 
and latent states, can make the host susceptible to 
HSE.

2.4	� Pathogenesis

Out of eight human herpes virus which includes 
HSV-1, HSV-2, HHV3 (varicella zoster), HHV-4 
(Epstein Barr), HHV-5 (Cytomegalovirus), HHV-6, 
HHV-7, and HHV-8, HSV-1 is the commonest 
pathogen for encephalitis. Mucous membrane or 
damaged skin is the primary access for the HSV 
infection. Then, retrograde axonal transport causes 
the transport of virus to neuronal cell body of dorsal 
root ganglion. Although not clear, entry to the cen-
tral nervous system due to retrograde transport via 
olfactory or trigeminal nerves or hematogenous dis-
semination has been proposed [7–9]. Subsequently 
HSV spread to the frontal and temporal lobes, insu-
lar cortex, and rarely the brainstem occurs and can 
further extend to the opposite hemisphere.

2.5	� Clinical Manifestation

HSE symptoms may manifest early with prodro-
mal features like headache, myalgia, and behav-
ioral changes [10]. Behavioral symptoms may be 
elevated mood, reduced sleep, hypersexuality, 
and hypomania, which are due to the involve-
ment of the temporal lobe or limbic system. 
Extratemporal involvement is commonly seen 
among the pediatric population. Typical presen-
tations are fever, headache, altered sensorium, 
focal neurological deficits with hemiparesis, dys-
arthria, ataxia, and cranial nerve involvement. 
Occasionally, patient can even present with 
quadriparesis [11]. HSV is an important cause of 
rhombencephalitis and brainstem encephalitis, 
predominantly HSV-1. The common features of 
brainstem encephalitis are ophthalmoplegia, diz-
ziness, ptosis, ataxia, and limb weakness.

Seizure may be presenting complaints in 
about 50% of HSE patients due to involvement of 
the frontotemporal cortex. Seizure could usually 
be complex, partial, absent, or generalized [10]. 
Seizure in HSE can be a risk factor for posten-
cephalitic epilepsy and a major issue for survi-
vors [12].

2  Herpes Encephalitis
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Symptoms usually progress over a few days, 
but sometimes rapid progression in the severity 
of the disease occurs, and the patient may even 
reach the hospital in a state of loss of conscious-
ness or comatose state. Even persistent fever may 
not be present and can be confused with stroke. 
HSE has recently been found to be associated 
with anti-N-methyl-d-aspartate receptor 
(NMDAr) autoimmune encephalitis in about 
20%. So, autoimmune suspicion can be high if 
the patient continues worsening despite treatment 
or if there is a relapse in the symptoms in an 
improved patient [13].

2.6	� Diagnosis

Lumbar puncture (LP) should be the first step to 
be done in suspected encephalitis after ruling out 
contraindication of other causes of increased 
intracranial pressure. Cerebrospinal fluid exami-
nation findings may include elevated protein, 
leukocytosis with lymphocytes predominant, and 
sugar usually normal or mildly reduced. Red 
blood cells may be seen in CSF analysis due to 
severe cerebral tissue necrosis. Early CSF find-
ings with 3–5 days can be normal in HSE; repeat 
LP is needed in such condition.

Polymerase chain reaction (PCR) is the gold 
standard for the detection of herpes simplex 
virus DNA in CSF, which has a sensitivity of 
98% and a specificity of 94–100%. This test is 
detectable even in the early phase, after 3 days 
of illness, till 2–4 weeks after the clinical onset. 
Even if PCR or CSF routine test is normal in 
early phase, acyclovir is continued if strong sus-
picion is present [14].

Brain computed tomography should be done 
to look for any signs of encephalitis and rule out 
other intracranial lesions. Early signs of abnor-
malities in brain suggest severe damage and poor 
prognosis. However, MRI brain with diffusion-
weighted imaging (DWI) lesions in the temporal 
lobe is the most sensitive and specific finding for 
the early course [15]. Electroencephalogram 
(EEG) can be positive in about 80% of HSE 
patients, showing periodic lateralized epilepti-

form discharges or theta and delta waves in the 
temporal and frontal regions [16].

2.7	� Differential Diagnosis

2.7.1	� Japanese Encephalitis

Japanese encephalitis (JE) is sometimes difficult 
to differentiate from other encephalitis in terms 
of clinical manifestations. JE is a mosquito-borne 
transmission condition more common in endemic 
areas during the summer. In contrast to herpes 
encephalitis, routine CSF findings may not show 
RBC. IgM immunoassays of CSF and serum are 
both highly specific and sensitive tests for diag-
nosis of JE. Further, the MRI head shows thala-
mus and basal ganglia involvement, which are 
highly specific for JE.

2.7.2	� Brain Abscess

Brain abscess can present with focal symptoms 
like unilateral headache or weakness, or signs 
like unilateral cranial nerve involvement. High-
grade fever is present, but immunocompromised 
and elderly people may be afebrile during pre-
sentation. Papilledema is common, and lumbar 
puncture can be withheld till CT brain shows the 
size of abscess. MRI is more sensitive than CT 
scan, and contrast imaging is also helpful in stag-
ing the abscess [17].

2.7.3	� Treatment and Prognosis

In patients with a decreased level of conscious-
ness, management of hemodynamics and the air-
way should be protected. Reversible causes of 
encephalopathy such as hypoglycemia, hypona-
tremia, hypercarbia, thiamine deficiency, and 
alcohol withdrawal syndrome should be evalu-
ated early for proper management. Intensive care 
unit monitoring may be needed for decreased 
sensorium, dysautonomia, and secondary 
infections.

R. Ojha
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Intravenous acyclovir should be started as 
early as possible to reduce the mortality. Doses 
required are 10 mg/kg every 8 h for 14–21 days. 
Patient should be well hydrated during acyclovir 
treatment to reduce the chances of nephrotoxic-
ity. Intravenous foscarnet 90 mg/kg twice a day is 
used if acyclovir resistance is found. In the case 
of acyclovir shortage, intravenous ganciclovir 
5 mg/kg twice a day is given [18].

Mortality of 20–30% has been reported in 
HSE, even with early treatment. Survivors may 
have a significant morbidity of behavioral abnor-
malities, cognitive impairment, epilepsy, and 
other residual focal neurological symptoms. HSE 
is also found to be associated with NMDAR auto-
immune encephalitis. So, a recurrence of cogni-
tive impairment or psychiatric behavior in 
recently treated HSE.
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3Acute Bacterial Meningitis

Dilli Ram Kafle and Anushka Adhikari

Case Scenario
A 37-year-old man presented to the emergency 
room with complaint of fever of 4 days duration. 
The fever was continuous, reaching a maximum 
of 102° Fahrenheit associated with chills but 
without rigor. There was nausea along with a 
severe headache which was sudden in onset, dif-
fuse, constant, and exaggerated by head move-
ment. The day before presenting to hospital, he 
had 5 episodes of vomiting. In the emergency 
room, he still had projectile vomiting. The patient 
was drowsy and history was taken from one of 
his family members. The patient was a farmer by 
occupation and denied any high-risk sexual 
behavior, blood transfusion, or intravenous blood 
transfusion. He also denied any past history of 
diabetes mellitus, tuberculosis, seizure, weakness 
of any parts of the body, or trauma.

On examination, the patient had a fever of 
102 °F, pulse rate of 100 per minute, and respira-
tory rate of 20 per minute. He was drowsy and 
irritable. There was photophobia, neck rigidity, 
and positive Kernig’s and Brudzinski’s signs, and 
fundoscopic examination showed papilloedema. 
There was no cranial nerve involvement or focal 
neurological deficit. CT of the brain showed mild 

cerebral edema with diffuse meningeal enhance-
ment. On cerebral spinal fluid analysis, opening 
pressure was 200  mm of cerebrospinal fluid 
(CSF), total leukocytes count 500 (neutrophil 
80% and lymphocyte 20%), protein 100 mg/dL, 
and glucose 30 mg/dL. His CSF gram stain and 
culture were negative. Blood investigation 
showed hemoglobin at 12 g%, a white blood cell 
count of 13,000/mm3, urea 22 mg/dL, serum cre-
atinine 1  mg/dL, and random blood glucose 
90 mg/dL. The above findings were suggestive of 
bacterial meningitis and the patient was treated 
with intravenous antibiotics (ceftriaxone and 
vancomycin). The patient’s symptoms gradually 
improved and he was discharged with complete 
recovery on the 11th day of hospital admission.

3.1	� Introduction

Bacterial meningitis is a medical and neurologi-
cal emergency. There is infection and inflamma-
tion of meninges along with abnormal presence 
of white blood cells in cerebrospinal fluid. S. 
pneumoniae and N.  Meningitidis are the most 
common pathogens among the types of commu-
nity acquired meningitis. Bacterial meningitis 
has an annual incidence of 4–6 cases per 100,000 
adults [1, 2]. In developing countries, the mor-
tality of patients with bacterial meningitis is 
very high with case fatality ranging from 33 to 
44% [3–6].
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3.2	� Epidemiology

Most cases of meningitis are caused by viruses, 
but are often mild and have spontaneous improve-
ment. Viruses which commonly cause meningitis 
are enteroviruses, mumps, human immunodefi-
ciency virus, Epstein–Barr virus, and herpes sim-
plex. Common bacterial organisms associated 
with meningitis are Streptococcus pneumoniae, 
Haemophilus influenza, and Neisseria meningiti-
des, which account for 75% of sporadic cases; 
others are Listeria monocytogenes and 
Staphylococcus aureus. In the neonatal group, 
Escherichia coli and Group B streptococcus are 
common organisms.

3.3	� Pathogenesis

Meningitis involves inflammation of the lepto-
meninges, which include the arachnoid, the pia 
mater, and the cerebrospinal fluid. The microor-
ganism enters the brain through the hematoge-
nous route, with contiguous spread from otitis 
media, sinusitis, and congenital defects in the 
cranium, or is implanted directly from a penetrat-
ing injury or after a neurosurgical procedure [4]. 
The three most common organism for meningitis 
are streptococcus pneumoniae, Neisseria menin-
gitis, Haemophilus influenzae. There is conges-
tion of pia-arachnoid mater with polymorphs. 
Further, pus accumulation can promote adhe-
sions causing complications such as cranial nerve 
palsies and hydrocephalus.

3.3.1	� Clinical Features

Acute bacterial meningitis includes fever, head-
ache, meningismus, and a progressive decrease in 
level of consciousness as classic symptoms, 
whereas chronic bacterial meningitis presents 
more subtly and symptoms last for more than 
4 weeks [1, 7, 8].

	1.	 Neonates, infants, and children: Lethargy, 
sleepiness, fussiness, jitteriness, anorexia, 
hypotonia, apnea, diarrhea, jaundice, and gen-

eral weakness are commonly noticed by the 
parents of infants and neonates. Temperature 
instability is seen with fever or hypothermia. 
Children usually present with fever, severe 
headache, irritability, lethargy, nausea, vomit-
ing, confusion, photophobia, stiff neck, and 
back pain. Some may also experience 
seizures.

	2.	 Adults: Classic clinical features in adults 
include fever, headache, neck stiffness, vomit-
ing, photophobia, and altered mental senso-
rium. Occasionally, they may present with 
focal neurological deficits and petechial 
rashes from either meningococcal or pneumo-
coccal meningitis. Some patients may have 
cranial nerve palsies, hemiparesis, papilloe-
dema due to raised intracranial pressure, and 
hydrocephalus. There may be progressive 
decline in consciousness with ensuing stupor 
and coma which may prove to be fatal due to 
herniation of the brain. There can be encepha-
litic presentation such as fever, altered senso-
rium, and ataxia, especially in Listeria 
infection. Partially treated bacterial meningi-
tis can have a subacute course and is likely to 
be treated as tubercular meningitis. Therefore, 
a clear history of clinical features and treat-
ment details is important for proper 
diagnosis.

	3.	 Patients over 65 years: Patients over 65 years 
of age present with atypical symptoms. Fever, 
headache, and nuchal rigidity may not be 
present but they may present with non-specific 
confusion. Streptococcus and Listeria infec-
tions are common in this age group. West Nile 
Virus encephalitis is also prevalent in older 
patients and should be differentiated from 
bacterial meningitis.

3.4	� Differential Diagnosis

Meningitis should be suspected in any patients 
presenting with headache, vomiting, neck stiff-
ness, altered sensorium, and fever. However, 
severe headache can also be caused due to sub-
arachnoid hemorrhage, migraine, and brain 
abscess. Patients with subarachnoid hemorrhage 
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give a history of sudden onset of thunderclap 
headache with altered sensorium, with or without 
fever. CT scan of the head shows blood in the 
subarachnoid space. Migraine should be sus-
pected in a young female who presents with epi-
sodic throbbing, unilateral headache associated 
with nausea and vomiting. Some patients may 
give a history of visual or sensory aura. Fever is 
absent in patients with migraine. When patients 
present with history of fever with focal 
neurological deficit and ring-enhancing lesion on 
neuroimaging, brain abscess should be 
suspected.

3.5	� Diagnosis

On blood investigation, white blood cell counts 
may increase or there can even be leukopenia. 
Thrombocytopenia or impairment of coagulation 
studies can be seen in some patients. Acid fast 
stain, blood culture, and gram sensitivity should 
be sent before initiating the treatment. Lumbar 
puncture and CSF analysis should be done in all 
patients with suspected meningitis unless contra-
indications exist. Those contraindications where a 
CT scan is required before doing lumbar puncture 
include a history of seizure, focal neurological 
deficit, altered mentation, immunocompromised 
status, papilloedema, and a history of neurologi-
cal disorder. In bacterial meningitis, the opening 
pressure is elevated to above 180 mm H2O. There 
is pre-dominantly neutrophilic pleocytosis with 
cell count ranging from 250 to 10,000. The pro-
tein content is higher than 45 mg/dL in more than 
90% of cases. The glucose content is diminished 
to concentrations below 40  mg/dL.  Gram stain 
may show the causative organism. Culture of the 
CSF should also be done in all cases. Serological 
testing like counter-immunoelectrophoresis may 
be useful in cases which have received antibiotics 
prior to doing lumbar puncture.

The gold standard for the diagnosis of bacte-
rial meningitis is identification of the pathogen 

from gram stain or culture of CSF. Culture may 
take about 48–72 h to be positive. Newer technol-
ogy such as multiplex polymerase chain reaction 
helps provide a quicker and more accurate diag-
nosis. Laboratory facilities with various meningi-
tis panels using PCR can identify DNA of 
pathogens including common bacteria such as S. 
pneumonia, N. meningitides, H. influenza, L. 
monocytogens, E. coli, and S. agalactiae. Loop-
mediated isothermal amplification is a quick test 
which helps to amplify and detect DNA, and this 
method has good sensitivity for detection of N. 
meningitidis, S. pneumoniae, H. influenza, and 
Mycobacterium tuberculosis [9].

3.6	� Treatment

When a patient is suspected to have bacterial 
meningitis, blood culture should be sent and 
empiric antibiotic started. The initial choice of 
antimicrobial therapy is dependent on the most 
common bacteria causing meningitis, which 
varies according to the patient’s age and the 
clinical setting and also patterns of antimicro-
bial susceptibility. Vancomycin plus a third-gen-
eration cephalosporin is used empirically 
(Tables 3.1 and 3.2). Ampicillin is added to the 
empirical regimen in patients above the age of 
50 and in those with high-risk condition like 
alcoholism and immunodeficiency states. After 
the results of culture and susceptibility testing 
are available, antimicrobial therapy can be mod-
ified for optimal treatment [1, 7]. Shorter 
courses of antibiotics have been found to be safe 
and effective, which could further reduce 
expenses and length of hospital stay, for exam-
ple, 5–7  days for meningococcal infection, 
10–14 for pneumococcal meningitis, and 
21 days for Listeria meningitis [9].

The use of corticosteroids is associated with 
prevention of secondary complications including 
death, hearing loss, stroke, epilepsy, and learning 
difficulties. Dexamethasone (0.15  mg/kg every 
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Table 3.1  Empirical and antimicrobial therapy for bacterial meningitis

Organisms Antibiotics
S. pneumonia, N. meningitidis, L.monocytogens Vancomycin + ceftriaxone or cefotaxime or 

cefepime + ampicillin
Staphylococcus aureus, aerobic and anaerobic 
streptococci

Vancomycin + ceftriaxone or cefotaxime or 
cefepime + metronidazole

Staphylococcal spp., streptococcal spp., enteric gram 
negative bacilli

Vancomycin + ceftriaxone or cefotaxime or cefepime

Mycobacterium tuberculosis Four drug therapy (isoniazid, rifampicin, ethambutol, and 
pyrizinamide)

Treponema pallidum Intravenous aqueous crystalline penicillin G
Nocardia Trimethoprim-sulfamethoxazole

Table 3.2  Commonly used drugs in bacterial meningitis 
and their doses in adults

Drugs
Dose (adult with normal 
creatinine clearance)

Vancomycin 40–60 mg/kg/day, divided into q 
8–12 h dosing

Ceftriaxone 2 g, q 12 h
Cefepime 2 g, q 8 h
Cefotaxime 2 g, q 4–6 h
Ampicillin 2 g, q 4 h
Metronidazole 500 mg, q 6 h
Aqueous 
penicillin G

18–24 million U/day

6  h for 2–4  days) is widely used to reduce the 
mortality and morbidity. For maximum benefit, it 
is given just before or with the administration of 
empirical antibiotics.

3.7	� Prognosis

Factors associated with poor prognosis are age, 
tachycardia, reduced platelet counts, drowsiness 
and CSF leukocyte count <1000 × 109 cells per 
mL [9]. Early initiation of antibiotics and steroid 
are associated with good prognosis. Although 
there has been a declining trend in the case fatal-
ity rate following a bacterial meningitis, the 
occurrence of neurological sequel has remained 
almost the same [10] Sequel rate of 22–26% has 
been found including mental retardation, seizure, 
hydrocephalus, hemiparesis, paraparesis and 
headache [6, 11].
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4Cryptococcal Meningoencephalitis

Ghanshyam Kharel

Case Scenario
A 47-year female presented with 6 months of epi-
sodic fever. She was evaluated by a paramedic in 
a local clinic and was treated with some antibiot-
ics. Her symptoms improved transiently, but 
fever was persistent. Fever pattern was on and off 
type, with a maximum temperature of 102  °F, 
once or twice a month. She also had frequent 
headache, nausea, non-projectile vomiting, and 
pain around the nape of her neck for the last 
4 months. There was no associated cough, short-
ness of breath, skin rashes, lumps, and nodes in 
axilla, neck, and groin, altered sensorium, abnor-
mal body movements, or urinary symptoms. She 
had a history of hysterectomy 11 years back and 
was needed blood transfusion then. She con-
sumes a mixed diet, is non-alcoholic, and neither 
smokes nor chews tobacco.

On examination, her blood pressure was 
120/80 mmHg; pulse was 96/min (regular); respi-
ratory rate was 20/min; temperature was 98.2 °F, 
and SPO2 was 99% in room air. On general exam-
ination, she was pale, but no jaundice, clubbing, 
dehydration, lymphadenopathy, cyanosis, or 
edema was present. On systemic examination, 
she had basal crepitation on bilateral lungs. Her 
cardiovascular system and gastrointestinal sys-
tem examinations were normal. On neurological 

examination, there was no altered sensorium or 
meningeal signs. Bilateral features of disk edema 
were noted, and the rest of the other neurological 
examinations were normal.

During evaluation, patient was found to have 
anemia (hemoglobulin: 8.1  g/dL), stool occult 
blood was positive, and upper gastrointestinal 
endoscopy revealed antral gastritis. Her blood 
investigations such as renal function test, liver 
function test, and random sugar were in normal 
range. The serology of leptospirosis, scrub 
typhus, dengue, malaria, hepatitis, and kala-azar 
was negative. Human acquired immunodefi-
ciency virus (HIV) serology was found to be 
positive and was again confirmed with ELISA 
test. CD-4 count was 10 cells/μL. Her chest X-ray 
and CT head were normal. Echocardiography 
revealed global hypokinesia of left ventricle with 
moderate mitral regurgitations, dilated left 
atrium, and moderate left ventricular systolic 
dysfunction with ejection fraction of 30–35%. 
Ultrasonography chest and abdomen revealed 
bilateral mild pleural effusion. The cerebrospinal 
fluid (CSF) analysis was done, which revealed 20 
cells/cmm3 with all lymphocytes, sugar 
2.5 mmol/L, and protein 13.8 mg/dL.  India ink 
examination in cerebrospinal fluid (CSF) showed 
Cryptococcus neoformans, and CSF cryptococ-
cal antigen was also positive. She was given 
amphotericin deoxycholate (0.7 mg/kg daily) and 
fluconazole (400 mg twice daily). During hospi-
tal stay, she received multiple blood transfusion. 
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After 2  weeks, amphotericin was stopped, and 
fluconazole was continued (200 mg twice daily) 
along with antiretroviral therapy. She was dis-
charged in improved condition and was advised 
to review in a regular outpatient clinic.

4.1	� Introduction

Cryptococcosis is a fungal infection due to 
Cryptococcus gattii or Cryptococcus neofor-
mans. Cryptococcus neoformans meningoen-
cephalitis is the most frequently encountered 
central nervous system manifestation of 
cryptococcosis [1]. Pigeon excreta is the main 
source of this organism, and other avian species 
excreta are also implicated. This infection has 
become increasingly prevalent in immunocom-
promised patients and belongs to basidiomyce-
tous, encapsulated yeasts.

4.2	� Epidemiology

Incidence of cryptococcal meningoencephalitis 
does not much differ in relation to age, occupa-
tion, or ethnicity. The majority of patient suffer-
ing from cryptococcal infection is 
immunocompromised, and AIDS accounts for 
most of them and is prevalent worldwide. 
Malignancy, sarcoidosis, prolonged steroid 
therapy, liver disease, and the use of immuno-
suppressive drugs are the other conditions that 
are associated with this infection [1–3]. 
Cryptococcosis is a common AIDS-presenting 
illness and is the fourth most common opportu-
nistic infection in people living with HIV 
AIDS.  It has been estimated that there are 
approximately 1  million new cases of crypto-
coccal CNS infection worldwide each year, with 
over 600,000 deaths; however, with the avail-
ability of highly effective antiretroviral drugs, 
the incidence has dropped [4, 5]. In low-income 
countries, there are relatively few studies about 
cryptococcal meningoencephalitis as opportu-
nistic infection in patients living with HIV AIDS 
and very rare studies done in patient without 
HIV infection [6–9].

4.3	� Pathophysiology

Cryptococcosis can develop in any animal includ-
ing human being. The organism is generally 
transmitted via the respiratory route by inhalation 
of airborne fungi or via hematogenous dissemi-
nation. It also has a tendency to localize to the 
central nervous system of the patient. Patients 
usually present symptoms of chronic meningitis 
as the inflammatory response in the brain is gen-
erally milder. CSF shows the infiltrated inflam-
matory cells which predominantly comprise 
mononuclear cells with occasional polymorpho-
nuclear leukocytes. Diffuse involvement of the 
brain is frequently encountered. Some case may 
present as localized cryptococcoma infection.

4.4	� Clinical Manifestations

The central nervous system is the common site of 
cryptococcosis in both immunocompromised and 
immunocompetent patients. The infection gener-
ally involves both the brain parenchyma and 
meninges, causing cryptococcal meningoenceph-
alitis of subacute to chronic duration. The most 
common symptoms of cryptococcal meningoen-
cephalitis include malaise, headache, fever, visual 
disturbances, personality change, and impaired 
sensorium. Fever may be observed in less than 
half of the cases often delaying the presentation to 
healthcare [9, 10]. Patients may have stiff neck, 
photophobia, and vomiting in 25–33% [10]. Disk 
edema and visual involvement occur in 40% of 
the patients [11]. Coma is a rare presenting symp-
tom. Patients with cryptococcoma may present 
with weakness, sensory loss, aphasia, or ataxia, 
and symptoms depend upon the cerebral location 
of the cryptococcoma [9]. Patients may also pres-
ent with features of disseminated disease, includ-
ing cough, dyspnea, and skin rash. Patients with 
HIV infection or any other condition with reduced 
immune status, high index of suspicion of crypto-
coccal central nervous system (CNS) infection 
should be sought. Patients are frequently misdiag-
nosed with tubercular meningitis as the cerebro-
spinal fluid (CSF) picture and symptoms closely 
mimic each other.
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4.5	� Diagnosis

cryptococcal meningoencephalitis usually has 
subacute onset of symptoms, and presentations 
can be nonspecific, making the diagnosis often 
challenging. It should be suspected in any immu-
nocompromised patient with headache, fever, or 
any signs or symptoms referable to the central 
nervous system. As the delayed treatment 
consequence is grave, cryptococcal meningitis 
should also be considered in immunocompetent 
patients presenting with symptoms and signs of 
subacute to chronic meningitis.

CSF analysis with a measurement of opening 
pressure is helpful in the diagnosis of cryptococ-
cal meningoencephalitis. Opening pressure is 
markedly elevated in patients with cryptococcal 
meningoencephalitis with HIV infection than 
without HIV infection. Removal of CSF may be 
beneficial for both diagnostic and therapeutic 
purposes. The CSF examination with India ink 
shows encapsulated organism in approximately 
50% of non-HIV infected patients and 75% in 
HIV-infected patients. Cell counts of the CSF 
usually show less than 200 cells/mm3 with lym-
phocytic predominance [12]. CSF sugar and pro-
tein are usually elevated but may be normal in 
some cases. The diagnosis of cryptococcal 
meningoencephalitis can be confirmed by detect-
ing the organism in CSF culture. CSF for crypto-
coccal antigen is an alternative test and is highly 
sensitive and specific for the diagnosis of crypto-
coccal meningoencephalitis. This test can be 
obtained in serum or even immediately after the 
lumbar puncture.

Neuroimaging of the brain with a CT scan or 
MRI scan prior to lumbar puncture is required in 
the presence of papilledema, impaired senso-
rium, or any focal neurologic signs. MRI of the 
brain is preferred as it is more sensitive than CT 
for identifying CNS cryptococcal lesions. There 
may be a bilateral T2 punctate hyperintense 
lesion in Virchow-Robin spaces in MRI, also 
termed a pseudocyst, suggesting the space is 
filled with cryptococci and their mucoid exudates 
[7]. These pseudocysts don’t enhance on contrast 
MRI imaging. However, neuroimaging fre-
quently shows no abnormality, nonspecific 

changes, or mild cerebral atrophy without 
obstruction. In some patients, hydrocephalus 
may be seen, and a few patients may demonstrate 
mass lesions.

4.6	� Differential Diagnosis

The differential diagnosis of cryptococcal menin-
goencephalitis includes all conditions with fever 
and headache of subacute to chronic duration. 
This includes tuberculosis meningitis, toxoplas-
mosis, lymphoma, and syphilis. Patients with 
tuberculosis meningitis may have lesions in the 
lung with related finding and lesions in the chest 
X-ray.

Patients with toxoplasmosis may have a focal 
neurological deficit with abnormal neuroimag-
ing. An MRI of the brain frequently shows ring-
enhancing lesions around the basal ganglia. 
Toxoplasmosis is also associated with constitu-
tional symptoms, such as fever, chills, and sweats, 
bilateral, symmetrical, non-tender adenopathy, 
and chorioretinitis.

An MRI of CNS lymphoma also had a single, 
ring-enhancing lesion with a focal deficit clini-
cally. It may be associated generalized lymph-
adenopathy. Patients with syphilitic meningitis 
usually have normal mental status and maculo-
papular rashes. There is a history of sexual expo-
sure with an infected partner, which can occur 
with HIV-associated cryptococcal meningoen-
cephalitis too.

4.7	� Treatment

Amphotericin B, fluconazole, and flucytosine are 
the major drugs in combination for the treatment 
of cryptococcal meningoencephalitis, which 
requires three phases of treatment: induction, 
consolidation, and maintenance. Induction phase 
includes parental liposomal amphotericin at a 
dose of 3–4 mg/kg once daily and flucytosine at a 
dose of 100 mg/kg/day in four divided doses. In 
resource-limited settings, amphotericin B deoxy-
cholate at a dose of 0.7 mg/kg once daily and flu-
conazole 400  mg twice can be given [13, 14]. 
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However, due to the higher side effect profile and 
slightly lower efficacy with the second regime, 
the first regime is preferred. The induction phase 
is given a minimum of 2 weeks. After 2 weeks of 
induction, a CSF culture is required to check the 
sterilization of the CSF.  Patients may require 
longer induction period if CSF sterilization is not 
achieved. Patients whose CSF cultures remain 
positive should continue the induction regimen 
with serial lumbar punctures every 2 weeks until 
the CSF becomes sterile [15].

In the consolidation phase, fluconazole at a 
dose of 800  mg daily is given for the next 
8 weeks. The maintenance phase includes ther-
apy with fluconazole (200–400 mg orally daily) 
for 1 year after diagnosis. Long-duration therapy 
may be warranted for those receiving very high 
doses of immunosuppressive agents. Maintenance 
therapy can be discontinued in patients with HIV 
infection on antiretroviral therapy (ART) who 
have a CD4 cell count more than 100  cells/
microL and have an undetectable viral load on 
ART for more than 3 months [15].

Patients receiving antifungals for cryptococ-
cal meningoencephalitis should be monitored for 
drug-related adverse effects. Amphotericin B 
deoxycholate is more nephrotoxic and can cause 
disturbance of electrolytes and blood counts than 
liposomal formulation. Serial monitoring of renal 
function, electrolytes, and blood counts is rou-
tinely required. Pre- and post-hydration of the 
patient is required for reducing the risk of neph-
rotoxicity. Flucytosine has been usually associ-
ated with gastrointestinal problems, increased 
liver enzymes, and anemia. Fluconazole can 
cause an increase in liver enzymes and should be 
regularly monitored.

The intracranial pressure is usually high in 
cryptococcal meningoencephalitis and should be 
measured at the time of the initial lumbar punc-
ture. If the CSF opening pressure is ≥25 cm of 
CSF or there are symptoms or signs of raised 
intracranial pressure during induction therapy, 
CSF drainage should be done to decrease the 
pressure to a normal pressure of ≤20  cm. 
Therapeutic lumbar drainage should be repeated 
daily in the setting of clinical symptoms or signs 
and persistent pressure elevations of ≥25 cm of 

CSF.  Mannitol, acetazolamide, and steroids are 
not useful for the control of elevated intracranial 
pressure [16].

4.8	� Prognosis

The prognosis of patients with cryptococcal 
meningoencephalitis depends on the nature of the 
underlying immunosuppression. Mortality is 
higher in patients with malignancy, and relapse is 
higher in patients with cirrhosis [17, 18]. Patients 
with a positive India ink examination of the CSF, 
a CSF white blood cell count <20/microL, an ini-
tial CSF or serum cryptococcal antigen titer 
>1:32, and/or a high opening pressure on lumbar 
puncture also have a poorer prognosis.
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5Neurocysticercosis

Anushka Adhikari and Rajeev Ojha

Case Scenario
A 55-year-old woman presented with multiple 
episodes of tingling sensation in the right leg and 
right hand for 3  days. Such episodes lasted for 
about 1  min, and recurred 5–6 times per day. 
There was one episode of burning pain around 
the neck followed by sudden fainting 1  day 
before. Her husband noticed that there was tight-
ening of her limbs, her head was deviated to the 
right side, and there was uprolling of the eyes and 
frothing from the mouth. This episode lasted for 
about 1–2  min and the patient was then sleepy 
and only responsive to loud noise for 10–15 min 
before she was fully aroused. There was no 
incontinence, postictal headache, or trauma dur-
ing the episode. On examination, her general 
condition was fair and vitals were stable: blood 
pressure was 130/80 mmHg, pulse 68/min, tem-
perature 98  °F, and respiratory rate 15/min. On 
general examination, she was alert and oriented 
to time, place, and person. There were no signs of 
pallor, jaundice, clubbing, cyanosis, lymphade-
nopathy, dehydration, or edema. Bilateral chests 
were clear, heart sounds were normal without 
murmur, and abdomen was non-tender with no 
organomegaly palpation. On neurological exami-

nation, higher mental functions were intact with 
normal cranial nerves, coordination, and gait 
examination. Her limb power was normal with-
out any sensory involvement. Deep tendon 
reflexes were normal without any pyramidal 
signs.

On routine investigation, complete blood 
count, renal function test, calcium, random 
blood sugar, urine routine, and ECG were nor-
mal. Her CT scan of the head showed a single 
calcification in the right occipital region 
(Fig. 5.1). MRI of the brain showed a hyperin-
tense lesion in the bilateral frontal lobe with 
multiple cysts with and without dot-like struc-
ture in the middle, and contrast T1 image showed 
multiple ring-like structures with and without 
dot-like structure suggestive of NCC in multiple 
stages (Figs. 5.2 and 5.3). Ocular NCC was ruled 
out and the patient was then treated with oral 
prednisolone with levetiracetam. Twenty-four 
hours after initiation of prednisolone, albenda-
zole was started and given for 10  days. 
Prednisolone was tapered and stopped after 
10  days whereas levetiracetam was continued. 
On 3-month follow-up, the patient had no 
repeated seizure episodes.
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Fig. 5.1  Plain CT scan of head showed a calcification in right occipital region (Figs. 5.2 and 5.3)
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Fig. 5.2  FLAIR MRI of brain showed multiple cysts with central scolex in bilateral frontal, parietal, and basal ganglia 
region
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Fig. 5.3  T1 contrast MRI showed multiple cysts with and without central scolex in bilateral frontal, parietal, and basal 
ganglia region suggestive of NCC in multiple stages

5.1	� Introduction

Neurocysticercosis (NCC) is a parasitic infection 
of the nervous system and is caused by the inges-
tion of eggs of pork tapeworm (Taenia solium) by 
contaminated hands, food, and water. In most 
low-income nations with subpar sanitation where 
pigs are reared, this tapeworm is endemic [1]. 

Rather than local transmission, instances of NCC 
in industrialized countries are primarily attribut-
able to immigration from endemic areas. The 
numbers of patients with NCC are increasing 
with increase in immigration from endemic 
regions. It is one of the most significant causes of 
seizures in such endemic regions. Due to lower 
incomes,, the majority of people being illiterate, 
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practice of open defecation, and improper sanita-
tion and poor management of meat and meat 
products, the prevalence of NCC is higher in 
South Asian countries [2].

The combination of sophisticated diagnostic 
testing, anthelminthic and corticosteroid ther-
apy, and minimally invasive neurosurgery has 
improved the prognosis of this disease over the 
last decade. Despite this advancement, however, 
it is one of the major public health problems in 
the developing world. However, the numbers of 
NCC-producing causes are decreasing in some 
endemic areas where improvements in sanita-
tion, planned urbanization and widespread use 
of antiparasitic therapy have played a major 
role.

5.2	� Epidemiology

Due to migration from rural areas, NCC has been 
increasing recently in its prevalence in urban 
areas as well. There are about 2.5 million people 
carrying the adult tapeworm worldwide and most 
of them are infected with cysticerci. T. solium is 
endemic in Latin America, India, China, Nepal 
and sub-Saharan Africa. It is widely prevalent in 
urban middle-class areas in countries where it is 
endemic. Most T. solium cases have been reported 
among Hispanic populations. It is rare in Eastern 
and Central Europe, Australia, Japan, New 
Zealand, Israel, and Muslim countries of Asia 
and Africa [3].

Usually both sexes are affected by NCC. One 
of the more severe forms of NCC, cysticercal 
encephalitis, is more commonly seen in women 
than in men. This disease has been reported in all 
age groups. However, it is most commonly seen 
in the third and fourth decades of life. 
Cysticercosis is uncommon in children younger 

than 2  years because of the long incubation 
period of T. solium.

5.3	� Lifecycle of the Parasite

The definitive host of T.  Solium is the human 
being, and the intermediate host is the pig. 
Sometimes both pigs and humans can be the 
intermediate hosts. The larval form of T. Solium 
(cysticercus) is the infective form. These tape-
worms are 2–3 m long, segmented, tape-like, and 
belong to the class Cestoda. The head end known 
as scolex contains suckers with hooks and rostel-
lum. The rostellum resembles a sun, and is hence 
called “solium.” The body of the tapeworm is 
called the strobili and is divided into segments 
called proglottids (800–900 in number). The pro-
glottid contains both male and female 
reproductive organs, and is devoid of an alimen-
tary system.

Normally, the larvae are cystic. When a human 
host swallows infected pork, the larvae stick to 
the gut wall via suckers and hooks, and mature 
into adult tape worms. Gravid proglottids and 
fertile eggs containing an oncosphere (embryo) 
are discharged into the environment. Pigs and 
other free-roaming animals have access to human 
feces. Pigs unintentionally consume human 
feces. Following ingestion, embryos are liberated 
from the eggs in the intestine and enter the blood-
stream, where they travel to the peripheral tis-
sues, including the CNS, and develop as 
cysticerci. Pigs thus serve as intermediate hosts. 
When humans consume undercooked pork meat 
laced with cysts, the lifecycle of T. solium is com-
pleted. Similarly, after consuming T. solium eggs, 
humans can acquire cysticercosis, which usually 
develops via the faeco-oral route from close con-
tact with the carriers (Fig. 5.4) [4].
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1. Eggs and gravid
proglottids in feces and

passed into environment.

2. Pigs become infected by
ingesting contaminated

vegetation.

3. Oncosphere hatches,
penetrate intestinal wall

and develop into
cysticerci in pig’s

muscles.

4. Humans become
infected by ingesting raw

or undercooked meat.

5. Scolex attaches to the
intestine.

i.
Embryonated
eggs ingested

by human
host.

ii. Oncosphere
hatch,

penetrate
intestinal wall
and circulate

into the
musculature.

iii. Cysticeri
may develop

in
subcutaneous
tissue as well
as eyes and

brain.

Fig. 5.4  Life Cycle of Taenia solium

5.4	� Clinical Manifestations

According to the location of cysts, neurocysticer-
cosis can be: (a) parenchymal: occurring in the 
brain predominantly at the grey–white junction 
and (b) extraparenchymal: occurring in meninges, 
ventricles, basilar cisterns, subarachnoid space, 
and spinal cord. Clinical manifestation of NCC 
depends on various factors: number, location, 
size, stages of the cysticercosis, and the intensity 
of the immune response to degenerating cysts. 
Carriers may be completely asymptomatic or the 
disease can lead to severe morbidity and death.

	1.	 Epilepsy
	2.	 Focal neurological deficit
	3.	 Raised intracranial pressure
	4.	 Cognitive decline
	5.	 Other manifestations: any neurological symp-

toms, headache, stroke, involuntary move-
ments, hydrocephalus, chronic meningitis, 
and cranial nerve abnormalities

5.4.1	� Epilepsy/Seizures

In most endemic countries, about 30% of patients 
reported with epilepsy are diagnosed with 
NCC.  According to research findings, patients 
with NCC-related epilepsy typically suffer gener-
alized seizures. When the cysts disintegrate, there 
is an immediate inflammatory reaction that leads 

to the release of parasitic antigens. Degenerating 
cysts elicit a strong host reaction and are a com-
mon cause of seizures. However, seizures have 
been seen in patients with only vesicular cysts and 
no contrast enhancement or edema [5].

5.4.2	� Focal Neurological Deficits

The of parenchymal brain cysts or edema around 
the cyst might cause focal deficits in NCC 
patients. Symptoms like limb weakness, sensory 
loss, ataxia, aphasia, and altered sensorium are 
common [4]. Ischemic stroke has also been asso-
ciated with NCC due to occlusion of intracranial 
arteries, mainly medium and small arteries [6, 7]. 
If cranial nerves are entrapped patients might 
present with extraocular muscle paralysis, facial 
nerve palsy, hearing loss, or trigeminal 
neuralgia.

5.4.3	� Raised Intracranial Pressure

This could be due to a variety of pathologic pro-
cesses in NCC patients. Hydrocephalus can be 
caused by cysts or inflammation causing mechan-
ical restriction to CSF drainage from any ventri-
cle, Sylvius aqueduct, Luschka’s foramina, 
Magendie’s foramina, or Monroe’s foramina [8]. 
Hydrocephalus and increased intracranial pres-
sure can have a subacute or chronic clinical his-
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tory. However, hydrocephalus caused by a fourth 
ventricle cyst can cause Burns’ syndrome, which 
can be described by a sudden loss of conscious-
ness caused by head movements. If neurosurgical 
care is not accessible, hydrocephalus with neuro-
cysticercosis has a high mortality rate [9, 10]. 
Cysticercotic encephalitis is a serious form of 
parenchymal neurocysticercosis usually reported 
in young women which manifests with features 
of raised intracranial pressure, altered sensorium 
and seizure [11].

5.4.4	� Cognitive Decline

Subclinical deficits to dementia might occur in a 
patient with neurocysticercosis [12, 13]. Before 
the development of neuroimaging technologies, 
patients with neurocysticercosis were treated 
in  psychiatric hospitals. Psychomotor epilepsy 
or  post-ictal psychoses were represented 
by  psychotic episodes in parenchymal 
neurocysticercosis.

5.5	� Diagnosis

Diagnosis typically requires neuroimaging and 
serological testing as histological confirmation of 
the parasite is not possible. However, diagnosing 
neurocysticercosis remains difficult. A careful 
history-taking including questions regarding resi-
dence, whether living in high-risk area or not, 
and extended travel in developing countries is 
useful.

5.6	� Neuroimaging

The morphology and localization of the cysts, 
burden of infection, and presence of surround-
ing inflammation are commonly evaluated by 
CT scan and MRI. How the parenchymal lesion 
looks on neuroimaging signifies the stage of 
involution [14]. Live vesicular cysts are small 
and spherical, and imaging often shows the sco-
lex, which is a cystic structure with a dot. 
Scolexes on single or numerous cysts confirm 

the diagnosis. After the degenerative process, 
the cysts have poorly defined edges with edema 
and a prominent ring or nodular contrast 
enhancement. Nodular lesions correlate to the 
granular stage and are surrounded by hyperin-
tense rims which are characteristic of gliosis. 
On a CT scan, calcified cysticerci appear as 
non-enhancing hyperdense nodules with no 
peripheral edema. Cysticerci within cortical 
sulci remain cystic, do not develop, and eventu-
ally deteriorate, vanish, or turn into residual 
calcified scars. On the other hand, cystic lesions 
on the basal CSF cisterns and Sylvian fissures 
displace the neighboring structures. Basal sub-
arachnoid cysticercosis affects the spinal cord 
in around 60% of cases, and cysts without a 
recognizable scolex can be mistaken for spinal 
tumors [6].

MRI shows intraventricular and cisternal cysts 
more clearly when FLAIR (Fluid Attenuated 
Inversion Recovery), FIESTA (Fast Imaging 
Employing Steady State Acquisition Sequence), 
CISS (Constructive Interference in Steady State), 
and BFFE (Balanced Fast Field Echo) are used 
[14–16]. As MRI provides better clarity of NCC 
lesions, it is the ideal technology for imaging cys-
ticercosis of the spinal cord and spinal subarach-
noid space.

5.7	� Laboratory 
and Immunological 
Diagnosis

Enzyme-linked immunoelectrotransfer blot 
(EITB) is the best serological test that uses lentil 
lectin purified glycoprotein antigens which detect 
antibodies to T. solium in serum. In patients with 
two or more live cysts in the nervous system, 
EITB is 98% sensitive. CSF antibody detection is 
slightly lower than serum [17]. The sensitivity is 
even poorer in patients with calcified cysticerci 
[18]. Enzyme-linked immunosorbent assay 
(ELISA) has 89% sensitivity in detection of anti-
bodies to T. solium in CSF. It is still used when 
EITB is not available [19]. Sometimes ELISA is 
useful in determining the response to treatment in 
subarachnoid neurocysticercosis.
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CSF examination is usually not necessary for 
the diagnosis of NCC, but it might be useful 
sometimes to rule out other cerebral infections. 
Stool examination can confirm taeniasis in about 
10–15% of NCC patients. Brain biopsy with his-
topathological evaluation may be necessary in 
rare cases.

5.8	� Diagnostic Criteria

Diagnostic criteria for neurocysticercosis were 
published in 2001, and include absolute, major, 
minor, and epidemiological criteria which were 
last revised in 2017 [20]. The interpretation of 
these categories allows for a diagnosis of either 
definitive or probable neurocysticercosis.

Absolute Criteria
 �� (a) � Histological demonstration of the parasite 

from biopsy of a brain or spinal cord lesion
 �� (b)  Visualization of subretinal cysticercus
 �� (b) � Neuroradiologic demonstration of cystic 

lesions containing a scolex
Neuroimaging Criteria
 �� Major Neuroimaging Criteria
 ��   (a)  Cystic lesions without a discernible scolex
 ��   (b)  Enhancing lesions
 ��   (c) � Multilobulated cystic lesions in the 

subarachnoid space
 ��   (d)  Typical parenchymal brain calcifications
 �� Confirmative Neuroimaging Criteria
 ��   (a) � Resolution of cystic lesions after cysticidal 

drug therapy
 ��   (b) � Spontaneous resolution of single small 

enhancing lesions
 ��   (c) � Migration of ventricular cysts documented 

on sequential neuroimaging studies
 �� Minor Neuroimaging Criteria
 �� �  Obstructive hydrocephalus (symmetric or 

asymmetric) or abnormal enhancement of basal 
leptomeninges

Clinical/Exposure Criteria
 �� Major Clinical/Exposure
 ��   (a) � Detection of specific anticysticercal 

antibodies or cysticercal antigens by 
well-standardized immunodiagnostic tests

 ��   (b) � Cysticercosis outside the central nervous 
system

 ��   (c)  Evidence of a household contact with 
T. Solium infection

 �� Minor Clinical/Exposure
 ��   (a) � Clinical manifestations suggestive of 

neurocysticercosis
 ��   (b) � Individuals coming from or living in an area 

where cysticercosis is endemic

5.9	� Degrees of Diagnostic 
Certainty

Definitive
–– One absolute criterion
–– Two major neuroimaging criteria plus any 

clinical/exposure criteria
–– One major criterion and one confirmative neu-

roimaging criterion plus any clinical/exposure 
criteria

–– One major neuroimaging criterion plus two 
clinical/exposure criteria (including at least 
one major clinical/exposure criterion), 
together with the exclusion of other patholo-
gies producing similar neuroimaging 
findings

Probable
–– One major neuroimaging criterion plus two 

clinical/exposure criteria
–– One minor neuroimaging criterion plus at 

least one major clinical/exposure criterion

5.10	� Treatment

Treatment of parenchymal neurocysticercosis 
includes symptomatic therapy, anti-parasitic 
treatment, and surgery. Patients with NCC and 
epilepsy respond better to anti-parasitic and anti-
epileptic drugs. Anti-epileptic drugs should be 
continued for at least 2  years after the last sei-
zure. However, once the granuloma resolves on 
imaging, antiepileptic drugs can be safely titrated 
and stopped in more than 85% of cases [21]. 
Dexamethasone (0.1 mg/kg/day) is given 1 day 
before anti-parasitic therapy and maintained for 
1–2 weeks and can be slowly tapered [22]. Anti-
parasitic drugs can usually destroy about 60–80% 
of cysts. Albendazole (15 mg/kg/day for 2 weeks) 
and praziquantel (50 mg/kg/day for 2 weeks) are 
frequently used anti-parasitic drugs [23]. 
Combinations of two anti-parasitic drugs increase 
the cysticidal efficacy and damage the parasite by 
different mechanisms [24]. A combination of 
albendazole and praziquantel is relatively safe 
and helps resolve the cysts in a patient with three 
or more cysts. Patients with seizures and calcified 
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inactive lesions on CT do not require specific 
therapy other than anti-convulsant medications.

5.11	� Treatment 
of Extraparenchymal 
Neurocysticercosis

Small subarachnoid cysts are treated in the same 
manner as parenchymal brain cysts. Routine cor-
ticosteroid administration is required in patients 
with subarachnoid cysts to avoid the risk of 
stroke [25]. Methotrexate has also been demon-
strated in some tests to be effective as a substi-
tute for steroids. In cases of massive cysts in the 
Sylvian fissure, medical therapy with albenda-
zole and corticosteroids is similarly effective 
[26]. Most cases of hydrocephalus require imme-
diate CSF draining or shunt implantation. 
However, a large dose of dexamethasone (16 mg/
kg/day or more) may provide temporary relief 
from hydrocephalus. Ventricular cysts are surgi-
cally treated with excision or with anti-parasitic 
medication. A ventriculoscope is used for endo-
scopic cyst removal in the third and lateral ven-
tricles. Cysts in the fourth ventricle are removed 
using neuroendoscopy through the aqueduct via 
the suboccipital route, or with open microsurgi-
cal dissection.

5.12	� Prevention and Control 
of Parasites

Neurocysticercosis is a global public health 
problem. Certain measures should be made in 
practice to prevent and control this disease. 
There is a need for improvement in sanitation 
and access to clean drinking water. Every 
country should step forward to achieve 
Universal Health Coverage, and investments 
in quality health care should be increased for 
infrastructure. Awareness programs in all 
schools and deprived communities should also 
be conducted properly. The drug of choice 
cysticercosis must be available at health out-
lets at all levels with periodic review and 
assessments.
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6Tetanus

Aamir Siddiqui

Case Scenario
A 37-year old male farmer was referred with 
clinical suspicion of meningitis. He was brought 
to the emergency department with history of 
fever, jaw and neck pain, and generalized body 
stiffness. Escorting relatives reported that the 
symptoms had started approximately 5 days ear-
lier, when he started to develop “low-grade 
fever.” Fever was associated with progressively 
worsening body aches, difficulty in opening his 
mouth, and difficulty in moving his neck. They 
denied any history of sore throat or toothache or 
any known preexisting medical conditions. They 
also reported an alteration in conscious level that 
had gradually worsened over the last 24  h that 
alarmed them enough to seek urgent medical 
assistance. During initial evaluation, the patient 
was found to be dehydrated and febrile with a 
temperature of 99 °F, while other vital signs were 
normal. Physical examination showed restricted 
movements at the temporomandibular joint and 
neck, and no enlarged lymph nodes were evident. 
A 3–4  cm in diameter wound was seen in the 
right foot, and on inquiry, his relatives reported 
that he had hurt himself during farming and the 
wound had been there for the last 10 days. The 
wound was clean, without any redness (ery-
thema), discharge, or necrosis. In lab data, WBC 

(white blood count) was 12,000/μL; otherwise all 
other basic hematological and biochemical 
results were within normal range. A brain and 
maxillofacial CT scan was performed which 
yielded insignificant findings. On grounds of 
clinical history and available test results, the 
patient was admitted with a provisional diagnosis 
of meningitis.

On the medical ward, a feeding nasogastric 
tube was placed by the attending physician, on 
grounds of jaw restrictions and altered conscious 
level. During close observation during hospital 
stay, it was noticed that the alleged seizures were 
severe spasms of neck and back muscles, accom-
panied by clenching of the jaw. Diazepam, fol-
lowed by midazolam, was used to control muscle 
spasms, and it was repeated when required. With 
the current clinical findings and considering the 
history of recent injury to the foot and unreliable 
vaccination history, provisional diagnosis was 
reviewed and a differential diagnosis of tetanus 
was included.

While standard antimicrobial therapy was 
continued, therapeutic trials with tetanus immu-
noglobulin 500  IU were given intramuscularly, 
followed by tetanus toxoid. Meningitis was ruled 
out through lumbar puncture and microbiologist 
analysis of cerebrospinal fluid. By the fourth day 
of admission, the spasms had fully ceased, and 
the patient was able to slightly open his mouth 
when compared to previous days, and his neck 
was also found to be suppler. An oral liquid diet 
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was then started, followed by a soft semi-solid 
diet over later days. On the sixth day, the patient 
was commenced on oral medications. With suc-
cessful recovery, and absence of any further tris-
mus or drooling, he was discharged on day 11.

6.1	� Introduction

Tetanus is a non-communicable disease caused 
by bacteria called Clostridium tetani, which are 
obligate anaerobic gram-positive organisms. 
While the incidence of tetanus is low in developed 
countries, it still remains one of the most com-
mon causes of death worldwide. In the develop-
ing world, it has been reported to be associated 
with high mortality rates, especially involving 
neonates (nearly 50%). Acute respiratory failure 
and cardiovascular complications due to auto-
nomic instability have frequently been found to 
be associated with tetanus deaths. Currently, with 
effective immunization programs and increasing 
coverage of medical services including acute and 
intensive care, tetanus-associated deaths have 
been significantly reduced [1].

6.2	� Epidemiology

Despite the efforts of the World Health 
Organization to eradicate tetanus, it remains 
endemic in developing countries. A 2016 WHO 
report estimated approximately 13,502 reported 
cases and 72,600 deaths in <5  years [2]. The 
majority of reported tetanus cases have been 
found to be birth associated and occurring in low-
income countries. The majority of cases were 
found among unvaccinated mothers and their 
newborns, and especially where proper hygiene 
couldn’t be ascertained during the peripartum 
period, including unsterile deliveries and poor 
cord care [3, 4]. This has been depicted in the 
World Health Organization’s Global Burden of 
Disease study of 2015, where a higher rate of 
neonatal mortality was observed to be related to 
tetanus [5].

Mostly due to good health coverage and effi-
cient immunization programs, tetanus is rela-

tively uncommon in developed countries [6]. In 
such countries, the disease has been found to be 
prevalent in the elderly population, mostly due to 
inefficient vaccination [7, 8]. Similarly, reports of 
neonatal tetanus are rare, and cases mostly occur 
among children of unimmunized mothers follow-
ing poor hygiene and cord care [9, 10].

6.3	� Microbiology

Tetanus is caused by Clostridium tetani, a gram-
positive bacillus, commonly found in soil. 
However, it has also been isolated from feces of 
humans and domesticated animals [11]. It is a 
mobile, spore-forming obligate anaerobe, which 
is not destroyed simply by boiling. It can be elim-
inated through autoclaving at 120 °C for 15 min 
under atmospheric pressure. In-vitro growth is 
rare; hence culture is rarely successful in growing 
the bacteria, and very few details are available on 
its antimicrobial sensitivity. Tetanus diagnosis 
generally revolves around clinical assessment. 
Most of the symptoms and signs related to teta-
nus are secondary to the effects of its potent exo-
toxin. The coding DNA to this exotoxin is 
embedded in a plasmid, and not all the strains 
possess the plasmid. Hence mere detection of 
bacteria is not diagnostic of infection. The role of 
the toxin as such within the organism is yet 
unknown [12].

6.4	� Natural History of Disease

The incubation period of tetatus is about 
7–10 days, but can range between 1 and60 days. 
The time from onset of the first symptom to 
development of spasm can vary between one day 
and one week. These periods have been found to 
be associated with the severity of disease: the 
shorter the period the more severe the disease. 
Muscle rigidity and spasms are early signs, which 
gradually become severe. Autonomic instability 
has been found to follow spasms and persist over 
weeks. Spasms usually last for the first 2–3 weeks 
and gradually reduce, whereas stiffness may per-
sist for a considerably longer period. Recovery is 
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expected with destruction of the exotoxins and 
regeneration of axon terminals [13].

6.5	� Pathophysiology

The tetanus bacillus secretes toxins, namely teta-
nospasmin and tetanolysin. Tetanolysin destroys 
the healthy tissues surrounding infected or 
necrotic tissues, and provides optimal anaerobic 
conditions for bacterial growth [14], whereas 
tetanospasmin is responsible for most of the clin-
ical syndrome. Once internalization of toxin 
starts, it is transported within the axon to its cell 
body [15]. This initially involves motor nerve 
fibers, followed by sensory and autonomic 
nerves. Once the toxins have reached the cell 
body, they easily diffuse out, affecting nearby 
neurons. Tetanus symptoms start to appear once 
these toxins involve spinal inhibitory interneu-
rons. This occasionally involves medullary and 
hypothalamic centers.

The effects of the tetanospasmin result from 
preventing release of neurotransmitters [16]. 
Tetanospasmin has been associated with cortical 
convulsion in animal studies [17]. However, 
whether this mechanism is involved in develop-
ing periodic spasm and autonomic instability in 
humans remains unclear. Its pre-junctional effect 
at the neuromuscular junction has been associ-
ated with weakness between spasms. This could 
be associated with cranial nerve paralysis, which 
is evident in cephalic tetanus and the myopathies 
observed following recovery [18].

Disinhibited autonomic discharges can lead to 
dysregulated autonomic nervous system, result-
ing in sympathetic overactivity and excessive dis-
charge of catecholamine in plasma. Similarly, 
uncontrolled discharge from efferent motor neu-
rons, situated in the spinal cord and brainstem, 
leads to spasms and muscular rigidity. Muscle 
spasms can be intense and painful, and some-
times powerful enough to lead to tendon rupture 
and fractures. Due to the short axonal pathway, 
muscles of the jaw, face, and head and neck are 
often the first to be involved, followed by the 
trunk and limbs. Other axial muscles such as the 
hands and feet are often spared. With loss of 

reflex inhibition of antagonist muscle groups, and 
simultaneous agonist and antagonist muscle con-
traction, tetany sometimes may be mistaken for 
convulsions.

The toxins irreversibly bind to surrounding 
tissues, and once bound cannot be neutralized by 
tetanus immunoglobulin (TIG). In such scenar-
ios, administration of TIG may be beneficial in 
preventing axonal binding in the central nervous 
system (CNS), or when toxin binding is still lim-
ited to peripheries and has not yet progressed to 
the CNS [18].

6.6	� Clinical Manifestation

Tetanus is usually associated with an injury that 
is often contaminated with soil, manure, or a 
piece of rusted metal. Wounds from burns, ulcers, 
gangrene, septic abortions, child-birth, or surgery 
can be complicated by tetanus.

C. tetani infection is usually associated with 
three clinical syndromes, (1) localized, (2) gener-
alized, and (3) cephalic. Localized tetanus is rela-
tively uncommon, and as the name suggests the 
sustained muscle contractions are localized at the 
injury site. It is seen in peripheral injuries or 
when toxin load is low, and has low mortality 
rates [19]. Cephalic tetanus where localized teta-
nus from an infected head wound or ear infec-
tions leads to paralysis of cranial nerves, followed 
by generalized tetanus, has exceptionally high 
mortality rates [20]. During initial presentation, 
cephalic tetanus can often be mistaken for Bell’s 
palsy or trigeminal neuritis.

On the other hand, generalized tetanus is more 
frequently seen in clinical setups, and is associ-
ated with more generalized spasms. It first 
involves the head and neck, followed by rigidity 
and spasms spread over the whole body. 
Symptoms of generalized tetanus may be con-
fused with those of strychnine poisoning, hypo-
calcemia, dystonic drug reactions, and hysteria.

Neck stiffness, throat pain, and inability to 
open the mouth are early symptoms of general-
ized tetanus [21], followed by masseter spasms 
leading to more classical trismus or lockjaw. 
Progressive extension and involvement of other 
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facial muscles can cause the typical tetanus facial 
expression, called risus sardonicus, and dyspha-
gia, once the pharyngeal muscles are affected. 
Laryngeal spasms soon follow the pharyngeal 
muscle spasms, and have been associated with 
episodes of aspiration and other life-threatening 
airway obstructions. The rigidity of the neck 
muscles can contribute to head retraction, and 
truncal rigidity may lead to opisthotonos. It may 
also be associated with reduced chest wall com-
pliance leading to difficulty breathing, and if they 
continue, such spasms can lead to respiratory 
failure [22]. Rigidity, muscle spasms, and auto-
nomic dysfunction make up the tetanus triad that 
is often witnessed in such critically ill patients. 
Besides tetanus-related spasticity, episodic ago-
nist and antagonist muscle group spasm can give 
a convulsion-like appearance, adding confusion 
for young clinicians. Tetanus spasms are both 
spontaneous and can be triggered by emotional, 
physical, or visual and auditory stimuli.

6.6.1	� Severity Grading

Various severity grading systems have been pro-
posed, among which Ablett classification 
(Table 6.1) is most commonly used [23].

6.7	� Diagnosis

Tetanus is primarily diagnosed on clinical 
grounds, supported by history of contaminated 
wound infection and epidemiological details [7]. 
Blood counts are often normal, but sometimes 
moderate leucocytosis may be present. Though 
laboratory studies have limited value in diagnos-
ing tetanus, it may be helpful to exclude other 
differential diagnoses. Similarly, lumbar punc-
ture is often not necessary in diagnosing tetanus 
but may help to rule out meningitis.

Wound swab could be cultured in suspected 
cases of tetanus; however, it cannot be ruled out 
in absence of growth of C. tetani species. This is 
secondary to the observations that this organism 
is often non-recoverable from tetanus-infected 
people, and in some cases may be isolated in oth-
erwise healthy people.

6.8	� Differential Diagnosis

Strychnine poisoning closely mimics tetanus. 
However, a number of conditions like dental or 
other local infections, encephalitis, seizure disor-
ders, mandible dislocation, hysteria, and neo-
plasm may also cause trismus, and need to be 
differentiated from tetanus.

6.9	� Treatment

Tetanus is a medical emergency that requires 
management at an intensive care unit. Its man-
agement is targeted toward three major goals:

	1.	 Neutralize unbound toxin (i.e., outside the 
CNS)

	 (a)	 Human tetanus immunoglobulin (TIG) 
has been associated with improved sur-
vival and considered the standard of care. 
Once administered intramuscularly it 
helps in neutralizing the unbound toxins 
but has limited to no effect on toxins 

Table 6.1  Ablett classification of severity

Grade Clinical features
I (mild) Mild trismus, general spasticity, no 

respiratory embarrassment, no 
spasms, no dysphagia

II (moderate) Moderate trismus, rigidity, short 
spasms, mild dysphagia, moderate 
respiratory involvement, respiratory 
rate >30, mild dysphagia

III (severe) Severe trismus, generalized 
spasticity, prolonged spasms, 
respiratory rate >40, severe 
dysphagia, apnoeic spells, pulse 
>120

IV (very 
severe)

Grade 3 plus severe autonomic 
disturbances involving the 
cardiovascular system
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which have already bound to nerves [6]. 
The optimal dose regimen of immuno-
globulin has yet to be established, but a 
single intramuscular dose of 500 units has 
recently been recommended both for chil-
dren and adults [6, 7, 24]. The previous 
recommendation of 3000–6000 units is 
still practiced by some clinicians, part of 
which was used to infiltrate around the 
wound [7]. Perilesional and intrathecal 
immunoglobulin use remains controver-
sial and is often not recommended [25]. 
TIG and tetanus toxoid are recommended 
to be administered at different sites.

	2.	 Prevent further release of toxins
	 (a)	 Early wound debridement helps in eradi-

cating spores and removing necrotic tis-
sues that might harbor toxins. Appropriate 
timing for debridement is not established, 
but it is suggested to be performed 1–6 h 
after immunoglobulin therapy [25].

	 (b)	 Antimicrobial therapy may not be suffi-
cient or may have a limited role in treat-
ment of tetanus, yet it is universally 
recommended. Intravenous metronida-
zole at doses of 30 mg/kg per day (max 
4gm/day) given at 6–8-h intervals is the 
preferred antimicrobial of choice [24]. 
Alternatively, penicillin G at doses of 
100,000  U/kg per day (maximum 
12 million units per day) can be admin-
istered at an interval of 4–6  h. 
Antimicrobial therapy is recommended 
for 10–14 days [24]. In suspected mixed 
infections, ceftriaxone, erythromycin, 
clindamycin, tetracycline, and chloram-
phenicol are acceptable antimicrobial 
choices.

	3.	 Minimize the effects of the CNS-bound toxin
	 (a)	 This mostly includes use of sedation/mus-

cle relaxants to control rigidity and 
spasms, provide respiratory/ventilatory 
support (where required) and manage 
autonomic dysfunction.

6.9.1	� Intensive Care

Intensive care is required in management of 
patients with respiratory and/or autonomic 
dysfunctions.

	1.	 Sedation and avoidance of stimulants like 
light and sound is the primary line of treat-
ment to manage muscle spasms and auto-
nomic dysfunction. Preferable agents include 
benzodiazepines like diazepam or midazolam 
given intravenously or intramuscularly at 
doses of 0.1 mg/kg that can be repeated every 
1–4 h. Midazolam can be given as a continu-
ous infusion at rates of 2 to 10 mg/h.

Parenteral opioids like morphine (at doses 
of 0.1 mg/kg given every 2–6 h) or pethidine 
(1  mg/kg as frequently as 2–6 hourly) can 
help maintain adequate sedation in combina-
tion with benzodiazepines. Morphine can also 
be used in continuous infusion at rates of 
1–10  mg/h. Alternatively, propofol can also 
be used, and is currently popular due to its 
early reversibility [25].

	2.	 Addition of muscle relaxants like vecuronium 
or atracurium is often indicated when the 
above sedatives alone or in combination are 
inadequate. In contrast, pancuronium, a long-
acting agent, should be avoided as it has been 
found to worsen autonomic instability through 
inhibiting catecholamine reuptake [25].

Other drugs like dantrolene and intrathecal 
baclofen have been used in some studies [26], 
but their role is unproven.

	3.	 Treatment of autonomic dysfunction. Fluid 
resuscitations have been useful to minimize 
the effects of autonomic instability. Some 
researchers have also used opioid infusion of 
morphine and fentanyl, as the first-line treat-
ment for dysautonomia [25]. Magnesium sul-
fate use has also been advocated in randomized 
clinical trials both for control of autonomic 
dysfunction [27] and as an adjunct treatment 
to control spasms.
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6.9.2	� Other Adjunct Therapies

•	 Magnesium sulfate through its action as a pre-
synaptic neuromuscular blocker can be used 
as an effective adjunct to improve relaxation 
and sedation and in controlling the autonomic 
disturbance in tetanus. It reduces catechol-
amine release from both the nerves and adre-
nal glands, as well as having been associated 
with reduction of catecholamines receptor 
responsiveness. A loading dose of 40  mg/kg 
body weight administered over 30  min, fol-
lowed by a continuous infusion of 2gm/h, has 
been observed to reduce the requirements of 
muscle relaxants or other medications used to 
reduce spasms [27].

•	 Alpha-2 agonists, such as clonidine, may have 
a role by inhibiting the norepinephrine release 
from pre-junctional nerve endings.

•	 Tetanus toxoid should be administered in all 
patients with tetanus, commencing immedi-
ately upon diagnosis. This is important as 
acute illness doesn’t confer immunity [28].

6.9.3	� Other Supportive Care

Enteral feeding should be started during the early 
phase of in-hospital treatment in order to prevent 
malnutrition associated with dysphagia, auto-
nomic dysfunction involving the gastrointestinal 
tract, etc.

Endotracheal intubation should not be 
delayed, and early tracheostomy should be facili-
tated in patients requiring artificial ventilation. 
Respiratory complications can be prevented by 
appropriate chest physiotherapy and oral and 
respiratory tract care due to increased secretions. 
Severely ill patients remain immobile for a sig-
nificantly longer period; hence, measures to min-
imize the risks of decubitus ulcers, venous 
thromboembolism, and gastrointestinal hemor-
rhage should be considered earliest [25].

6.10	� Vaccination

Prophylactic vaccination against tetanus has been 
available since 1923. Three injections each at one-
month intervals are recommended and can be 
started as early as at 2 months of age [28]. The sec-
ond dose provides immunity whereas the third 
injection prolongs the duration of immunity [29]. A 
booster dose is often advised before the fifth birth-
day [28, 30]. Though neonates receive immunity 
through transplacental transfer of immunoglobulin 
following maternal vaccination, this may be 
impaired in the immunocompromised states and in 
the presence of maternal HIV infection. Immunity 
conferred by vaccines is not life-long, and hence 
revaccination is recommended at 10-year intervals.

Post-exposure prophylaxis, i.e., in manage-
ment of wounds that have the potential for teta-
nus contamination, is depicted in Table 6.2 [31].

Table 6.2  Guide to tetanus prophylaxis in wound management

History of tetanus immunization

Clean, minor wounds All other wounds
Tetanus 
toxoid-containing 
vaccine

TIG (tetanus 
immuno-
globulin)

Tetanus 
toxoid-containing 
vaccine

TIG (tetanus 
immuno-
globulin)

Unknown or fewer than 3 doses in a 
vaccine series

Yes No Yes Yes

3 or more doses in a vaccine series and 
less than 5 years since the last booster 
dose

No No No No

3 or more doses in a vaccine series and 
more than 5 years but less than 10 years 
since the last booster dose

No No Yes No

3 or more doses in a vaccine series and 
more than 10 years since the last booster 
dose

Yes No Yes No
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6.11	� Complications

Complications are listed in Table 6.3 [30]. These 
may occur as a result of the disease, for example 
laryngospasm; as a consequence of simple treat-
ment, for example sedation leading to coma, 
aspiration, or apnea; or as a result of intensive 
treatment, for example ventilator-associated 
pneumonia.

6.11.1	� Prognosis

Case fatality rate and causes of death vary from 
country to country based on availability of 
resources and healthcare facilities. Availability 
and introduction of intensive care support has 
been associated with a reduction in case mortal-
ity from 44 to 15% [1]. In resource-limited devel-
oping countries which lack facilities to support 
prolonged ventilation and intensive care, deaths 
from severe tetanus have been higher and often 
above 50%. These deaths are primarily second-
ary to airway obstruction and organ failure (respi-
ratory, renal, etc.). In contrast, in developed 
countries, a mortality rate of below 10% is often 
taken as an acceptable goal [29].

Neonatal tetanus carries poorer prognosis and 
higher fatality when compared to adult tetanus. 
Patients with severe tetanus generally require 
intensive care treatment over 3–5 weeks. Among 
survivors, recovery is often complete and they 
are expected to return to normal functions. 
However, in several studies some persisting 
physical and psychological problems secondary 
to neurological and electroencephalographic 
sequel of tetanus have been evident including 
irritability, insomnia, seizures, decreased libido, 
postural hypotension, and electroencephalogram 
changes [32].
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7Tubercular Meningitis

M. Netravathi

Case Scenario
A 24-year-old woman presented with a 2-week 
history of ill health, decreased appetite and 
weight loss. There was a history of mild fever 
especially during the evenings for 10  days fol-
lowed by diplopia and gait disturbances in the 
last 1 week. She had a significant history of con-
tact with tuberculosis; her father had pulmonary 
Koch’s 10  years previously for which he had 
taken treatment for 6 months. The rest of the past 
and family history was unremarkable. Her men-
strual history was normal. On examination, she 
had tachypnoea (respiratory rate of 30/min) with 
occasional crepitations in the left infraclavicular 
region. No lymphadenopathy or hepatospleno-
megaly was noted. Neurological examination 
revealed she was conscious and alert. She had 
bilateral abduction restriction (left side more than 
right side) of the eyes and mild papilledema bilat-
erally with normal visual acuity. Meningeal signs 
were present in the form of neck stiffness and 
Kernig’s sign. The rest of the motor and sensory 
examinations were within normal limits.

Her investigations revealed the following: (i) 
normal hematological and biochemical parame-
ters, (ii) CT brain plain and contrast revealed dif-
fuse cerebral oedema with mild hydrocephalus, 
(iii) chest X-ray revealed infiltrates in the left 

axillary region with cavitatory changes, and (iv) 
CSF (cerebrospinal fluid) examination revealed 
xanthochromic fluid with pleocytosis, 126 cells ( 
95% lymphocytes and the rest were neutrophils). 
Protein was 234 mg/dL and sugar 15 mg/dL. She 
was started on anti-oedema measures, four drug 
antitubercular agents and corticosteroids. 
Injectable steroids were given for 2  days fol-
lowed by oral medications. She gradually showed 
improvement.

7.1	� Introduction

Tubercular meningitis (TBM) is caused by 
Mycobacterium tuberculosis and is the most 
common form of central nervous system (CNS) 
tuberculosis (TB). TBM should be treated in the 
early stage, so as to avoid a high frequency of 
neurological sequelae and mortality. It is more 
common and has less favourable outcomes in 
vulnerable populations such as children below 
4  years of age and HIV-infected individuals. 
TBM occurs due to dislodged and ruptured sub-
ependymal or subpial tubercles (Rich foci) from 
the bacillemia during primary infection (hema-
togenous spread) into the subarachnoid space. 
The various complications occur when the tuber-
cle is released into the subarachnoid space caus-
ing impairment in the CSF flow to form 
hydrocephalus or tuberculomas or abscesses, or 
obliterative vasculitis causing infarction and 
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Table 7.1  Grades of tubercular meningitis (TBM)

Grade 1 GCS of 15 without any focal 
neurological deficits

Grade 2 GCS of 11–14 with focal neurological 
deficits

Grade 3 GCS of <10 with or without focal 
neurological deficits

Abbreviation: GCS Glasgow Coma Scale

stroke syndromes [1]. Risk factors for CNS TB 
include: age (children <4  years), malnutrition, 
recent measles in children, co-infection with 
HIV, alcoholism, malignancy and use of immu-
nosuppressants [2].

TBM is classified into three grades of severity 
according to the British Medical Research 
Council TBM grade, which helps in stratification 
of patients and prediction of the patient’s progno-
sis [3] (Table 7.1).

7.2	� Epidemiology

TBM is rare in Western countries with only 100–
150 cases occurring annually in the US. According 
to the estimation of the World Health Organization 
(WHO), one third of the world’s population is 
infected with TB, among which Asia has the 
highest prevalence and India ranks the first 
among them [4]. The global prevalence of TB has 
been gradually declining with the advent of the 
Bacillus Calmette-Guerin (BCG) vaccination and 
the DOTS program for the treatment of TB.  In 
India, the mortality rate is about 1.5 per 100,000 
population with 20–50% mortality reported in 
various studies [4, 5].

7.3	� Pathophysiology

Tubercular meningitis was first identified in 1832 
with initial description of the disease in six chil-
dren. It was first discovered by Robert Koch in 
1882, who stained and cultured the bacterium, 
subsequently known as Mycobacterium tubercu-
losis [5]. It is an aerobic gram-positive rod with a 
thick cell wall that contains lipids, peptidogly-

cans and arabinomannans. The bacilli enter the 
host by droplet inhalation and later are engulfed 
by alveolar macrophages. Localized infection 
results with enlargement of the lymph nodes 
forming primary complex of Ghon’s. Eventually 
mild bacteraemia develops during which it can be 
seeded on the CNS. The foci in the subpial and 
subependymal regions are called Rich foci (after 
Rich and McCordock) [6]. Rupture of this Rich 
foci into the subarachnoid space results in clini-
cal manifestations of the disease. Usually this 
starts almost within 12 months from the onset of 
primary complex in 75% of cases (some reports 
within 3  months). The three pathological pro-
cesses involved are: (i) Adhesion formation: 
especially in the basal region; exudates consist of 
activated macrophages, plasma cells, fibrin and 
lymphocytes that result in hydrocephalus; there 
is also cranial nerve palsy especially in the sec-
ond, fourth and sixth nerves [1]. Other cranial 
nerves involved are: third, seventh and eighth 
cranial nerves. (ii) Obliterative vasculitis: espe-
cially the middle and small arteries of ICA, prox-
imal MCA and the perforators supplying the 
basal ganglia which results in irreversible stroke 
and sequelae. (iii) Encephalopathy or myelitis 
due to oedema with raised intracranial pressure 
and white matter pallor [7]. The brain tissue adja-
cent to the basal exudates develops edema result-
ing in perivascular infiltration and microglial 
reaction and this is called “Border zone reaction”. 
Cerebral infarction is usually common across the 
Sylvian fissure and basal ganglia. The infarcts 
involve the medial striate and thalamoperforating 
arteries.

7.4	� Clinical Manifestations

Most patients develop vague prodromal symp-
toms of low-grade fever, headache, vomiting, 
malaise, anorexia, myalgia, dizziness and/or per-
sonality changes which may last for about 
2–8  weeks. If left untreated, they progress to 
classic meningitis symptoms in the form of head-
ache, fever, seizures, stiff neck, focal neurologi-
cal deficits, altered sensorium and behavioural 
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changes. Seizures are uncommon manifestations, 
usually seen in children. Children usually present 
with decreased food intake, irritability, bulging 
anterior fontanelle and incessant cry, in addition 
to mild fever and weakness. Tuberculous enceph-
alopathy occurs when children present with pro-
found decreased sensorium and seizures. 
Children and HIV-infected individuals with TBM 
develop acute symptoms with profound loss of 
consciousness and carry high mortality.

Cranial nerve palsy is seen in 20–30% of 
patients. The sixth cranial nerve is the most 
affected one. Visual dysfunction in patients 
occurs due to optochiasmatic arachnoiditis, 
compression of optic chiasma due to dilated third 
ventricle and optic nerve granuloma. 
Tuberculomas or tubercular abscess presents 
with focal neurological deficits such as seizures 
and weakness with or without features of raised 
intracranial tension. Movement disorders in the 
form of tremor, chorea, ballism or myoclonus 
may occur due to the presence of granuloma in 
the basal ganglia or as sequelae of the weakness 
following arteritis as neurological sequelae. The 
mortality rates in HIV-negative patients accord-
ing to Medical Research Council grades are 15%, 
30% and 50% respectively. This increases further 
in HIV-positive individuals to 25%, 50% and 
80% respectively [8]. Hyponatremia is common 
in TBM due to hypothalamic dysfunction. The 
classification of CNS TB depends on the site of 
affection and the pathology as described in 
Table 7.2.

7.5	� Neurological Complications 
in TB Meningitis

	(a)	 Cranial nerve involvement: Cranial nerve 
palsy can be seen in about 20–30% of 
patients. The commonly affected nerves are 
II, III, IV, VI and VIIth nerves. The VIth 
nerve is the most involved and can mimic as 
a false localizing sign. Sometimes isolated 
cranial nerve palsy can be a presenting com-
plaint in tubercular infections [2]. The cra-
nial nerve involvement occurs due to: (i) 
nerve trunk entrapment in thick basilar exu-
dates, (ii) increased intracranial tension 
(ICT), (iii) adhesions of multiple nerve roots, 
and (iv)rarely, tuberculoma in the cerebello-
pontine (CP) angle or the brain stem that can 
compress the cranial nerves.

	(b)	 Hydrocephalus: This is one of the most 
common complications [2, 3]. There are two 
types of hydrocephalus: the first is the com-
municating type, which is due to basal cis-
tern blockage by the inflammatory exudates. 
The second is due to obstruction of these 
basal cisterns resulting from exudates; how-
ever, this is less commonly seen.

	(c)	 Visual dysfunction: Visual dysfunction is 
one of the most serious complications as it 
leads to significant morbidity and depen-
dence [1, 2]. The visual dysfunction occurs 
as a result of: (i) optochiasmatic arachnoidi-
tis, (ii) compression of optic chiasma by the 
third ventricle in patients with a large hydro-
cephalus, (iii) optic nerve granuloma and (iv) 
ethambutol toxicity.

	(d)	 Focal neurological deficits: Common focal 
neurological deficits include paraplegia, 
hemiplegia, monoplegia and aphasia. 
Paraplegia is commonly caused by tubercu-
lous radiculomyelitis. Sometimes it may 
result due to intra-medullary/extra-medullary 
spinal cord tuberculoma, cavities due to spi-
nal syringomyelia or rarely because of spinal 
cord infarcts. Ischemic infarcts in the brain 
are most commonly seen in basal ganglia and 
internal capsule. This is mainly due to vascu-
lar compression and occlusion of small per-

Table 7.2  Classification of CNS TB

Intracranial
Tuberculous meningitis (TBM)
Tuberculous encephalopathy
Tuberculous vasculopathy
CNS tuberculoma
Tuberculous brain abscess
Spinal
Pott’s spine and Pott’s paraplegia
Non-osseous spinal tuberculoma
Spinal meningitis

Adapted from [2]

7  Tubercular Meningitis



46

forator vessels due to inflammatory process. 
Middle cerebral and lenticulostriate arteries 
are commonly affected but sometimes it can 
even be multifactorial. Angiographic fea-
tures (Fig. 7.2) in TBM show mainly the nar-
rowing and/or occlusion of arteries at the 
base of the brain.

	(e)	 Tuberculoma: These are due to enlarged 
Rich focus lesions [2, 4]. These granulomas 
are of two types: caseating and non-caseating. 
These tuberculomas may be either single or 
multiple in number and are often seen in 
frontal and parietal lobes.

	(f)	 Metabolic complications: The most 
common metabolic complication is 
hyponatremia, seen in nearly 50% of cases. 
Previously it was believed to be due to 
inappropriate anti-diuretic hormone secre-
tion; however, it has been found that many 
of these patients had low plasma volumes 
and persistent natriuresis even with normal 
anti-diuretic hormone (ADH) concentra-
tion. Currently it is hypothesized that hypo-
natremia occurs due to cerebral salt wasting 
syndrome. Other factors which may con-
tribute are: excessive atrial natriuretic pep-
tide and brain natriuretic peptide secretion, 
and direct neural influence on renal func-
tion. Hence sometimes it is also called 
“hyponatraemic natriuretic syndrome”. 
Other metabolic complications are rare, but 
sometimes can have associated hypotha-
lamic complications like hyperphagia and 
precocious puberty in adolescents.

7.6	� Diagnosis

The diagnosis of TBM is challenging in view of 
atypical presentation, low sensitivity of CSF 
smear microscopy for acid fast bacilli (AFB), and 
the fact that it can take weeks to obtain the cul-
ture report due to slow growth of M. tuberculosis. 
Patients usually present with indolent symptoms 
of meningitis such as low-grade fever, headache, 

neck stiffness, photophobia, vomiting, altered 
sensorium, seizures, limb weakness, cranial 
nerve palsies, stupor and coma. In the majority of 
cases, the diagnosis of TBM is empirical, based 
on the clinical, radiological and preliminary CSF 
results without definitive diagnosis. Classical 
CSF findings in TBM include increased white 
cell count with predominant lymphocytes, 
increased protein, and normal or low glucose lev-
els. However, acid fast staining of CSF smear has 
low sensitivity. To increase the yield of sensitiv-
ity, few methods suggested are several daily large 
volumes (10–15 mL) CSF samples may increase 
the sensitivity to >85%. Sensitivity increases to 
>85% when four spinal taps are performed [4]. 
AFB staining can detect up to 80%, but the results 
largely depend on the high volume of CSF, timely 
transportation of the sample and prompt analysis 
and the expertise of the lab personnel for at least 
30  min, centrifugation of the CSF sample and 
pre-treatment of CSF leukocytes with triton prior 
to ZN staining [9, 10]. The results of TB culture 
can take several weeks, and the culture also has 
low sensitivity of 40–80%. However, it has a role 
in determining the drug susceptibility pattern [4]. 
In patients with coexistent HIV, abnormal CSF 
features are normal cells with predominant poly-
morphonuclear leukocytes and normal glucose 
levels.

Other CSF tests include: (i) MODS 
(Microscopic Observation Drug Susceptibility 
Assay): This is an easy and rapid technique 
which uses the liquid culture method in the 
diagnosis of TBM and drug susceptibility test-
ing. It is more sensitive than CSF smear, and 
more rapid than conventional TB culture. (ii) 
Becton Dickinson mycobacterial growth indica-
tor tube (MGIT): Myocobacterial growth can be 
detected by a fluorescent growth indicator 
embedded in silicone at the bottom of an MGIT 
tube. (iii) Bactec MGIT 960 system for rapid 
mycobacterial detection. (iv) The Gene Xpert 
MTB/RIF: This is a fully automated PCR (poly-
merase chain reaction) which helps in diagnosis 
of tuberculosis as well as detection of rifampi-
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Fig. 7.1  Imaging and pathological features of various 
forms of tubercular meningitis: (a) CT of the brain plain 
shows hydrocephalus, hypodensity in left thalamus sug-
gestive of infarct and diffuse cerebral oedema. (b) CT of 
the brain plain and contrast axial images show evidence of 
hydrocephalus with periventricular leukoariosis and basal 
exudates. (c) MRI brain T1 axial contrast images show the 
presence of basal exudates. (d) MRI brain T1 contrast 
axial images show multiple ring-enhancing tuberculomas 

in bilateral occipital regions. (e) MRI brain axial images 
of T1 contrast show multiple contrast-enhancing lesions 
suggestive of military form of CNS TB. (f) Chest X-ray 
showing military infiltrates in bilateral chest. (g) Gross 
specimen of a patient (post autopsy) showing ischemic 
infarct in left basal ganglia. Exudate is present along left 
Sylvian fissure entrapping MCA branches. (h) Gross 
specimen of a patient (post autopsy) showing basal exu-
dates with obscuration of the basilar artery

cin drug resistance [11]. (v) Enzyme Linked 
Immuno Sorbent Assay (ELISA): This helps to 
detect antibodies against the mycobacterial anti-
gens in CSF. (vii) Adenosine deaminase (ADA) 
levels of ≥10 U/L in CSF have >90% sensitivity 
and specificity in detecting mycobacterium. 
(viii) Tuberculin skin test: The diagnostic yield 
varies from 10 to 50%. The yield of the test var-
ies according to age, HIV co-infection, BCG 
vaccination, nutritional status and administra-
tion technique [12].

Neuroimaging helps in the diagnosis of TBM 
(Figs. 7.1 and 7.2); MRI of the brain is more sen-
sitive than CT in detecting the various patholo-
gies. But CT may be helpful in the acute stage to 
rule out any complications and to decide about 
surgery for hydrocephalus. The imaging charac-
teristics of TBM are basal meningeal enhance-
ment, arteritis resulting in cerebral infarcts, 
cerebral edema, hydrocephalus, enhancing nodu-
lar lesions, tuberculoma, myelitis and 
arachnoiditis.
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Fig. 7.2  (a) Flair 
images of the brain 
showing hyper intensity 
in anterior corpus 
callosum. (b) Diffusion 
restriction of the same 
areas. (c) T1 contrast 
showing ring-enhancing 
lesion–granuloma in the 
right temporal region. 
(d) T1 contrast showing 
evidence of exudates in 
anterior parasagittal 
region. (e) DSA: shows 
evidence of arteritis of 
MCA perforators. (f) 
DSA shows stenosis of 
distal MCA

7.7	� Treatment and Prognosis

Current treatment guidelines include an intensive 
phase in the first 2 months with a four-drug regi-
men (rifampicin, isoniazid, pyrazinamide and 

streptomycin) followed by a maintenance phase 
with an additional 10–16  months of two drugs 
(isoniazid and rifampicin). Recently, the Revised 
National Tuberculosis Control Programme has 
recommended adding ethambutol in the mainte-
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nance phase [13]. There have been several stud-
ies which have shown better clinical outcomes 
with the following regimens: (i) intensified 
rifampicin (13  mg/kg of rifampicin intrave-
nously) and standard therapy (10 mg/kg orally) 
for the first 14 days. The higher doses of rifampi-
cin resulted in three-fold higher concentrations in 
plasma and CSF with an overall 50% reduction in 
the six-month mortality rate. (ii) Simultaneous 
treatment with moxifloxacin 800 mg instead of 
400 mg, leading to higher concentrations in the 
CSF.  Though there are wide variations in the 
treatment regimens in various countries with the 
duration of antituberculous treatment (ATT), the 
most important prognostic indicator is early 
diagnosis and treatment.

Corticosteroids decrease parenchymal and 
meningeal inflammation resulting in reduction of 
residual neurological deficits and mortality. 
Reduction in CSF inflammatory cytokines 
impairs the diapedesis of neutrophils and mono-
nuclear cells, thus preventing death from 
vasculitis-induced stroke and obstructive hydro-
cephalus [3]. The corticosteroid regimen is 
shown in Table 7.3.

The co-infection of HIV with TBM results 
in a therapeutic challenge with higher morbid-
ity and mortality. Introduction of antiretroviral 

therapy (ART) in the early course of ATT 
results in IRIS (immune reconstitution inflam-
matory syndrome) whereas morbidity and 
mortality can increase with late ART initiation. 
According to WHO guidelines, ART has to be 
started 8 weeks after starting ATT if CD4 count 
is more than 200 cells/μL.  In case of severe 
disease and non-improvement, ART can be 
started 2 weeks after starting ATT, especially if 
CD4 count is <100 cells/μL [13–15]. 
Rifampicin induces the metabolism of protease 
inhibitors resulting in reduction of their drug 
levels. Hence, rifampicin has to be started with 
a non-nucleoside reverse transcriptase inhibi-
tor, preferably efavirenz, at a higher dose of 
800 mg. If the protease inhibitor has to be con-
tinued, then rifabutin has to be given instead of 
rifampicin.
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8Subacute Sclerosing 
Panencephalitis
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Case Scenario
A seven-year-old boy presented with inatten-
tiveness in class for 6 months. His class teacher 
noted that his scholastic performance was grad-
ually deteriorating. Over the next 2 months his 
grades dropped. Over the next 2  months, his 
parents noted that he became withdrawn, had 
reduced interaction, and did not show any inter-
est in playing with his younger sister. Three 
months into the illness, he developed recurrent 
unprovoked falls. He had had an exanthematous 

fever at around 1 year of age. He was not immu-
nized. At the time of evaluation, he was con-
scious with fluctuating alertness. Cranial nerve 
examination was normal. He had mild hypoto-
nia of limbs. The striking feature was the pres-
ence of “slow” myoclonus resulting in extension 
of trunk and abduction of shoulders along with 
transient loss of “luster” in the eyes. His brain 
MRI was unremarkable. His EEG showed peri-
odic complexes (Fig. 8.1). He was diagnosed as 
having subacute sclerosing panencephalitis.
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Fig. 8.1  Scalp EEG recording shows large amplitude complexes occurring every 2  s (recording parameters—time 
constant 0.30 s, high-frequency filter: 70 Hz, sweep speed: 1 s/div)
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8.1	� Introduction

Subacute sclerosing panencephalitis (SSPE) is a 
progressive, neurodegenerative disorder of child-
hood caused by persistent infection of the central 
nervous system by a mutant measles virus. The 
name reflects the underlying clinical course and 
pathology, where “subacute” refers to progres-
sion over 9  months, “sclerosis” refers to the 
nature of pathological lesions, and “panencepha-
litis” refers to involvement of the entire brain. 
The disorder generally leads to death within 
1–3 years of onset [1]. In this chapter, we provide 
a brief overview of the epidemiology of SSPE in 
relation to measles infection, its pathogenesis, 
clinical features, treatment, differential diagno-
sis, and preventive strategies.

8.2	� History

Two consecutive papers in 1933 and 1934 from 
Dawson described two children from Tennessee 
who had rapidly progressive encephalitis, invol-
untary movements, cognitive decline, and intra-
cellular eosinophilic inclusions in cortical 
neurons resembling viral inclusions. In 1939, 
Pette and Doring described a 17-year-old boy 
with progressive neurological deterioration, 
death, and nodular changes in gray and white 
matter resembling encephalomyelitis. 
Subsequently, van Bogaert (1945) described 
another patient, who had slower progression, 
demyelination, and glial proliferation in the 
brain. In 1949, Radermecher first described the 
abnormalities on electroencephalogram (EEG). 
In 1950, neuropathologist Greenfield coined the 
term subacute sclerosing panencephalitis. 
Boutellie et al. (1965) identified structures resem-
bling nucleocapsids of paramyxovirus by elec-
tron microscopy. Connolly et al. (1967) reported 
very high titers of measles antibodies in blood 
and cerebrospinal fluid of all patients [2].

8.3	� Epidemiology of SSPE 
Relative to Measles

There is a global decline in the prevalence of 
SSPE with the introduction of effective vaccina-
tion against measles [2]. Nevertheless due to gaps 
in immunization, it has not been eliminated. 
Outbreaks of measles occur and measles contin-
ues to be a public health problem in several geo-
graphic regions. The frequency of SSPE relative 
to that of measles varies with the age at acquisi-
tion of measles, being highest when measles is 
acquired during infancy (<1 year: 360/100,000, 
<5 years: 18/100,000, >5 years: 1.1/100,000). 
Overall, about 4–11 patients develop SSPE for 
every 100,000 subjects with measles. SSPE is 
more prevalent among Asians and Hispanics and 
the lower socio-economic classes. Higher birth 
order also predisposes to SSPE since there is a 
higher chance of coming in contact with a subject 
infected with measles before 5  years of age. 
Maternal measles or incomplete transfer of 
maternal antibodies to the newborn is associated 
with a higher risk for SSPE. Girls have reduced 
prevalence and longer latency from measles to 
onset of SSPE as compared to boys. Children 
born to mothers with acquired immunodeficiency 
syndrome (AIDS) and subjects with AIDS are 
also at an increased risk for SSPE and fulminant 
clinical course (Gutierrez et al., 2010) [1].

8.4	� Pathogenesis

The underlying patho-mechanism in SSPE is per-
sistent and chronic infection of the central ner-
vous system by mutated measles virus; host 
immune factors also play a role. Mutations in the 
matrix (M), hemagglutinin (H), nucleocapsid 
(N), and fusion (F) genes of the measles virus 
confer on it the ability to maintain persistent 
infection in the brain, while negating the ability 
for transmission of viral particles. Mechanisms 
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of entry of viral particles into the neurons are not 
clear. CD46 and signaling lymphocyte activation 
molecule may act as cellular receptors for the 
measles virus. Once neurons are infected, trans-
neuronal spread occurs. Development of SSPE is 
dependent on genetically determined immune 
dysfunction in the host affecting cell-mediated 
immunity and inflammatory cytokines [3].

8.5	� Pathology

Histologically, there is inflammation of meninges 
and brain parenchyma, demyelination, neuronal 
loss, and gliosis. Ultrastructural examination 
shows three types of inclusions: viral nucleocap-
sids in neurons and oligodendrocytes, and nuclear 
bodies and granulo-filamentous inclusions in 
astrocytic nuclei. These changes are noted 
initially in posterior regions of the brain, but 
eventually they spread and involve the entire 
brain including basal ganglia, brainstem, and spi-
nal cord as well. In later stages, atrophy sets in [1, 
3]. Immunohistochemistry for measles virus anti-
gen is positive. Intranuclear viral inclusions are 
noted in the retina as well.

8.6	� Clinical Manifestations

8.6.1	� Classical SSPE

SSPE is a disorder of childhood. Onset is usually 
between 8 and 11years of age, i.e., the interval 
between SSPE and preceding measles infection is 
about 6  years. Classically, SSPE manifests first 
with scholastic decline and altered personality 
and behavior, followed by myoclonus and motor 
dysfunction and then rigidity, dysautonomia, veg-
etative or comatose state, and finally death. The 
initial manifestation of SSPE is myoclonus in 
48.2%, seizures in 17.9%, intellectual decline in 
16.3%, behavioral changes in 8.1%, visual distur-
bances in 2.6%, gait disturbances in 1.6%, extra-

pyramidal symptoms in 1.6%, speech disturbances 
in 1.3%, regression of milestones in 1.3%, and 
lateralizing motor weakness in 0.9% [4]. Based 
on the evolution of clinical features, the disease 
can be staged as follows [5]: Stage I: personality 
changes, decline in scholastic performance, 
abnormal behavior; Stage II: massive, repetitive, 
and frequent myoclonic jerks, seizures, and cog-
nitive decline; Stage III: rigidity, extrapyramidal 
symptoms, and progressive unresponsiveness; 
and Stage IV: comatose or vegetative state, aki-
neticmutism, and autonomic dysfunction.

Dyken proposed the definitions of acute, sub-
acute, and chronic SSPE based on the speed of 
progression of clinical symptoms as follows [6]: 
(a) Acute or fulminant: development of severe 
neurological symptoms and disability within 
3 months of onset of first symptom; (b) Subacute: 
development of neurologic disability within 
9  months of onset of first symptom; and (c) 
Chronic: development of neurologic disability 
after 9 months of onset of first symptom.

8.7	� Criteria for Diagnosis of SSPE

Garg RK in 2008 provided useful criteria: (i) a 
typical clinical picture of progressive subacute 
mental deterioration with stereotyped general-
ized myoclonus; (ii) characteristic electroen-
cephalogram changes; (iii) elevated cerebrospinal 
fluid globulin levels greater than 20% of total 
cerebrospinal fluid protein; (iv) raised cerebro-
spinal fluid measles antibody titers, and (v) typi-
cal histopathologic findings in brain biopsy or 
autopsy. Visual disturbances occur due to involve-
ment of retina, optic nerve, or occipital cortex. 
Ocular signs include necrotizing retinitis, which 
is the most characteristic, macular degeneration, 
optic atrophy, papilledema, and papillitis. Visual 
disturbances arising from cortical involvement 
include cortical blindness, visuo-spatial agno-
sias, hallucinations, Balint syndrome, and Anton 
syndrome [3].

8  Subacute Sclerosing Panencephalitis



54

8.8	� Non-classical or 
Atypical SSPE

Atypical presentations are noted in about 10% 
of SSPE cases. Seizures may be the presenting 
feature of SSPE in 17.9% of subjects with 
SSPE [4]. The semiology may vary from gen-
eralized tonic clonic seizures, to complex par-
tial seizures, partial motor seizures in clusters, 
epilepsia partialis continua, isolated facial 
twitching, and hemimyoclonus [7–10]. 
Recurrent febrile seizures may rarely be the 
initial manifestation [11]. Visual symptoms 
may be the initial and isolated manifestation 
for up to 2 years [1]. Other atypical presenta-
tions include abnormal gait, lateralizing motor 
deficit, and movement disorder [4]. Uncommon 
extrapyramidal features such as “Pisa” syn-
drome and severe rigidity and elevated creatine 
kinase as seen in neuroleptic malignant syn-
drome have been reported as the initial mani-
festation of SSPE [12, 13]. These atypical 
manifestations often mislead the clinician and 
delay the diagnosis unless there is a high index 
of suspicion. Brainstem involvement in SSPE 
can occur at any stage of the illness, more com-
monly in the third and fourth stages [14, 15]. 
This is independent of the supratentorial corti-
cal involvement. Familial SSPE is rare, but 
reported [16].

8.9	� Fulminant SSPE

This is defined as neurological deficit of 66% in 
the first 3 months or death within 6 months of dis-
ease onset. Risk factors include early age at 
infection with measles virus, viral virulence, 
immune-deficient state, and co-infection with 
other viruses [1]. Fulminant course occurs in 
10% of cases of SSPE [17, 18].

8.10	� Protracted Course in SSPE

SSPE has a progressive course resulting in vege-
tative state and death within a few months of 
diagnosis. In a proportion of patients, spontane-

ous stabilization/plateau period occurs for 
months to years [19, 20]. Remissions of varying 
degrees ranging from modest to substantial are 
also reported. They include subsidence of myoc-
lonus and improvement from bed-bound or veg-
etative state to independence in ambulation or 
activities of daily living. Worsening or relapse 
after a variable period of stabilization or remis-
sion occurs. Later age at onset and onset in adult-
hood may correlate with slower progression [21, 
22]. Visual symptoms and seizures are commoner 
among those with protracted clinical course [22]. 
Sustained remission for 8 to 10 years has been 
reported in 5%–10% of subjects [19].

8.11	� SSPE in Adults

SSPE is a disorder of childhood. Uncommonly, 
adults are affected and they constitute about 
1.75%–2.6% [23]. In a large study from India, 
adults constituted about 12.9% of all cases of 
SSPE [22]. Both genders are affected equally, but 
one study showed predominance of men with 
adult-onset SSPE [22]. Low virulence of the 
mutated virus and/or high immunological status 
of the host are the putative reasons for the unusu-
ally long interval between measles and onset of 
SSPE [22]. The clinical course is more fulminant 
in adult-onset SSPE compared to those with 
childhood onset [3, 24], but this is not a consis-
tent observation [25]. SSPE with onset or wors-
ening during pregnancy, as also reports of 
occurrence of conception in women following 
the diagnosis of SSPE [22, 24, 26]. Outcome of 
pregnancy was successful in most of the affected 
women [22].

8.12	� HIV and Measles

Data on the effect of HIV on measles and risk of 
developing SSPE is not inadequate. Fulminant 
clinical course of SSPE in a patient with HIV has 
been reported. In cases of perinatally acquired 
HIV or a child born to an HIV-positive mother, 
there may be a shorter latency period for develop-
ing SSPE [27].
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8.13	� Investigations

Cerebrospinal fluid (CSF) analysis: Routine 
CSF analysis shows pleocytosis, normal or ele-
vated protein, and normal glucose content. 
Elevated titers of measles antibodies (IgG) in 
CSF ranging from 1:40 to 1:1280 are diagnostic. 
CSF-serum ratio ranges from 5:1 to 40:1 reflect-
ing intra-thecal synthesis of measles antibodies. 
Enzyme-linked immunosorbent assay (ELISA) 
has a sensitivity of 100%, a specificity of 93.3%, 
and a positive predictive value of 100%. Elevated 
soluble CD8 and reduced beta2-microglobulin in 
CSF correlates with clinical worsening [1].

Electroencephalogram (EEG): EEG plays a 
crucial role in the diagnosis of SSPE. The pres-
ence of periodic complexes is pathognomonic of 
SSPE.  These are characterized by bilaterally 
symmetrical, periodic, generalized, high-
amplitude (100–1000 microV) complexes that 
are stereotyped, last for 1–3  s, and recur every 
2–20 s. They are present in 65%–83% of patients 
with SSPE [1]. These complexes precede or fol-
low clinical myoclonus by about 200–800  ms 
[28]. The interval between complexes is varied 
and may be prolonged, particularly in the initial 
stages, when they may occur as infrequently as 
once in 5 min. These complexes may be present 
only during sleep, disappear with rise in body 
temperature, and may be elicited by extraneous 
stimuli [29]. These may be periodic, quasi-
periodic, or aperiodic [30]. The morphology, fre-
quency, and inter-burst intervals of these 
complexes are not altered by activation proce-
dures like hyperventilation or photic or sensory 
stimulation. Periodic complexes disappear dur-
ing advanced stages of the disease [3]. The fol-
lowing patterns of periodic complexes may aid in 
prognosis of SSPE [31]: Type I complexes (peri-
odic giant delta waves, typical periodic com-
plexes of SSPE) correlate with intermediate 
outcome; Type II complexes (periodic giant delta 
waves intermixed with rapid spikes or fast activ-
ity) correlate with best outcome; and Type III 
complexes (long spike wave discharges inter-

rupted by giant delta waves) correlate with worst 
outcome.

A number of “atypical” EEG patterns have 
been recognized and reported. They include 
asymmetric, lateralized, focal, or regional com-
plexes; this may be a reflection of asymmetry in 
cerebral hemispheric involvement [9]. 
Asynchronous discharges, commensurate with 
trans-callosal spread, are also recognized phe-
nomena [32]. Other uncommon features are fron-
tal rhythmic delta activity, frontal spikes, 
bisynchronous occipital spikes preceding peri-
odic complexes, periodic generalized fast waves, 
and transient diffuse abnormal alpha in sleep. 
Prolonged discharges of sharp and slow waves 
for 4–7 s, followed by suppression for 1–4 s and 
periodic complexes comprising four or five sharp 
waves occurring every 2  s, have also been 
reported [33]. They seem to correlate with greater 
neurological disability, rapid progression, and 
longer duration of disease [33].

Brain MRI: MRI may be normal when done 
very early in the disease course. Initially, there 
is appearance of asymmetric T2/FLAIR hyper-
intensity of cerebral cortex and subcortical 
white matter, which initially affects the occipital 
region and then progresses to the frontal region. 
This is followed by atrophy and multifocal 
white matter hyperintensities. The basal gan-
glia, thalami, brainstem, cerebellum, and spinal 
cord may also be involved uncommonly [34–
36]. Brainstem involvement in SSPE has been 
rarely mistaken for glioma [37]. The cerebral 
changes are replaced by symmetrical hyperin-
tensities in periventricular white matter and 
atrophy [1]. Restricted diffusion and enhance-
ment of involved areas may be seen. There are 
no characteristic patterns on MRI that are 
pathognomonic of SSPE. MRI changes do not 
correlate with the stage of SSPE and may con-
tinue to progress even when the patient is appar-
ently stabilized or in remission [1, 30]. A high 
index of suspicion based on the clinical features 
is required. MRI aids in excluding other differ-
ential diagnosis.
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8.14	� Differential Diagnosis

When a child presents with acute/ rapidly pro-
gressive psychiatric disturbances, seizures, and 
movement disorder, autoimmune encephalitis, 
specifically that associated with N-methyl-D-
aspartate receptor (NMDAR) antibodies, is a 
close differential diagnosis. Serological testing 
for NMDAR antibodies and EEG changes aid in 
distinguishing autoimmune encephalitis from 
SSPE. The presence of multifocal signal changes 
in brain MRI in a patient with poly-symptomatic 
presentation warrants consideration of acute dis-
seminated encephalomyelitis (ADEM), pediatric 
multiple sclerosis (MS), neuromyelitis optica 
(NMO), and other causes of secondary demyelin-
ation. It is important to distinguish these disor-
ders from SSPE in order to provide appropriate 
treatment and prognostication. Other differential 
diagnoses include progressive myoclonic epi-
lepsy syndromes such as Lafora body disease, 
neuronal ceroid lipofuscinosis, and storage disor-
ders [1].

8.15	� Missed Diagnosis of SSPE

The initial diagnosis of SSPE may be missed in 
up to 78.8% [4]. SSPE is often mistaken for a 
variety of neuro-psychiatric disorders such as sei-
zures, metachromatic leukodystrophy, Schilder’s 
disease, cerebral palsy, hemiparkinsonism, 
Wilson’s disease, vasculitis, spinocerebellar 
ataxia, motor neuron disease, nutritional amblyo-
pia, tapetoretinal degeneration, catatonic schizo-
phrenia, and malingering, among others. 
Misdiagnosis is commoner among those who 
present with atypical features, have onset in 
adulthood, or have an unusually fulminant or pro-
tracted clinical course. Besides these, the experi-
ence, knowledge, commitment, and confidence 
of the treating doctor may also contribute to 
missed diagnosis. Depending on the initial clini-
cal manifestation, a patient may be seen by a 
pediatrician, physician, ophthalmologist, psychi-
atrist, or neurologist. Knowledge and awareness 
are necessary so that the disease is suspected at 
the bedside and focused evaluation is done. It is 

important to establish an early diagnosis for 
appropriate prognostication and to avoid unnec-
essary investigations and treatment.

8.16	� Treatment

A number of drugs with anti-viral and immuno-
modulatory properties have been tried in 
SSPE.  They slow the progression and prolong 
survival. At least one-third benefit and combina-
tion therapy are more effective than monotherapy 
[1]. However, none have any effect on the long-
term outcome. Inosine pranobex (Isoprinosine), a 
complex of inosine and 2-hydroxypropyldimethyl 
ammonium-4-benzoate, was the first effective 
drug for SSPE. The recommended daily dose is 
100 mg/kg. It acts by enhancing various compo-
nents of the immune system including natural 
killer cells [38]. Clinical trials have shown that 
isoprinosine improves symptoms and increases 
life expectancy in patients with slowly progres-
sive SSPE, but not in those with rapid disease 
[39, 40]. Interferon-alpha inhibits replication of 
measles virus as well as modulating the immune 
system so that there is enhanced expression and 
functions of natural killer cell, T cells, macro-
phages, and complement components. It is 
administered intrathecally or intra-ventricularly 
since interferon-alpha does not cross the blood–
brain barrier. A combination of intra-ventricular 
interferon-alpha and oral isoprinosine stabilizes 
or brings about remission in 44%–50% of sub-
jects [41, 42]. In a randomized trial of combined 
intraventricular interferon alpha2b and isoprino-
sine versus only isoprinosine by the International 
Consortium on SSPE, stabilization, improve-
ment, and mortality were comparable between 
the two groups [43]. In a non-randomized retro-
spective study, a combination of subcutaneous 
interferon beta and isoprinosine was more benefi-
cial than only interferon beta [44].

Anti-viral agents: Ribavirin and lamivudine 
are nucleoside analogs with anti-viral properties. 
Ribavirin inhibits viral mRNA synthesis, while 
lamivudine inhibits DNA polymerase and reverse 
transcriptase. Intraventricular ribavirin may be 
safe and effective [45]. Intravenous ribavirin in 
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combination with intraventricular interferon and 
isoprinosine has been shown to have temporary 
benefit [46]. Lamivudine has better penetration 
into the cerebrospinal fluid. Subcutaneous admin-
istration of interferon-alpha2a along with oral 
isoprinosine and lamivudine resulted in remis-
sion in 36.8%, reduced mortality, and signifi-
cantly longer survival [47]. Amantadine disrupts 
assembly of viral particles during replication. It 
does not have a beneficial role in SSPE [40].

Other agents: An isolated case report demon-
strated the beneficial effect of intravenous immu-
noglobulin when co-administered with 
isoprinosine [48]. Propionibacterium granulo-
sum, a bacterial immunomodulator, has been 
shown to be effective when combined with isopri-
nosine or intraventricular interferon [40]. Steroids, 
levamisole, cimetidine, plasmapheresis, thymus 
extracts, and rituximab do not have any beneficial 
role [40, 47, 49]. Retinoids upregulate interferon 
responses and effective elimination of the virus. 
Administration of vitamin A reduces mortality 
associated with measles [50]. Beta carotene levels 
are reduced in SSPE [51]. But the role of vitamin 
A in the treatment of SSPE remains to be explored. 
Anti-apoptotic agents like flupirtine when admin-
istered in combination with isoprinosine may 
slow disease progression. Trials exploring the role 
of novel therapeutic agents vizRNAi and antago-
nists of cyclophilin B and NK-1 are awaited [40].

Symptomatic treatment: Anticonvulsants 
are used for symptomatic treatment of myoclo-
nus. Carbamazepine is relatively more effective 
in reducing myoclonus of SSPE and improves 
cognitive functions as well. This is surprising as 
carbamazepine is known to worsen multiple sei-
zure types including myoclonic, absence, and 
atonic seizures in generalized epilepsies. 
However, the response to carbamazepine is not 
sustained as the disease eventually progresses. 
Carbamazepine does not have any significant 
effect on EEG changes [40, 52–54]. Levetiracetam 
has also been shown to improve myoclonus and 
cognition [55].

Immunization program: SSPE is a measure 
of the effectiveness and completeness of measles 
immunization in the community. The Government 
of India, through the Universal Immunization 

Programme (UIP), has been providing vaccina-
tion to all children less than 5  years of age. 
Measles is the commonest vaccine preventable 
disease and India has been providing measles 
vaccination under the UIP since 1985 in all states. 
Based on the recommendations of the National 
Technical Advisory Group on Immunization 
(NTAGI), a second dose of measles vaccine at 
16–24 months was introduced in 2010. The ratio-
nale was that the first dose of measles vaccine 
administered at 9 months has an effectiveness of 
85%, while the second dose administered after 12 
months of age increases the effectiveness to 95%. 
Vaccination coverage in India is significantly 
short of the recommended global target of 95% at 
national and district level that is required to elim-
inate measles [56]. From 2014, the NTAGI rec-
ommended the introduction of measles-rubella 
vaccine and two doses are administered at 
9 months and 16–24 months. The aim is to elimi-
nate measles and rubella by 2020. There has been 
a recent increase in the number of cases of mea-
sles in developed countries like the USA, causing 
concerns among policy makers.
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9Brain Abscess

A. Shobhana

Case Scenario
A 35-year-old male was admitted with com-
plaints of intermittent headache of 1 year dura-
tion. He had suffered two episodes of generalized 
tonic-clonic convulsion twice, few days prior to 
admission. He had no known medical co-mor-
bidities at the time of admission. He was con-
scious but somewhat confused with a left 
hemiparesis (upper limb 0/5; lower limb 3/5). 
He was afebrile with blood pressure of 
110/74 mmHg and pulse of 88/min. Initial CT 
scan of the brain was suggestive of a right fron-
tal space-occupying lesion (SOL) with sur-
rounding edema. Routine blood parameters 
including TC WBC, renal, liver function tests, 
and C-reactive protein (CRP) were normal. 
Contrast MRI of the brain (Fig. 9.1a–e) revealed 
a large ring-enhancing lesion in the right frontal 
lobe with central necrosis, surrounding edema, 

and mass effect suggestive of a brain abscess. A 
trans-thoracic echocardiography revealed a 
mobile mass on the tricuspid valve. 
Transesophageal echocardiography facility was 
not available. Empirical antibiotics, i.v. ceftri-
axone, vancomycin, and metronidazole were 
started. The patient’s family members denied 
any addictions. Since there was a lot of mass 
effect a right frontal craniotomy and excision of 
the abscess were done. Histopathology of the 
biopsy specimen revealed a necrotic brain 
abscess (Fig. 9.2a, b). Blood cultures were neg-
ative. Microbiological tests from the biopsy 
specimen revealed gram-positive cocci on gram 
stain; however, culture was negative. 
Unfortunately, the patient died as a result of a 
sudden cardiac event on the second postopera-
tive day before any cardiac intervention could 
be done.
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a b c
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Fig. 9.1  (a) T1-weighted MRI image showing right fron-
tal central hypointense lesion with surrounding hyperin-
tense rim and perilesional hypointense area; (b) T2 MRI 
showing central hyperintense lesion with surrounding 
hypointense rim and outer hyperintense area; (c) FLAIR 
sequence showing central isointense mixed with hypoin-

tense lesion with surrounding hyperintense rim with outer 
hyperintense area; (d) T1 contrast sequence showing cen-
tral hypointense lesion with surrounding enhanced hyper-
intense rim and perilesional hypointense area; (e) sagittal 
T1 contrast sequence showing additional conglomerate-
enhanced lesions

a b

Fig. 9.2  (a) Biopsy specimen showing necrosis and neutrophilic infiltrates (lower resolution); (b) Biopsy specimen 
showing thick neutrophilic infiltrates along with blood vessel invasion (higher resolution)
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9.1	� Introduction

Central nervous system (CNS) infections may be 
caused by bacteria, viruses, fungi, protozoa, or hel-
minths and are important as they should be recog-
nized early for immediate and effective treatment 
to decrease the mortality and morbidity of the ill-
ness [1–3]. Focal CNS infections include brain 
abscess, subdural empyema, and infectious throm-
bophlebitis [1, 3]. The clinical features depend on 
the route of spread of infection, CNS location, and 
severity of raised intracranial pressure (ICP) [1].

A brain abscess is a focal suppurative collec-
tion within the brain parenchyma beginning as 
cerebritis and later surrounded by a well-defined 
vascularized capsule. The incidence of bacterial 
brain abscess is about 0.3–1.3/100,000 persons 
per year with a male predominance [2, 3]. 
Bacteria enter the brain through contiguous 
spread in about half of cases, through hematoge-

nous dissemination in about one third of cases, 
and unknown mechanisms accounting for the 
remaining cases [4].

9.2	� Etiology

Predisposing conditions and microbiology of 
brain abscesses are as given in Table 9.1 [2, 4]. In 
Latin America and Asia brain abscesses due to 
Taenia solium, that is, neurocysticercosis (NCC) 
and Mycobacteria, are quite common.

A brain abscess may develop (1) directly by 
spreading from a contiguous focus of infection 
like paranasal sinusitis, otitis media, or dental 
infections; (2) following a head trauma or a neu-
rosurgical procedure; or (3) as a result of 
hematogenous spread from a remote site of infec-
tion. In a few cases no primary source is 
identified.

Table 9.1  Predisposing conditions and microbiology of brain abscesses

Predisposing condition Common microbial isolates
Immunocompromised
 �� •  HIV infection  �� • � Toxoplasma gondii, Nocardia and Mycobacterium species, 

Listeria monocytogenes, Cryptococcus neoformans
 �� •  Neutropenia  �� • � Aerobic gram-negative bacilli, Aspergillus, Mucorales, 

Candida, and Scedosporium species
 �� •  Transplantation  �� • � Aspergillus, Candida, Mucorales, Scedosporium 

Enterobacteriaceae, and Nocardia species, Toxoplasma gondii, 
Mycobacterium tuberculosis

Contiguous spread of bacteria
 �� • � Penetrating trauma or neurosurgery  �� • � Staphylococcus aureus, Staphylococcus epidermidis, 

Streptococcus species (anaerobic and aerobic), 
Enterobacteriaceae, Clostridium species

 �� • � Otitis media or mastoiditis  �� • � Streptococcus species (anaerobic and aerobic), 
Bacteroides, Prevotella, and Enterobacteriaceae species

 �� • � Paranasal sinusitis  �� • � Streptococcus species (anaerobic and aerobic), 
Bacteroides, Enterobacteriaceae, Staphylococcus aureus, 
and Haemophilus species

Hematogenous spread of bacteria
 �� • � Lung abscess, empyema, bronchiectasis  �� • � Fusobacterium, Actinomyces, Bacteroides, Prevotella, 

Nocardia, and Streptococcus species
 �� • � Bacterial endocarditis  �� • � Staphylococcus aureus, Streptococcus species
 �� • � Congenital heart disease  �� • � Streptococcus and Haemophilus species
 �� •  Dental infection  �� • � Mixed infection with Fusobacterium, Prevotella, 

Actinomyces, Bacteroides, and Streptococcus species 
(anaerobic and aerobic)
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9.3	� Bacterial Brain Abscess

Streptococci (aerobic, anaerobic, microaero-
philic) are grown in almost 70% of bacterial brain 
abscesses [2]. They are found in oropharyngeal, 
infective endocarditis as well as post-neurosurgery 
brain abscesses. Staphylococcus aureus (often 
Methicillin-resistant Staphylococcus aureus ) 
is found in 10–20% cases, mainly post-trauma or 
infective endocarditis cases. Anaerobes like bac-
teroides may be isolated with better culture tech-
niques. Enteric gram-negative organisms are often 
causative agents where otitis media is the source, 
post neurosurgery and in immunocompromised 
hosts. Listeria may cause abscesses along with 
meningitis in immunocompromised patients or 
those with hematological malignancies. Nocardia 
(most often asteroids) cause isolated brain abscess 
or occur along with lung and skin involvement. 
Although it is common in those with defective 
cell-mediated immunity, those on steroids, and 
those who have received organ transplants, many 
cases of normal host infection have also been 
reported [2]. Burkholderia are known to cause 
abscesses when infecting the nervous system. In 
the Asian population focal CNS lesions caused by 
Mycobacteria, both tuberculous and non-tubercu-
lous, are quite common.

9.4	� Fungal Brain Abscess

Fungal brain abscesses are more often seen now 
than earlier due to wider use of immunosuppres-
sants, broad spectrum antibiotics, and corticoste-
roids. Candida species are more common these 
days with diabetic, immunosuppressed patients 
in hospitals as well as those on hyperalimentation 
and central venous catheters. Apergillosis and 
mucormycosis are other fungi seen in paranasal 
sinus infections spreading to the brain as well as 
in other low-immunity states. Scedosporium may 
cause disease even in normal hosts. 
Cladophialophora is another cause being increas-
ingly reported. Cryptococcus, histoplasma, and 
coccidiodes are other organisms that can cause 
brain abscess.

9.5	� Protozoal and Helminthic 
Brain Abscess

NCC is the most common parasitic disease of the 
CNS especially in developing countries. It usu-
ally manifests as a new-onset partial seizure with 
or without secondary generalization [2, 3]. The 
disease is caused by ingestion of food contami-
nated with eggs of the parasite Taenia solium. 
Toxoplasma gondii is the most common protozoa 
causing brain abscess due to ingestion of under-
cooked meat or handling of cat feces [3]. Primary 
infection is often asymptomatic; however, para-
sites may spread to the CNS in a latent phase. 
Reactivation of this phase occurs in immunocom-
promised hosts, for example in HIV infections, 
immunosuppressive therapy, or cytotoxic therapy 
or due to reticuloendothelial malignancies [2, 3] 
manifesting as intracranial mass lesion or 
encephalitis. Trypanosoma cruzi, Entamoeba 
histolytica, Schistosoma spp., and Paragonimus 
spp. have all been reported to cause brain 
abscesses [2].

9.6	� Mycobacterial Abscesses

Abscesses may form following tuberculous men-
ingitis and tuberculoma formation when there is 
central cavitation with chronic inflammatory 
infiltrate and fibrosis in the wall but lacking gran-
ulation tissue in the wall [5]. Treatment of extra-
pulmonary tuberculosis has to be patient-centered, 
and where accessible a tissue-based diagnosis is 
recommended [6].

9.7	� Pathogenesis 
and Pathophysiology

About 30–40% of brain abscesses are spread 
from otitis media and mastoiditis [2, 3] and local-
ize most often to the temporal lobe or cerebel-
lum. The frontal lobe is often affected in paranasal 
sinusitis. Hematogenously spread abscesses are 
often located in the territory of the middle cere-
bral artery in the posterior frontal or parietal lobe 
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at the junction of the gray and white matter. Brain 
abscess also occurs secondary to open cranial 
fractures due to trauma with dural breach. CSF 
leak is the third common cause. Nosocomial 
brain abscesses after neurosurgery are also 
encountered. It is cryptogenic in 10–15% cases.

Once the organism invades the otherwise 
resistant brain parenchyma the infection passes 
through the stages of development depending 
upon the infecting organism and the host immune 
status [1, 3]. The different stages of abscess for-
mation are as follows:

	1.	 Early cerebritis stage (days 1–4)
Perivascular infiltration of inflammatory 

cells with a core of necrosis and marked 
edema.

	2.	 Late cerebritis stage (days 4–9)
Pus formation; enlargement of necrotic 

center surrounded by a border of macrophages 
and fibroblasts.

	3.	 Early capsule formation (day 10–13)
The capsule is formed better in the cortical 

side than the ventricular side, making rupture 
into the ventricular system more common 
than into the subarachnoid space.

	4.	 Late capsule formation (>14 days)
There is a dense necrotic center surrounded 

by a dense collagenous capsule which is again 
surrounded by edema that later decreases, but 
marked gliosis develops.

9.8	� Clinical Presentation

A brain abscess may present in an indolent or ful-
minant manner. Most of them clinically present 
like an intracranial space-occupying lesion 
depending on the location rather than as an infec-
tion [2, 3]. The classical triad of headache, fever, 
and focal neurological deficit is found in less than 
half of these patients [2]. Headache is the most 
common symptom in >75% cases. Focal or gen-
eralized defects which are new in onset are seen 
in 15–20% patients. Focal neurological defects 
like hemiparesis, aphasias, or visual field deficits 
are seen in >60% cases. Papilledema, nausea, 
vomiting, drowsiness, and altered sensorium are 

features of raised intracranial pressure. 
Management is seen only when the abscess rup-
tures into the ventricles or the infection has 
spread to the subarachnoid space. The clinical 
features in an immunosuppressed patient may be 
masked due to diminished inflammatory response 
[2].

Frontal lobe lesions present with headache, 
drowsiness, inattention, hemiparesis, and motor 
speech defects, while temporal lobe lesions pres-
ent with ipsilateral headache and aphasia if in the 
dominant hemisphere or upper homonymous 
quadrantanopia. Cerebellar lesions present with 
ataxia, nystagmus, dysmetria, and vomiting. 
Brian stem lesions may have cranial nerve 
involvement like facial weakness. These lesions 
often spread longitudinally along the tracts rather 
than transversely.

Some organisms have peculiar manifestations 
like Nocardial disease suspected in the presence 
of pulmonary, skin, or muscle involvement. 
Aspergillosis may present as a stroke syndrome. 
Tuberculosis may have multisystem involvement. 
Rhinocerebral mucormycosis may initially pres-
ent with complaints referable to the eyes or 
sinuses, necrotic nasal turbinates, or involvement 
of hard palate [2]. CNS toxoplasmosis in immu-
nosuppressed patients may have variable features 
like focal seizures, altered behavior, confused 
state, or symptoms localizing to the basal ganglia 
or brain stem regions.

9.9	� Diagnosis

Diagnosis may be difficult and a multidisci-
plinary approach involving neurosurgeons, 
microbiologists, and infectious disease experts is 
usually required. Histopathological and microbi-
ological examinations including studies for bac-
teria, Mycobacteria, and fungi often become 
mandatory in evolving intracerebral mass lesions. 
Although a contrast-enhanced CT scan is an 
excellent initial examination showing a 
hypodense center with peripheral uniform ring 
enhancement (early cerebritis phase shows 
hypodensity with no contrast enhancement), 
MRI is better in the early stages, in posterior 
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fossa lesions and to pick up satellite lesions. In 
the cerebritis stage, MRI T1 sequences show low 
signal intensity with irregular post-gadolinium 
enhancement with increased signal intensity on 
T2. A mature abscess reveals a contrast-enhanced 
capsule surrounding a hypodense center itself 
surrounded by a hypodense area of edema on 
post-contrast T1 images. The T2 image shows a 
hyperintense central area of pus surrounded by a 
well-defined hypointense capsule and hyperin-
tense area of surrounding edema. The features of 
the capsule may be altered with glucocorticoid 
therapy. Diffusion-weighted imaging sequence is 
done to differentiate abscess from other lesions 
as abscesses show restricted diffusion. Magnetic 
resonance spectroscopy has limited scope in 
small, peripheral, or skull base lesions. 
Sometimes MRI findings may help to pinpoint 
the etiology as well. Presence of infarcts may 
indicate aspergillosis while immunosuppressed 
patients may not show contrast enhancement in 
aspergillosis. Presence of sinus opacification, 
bone erosion, obliteration of facial planes, or cav-
ernous sinus involvement in CT/MRI may indi-
cate rhinocerebral mucormycosis. Toxoplasmosis 
typically is present in the corticomedullary junc-
tion and basal ganglia and shows marked edema 
as well as mass effect. Neurocysticercosis has 
variable findings on brain imaging [3]. Viable 
cysts will show an acystic area with scolex with 
contrast enhancement and surrounding edema. 
Nonviable cysts are calcified. CT guided aspira-
tion or biopsy of abscesses is often possible.

Microbiological diagnosis of the etiology is 
most accurately determined by gram stain and 
culture (both aerobic and anaerobic) of the 
abscess material. Blood cultures should be sent. 
Lumbar puncture for CSF study should not be 
done in suspected focal intracranial SOL.  For 
mycobacterial organisms, ZN stain of pus, cul-
ture, and Mycobacterium tuberculosis PCR are 
important. Modified AFB stain and culture may 
isolate Nocardia. Toxoplasmosis is diagnosed by 

CSF PCR for toxoplasma antigen; serum toxo-
plasma IgG if positive is more suggestive [2, 3]. 
Multiple 16S ribosomal DNA sequencing has 
increased the yield of infecting agents [2]. Other 
special stains used are methenamine silver and 
mucicarmine. Aspergillus has septated hyphae 
which branch at acute angles while mucormyco-
sis has irregular hyphae branching at right angles 
with lack of septation [2]. For CNS toxoplasmo-
sis special stains as well as monoclonal antibod-
ies in brain tissue preparations are available [2].

Other ancillary tests like total white cell count, 
erythrocyte sedimentation rate, and CRP provide 
more information. For abscesses more than 
2.5 cm in diameter, excision or stereotactic aspi-
ration should be done.

9.10	� Differential Diagnosis

	1.	 Cerebral hematoma
	2.	 Primary and metastatic brain tumors
	3.	 Cerebral venous (superior sagittal sinus) 

thrombosis
	4.	 Subdural empyema
	5.	 Meningitis and meningoencephalitis
	6.	 Acute disseminated encephalomyelitis

9.11	� Treatment

Apart from the general supportive care, empirical 
antimicrobials should be started as soon as pos-
sible based on the patient’s predisposing condi-
tions pending microbiology reports. The choice 
of antibiotics as well as dosage are illustrated in 
Tables 9.2 and 9.3.

In case of significant edema or mass effect 
corticosteroids are administered. Antiepileptics 
are added for at least 3 months and can be stopped 
if a follow-up EEG is normal. A minimum of 
6–8  weeks of parenteral antibiotics are given. 
Continuation of oral antibiotics is debatable [3]. 
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Some abscesses, especially multiple ones, may 
require surgical drainage. Serial MRI/CT are 
needed every 1 or 2 months to document resolu-
tion of disease. A small amount of enhancement 
may remain even after successful treatment [3].

Prognosis depends upon the rapidity of pro-
gression of disease and low GCS on admission, 
and the fact that immunosuppressed individuals 
have an uncertain outcome must be taken into 
account. Mortality has decreased substantially 
due to better diagnostics procedures and avail-
ability of newer antibiotics [2, 3]. Twenty to sev-
enty percent of patients may have one or more 
sequel-like seizures, or cognitive defects under-
scoring the importance of early as well as accu-
rate diagnosis and appropriate management.
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Table 9.2  Selection of antibiotics

Indication Antibiotic
Preterm infants to 
infants <1 month

Ampicillin + cefotaxime

Infants 1–3 months Ampicillin + cefotaxime or 
ceftriaxone

Immunocompetent 
children >3 months and 
adults <55

Cefotaxime, ceftriaxone, or 
cefepime + vancomycin

Adults >55 and adults 
of any age with 
alcoholism or other 
debilitating illnesses

Ampicillin + cefotaxime, 
ceftriaxone or 
cefepime + vancomycin

Hospital-acquired 
meningitis, 
posttraumatic or 
postneurosurgery 
meningitis, neutropenic 
patients, or patients 
with impaired 
cell-mediated immunity

Ampicillin + ceftazidime or 
meropenem + vancomycin

Table 9.3  Total daily dose and dosing interval

Antimicrobial 
agent Child Adult
Ampicillin 300 (mg/kg)/d, 

q6h
12 g/d, q4h

Cefepime 150 (mg/kg)/d, 
q8h

6 g/d, q8h

Cefotaxime 225–300 (mg/
kg)/d, q6h

12 g/d, q4h

Ceftriaxone 100 (mg/kg)/d, 
q12h

4 g/d, q12h

Ceftazidime 150 (mg/kg)/d, 
q8h

6 g/d, q8h

Gentamicin 7.5 (mg/kg)/d, 
q8hb

7.5 (mg/kg)/d, 
q8h

Meropenem 120 (mg/kg)/d, 
q8h

6 g/d, q8h

Metronidazole 30 (mg/kg)/d, 
q6h

1500–
2000 mg/d, q6h

Nafcillin 100–200 (mg/
kg)/d, q6h

9–12 g/d, q4h

Penicillin G 400,000 (U/
kg)/d, q4h

20–24 million 
U/d, q4h

Vancomycin 45–60 (mg/
kg)/d, q6h

45–60 (mg/kg)d,
q6–12hb
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10Acute Ischemic Stroke

Deependra Raj Khanal

Case Discussion
A 62-year-old right-handed male with a history 
of hypertension (on lisinopril) presented with 
acute left-sided weakness. He was seen in his 
usual state of health at 8  am. His wife heard a 
noise at 10 am. He was unable to stand up and 
could not move his left side. Family brought him 
to the local emergency department 3  h after 
symptom onset. During assessment, he had left 
hemiparesis, left facial droop, dysarthria, left 
hemi-neglect, and right gaze preference. He did 
not have any evidence of aphasia. His National 
Institute of Health Stroke Scale (NIHSS) was 12. 
Computerized tomography (CT) scan of head 
showed no hemorrhage. Computerized tomogra-
phy angiography (CTA) of head showed an 
abrupt cutoff at the onset of anterior division of 
right middle cerebral artery (commonly referred 
as right anterior M2 branch). CTA neck showed 
about 80% stenosis of right internal carotid artery 
(ICA).

After completion of neurological examination 
(including NIHSS), we went through exclusion 
criteria for tissue plasminogen activator (t-PA). 
He had no contraindications. t-PA treatment was 
started 4 h 15 min after symptom onset. He was 
then taken from emergency department to inter-
ventional radiology suite for catheter-directed 

endovascular therapy. Clot was identified, and 
retrieval was attempted but was unsuccessful. 
The patient was then admitted to the neurological 
intensive care unit for post-thrombolysis moni-
toring. Follow-up CT of the head showed mild 
hypodensity in the right anterior middle cerebral 
artery territory (Fig. 10.1). No hemorrhage was 
seen. His workup revealed mild left ventricular 
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Fig. 10.1  Non-contrast CT head. Subtle hypodensity 
seen in the anterior division of right middle cerebral artery 
territory

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-8676-7_10&domain=pdf
https://doi.org/10.1007/978-981-99-8676-7_10
mailto:Deependra.R.Khanal@HealthPartners.Com


72

Fig. 10.2  Diffusion weight imaging (DWI) MRI 
sequence. Axial image. Brightness seen in the anterior 
division of right middle cerebral artery territory

Fig. 10.3  Apparent diffusion coefficient (ADC) MRI 
sequence. Axial image. Darkness seen in the anterior divi-
sion of right middle cerebral artery territory

hypertrophy on echocardiogram. No wall motion 
abnormality was found. Agitated saline contrast 
did not reveal intra-cardiac shunt. The 48-h 
telemetry did not show any evidence of atrial 
fibrillation. Conventional cerebral angiogram 
showed 80% stenosis of right internal carotid 
artery. This correlated with earlier CTA study. 
His LDL cholesterol was 121. He was started on 
high-dose statin (atorvastatin 80 mg daily) along 
with aspirin 325  mg daily. Magnetic resonance 
imaging (MRI) was done to look at the extent of 
stroke. Figure  10.2 shows a diffusion-weighted 
image (DWI). It is seen bright in acute stroke. 
Figure 10.3 shows apparent diffusion coefficient 
(ADC) image. It is seen dark in cytotoxic stroke 
(seen in ischemic stroke—as seen in our case) 
and bright in vasogenic stroke (usually seen in 
edema around brain tumor). Additional MRI 
image was thought to help evaluate the extent of 
infarct and therefore the timing of carotid revas-
cularization. He clinically improved during the 
hospital stay and was discharged home with min-
imal weakness on his left hand. He was success-
fully treated with right carotid endarterectomy 
10 days after the event.

10.1	� Introduction

Stroke is defined as an acute neurological dys-
function due to disturbances in the blood supply 
to the brain. It is broadly categorized into isch-
emic and hemorrhagic strokes. Ischemic stroke is 
caused by the occlusion of a blood vessel, leading 
to distal ischemia. Closely related to ischemic 
stroke is transient ischemic stroke (TIA), which 
is mechanistic but resolves clinically on its own. 
TIA is a major risk factor for a stroke. Symptoms 
of stroke are immediate and involve weakness, 
numbness, and speech disturbance (slurred 
speech and difficulty in comprehension and/or 
expression). Symptoms correspond to the area of 
the brain supplied by the occluded blood vessel. 
Knowledge that a stroke causes acute neurologi-
cal symptoms and information about vascular 
territory and corresponding symptoms help to 
suspect a diagnosis of stroke. This leads to timely 
workup and treatment.

Stroke is broadly categorized into ischemic 
and hemorrhagic strokes. Ischemic stroke is 
caused by an obstruction of blood flow, while 
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hemorrhagic stroke is caused by bleeding and 
subsequent compression of the surrounding brain 
structures. Ischemic stroke accounts for about 
87% of all strokes in developed countries, while 
it is slightly less at 68% in developing countries 
[1*, 2].

10.2	� Epidemiology

Stroke is the second leading cause of death and 
third leading cause of disability worldwide [3]. 
This statistic is slightly different in developing 
and developed countries. In the United States, 
stroke became the fifth leading cause of death 
from fourth leading cause in 2013. Burden of 
stroke is estimated to be 34 billion USD in the 
United States. Stroke incidence is different 
among different ethnic groups. Incidence among 
blacks is twice compared to whites. Stroke is still 
a major cause of serious disability for adults [1, 
4, 5*]. Disability related to stroke is not only lim-
ited to paralysis and speech difficulty. It is also an 
important cause of dementia, seizure, and depres-
sion [6]. Stroke incidence is decreasing in devel-
oped countries due to proper management of risk 
factors. It is, however, increasing in developing 
countries [7]. The lifetime risk of stroke for adult 
men and women (25 years of age and older) is 
approximately 25%. The highest risk of stroke is 
found in East Asia, Central Europe, and Eastern 
Europe [3]. On average, stroke occurs 15 years 
earlier and causes more deaths in low- and 
middle-income countries when compared to 
those in high-income countries [6*].

10.3	� Risk Factors

Stroke risk factors are similar to other risk factors 
for vascular events, including ischemic heart dis-
ease and peripheral vascular disease. They 
include modifiable and non-modifiable risk fac-
tors. Modifiable risk factors include hyperten-
sion, dyslipidemia, diabetes mellitus, cigarette 
smoking, alcohol consumption, physical inactiv-
ity, diet, and obesity.

About 90% of the stroke risk could be attrib-
uted to modifiable risk factors (such as high 
blood pressure, obesity, hyperglycemia, hyper-
lipidemia, and renal dysfunction), and 74% could 
be attributed to behavioral risk factors, such as 
smoking, sedentary lifestyle, and an unhealthy 
diet. Globally, 29% of the risk of stroke is attrib-
utable to air pollution. Although global age-
adjusted mortality rates for ischemic and 
hemorrhagic strokes decreased between 1990 
and 2015, the absolute number of people who 
have strokes annually, as well as related deaths 
and disability-adjusted life-years lost, increased. 
The majority of global stroke burden is in low- 
and middle-income countries, as stated above in 
Sect. 10.2 [8*].

Hypertension is the single most important 
modifiable risk factor for ischemic as well as 
hemorrhagic strokes. Studies have consistently 
shown a linear relationship between blood pres-
sure and stroke risk. In some studies, 10  mm 
reduction in blood pressure is associated with a 
33% reduction in stroke risk [9]. In Secondary 
Prevention of Small Subcortical Strokes (SPS3) 
trial, systolic BP of less than 130 is likely associ-
ated with decrease in recurrent stroke {hazard 
ratio 0.81, 95% CI 0.64–1.03, p  =  0.08} [10]. 
Hypertension is also responsible for silent cere-
brovascular events, which in turn lead to diseases 
like vascular dementia [11].

Dyslipidemia is another risk factor for stroke. 
While the association between high cholesterol 
and coronary artery disease and peripheral vascu-
lar disease is well established, the relationship 
between high cholesterol and stroke is less clear 
[11]. In a prospective study that compared cases 
of ischemic stroke and hemorrhagic stroke with 
controls, elevated total cholesterol and lower 
high-density lipoprotein (HDL) levels were asso-
ciated with an increased risk of ischemic stroke, 
especially for large-artery atherosclerotic and 
lacunar stroke subtypes [12].

In a randomized trial named SPARCL (Stroke 
Prevention by Aggressive Reduction of 
Cholesterol Levels), high-dose statin (e.g., atorv-
astatin 80 mg) was associated with 16% relative 
risk reduction in stroke incidence. Those achiev-
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ing 50% reduction in low-density lipoprotein 
(LDL) cholesterol level had 38% relative risk 
reduction [13].

Atrial fibrillation is the most common cause of 
cardioembolic stroke [14]. Identification of atrial 
fibrillation (either permanent or paroxysmal) is 
important, as it is amenable to treatment with 
anticoagulation [15]. Other cardiac risk factors 
include myocardial infarction, left ventricular 
dysfunction, valvular disease, left ventricular 
thrombus, atrial septal defects, and complex ath-
eroma in the ascending aorta or proximal arch.

Other medical conditions that lead to hyperco-
agulability also increase the risk of stroke. These 
include the following:

•	 Antiphospholipid antibody syndrome
•	 Protein C deficiency
•	 Protein S deficiency
•	 Antithrombin deficiency
•	 Activated protein C resistance
•	 Factor V Leiden as a cause of activated protein 

C resistance
•	 Prothrombin G20210A mutation
•	 Methylenetetrahydrofolate reductase 

(MTHFR) mutations associated with hyperho-
mocysteinemia [16]

10.4	� Clinical Features

A hallmark of stroke is the sudden onset of neu-
rological deficits. Ischemic stroke causes symp-
toms almost immediately. Hemorrhagic stroke 
symptoms are also sudden onset but may prog-
ress over time if bleeding is slow. Some intracra-
nial hemorrhages like epidural hematoma 
produces initial symptom followed by a lucid 
interval and a progressive neurological deficit 
related to hematoma expansion. Clinical symp-
toms associated with stroke correspond to the 
area of the brain affected. Most common symp-
toms include weakness, numbness, facial droop, 
and speech difficulty. FAST (facial droop, arm 
weakness, speech difficulties, and time to call 
emergency services) acronym is commonly used 
to educate the general public about the symptoms 

of stroke. Hemiplegia is usually the most com-
mon sign of cerebrovascular disease, whether in 
the cerebral hemisphere or the brainstem. Other 
stroke symptoms include numbness, aphasia, 
dysarthria, dizziness, diplopia, and symptoms 
related to particular cranial nerve if that is 
affected by stroke. These symptoms could pres-
ent either in isolation or in combination. 
Sometimes, stroke in a particular brain area pro-
duces well-recognized clinical syndromes.

Some of the well-known clinical syndromes 
caused by ischemic stroke include the 
following:

Name of 
syndrome Symptoms

Area of brain 
affected

Weber 
syndrome

Oculomotor palsy 
with crossed 
hemiplegia

Base of midbrain

Claude 
syndrome

Ipsilateral 
oculomotor nerve 
palsy, contralateral 
hemiparesis, 
contralateral 
ataxia

Oculomotor nerve, 
red nucleus, and 
brachium 
conjunctivum

Miller-
Gubler 
syndrome

Ipsilateral palsy of 
CN VI and VII 
with contralateral 
hemiplegia

Ventral pons

Locked-in 
syndrome

Limb paralysis 
and loss of speech 
with retained 
consciousness, 
alertness, and 
cognition

Ventral pons 
affecting 
corticospinal, 
corticopontine, 
and corticobulbar 
tracts

Perinaud’s 
syndrome

Upward gaze 
palsy

Compression of 
the vertical gaze 
center at the 
rostral interstitial 
nucleus of medial 
longitudinal 
fasciculus

Wallenberg 
syndrome

Sensory deficits 
contralateral to 
lesion in trunk and 
extremities and 
ipsilateral to the 
lesion in face and 
cranial nerves

Lateral medulla in 
the brainstem

Alexia 
without 
agraphia

Can write, but not 
read

Left occipital lobe 
and extend to the 
splenium of the 
corpus callosum
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10.5	� Diagnosis

Suspicion that the presenting symptom is related 
to stroke is the first step in diverting the diagnos-
tic pathway in an accurate direction. Sudden 
onset of neurological deficit is the core feature of 
acute ischemic stroke. During the evaluation of 
stroke, it is important to keep in mind other 
differential diagnoses that could potentially pro-
duce similar symptoms.

Differential diagnosis of acute ischemic stroke 
includes the following:

•	 Other stroke types including intracranial hem-
orrhage and cerebral venous sinus thrombosis

•	 Seizure
•	 Encephalitis
•	 CNS infection including brain abscess
•	 Brain tumor
•	 Transient global amnesia
•	 Wernicke’s encephalopathy

Immediate non-contrast head CT is the most 
important diagnostic test in patients who present 
with focal neurological deficit. It rules out intra-
cranial hemorrhage and is an adequate radiologi-
cal test before starting intravenous reperfusion 
therapy with t-PA.  Additional diagnostic tests 
could be considered. They include CT angio-
grams of the head and neck. This will help to 
show vascular occlusion, critical stenosis, or ves-
sel dissection. This is needed before considering 
interventional procedures for the treatment of 
stroke. CT perfusion or magnetic resonance 
(MR) perfusion could be done to find out the 
ratio of infarcted core to penumbra. This is 
mostly useful in patients who present as a wake-
up stroke or when the last known normal time is 
unknown. Some of the acute stroke treatment rec-
ommendations are based on the perfusion results 
[17, 18]. Other diagnostic consideration is 
MRI. MRI is very sensitive for the identification 
of an acute stroke. However, it is expensive, takes 
time, and is not widely available in all hospitals. 
A conventional cerebral angiogram rarely has 
diagnostic value in acute ischemic stroke. 
However, it is considered when therapeutic inter-
vention is contemplated. Other essential tests 

include fingerstick glucose and oxygen satura-
tion, which are usually performed during the ini-
tial evaluation. International normalized ratio 
(INR) and electrocardiogram (EKG) are recom-
mended but are not essential before treatment is 
initiated. Platelet count and INR should always 
be drawn before starting t-PA. However, it is not 
recommended that we wait for results in patients 
not suspected to have coagulopathy. It is a com-
mon practice to stop t-PA infusion after it is 
started if the results of INR and platelet count 
come unexpected.

Ecarin clotting time, thrombin time, or appro-
priate direct factor Xa activity assay are not usu-
ally done but could be considered in special 
circumstances. They could be useful if it is known 
or suspected that the patient is taking a direct 
thrombin inhibitor or a direct factor Xa inhibitor 
and is a candidate for thrombolytic therapy with 
t-PA. However, it is not essential before thrombo-
lytic therapy is started unless the patient is on an 
anticoagulant or there is a suspicion of bleeding 
disorders or thrombocytopenia.

10.6	� Treatment

Treatment of acute ischemic stroke with reperfu-
sion therapy started after a landmark trial in 
1995 [19]. This was the first study to show ben-
efit if t-PA is given within 3 h of symptom onset. 
Many stroke trials have failed before this. This 
study did not show any change in mortality but 
did show improvement in functional outcome at 
3 months. In 2008, another trial showed benefit 
of t-PA within 4.5  h of symptom onset [20]. 
Currently, treatment with intravenous t-PA is 
recommended in patients >18 years of age with 
symptom onset within 4.5  h. Treatment with 
t-PA involves significant risks. The most feared 
complication of this treatment is intracranial 
hemorrhage, some of which could be fatal. In the 
initial trial, risk of intracranial hemorrhage was 
6.4  in treatment arm vs. 0.6  in placebo group 
[19]. Therefore, all patients should be stringently 
evaluated for any risk factors that increase the 
chance of intracranial hemorrhage or other 
complications.

10  Acute Ischemic Stroke



76

10.7	� Exclusion Criteria 
for Treatment with t-PA [21*]

Onset >3 h from symptom onset OR
>4.5 h from symptoms onset (with 
an additional exclusion criteriaa)

CT Evidence of hemorrhage on CT
History 1. Intracranial hemorrhage

2. Stroke or traumatic brain injury 
(TBI) in the last 3 months
3. Brain or spinal surgery in the last 
3 months

Bleeding Gastrointestinal or genitourinary 
bleeding in the last 3 months

Coagulopathy Platelets <100,000/mm3

INR >1.7 OR or prothrombin time 
(PT) >15 s
Activated partial thromboplastin 
time (aPTT) >40 s

Antithrombotic 
use

Treatment dose Low-molecular-
weight heparin use within 24 h 
(prophylactic dose is not a 
contraindication)
Factor Xa inhibitors/direct thrombin 
inhibitors use within 48 h OR 
abnormal aPTT, INR, platelet 
count, Ecarin clotting time, 
thrombin time, Xa assay

a  Additional exclusion criteria for treatment between 3 
and 4.5 h

•	 Age >80 years
•	 Oral anticoagulant use regardless of INR
•	 Severe stroke (NIHSS score >25)
•	 Combination of both previous ischemic stroke 

and diabetes mellitus

10.8	� Special Considerations 
in a Select Group of  
Patients [21]

Stroke mimics It is reasonable to treat with t-PA in 
the case of uncertainly. Risk of 
intracranial hemorrhage is quite low

Rapidly 
improving 
symptoms

Recommend treatment unless 
improved symptoms cause no 
disability

Seizure at the 
onset of stroke

Treatment is reasonable if residual 
symptom is likely caused by a 
stroke and not a seizure

Abnormal 
blood glucose

Treatment is reasonable if 
symptoms persist despite 
controlling glucose to 50–400 mg/
dL range

Preexisting 
disability

Treatment is reasonable, but 
decisions should take into account 
relevant factors, including quality of 
life, social support, and goals of 
care

Menstruation It is reasonable to treat unless the 
bleeding is heavy. Utero-vaginal 
packing could be considered to stop 
bleeding if necessary

Recent dural 
puncture

It could be considered

Brain tumor It is “probably recommended” if 
tumor is extra-axial (e.g., 
meningioma) [21]

Unruptured 
brain aneurysm

If aneurysm is small or moderate-
sized (<10 mm), IV t-PA is 
reasonable and probably 
recommended

Dissection It is considered reasonably safe, and 
treatment is recommended

Myocardial 
infarction

It is probably reasonable to treat and 
consider additional treatment for 
myocardial infarction (MI). Need 
for heparin use after MI treatment 
could be an issue

10.9	� Secondary Prevention 
of Acute Ischemic Stroke

All patients with acute ischemic stork should 
adapt strategies to reduce overall cardiovascular 
risk. They include management of the following:

•	 Hypertension
•	 Diabetes
•	 Obesity
•	 Sedentary lifestyle
•	 Sleep apnea

The mainstay of acute ischemic treatments 
includes the use of antithrombotic therapy (anti-
platelets and anticoagulants) along with 
cholesterol-lowering drugs.

Antiplatelet Therapy  All antiplatelet therapy 
irreversibly inhibits platelet function. After expo-
sure to an antiplatelet medication, platelet aggre-
gation is reduced for the remainder of platelet’s 
lifespan (~7–10 days). Multiple researches have 
proven the efficacy of antiplatelet therapy in the 
prevention of acute ischemic stroke. Aspirin 
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75–325 mg has been used in most of the research 
studies [22]. The International Stroke Trial and 
Chinese Acute Stroke Trial are two of the largest 
trials to study the effect of aspirin in the preven-
tion of ischemic stroke [23, 24].

Clopidogrel 75 mg daily and a combination of 
dipyridamole 200 mg + aspirin 25 mg are other 
alternatives. Multiple studies have compared dif-
ferent antiplatelet agents. Although some studies 
revealed the superiority of clopidogrel or dipyri-
damole 200 mg + aspirin 25 mg over aspirin, the 
majority of studies showed similar efficacy [25].

Reasonable alternative therapies to aspirin 
include:

	1.	 Clopidogrel 75 mg daily
	2.	 Dipyridamole 200 mg + aspirin 25 mg
	3.	 Dual antiplatelet therapy (short-term dual 

antiplatelet therapy is reasonable in high-risk 
TIA or stroke patients who were on mono-
therapy at the time of stroke onset)

Anticoagulants  Use of warfarin or other similar 
medication is recommended in patients with 
atrial fibrillation. This is proven in multiple clini-
cal trials and their meta-analyses [26]. Reasonable 
alternatives to warfarin are:

	1.	 Heparin (unfractionated or low molecular 
weight)—intravenous or subcutaneous

	2.	 Direct thrombin inhibitors (e.g., 
dabigatran)—oral

	3.	 Factor Xa inhibitors (e.g., apixaban, 
rivaroxaban)—oral

Surgical Treatments for Secondary Prevention 
of Stroke  Patients with carotid stenosis benefit 
from revascularization with either carotid endar-
terectomy (CEA) or carotid stent placement. It 
was demonstrated by North American 
Symptomatic Carotid Endarterectomy Trial 
(NASCET) in 1991 [27*]. It was initially studied 
in patients with >70% stenosis. Another trial 
called European Carotid Surgery Trial (ECST) 
again showed the benefit of surgery in patients 
with high-grade stenosis [28]. Veterans Affairs 
trial also proved efficacy of surgery. In a pooled 

analysis of above three trials, it was found that 
patients with lesser degree of stenosis also bene-
fited from surgery. Number needed to treat (NNT) 
to prevent one stroke over 5 years for patients 
with >70% stenosis was 6.3, while NNT for 
patients with 50–70% stenosis was 22 [29]. 
Currently it is widely accepted to treat patients 
with >50% carotid stenosis on symptomatic side. 
Treatment of asymptomatic carotid stenosis is 
less clear. Carotid artery stenting is another rea-
sonable alternative to CEA. In 2010, endarterec-
tomy compared to stenting in the treatment of 
carotid artery stenosis (CREST) trial was pub-
lished. It showed that among patients with carotid 
stenosis, stenting and CEA were associated with 
similar rates of stroke, MI, and death, although 
stenting was associated with fewer peri-
procedural MIs and endarterectomy with fewer 
peri-procedural strokes [30].

In patients >50  years with cryptogenic non-
lacunar stroke and patent foramen ovale (PFO), 
closure of PFO could be considered. Thorough 
evaluation should be undertaken to rule out cario-
genic causes, including long-term (unto 30 days) 
cardiac rhythm evaluation [31].

Left atrial appendage occlusion with a device 
(e.g., WATCHAMN) could be considered in cer-
tain patients with atrial fibrillation who cannot 
tolerate anticoagulation [32].
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11Subarachnoid Hemorrhage

Prakash Kafle, S. Vignesh, Sabin Bhandari, 
and Gentle Sunder Shrestha

Case Scenario
A 48-year-old right-handed male presented to the 
emergency department (ED) with chief com-
plaint of headache of 8  h duration, which was 
sudden in onset, severe from the onset, and pro-
gressively increasing in intensity, diffuse, non-
radiating, without any aggravating or relieving 
factors, associated with multiple episodes of pro-
jectile non-bilious vomiting. The patient doesn’t 
give a history of loss of consciousness and abnor-
mal body movements. There was no history of 
head trauma or similar attacks in the past. There 
was no history of fever, burning micturition, pal-
pitation, chest pain, or heaviness. He is a known 
case of hypertension for 12 years under regular 
medication of losartan 50 mg once a day. He is 
also a known case of type 2 diabetes mellitus for 
the last 10 years for which he is taking metfor-
min. He occasionally consumes homemade alco-
hol and smokes cigarettes, around 10 packs per 
year for the last 20 years. On examination in ED, 
he was well oriented to time, place, and person 
with the Glasgow Coma Scale (GCS) of 15. His 
vital parameters were stable. His neurological 
examination was within normal limits, and other 

systemic examinations did not reveal any abnor-
malities. He underwent a plain CT head, which 
showed diffuse subarachnoid hemorrhage (SAH) 
more on the left sylvian fissure. He subsequently 
underwent cerebral CT angiography (CTA), 
which showed a bilateral middle cerebral artery 
(MCA) aneurysm. The provisional diagnosis of 
spontaneous SAH due to bilateral MCA aneu-
rysm rupture with the World Federation of 
Neurological Surgeons (WFNS) grade-1 was 
made, and he was posted for the surgery as a 
semi-emergency case. He underwent left pteri-
onal craniotomy and microsurgical clipping of 
the aneurysm. The immediate post-operative 
period was uneventful. On the second post-
operative day, he became drowsy and developed 
hemiparesis of right half of the body. Transcranial 
Doppler study showed features of vasospasm. He 
was then managed with blood pressure (BP) aug-
mentation therapy, maintaining the normal cen-
tral venous pressure (CVP). Over the next 6 h of 
treatment, there was a gradual improvement in 
his level of consciousness and hemiparesis. He 
was shifted to the ward on the fourth post-
operative day and was discharged from hospital 
on the seventh post-operative day with the GCS 
of 15 and no focal neurological deficits with 
advice for endovascular coiling of the right-sided 
aneurysm at a later date.
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11.1	� Introduction

Headache is one of the most common clinical 
symptoms for which a patient visits ED [1]. 
Subarachnoid hemorrhage (SAH), characterized 
by bleeding in the subarachnoid space between the 
arachnoid mater and pia mater, is a rare but 
extremely lethal cause of headaches seen in the 
emergency department. It has an incidence of 1% 
and a median case-fatality rate of 27–44% [2, 3]. 
While trauma is the most frequent cause of sub-
arachnoid hemorrhage (SAH), approximately 
85% of cases of non-traumatic spontaneous SAH 
are attributed to a ruptured aneurysm, leading to 
the sudden onset of a severe headache; therefore, it 
is crucial to promptly recognize and differentiate 
SAH as the underlying cause of the headache to 
greatly reduce the patient’s risk of mortality [4, 5].

11.2	� Epidemiology

The incidence of SAH is about 9.1 cases per 
100,000 people per year in population-based stud-
ies including out-of-hospital deaths. The inci-
dence of aneurysmal subarachnoid hemorrhage 
(aSAH) varies across regions, with higher rates 
observed in Japan (22.7 cases per 100,000 people 
per year, 21.9–23.5), Finland (19.7 cases per 
100,000 people per year), and China, while lower 
rates are seen in South and Central America [6, 7].

The average age at which aneurysm rupture 
tends to happen is higher as individuals get older, 
typically occurring between the ages of 50 and 
60; however, it is important to note that young 
children and older adults can also experience this 
condition [8–10]. aSAH is 1.6 times more com-
mon in female population after the age of 50 [11]. 
The factors associated with the increased preva-
lence of unruptured intracranial aneurysm include 
female sex; age more than 30 years; descendants 
of Japanese, Chinese, Korean, and Finnish; pres-
ence of hypertension; increased wall stress due to 
arteriovenous malformation (AVM); hypoplasia 
of cerebral arteries; vascular disease; high choles-
terol level; genetic conditions like collagen vascu-
lar disease (polycystic kidney, Marfan’s disease, 
and Ehlers-Danlos syndrome); smoking; diabe-

tes; and alcohol consumption [11, 12]. Unruptured 
intracranial aneurysm has its natural course with a 
risk of rupture depending upon the location and 
size of the aneurysm, as shown in Table 11.1 [13].

The overall risk of rupture of untreated aneu-
rysms is 1.2–1.3% [12]. Multiple factors inter-
play for the unruptured aneurysm to rupture. Risk 
factors for aneurysm rupture are higher age, 
female gender, Japanese or Finnish descent, and 
smoking. Aneurysm characteristics that include 
aneurysm larger than 10  mm, presence of wall 
stress, posterior circulation aneurysm, multiple 
aneurysms, irregularity with the daughter sac 
aspect ratio, height-to-width ratio, bottleneck 
factor, growing aneurysm, and presence of 
inflammation were significantly and positively 
correlated with rupture risk, while aneurysms 
located at the internal carotid artery (ICA) and 
neck width (N) correlated negatively with rupture 
risk [9, 13, 14–18].

11.3	� Pathophysiology

Most of the aneurysms develop spontaneously, 
and only few develop following trauma, tumor, or 
infection (1–2%) [19–21]. The precise mecha-
nisms involved in the development, enlargement, 
and rupture of spontaneous cerebral aneurysms 
remain unclear, but several interrelated factors 
such as abnormalities and degradation of the 
extracellular matrix, hemodynamic stress, and 
inflammatory reactions have been identified as 
potentially contributing to this process [22].

Table 11.1  Annual rupture risk of unruptured aneurysm 
as described in the International Study of Unruptured 
Intracranial Aneurysms (ISUIA)

Aneurysm size (mm)
Aneurysm location
Anteriora (%) Posteriorb (%)

<7 0 2.5
7–12 2.6 14.5
13–24 14.5 18.4

≥25 40 50
a Anterior: Includes aneurysms in internal carotid artery, 
anterior communicating artery, anterior cerebral artery, 
and middle cerebral artery
b Posterior: Includes aneurysm located in posterior circu-
lation and posterior communicating artery
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The dysregulation between matrix metallo-
proteinases (MMPs) and tissue inhibitors of 
metalloproteinases, which are generated by 
smooth muscle cells and inflammatory cells, 
plays a role in the degradation and restructuring 
of the extracellular matrix. This process is 
believed to be involved in the onset and 
advancement of cerebral aneurysms. Similarly, 
elevated wall shear stress caused by turbulent 
blood flow at arterial junctions, wider bifurca-
tion angles, or sharp changes in vascular angles 
leads to endothelial cell injury, degeneration of 
smooth muscle cells, and thinning of the media 
layer, which ultimately may lead to the forma-
tion of aneurysm. Multiple immune-related ele-
ments, such as monocyte chemoattractant 
protein 1, NF-κB, angiotensin II, prostaglandin 
E2, Interleukin (IL) 1β, IL6, tumor necrosis 
factor-α, TLR4, Fas, nitric oxide, and comple-
ments, synergistically contribute to the weak-
ening of the vessel wall, leading to the formation 
of aneurysmal dilatation and eventual rupture 
[18, 22, 23]. The final common pathway for 
aneurysm formation thus involves endothelial 
dysfunction/injury triggered by high shear 
stress, a mounting inflammatory response, vas-
cular smooth muscle cell (VSMC) phenotypic 
modulation, extracellular matrix remodeling, 
and subsequent cell death and vessel wall 
degeneration [18].

Recent studies utilizing computational fluid 
dynamics models have revealed that although 
high wall shear stress contributes to the devel-
opment of aneurysms, low stress levels have 
been related to the rupture of aneurysm. 
Surprisingly, the wall shear stress is notably 
lower at the site of rupture, and pooled analyses 
have shown that reduced wall shear stress may 
serve as a predictive factor for aneurysm rup-
ture [24–26].

On the basis of pathogenesis, the shape of 
aneurysm can be saccular aneurysm (berry aneu-
rysm), which are outpouching on blood vessels; 
fusiform aneurysm, which are blood vessel dila-
tations resulted from dissection of the blood ves-
sels; and infective aneurysm, which arises from 
focal necrosis of the arterial wall following either 
bacterial or fungal infection.

11.4	� Etiology of SAH

The etiology of SAH can be divided into:

11.4.1	� Traumatic SAH

	1.	 The commonest cause of SAH [4]

11.4.2	� Spontaneous SAH

It can be further subclassified into:

	1.	 Vascular
Ruptured intracranial aneurysms: Accounts 

for 75–80% of spontaneous SAHs
Cerebral arteriovenous malformation 

(AVM): Accounts for 4–5% of cases
Hypertensive bleed, amyloid, vasculitis 

due to polyarteritis nodosa, eclampsia, hyper-
coagulable states, etc.

Spinal AVMs
	2.	 Infection

Bacterial, tuberculous and fungal meningi-
tis, syphilis, malaria, dengue, viral encephali-
tis, herpes simplex, etc.

	3.	 Tumor
Gliomas, meningiomas, hemangiomas, 

pituitary adenoma, choroid plexus papilloma 
and others.

	4.	 Toxins
Amphetamines, cocaine, nicotine, alcohol, 

lead, insulin, snake venom
	5.	 Hematological

Coagulopathy, leukemia, sickle cell ane-
mia, lymphomas, melanoma

	6.	 Pretruncal nonaneurysmal SAH
	7.	 Idiopathic—14–22%

11.5	� Clinical Manifestation

Patient with spontaneous SAH typically pres-
ents as sudden onset of severe thunderclap head-
ache, described as “the worst headache of my 
life” [27]. The typical description of the head-
ache is characterized by its sudden and intense 
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nature, reaching its peak intensity at the onset or 
within a few minutes, although some studies 
have expanded the timeframe to include head-
aches that become severe in intensity within 1 h. 
This type of headache has been likened to a sud-
den loud sound, which is why it is referred to as 
a “thunderclap headache” [5, 28]. The headache 
typically lasts a few days, and it is atypical to be 
resolved in less than 2 h [29]. In two-thirds of 
patients, the headache is accompanied by loss of 
consciousness or focal deficits, and in up to one-
third of patients with aSAH, symptoms or signs 
consist of headache alone [30]. Other associated 
symptoms include seizures (6–9%), delirium 
(16%), stroke, visual disturbances, nausea, 
vomiting, dizziness, neck stiffness, and photo-
phobia [5].

In 10–40% of patients, the headache is pre-
ceded by a warning leak or “sentinel headache,” 
which consists of severe headache of sudden 
onset associated with nausea, vomiting, and diz-
ziness that reaches maximum intensity within 
minutes. However, unlike SAH, patients with 
sentinel headaches generally do not have menin-
gismus, altered consciousness, or focal neuro-
logical symptoms and signs [5, 31]. Minor leak 
has been widely accepted as the principal cause 
of these warning leaks; however, vascular and 
parenchymal ischemic origins have also been 
suggested as the possible cause [31].

The signs and symptoms produced by SAH 
are also dependent on the site and size of aneu-
rysm. Anterior cerebral artery aneurysm may 
present with transient bilateral lower limb pare-
sis. Middle cerebral artery aneurysm may present 
with contralateral hemiparesis, paresthesia, 
hemianopsia, and dysphasia. Posterior cerebral 
artery aneurysm may present with symptoms of 
brainstem dysfunction. Internal carotid and pos-
terior communicating artery aneurysm may pres-
ent with third cranial nerve palsy and retro-orbital 
pain. Visual field defect or vision loss may be the 
presenting feature in carotid-ophthalmic artery 
aneurysm [32].

Apart from neurological manifestations, SAH 
may also present with cardiac arrhythmias, pul-
monary edema, and intraocular hemorrhage 
(Terson syndrome) [33, 34].

11.6	� Grading of SAH

Numerous grading systems have been developed 
to grade patients with SAH to assess the clinical 
severity of the initial injury, guide the treatment 
decision, know the prognosis regarding outcome, 
and standardize patient evaluation for the pur-
pose of scientific study. Currently, the common 
SAH grading scales are the Hunt and Hess scale, 
Fisher scale, Glasgow Coma Scale (GCS), and 
the World Federation of Neurological Surgeons 
(WFNS) scale. The GCS, the WFNS (Table 11.2), 
and Hunt and Hess grading scale (Table 11.3) are 
used to predict the patient clinical outcome, and 
the Fisher grade (Table 11.4) helps to predict the 
event of vasospasm [35]. Vasograde scale 
(Table 11.5) is used for the prediction of delayed 
cerebral ischemia (DCI) after SAH [36]. Although 
multiple scoring systems have been developed to 

Table 11.2  World Federation of Neurological Surgeons 
(WFNS) grading [38*]

WFNSa grade GCS scoreb Major focal deficitsc

0d − −
1 15 −
2 13–14 −
3 13–14 +
4 7–12 ±
5 3–6 ±

a WFNS World Federation of Neurological Surgeons
b GCS Glasgow Coma Scale
c Hemiparesis or hemiplegia/aphasia
d Intact aneurysm

Table 11.3  Hunt and Hess grading [39*]

Grade Clinical status Survival (%)
1 Asymptomatic/minimal 

headache and slight nuchal 
rigidity

70

2 Moderate-to-severe headache, 
nuchal rigidity, no neurological 
deficits or CN palsy

60

3 Drowsy, confusion, or mild 
focal deficits

50

4 Stupor, moderate-to-severe 
hemiparesis, nearly decerebrate 
rigidity and vegetative 
disturbance

20

5 Deep coma, decerebrate 
rigidity, moribund appearance

10
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Table 11.4  Modified Fisher’s CT grading [40*]

Grade Blood in CT
Symptomatic 
vasospasm (%)

0 No SAH or IVH
1 Minimal or thin SAH, no 

IVH in B/L lateral 
ventricles

24

2 Minimal or thin SAH, with 
IVH in B/L lateral 
ventricles

33

3 Thick SAH, no IVH in B/L 
lateral ventricles

33

4 Thick SAH, with IVH in 
B/L lateral ventricles

40

B/L Bilateral

Table 11.5  Vasograde scale [36*]

Vasograde WFNS Modified Fisher scale
Green 1–2 1–2
Yellow 1–2 3–4
Red 4–5 Any

Fig. 11.1  Plain computed tomography of a 48-year-old 
male with diffuse subarachnoid hemorrhagepredict different patient-centered outcomes and 

prognosis, none of these specific scores demon-
strated superior performance compared to the 
Glasgow Coma Scale (GCS) [35, 37].

11.7	� Diagnosis

11.7.1	� Diagnostic Tools

11.7.1.1	� Computed Tomography
When there is a clinical suspicion for SAH, non-
contrast computed tomography (CT) is the first 
diagnostic tool. The probability of detecting SAH 
in non-contrast CT head is proportional to the 
amount of blood in the subarachnoid space, the 
time after the event, and the quality of the CT 
scan. Non-contrast CT (Fig. 11.1) if done within 
6 h of ictus has a sensitivity of 98.7% with confi-
dence intervals of 97.1–99.4%, the sensitivity 
declines to 86% after 1 day, 76% after 2 days, 
58% after 5 days, and 50% at 1 week for detect-
ing SAH [27, 41].

Various scoring system requires non-contrast 
CT to prognosticate patients regarding outcome, 
angiographic vasospasm, and delayed cerebral 
ischemia based on the location and volume of 

blood in SAH.  In addition to showing SAH, a 
non-contrast CT head also helps to show the 
presence of hydrocephalus, mass effect, and cere-
bral edema, which might be important in decid-
ing management strategies [28].

Some authors have claimed that the negative 
CT scan after 6 h rules out SAH, but this is con-
troversial because severely anemic patients may 
have a normal CT head even after SAH if CT is 
done very late following ictus [41].

11.7.1.2	� Lumbar Puncture
Lumbar puncture (LP) is an indispensable tool 
for the diagnosis of SAH with a convincing clini-
cal history and negative brain CT [42]. The pres-
ence of erythrocytes and xanthochromia in CSF 
raises the suspicion of SAH.  The presence of 
erythrocytes can also be seen in “traumatic tap” 
in 30% of LP and can confound the result [28]. 
Typically, the identification of red blood cells 
(RBCs) in the fourth tube of cerebrospinal fluid 
(CSF) is considered indicative of subarachnoid 
hemorrhage (SAH), while a decrease in the num-
ber of erythrocytes in subsequent tubes is an indi-
cation of a traumatic tap [43]. Nevertheless, 
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Table 11.6  CSF features in subarachnoid hemorrhage and in traumatic tap

SN Features Subarachnoid hemorrhage Traumatic tap
1 RBCs RBC count usually >100,000 

RBCs/mm3. Compare RBC 
count in first to last tube

Decreasing numbers of 
RBC count on serial tubes

2 Clotting Non-clotting bloody fluid that 
does not clear with sequential 
tubes

Clots with the time

3 Xanthochromia Present when centrifuged after 
12th hours of ictus

Absent

4 Free Hb >0.04 AU <0.04 AU
5 Bilirubin >350 nm/L <350 nm/L
6 RBC-to-WBC ratio Decreased Same as in peripheral blood 

sample
7 CSF glucose Normal or reduced Normal
8 CSF opening pressure High/elevated Normal

Fig. 11.2  Cerebral CT angiogram of the same patient 
showing saccular aneurysms at bilateral MCA

several authors have demonstrated the unreliabil-
ity of the method that involves comparing the 
first and fourth tubes [44, 45].

Xanthochromia or yellowish discoloration of 
CSF is considered by many authors to be pathog-
nomonic of SAH. Xanthochromia can be identi-
fied either through visual examination of the CSF 
tube compared to a tube of water or by using 
spectrophotometry. It takes approximately 12  h 
for xanthochromia to develop [27, 28]. Visual 
inspection of the CSF is however unreliable and 
had a sensitivity of less than 50% [46]. Hence, 
spectrophotometry is the recommended test to 
detect xanthochromia [28]. The CSF characteris-
tic to differentiate SAH from traumatic tap is as 
shown in Table 11.6.

11.7.2	� Angiographic Studies

Angiographic studies are the investigation of 
choice to locate and visualize the aneurysm [47].

11.7.2.1	� CT Cerebral Angiography
CT angiography (Fig. 11.2) is an alternative diag-
nostic method that exhibits high sensitivity (98%) 
and specificity (100%) in detecting cerebral 
aneurysms in patients with confirmed SAH [28, 
48]. This imaging technique can be performed 
rapidly and without invasive procedures. In situa-

tions where LP is not feasible due to factors like 
coagulopathy, CTA can be utilized to guide treat-
ment, with awareness of its limitations taken into 
account [28]. The sensitivity of CTA for aneu-
rysms <4  mm is 92.3%; thus, small aneurysms 
and those adjacent to the skull base may be 
missed [49, 50].
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11.7.2.2	� Digital Subtraction 
Angiography

Digital subtraction angiography (DSA) with 
three-dimensional reconstruction remains the 
“gold standard” in the investigation of spontane-
ous SAH, which also defines relevant anatomy 
for treatment [51]. CTA has a maximum spatial 
resolution between 0.35 and 0.5  mm, whereas 
3D rotational angiography can resolve vessels 
between 0.2 and 0.3 mm, and conventional DSA 
can resolve vessels as small as 0.1  mm [52]. 
DSA is thus indicated in a diffuse aneurysmal 
pattern of SAH with a negative CTA and for con-
firmation of vasculitis if blood is peripherally 
located [51].

11.7.2.3	� Magnetic Resonance 
Imaging and MR 
Angiography

The feasibility of doing MR angiography is only 
51%, and the sensitivity of MRA is only 95%, 
which is inferior to CTA [53]. Likewise, in cases 
of SAH, the blood mixes with CSF containing 
high levels of oxygen, which slows down the pro-
cess of blood products transitioning into a deoxy-
hemoglobin state and can be visualized more 
effectively using magnetic resonance imaging 
(MRI) [54]. MRI with fluid-attenuated inversion 
recovery (FLAIR), proton density, and gradient-
echo sequences, when performed more than 24 h 
after the onset of headache, exhibits a sensitivity 
of 100% in detecting SAH [55]. MRI is not sug-
gested as a primary imaging method in SAH but 
can be beneficial in specific uncommon situa-
tions, particularly for patients who experience a 
significant time lapse between the occurrence of 
symptoms and their presentation [28].

11.7.3	� Differential Diagnosis

	1.	 Reversible cerebral vasoconstriction 
syndrome

	2.	 Meningitis
	3.	 Cluster headache
	4.	 Encephalitis
	5.	 Hypertensive emergency
	6.	 Intracranial hemorrhage
	7.	 Migraine headache

11.8	� Management

The rupture of an intracranial aneurysm sets off a 
sequence of events that unfolds over a period of 
days to weeks, often necessitating an extended 
stay in the intensive care unit (ICU) [56, 57]. The 
initial stage is the acute phase, lasting for the first 
24  h, during which the abrupt release of blood 
into the subarachnoid space leads to a rapid 
increase in intracranial pressure (ICP). In cases 
of severe and prolonged elevation of ICP, cere-
bral perfusion may be compromised, resulting in 
overall cerebral ischemia. Subsequently, the sub-
acute phase takes place within the first 72 h, char-
acterized by imbalances in oxygen supply and 
demand that trigger the activation of pathways 
leading to cell death and early brain injury (EBI). 
The final phase, referred to as the delayed or 
chronic phase, occurs more than a week after the 
rupture and is characterized by vasospasm and 
delayed cerebral ischemia (DCI) [58]. The man-
agement of aneurysmal SAH patients focuses on 
the anticipation, prevention, and management of 
these phases and different complications arising 
in it.

11.8.1	� Acute Phase

11.8.1.1	� Initial Stabilization
Upon recognizing the presence of an SAH, timely 
referring the patient to a specialized medical 
facility with a high volume of cases (>35 cases 
per year) with access to neurocritical care, neuro-
surgery, and endovascular specialists has been 
linked to reduced mortality, enhanced outcomes, 
and an increased proportion of patients being dis-
charged to their homes [59–61]. The primary 
objectives that require prompt attention involve 
ensuring a stable airway, stabilizing cardiovascu-
lar function, and addressing seizures [57].

11.8.1.2	� Prevention of Rebleeding
The immediate focus should be on lowering sys-
tolic blood pressure (BP) and reversing antico-
agulation in order to minimize the possibility of 
aneurysm re-rupture [28]. According to the 
American Heart Association/American Stroke 
Association (AHA/ASA) [62], it is recommended 

11  Subarachnoid Hemorrhage



86

to maintain systolic blood pressure below 
160  mmHg, while the Neurocritical Care [63] 
guidelines advise to keep the mean arterial blood 
pressure below 110 mmHg. On the other hand, 
the European guidelines suggest to maintain the 
systolic blood pressure below 180  mmHg [64] 
for ruptured unsecured aneurysm. The target BP 
however varies after the aneurysm has been 
secured. Similarly, the guidelines have also sug-
gested to prevent wide fluctuations in BP and 
hypotension, which may result in a drop in cere-
bral perfusion pressure (CPP) [62–64].

The reversal of anticoagulation should be ini-
tiated without delay. Phytonadione (vitamin K), 
prothrombin complex concentrate (PCC), or 
fresh frozen plasma can be used to reverse the 
effects of vitamin K antagonists. PCC is the pre-
ferred option due to its quick action, elimination 
of the need for thawing or blood type matching, 
and the ability to be administered rapidly with 
lower volume and reduced risk of fluid overload 
[65]. While it is advisable to keep the platelet 
count above 100,000/mm3 in SAH patients eligi-
ble for neurosurgical treatment, administering 
platelet infusions to patients on antiplatelet ther-
apy has been associated with higher mortality 
rates [66]. Research has shown that direct throm-
bin inhibitors like dabigatran can be reversed 
using idarucizumab, and factor Xa inhibitors 
such as apixaban, edoxaban, and rivaroxaban can 
be reversed using andexanet alfa.

Another potential treatment to reduce rebleed-
ing is antifibrinolytic agents, such as tranexamic 
acid, which may stabilize the initial thrombus at 
the bleeding site. In a randomized, controlled 
clinical trial, tranexamic acid, given for a short 
course (1 g every 6 h), until the aneurysm was 
repaired (maximum up to 72 h), reduced the risk 
of rebleeding, albeit without a significant 
improvement in outcome [67]. They were also 
associated with an increased risk of deep venous 
thrombosis and delayed cerebral ischemia [68]. 
Currently European [64] and recently published 
Italian guidelines [69] have neither supported nor 
refuted the use of antifibrinolytics; however, 
AHA/ASA and the Neurocritical Care Society 
have suggested short-term (<72 h) therapy with 
tranexamic acid or aminocaproic acid to reduce 
the risk of early aneurysm rebleeding for patients 

with an unavoidable delay in obliteration of 
aneurysm, a significant risk of rebleeding, and no 
compelling medical contraindications [62, 63].

Once a bleeding aneurysm is identified, the 
ultimate therapeutic goal is to secure it by coiling 
or clipping. Two randomized trials have com-
pared endovascular coiling with neurosurgical 
clipping for ruptured intracranial aneurysms: the 
International Subarachnoid Aneurysm Trial 
(ISAT) and the Barrow Ruptured Aneurysm Trial 
(BRAT). Despite a significantly higher rate of 
obliteration and greater durability with open-
surgical treatment than with endovascular treat-
ment, both trials showed better functional 
outcomes at 1 year with endovascular treatment 
than with open-surgical treatment [70–73]. 
However, the ISAT study faced the problem of 
selection bias as the majority of patients who 
underwent coiling had aneurysms smaller than 
1  cm, were classified as WFNS grades 1–3 
(mostly 1–2), and only 3% of aneurysms in pos-
terior circulation were included. Similarly, BRAT 
study revealed a significant proportion of patients 
initially assigned to the coiling group switched to 
the surgical clipping group (38%). This raises 
doubts about the benefits of coiling in a small 
subset of posterior circulation aneurysms [32].

The selection of endovascular coiling or neu-
rosurgical clipping for repairing an aneurysm is 
influenced by several factors. These factors 
include the age and overall health of the patient, 
the presence of large intracranial hematomas, 
comorbidity, characteristics of the ruptured aneu-
rysm (size, shape, and location), the presence of 
other aneurysms, and the certainty regarding the 
aneurysm with bleeding. Additionally, the esti-
mated risks associated with both clipping and 
coiling procedures, as well as the availability of 
appropriate equipment and the expertise of the 
medical professionals involved, are important 
considerations [74]. As a rough guidance, aneu-
rysms with a wide neck, branching vessels out of 
the aneurysm sack, middle cerebral artery aneu-
rysms, or patients with intracerebral hematoma 
should preferably be treated by clipping, while 
aneurysms of the basilar artery, elderly patients 
(patients >70 years, small aneurysm neck, poste-
rior circulation), and those presenting with poor 
grade (World Federation of Neurological 
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Surgeons classification IV/V) should be coiled 
[62, 64]. For aneurysms treatable by either endo-
vascular coiling or neurosurgical clipping, endo-
vascular repair is recommended [62, 75].

The timing of aneurysm repair is another area 
where evidences are limited. Early repair of 
aneurysm rupture, within 72 h after the onset of 
first symptoms, has been recommended by the 
American Heart Association/American Stroke 
Association, which has also been corroborated by 
their European counterparts and Neurocritical 
Care Society [62–64]. The superiority of ultra-
early treatment (within 24 h) compared to early 
aneurysm repair (within 72 h) and the potential 
for improved outcomes with early treatment 
(within 3 days) compared to intermediate (days 
4–7) or late (after day 7) treatment in patients 
with poor-grade subarachnoid hemorrhage 
remain uncertain [76, 77].

11.8.1.3	� Management of Intracranial 
Hypertension

Intracranial hypertension, which is characterized 
by elevated pressure within the skull (at least 
20  mmHg), is a frequently observed complica-
tion in cases of subarachnoid hemorrhage (SAH). 
It occurs in over 50% of patients with 
SAH. Various factors, including cerebral swell-
ing, bleeding within the brain tissue, rapid accu-
mulation of fluid in the brain cavities (acute 
hydrocephalus), bleeding into the ventricles 
(intraventricular hemorrhage), re-rupture of the 
aneurysm, complications arising from aneurysm 
treatment, early brain injury (EBI), and delayed 
cerebral ischemia (DCI), have been identified as 
contributors to the development of intracranial 
hypertension [78].

To effectively manage raised intracranial pres-
sure (ICP), the following interventions are rec-
ommended: elevating the head of the bed by 
30°–45° to optimize cerebral venous drainage, 
maintaining normoventilation with arterial par-
tial pressure of carbon dioxide (PaCO2) between 
35 and 40  mmHg, utilizing short periods of 
hyperventilation as a temporary measure, admin-
istering sedation and analgesia to achieve a state 
of calmness (targeting a Richmond Agitation 
Sedation Scale score of −5 or Sedation-Agitation 
Scale score of 1), maintaining ICP below 

20  mmHg and cerebral perfusion pressure 
between 50 and 70 mmHg, considering surgical 
intervention for mass-occupying lesions and 
cerebrospinal fluid drainage, and employing bar-
biturate sedation, decompressive craniectomy, or 
hypothermia in refractory cases [79, 80].

Hyperosmolar agents, such as mannitol (20%) 
and hypertonic saline, are usually considered in 
SAH with features of raised ICP. But their role in 
clinical outcome is unclear owing to the lack of 
well-designed RCTs; however, a meta-analysis 
and systemic review from TBI reported better 
control of elevated ICP with the use of hypertonic 
saline compared with mannitol, though with a 
different patient population, it remains uncertain 
whether to extrapolate this result to SAH [81].

The use of therapeutic hypothermia has dem-
onstrated effectiveness in managing ICP in 
SAH. However, it has not been linked to enhanced 
functional recovery or decreased mortality rates 
in patients with SAH of poor grade. As a result, 
further evidence is needed before promoting its 
widespread utilization [82].

Decompressive craniectomy is a potential 
approach to address high ICP in patients with 
SAH who do not respond to other treatments. 
While decompressive craniectomy has been 
linked to lower mortality rates, notable decreases 
in ICP, improved oxygenation, and metabolism in 
the brain, it often leads to unfavorable outcomes, 
such as severe disability or death, for most 
patients. Experts suggest that the greatest benefit 
from decompressive craniectomy can be achieved 
when the procedure is performed early (within 
48 h of the bleeding) and when there are no signs 
of cerebral infarction in radiological images [80, 
83, 84].

11.8.1.4	� Management 
of Hydrocephalus

Hydrocephalus, defined as a bicaudate index on 
the CT scan exceeding the 95th percentile for 
age, occurs in approximately 20% of patients 
during the acute phase and in about 10% during 
the chronic phase after SAH [85]. An external 
ventricular drain (EVD) should be inserted to 
allow CSF drainage and ICP monitoring when 
the hydrocephalus is associated with a decreased 
level of consciousness. The placement of an EVD 
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prior to treating an aneurysm has been proven to 
be secure and does not result in a higher likeli-
hood of the aneurysm re-rupturing [86, 87]. 
Roughly 30% of patients experiencing severe 
SAH show neurological improvement following 
the insertion of an EVD and drainage of 
CSF.  Nevertheless, it is important to exercise 
caution when draining CSF prior to repairing the 
aneurysm, as excessive and rapid drainage can 
raise the transmural pressure, thereby elevating 
the risk of aneurysm re-rupture [87, 88]. A ran-
domized trial investigated the impact of lumbar 
drainage and found that it decreased the occur-
rence of delayed cerebral ischemia. However, 
there was no observable influence on the overall 
outcome after 6 months [89].

11.8.1.5	� Management of Seizure
Seizure is an early complication that can occur in 
up to 26% of patients when an aneurysm rup-
tures. Most seizures happen within the first 24 h, 
with only about 2–8% occurring later [58]. Risk 
factors for seizures after SAH include surgical 
repair of the aneurysm in patients over 65 years 
of age, a thick clot in the subarachnoid space, and 
possibly the presence of intraparenchymal hema-
toma or infarction [90, 91]. Various studies have 
shown that using antiepileptic drugs can lead to 
poor cognitive outcomes and increase complica-
tions during hospitalization [58]. If seizure pre-
vention is deemed necessary, alternative 
anticonvulsants other than phenytoin can be used, 
but only for a short duration of 3–7 days, as this 
has been shown to be as effective as longer treat-
ment [92]. Patients with severe bleeding or unex-
plained neurological symptoms should undergo 
continuous electroencephalogram monitoring to 
detect non-convulsive seizures, although the 
impact of successfully treating these non-
convulsive seizures has not been studied [63].

11.8.1.6	� Management 
of Cardiopulmonary 
Dysfunction

Cardiopulmonary dysfunction is common after 
aSAH, especially in poor-grade SAH, and is 
related to high catecholamine release and sym-
pathetic overstimulation [93]. The cardiac 

issues that occur after SAH can vary from 
minor alterations in the electrocardiogram to 
severe cardiogenic shock, which may necessi-
tate the use of an intra-aortic balloon pump and 
apical ballooning of the left ventricle [94, 95]. 
Supportive care is the primary approach to 
treatment, and the majority of cases will natu-
rally improve within a period of 2 weeks. 
Around one-third of patients may experience 
pulmonary complications following a sub-
arachnoid hemorrhage, including hospital-
acquired pneumonia, cardiogenic or neurogenic 
pulmonary edema, aspiration pneumonitis, pul-
monary embolism, and potentially acute respi-
ratory distress syndrome [96–98].

11.8.2	� Subacute Phase

The primary goal during this stage is to avoid fur-
ther harm to the brain by ensuring sufficient oxy-
gen supply and meeting the brain’s metabolic 
requirements. Achieving this objective involves 
optimizing cerebral perfusion pressure (CPP), as 
recent evidence indicates that maintaining a CPP 
level above 70  mmHg in the early stages can 
enhance brain tissue oxygenation and overall 
brain blood flow. This, in turn, reduces metabolic 
strain and enhances outcomes [99].

For the treatment of anemia, recent guideline 
from Italian society of anesthesia and intensive 
care has recommended to maintain an Hb 
level > 8 g/dL in poor-grade SAH patients with-
out DCI-related vasospasm and an Hb level > 9 g/
dL in case of DCI associated with cerebral vaso-
spasm [69]. It is strongly recommended to moni-
tor for fever and any infection to reduce metabolic 
demand on the brain [62, 63, 100].

11.8.3	� Chronic/Delayed Phase

The delayed stage is characterized by the emer-
gence of vasospasm and delayed cerebral isch-
emia (DCI), which typically occur between 3 and 
14 days following aSAH [101]. The management 
is focused on the prevention and treatment of 
vasospasm and DCI in this phase.
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11.8.3.1	� Prevention of Vasospasm 
and DCI

Nimodipine
Nimodipine is a calcium channel antagonist 
which has been proven to be the only medication 
that enhances results following SAH.  Studies 
[62–64] have demonstrated that nimodipine 
reduces the entry of calcium after cerebral isch-
emia caused by DCI.  Additionally, it decreases 
the occurrence of microthrombi by promoting the 
body’s natural fibrinolysis process and may 
counteract cortical spreading ischemia [80]. A 
randomized, double-blind, placebo-controlled 
trial involving multiple centers and 188 patients 
with severe-grade SAH (Hunt and Hess grade 
3–5) revealed an improvement in functional out-
comes after 3 months (29.2% in the nimodipine 
group compared with 9.8% in the placebo group), 
despite similar rates of moderate and severe angi-
ographic vasospasm observed during follow-up 
angiography [102].

Magnesium
Magnesium is a calcium antagonist that operates 
in a non-competitive manner and is neuroprotec-
tive as well [103]. According to the Magnesium 
in Aneurysmal Subarachnoid Hemorrhage 
(MASH) trial, which was a phase II randomized 
controlled trial (RCT), intravenous (IV) magne-
sium demonstrated an improvement in neurologi-
cal outcomes [104]. Nevertheless, these results 
were not successfully reproduced in subsequent 
trials, namely the Magnesium in Aneurysmal 
Subarachnoid Hemorrhage (MASH-2) trial, a 
phase III trial, and the Intravenous Magnesium 
for Subarachnoid Hemorrhage (IMASH) trial, a 
phase III multicenter RCT [105, 106].

Statins
Statins maintain the endothelial function by 
enhancing the production of nitric oxide and 
reducing the endothelin-1. They also possess 
properties that reduce inflammation, oxidative 
stress, and blood clot formation, which were 
believed to be advantageous in cases of SAH 
[80]. However, a phase III clinical trial called 
STASH (SimvaSTatin in Aneurysmal 

Subarachnoid Hemorrhage), which was con-
ducted across multiple centers and involving 
randomization and a placebo control group, 
did not find any positive effects of simvas-
tatin  in patients with SAH after a period of 6 
months [107].

Clazosentan
Clazosentan is an endothelin-I antagonist that 
was initially thought to be helpful in reducing 
vasospasm and DCI in SAH patients. Though 
CONSCIOUS-1, a phase II multicenter RCT, 
found it to be effective in the reducing the angi-
ographic vasospasm, subsequent phase III tri-
als—CONSCIOUS-2 and CONSCIOUS-3—
failed to show significant effect on outcome 
[107–109].

11.9	� Other Treatments

Meta-analyses of fasudil, intrathecal fibrinolyt-
ics, and cilostazol hint at efficacy, but these find-
ings require further study [110–112]. Similarly, 
trials involving the use of antiplatelet agents and 
low-molecular-weight heparin for the preven-
tion and management of microthrombi in DCI 
have not yielded positive results in the manage-
ment of DCI [113, 114]. The combination of 
induced hypertension, hypervolemia, and hemo-
dilution (triple-H therapy) carries significant 
medical morbidity, including pulmonary edema, 
myocardial infarction, hyponatremia, renal 
medullary washout, indwelling catheter-related 
complications, cerebral hemorrhage, and cere-
bral edema [115].

11.9.1	� Treatment for Vasospasm 
and Delayed Cerebral 
Ischemia

If a person experiences a newly developed 
impairment in a specific area of their brain or a 
decrease in their level of alertness, and there are 
no other known reasons for these symptoms, 
such as hydrocephalus or rebleeding, it is impor-
tant to consider the possibility of symptomatic 
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vasospasm and DCI. In such cases, it is crucial 
to begin aggressive treatment promptly [116]. If 
patients do not recover from the new deficit 
even after attempting to reverse it with a fluid 
challenge, they can be subjected to a gradual 
trial of hypertension using a vasopressor [62, 
63]. The goal of hemodynamic optimization 
should focus on alleviating clinical symptoms 
and/or radiological findings. This should be 
done until the mean arterial pressure (MAP) 
reaches 120 mmHg and the systolic blood pres-
sure reaches 220 mmHg. The patient’s cardio-
vascular condition should be considered to 
minimize the risks associated with increasing 
MAP.  In cases where vasospasm does not 
respond to MAP augmentation, more invasive 
intra-arterial procedures such as angioplasty 
and the use of vasodilators like milrinone, vera-
pamil, and nicardipine, along with advanced 
hemodynamic monitoring, may be employed 
[117, 118].

11.10	� Recent Advances 
in the Management 
of Ruptured Aneurysm

11.10.1	� Endovascular Flow 
Diversion

This is a relatively recent endovascular approach, 
where a specialized device made of a tightly 
woven, porous mesh with a high metal content is 
placed across the neck of an aneurysm. Its pur-
pose is to redirect the blood flow away from the 
aneurysm and toward the main blood vessel. This 
redirection leads to the reconstruction and reshap-
ing of the main artery while blocking the connec-
tion between the aneurysm and the main vessel. 
However, this technique is associated with a high 
occurrence of complications, such as the aneu-
rysm tearing or bursting during the procedure, 
cerebral ischemia, cerebral edema surrounding 
the aneurysm, intraparenchymal bleeding, occlu-
sion of side branches, delayed rupture of the 
aneurysm, and narrowing or blockage of the par-
ent artery due to neointimal overgrowth 
[119–121].

11.11	� Prognosis

Spontaneous aSAH carries a high risk of early 
mortality and long-term disability in survivors. A 
meta-analysis study revealed that the mortality 
rate among patients with SAH ranged from 8.3% 
to 66.7%. In their study, about 55% of patients 
achieved independent functioning, 19% contin-
ued to rely on assistance, and 26% succumbed to 
the disease [122]. Long-term mortality, as reported 
in 2014, is 17.9% at 10 years, 29.5% at 15 years, 
and 43.6% at 20 years after SAH [123]. Though 
little information is available regarding functional 
outcome, Taufique et  al. found that 35% of 
patients had poor overall quality of life after SAH, 
and poor prognosis (modified Rankin Scale 
[mRS] score 3–6) was observed in 42.4% of 
patients with SAH by Hammer et al. [124, 125].
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12Intracerebral Hemorrhage

Gopal Sedain, Sachit Sharma, 
and Gentle Sunder Shrestha

Case Scenario
A 60-year-old female presented to the emergency 
department in a state of unconsciousness. She 
was found unconscious on the floor of her bed-
room by her daughter in the morning. She had 
gone to bed at 9 pm the day before and was in a 
state of good health. She had hypertension for the 
previous 20 years and was on irregular medica-
tions. In the emergency department, she had a 
Glasgow Coma Scale (GCS) of E3V aphasia and 
M5 (GCS 8/10) and had weakness of the right 
half of the body. She had blood pressure of 
220/100  mmHg, pulse of 60/min and regular 
breathing. Bilateral pupils were round, regular 

and reactive to light. She was started on injection 
labetalol and after her blood pressure stabilised 
was sent for computed tomography (CT) of the 
head with suspicion of stroke. CT of the head 
revealed a large intracerebral hematoma in the 
left putamen with an approximate volume of 
24  mL with effacement of the sulci and lateral 
ventricle (Fig.  12.1). She was then managed in 
the ICU with regular BP monitoring with inva-
sive arterial blood pressure monitoring and 
hourly monitoring of GCS. She was not on any 
anticoagulants and her coagulation profile was 
normal. She had an uneventful recovery, but with 
residual weakness of the right half of the body.
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Fig. 12.1  Plain CT of the head reveals a large intracerebral hemorrhage (ICH) in left putamen region with effacement 
of ventricle

12.1	� Introduction

Stroke can be broadly divided into ischemic and 
hemorrhagic forms. Hemorrhagic strokes can be 
further classified as intracerebral hemorrhage 
(ICH) and subarachnoid hemorrhage (SAH). 
ICH is one of the most life-threatening subtypes 
of stroke with high morbidity and mortality. 
There are various causes of ICH, the major ones 
in adults being hypertension and bleeding diathe-
sis. Rupture of AV malformations is one of the 
most common causes of ICH in children. The 
management and prognosis of these patients 
depends upon various factors like the location of 
bleed, volume of blood, age of the patient and 
neurological status at presentation.

12.2	� Epidemiology

Though ICH is responsible for only 10–15% of 
all forms of stroke, it carries a remarkably high 
risk of mortality or long-term disability. There 
are various advancements in the management of 
ischemic stroke and subarachnoid hemorrhage; 
however, limited progress has been made in ICH 
management. There is variability in the care of 
these patients from aggressive management to 
palliative care.

ICH is more common in Asians for two main 
reasons: limited primary care for hypertension 
(HTN) and non-compliance with treatment [1]. 
Spontaneous ICH can be either primary or sec-
ondary based on the underlying cause. Primary 
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ICH comprises about 70–80% of total ICH cases. 
It is mainly caused by spontaneous rupture of 
small arteries involved in HTN or amyloid angi-
opathy. According to location, primary ICH can 
be either lobar or non-lobar and supratentorial or 
infratentorial.

The most common cause of lobar ICH is cere-
bral amyloid angiopathy (CAA). CAA is caused 
by deposition of amyloid in small to medium-
sized cortical perforators which are very likely to 
rupture in the elderly population. Long-standing 
hypertension may increase in lipohyalinosis of 
small perforating vessels of the basal ganglia, 
thalamus, pons and cerebellum. Rupture of these 
vessels can result in deep hemorrhages which 
may even extend to ventricles. Hypertensive ICH 
is most commonly seen in the putamen, thala-
mus, pons, cerebellum and subcortical white 
matter. Arteriovenous malformations (AVM), 
tumors, thrombophilias, antiplatelets or antico-
agulants, vasculitis, drug or substance abuse, and 
cerebral venous sinus thrombosis are commonly 
associated with secondary ICH.

Early and aggressive management of ICH 
patients during the initial “golden hour” is essen-
tial for better outcomes. Due to perceived poor 
outcome and lack of timely proper treatment, 
ICH patients are usually vulnerable to undertreat-
ment. There are often do-not-resuscitate (DNR) 
orders and trends towards palliative care treat-
ment. In a prospective multicenter study which 
included 109 patients from 5 centers, avoidance 
of early DNR and aggressive management as per 
the ICH guidelines were associated with substan-
tially lower mortality than predicted by ICH 
score (30-day mortality: predicted 50% versus 
observed 20.2%) [2].

The principles of management of ICH during 
the initial “golden hour” are as follows:

	1.	 Stabilising patient’s airway, breathing, and 
circulation (ABCs) and regular reassessment

	2.	 Timely brain imaging for proper diagnosis
	3.	 Proper assessment regarding ICH manifesta-

tions and patient’s clinical condition

	4.	 Evaluation for potential early interventions 
including:

	 (a)	 Proper blood pressure management
	 (b)	 Coagulopathy correction
	 (c)	 Need for early surgical intervention

12.3	� Diagnosis

Multiple etiologies may result in the develop-
ment of ICH. About 60% of ICH cases occur sec-
ondary to chronic hypertension. CAA, 
coagulopathies secondary to anticoagulants, 
sympathomimetic drugs like cocaine, and arterio-
venous malformations (AVMs) or cavernous 
malformations are a few other common causes of 
ICH. Vasculitis, infections and rupture of a sac-
cular or mycotic aneurysm less commonly result 
in ICH.  In some cases of ischemic stroke and 
venous infarct, hemorrhagic transformation or 
symptomatic hemorrhage can be present. Other 
important risk factors for ICH are advancing age, 
obesity and inactivity, heavy alcohol consump-
tion, black population, smoking and some genetic 
associations.

The most common clinical feature associated 
with ICH is the development of sudden-onset 
focal neurological deficit. Neuroimaging with 
either a non-contrast CT of the head or an MRI of 
the brain is the most reliable imaging modality to 
distinguish ICH from ischemic stroke. Persistent 
cephalgia, altered sensorium and stuporous state, 
sudden rise in blood pressure, and rapid neuro-
logical deficits are common features of ICH. Non-
contrast computed tomography (CT) is the gold 
standard (very high sensitivity and specificity) 
and the most common neuroimaging modality for 
the diagnosis because of its availability, and it can 
be quickly carried out in comparison to MRI [3].

12.3.1	� Interpreting the CT Scan

Hypertensive ICH commonly bleeds at typical 
areas such as basal ganglia, thalamus, pons 
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Table 12.1  ICH score

Components ICH score points
GCS
 �� 3–4 2
 �� 5–12 1
 �� 13–15 0
ICH volume
 �� >30 mL 1
 �� <30 mL 0
Presence of IVH
 �� Yes 1
 �� No 0
Age
 �� >80 1
 �� >80 0
Infratentorial origin of hemorrhage
 �� Yes 1
 �� No 0
Total score 0–6

(brainstem) and cerebellum. ICH secondary to 
CAA or AVM is usually located in the lobar 
area. The amount of hematoma in various brain 
areas can help to prognosticate the patient’s 
clinical outcome, which can be calculated from 
the baseline CT scan. The calculation of hema-
toma volume can be done using automated CT 
software algorithms or manually by using the 
ABC/2 formula, which approximates the vol-
ume of an ellipsoid. In this formula, A means 
longest diameter of hematoma, B is the diameter 
perpendicular to A, and C is the number of CT 
slices. Thus the formula is simple, popular in 
clinical practice and also comparable to com-
puterised methods [4].

The ICH score is a commonly used tool for 
prognosticating the outcome of ICH patients. It 
includes five components assessed at the time of 
hospital admission (Table  12.1) [5]. Any acute 
fall in the neurological status or need for a fol-
low-up of any underlying lesion or vascular 
anomaly warrants a repeat imaging.

12.4	� Management of BP

Many patients with ICH have high blood pres-
sure, which can lead to hematoma expansion or 
worsening of edema. Adequate control of blood 

pressure with lifestyle modification and antihy-
pertensive treatment can decrease the chances of 
hypertensive bleed. The exact blood pressure tar-
get remains controversial. INTERACT II and 
ATACH II trials have shown that rapid lowering 
of blood pressure is safe and does not lead to 
ischemia. The recently published American Heart 
Association guidelines recommend lowering of 
systolic blood pressure (SBP) to a target of 
140  mmHg and maintaining that within 130 to 
150  mmHg thereafter if the initial BP is in the 
range of 150 to 220 mmHg to improve functional 
outcomes [6]. Optimal BP targets remain elusive 
for patients presenting with an initial systolic BP 
of >220 mmHg and this warrants further research. 
For patients presenting with an initial SBP 
>220  mmHg, BP should not be lowered to 
<140  mmHg as this has the potential to cause 
harm [7–9].

The treatment should be done using a rapidly 
acting and titratable agent like beta blockers and 
calcium channel blockers. Intravenous labetalol, 
which is a nonselective alpha and beta antagonist, 
is the most preferred agent as it is widely avail-
able. In ATACH II, which is one of the largest 
trials on ICH, the calcium channel blocker nicar-
dipine was used as the first-line antihypertensive 
at a starting dose of 5  mg/h as continuous IV 
infusion, which was up-titrated by 2.5 mg/h every 
15  min as needed, up to a maximum dose of 
15 mg/h. Achieving a target systolic blood pres-
sure of 110–139 mmHg didn’t result in reduction 
of mortality rate or disability in comparison to 
standard reduction to a target of 140–179 mmHg. 
Nitroprusside and nitroglycerine should be 
avoided if possible as these agents can cause 
cerebral vasodilation and elevation of intracranial 
pressure (ICP) [7].

12.4.1	� Correction of Coagulopathy

The presence of coagulopathy is associated with 
a higher incidence of hematoma expansion and 
hence needs to be corrected quickly (Table 12.2). 
Routine coagulopathy evaluation in ICH should 
include complete blood count including platelets, 
prothrombin time (international normalised ratio) 
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Table 12.2  Reversal agents for various anticoagulants-
related ICH

Anticoagulant agent Reversal agent
Vitamin K 
antagonist (VKA) 
and INR ≥2

• � Prothrombin complex 
concentrate (PCC) in 
preference to fresh frozen 
plasma (FFP)

•  Vitamin K
VKA and INR 
1.3–1.9

•  PCC in preference to FFP

Factor Xa 
inhibitors

•  Andexanet alfa
• � 4-F PCC or activated PCC 

(aPCC) may be considered 
to improve hemostasis

Direct thrombin 
inhibitors 
(dabigatran)

•  Idarucizumab
• � When Idarucizumab is not 

available, aPCC or PCCs 
may be considered to 
improve hemostasis

•  Renal replacement therapy
Unfractionated 
heparin (UFH)

•  Intravenous protamine

Low-molecular 
weight heparin 
(LMWH)

•  Intravenous protamine

(PT(INR)) and activated partial thromboplastin 
time. Patients on warfarin with INR >1.4 should 
receive reversal agents like fresh frozen plasma 
(FFP), Vitamin K or prothrombin complex con-
centrate (PCC). FFP comprises various compo-
nents such as factors I (fibrinogen), II, V, VII, IX, 
X, XI, and XIII, and antithrombin. Large vol-
umes of blood products, especially FFP (10–
15 mL/kg) for reversal of coagulopathy, should 
be cautiously transfused, due to increase in the 
risk for volume overload [10]. Alternatively, 
PCCs contain factors II, VII, IX and X (vitamin 
K-dependent coagulation factors) which contain 
concentrated clotting factors, and the transfusion 
volume is significantly lower than FFP.  Thus, 
correction of INR is faster with far fewer cardio-
pulmonary complications when PCC is used over 
FFP for reversal [11].

Current recommendations for reversal of 
warfarin-induced coagulopathy include the 
administration of intravenous vitamin K 5–10 mg, 
along with FFP or PCC.  Though the onset of 
action of Vitamin K is longer, it has a longer-
lasting effect than PCC or FFP [12]. For patients 
taking acetylsalicylic acid (ASA), clopidogrel or 

other anti-platelet agents, platelet transfusion 
may be required. Additionally, desmopressin 
which promotes the release of von Willebrand 
factor may be added for patients taking clopido-
grel. Protamine sulfate can be administered for 
reversal of unfractionated heparin (UFH) at a 
dose of 1 mg for every 100 U of intravenous UFH 
received in the previous 2 h [13].

If the last dose of UFH was administered more 
than 4 h prior to ICH onset, reversal may not be 
necessary because of its short half-life. Protamine 
sulfate can also be used in an attempt to reverse 
the effect of low-molecular weight heparin 
(LMWH) that was given within the previous 8 h. 
However, this reversal may be incomplete.

12.4.2	� Surgical Management

Most patients with ICH are managed con
servatively without surgical intervention. 
Intraventricular hemorrhagic extension is seen in 
about 45% of patients, which is a poor prognostic 
marker. External ventricular drain (EVD) is the 
management option in case of overt hydrocepha-
lus, large IVH, poor GCS or signs of herniation. 
Few patients will need a VP shunt in the long 
term due to communicating hydrocephalus as a 
result of absorption failure. rt-PA to clear the 
clots early has been increasingly used. However, 
a CLEAR III (Clot Lysis: Evaluation of 
Accelerated Resolution of Intraventricular 
Hemorrhage) trial failed to show convincing ben-
efits in improving outcomes [14]. There are some 
groups of patients who could benefit from evacu-
ation of hematoma. Theoretically, hematoma 
evacuation decreases ICP and midline shift and 
prevents secondary injury from blood degrada-
tion products. This shows that surgery is benefi-
cial in reducing the volume of intracerebral 
hemorrhage. Evidence suggests that hematoma 
removal reduces nervous tissue damage and ICP 
secondary to a reduction in  local ischemia and 
removal of noxious chemicals. Large surgically 
accessible clots with mass effect might benefit 
from early surgery. On the other hand, deep clots 
involving speech and motor regions generally do 
not improve with the surgical approach.
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The STICH trial is one of the largest trials in 
the surgical management of ICH in good and 
poor prognosis groups. The trial aims to investi-
gate the effectiveness of early surgery within 24 h 
versus initial conservative medical treatment. 
Patient on conservative treatment if requires 
evacuation can be done later. This trial showed no 
benefit in outcome from early surgery over initial 
conservative management [15]. The STICH II 
trial reveals that early intervention does not 
increase mortality or disability at 6-month fol-
low-up in comparison to the initial conservative 
group [16]. Cerebellar ICH, unlike supratentorial 
bleed, is an emergency, and emergent evacuation 
is advised. Large hematoma size (>3 cm), hydro-
cephalus and decreasing GCS are indications for 
surgery. Placement of EVD alone is not sufficient 
as this can lead to upward herniation and clinical 
deterioration.

In the minimally invasive catheter evacuation 
followed by thrombolysis (MISTIE) III trial, 
patients were randomised to image-guided 
MISTIE treatment (1.0 mg alteplase every 8 h for 
up to nine doses) or standard medical care. 
Though the minimally invasive procedure was 
safe, there was no difference in functional recov-
ery between the surgical and the medical groups. 
Clinical outcome was found to be better in 
patients with residual post-operative clot volume 
lower than 15 mL [14].

12.4.3	� Ancillary Management

Perihematoma edema is the cause of worsening 
neurological status and can occur between 48 
and 72 h of the ictus. If clinically significant, it 
has to be managed with hypertonic saline or 
mannitol. There is no role for prophylactic 
decongestants for asymptomatic small hema-
toma. Seizures can occur in 16% of patients, 
especially in patients with hematoma extending 
up to the cortex. Routine anti-seizure prophy-
laxis is not warranted [17, 18]. Both hyperglyce-
mia and hypoglycemia are associated with 
poorer outcome. The target should be in the 
range of 140 to 180  mg/dL.  Fever is common 
after ICH especially in patients with intraven-

tricular hemorrhage. Prolonged hyperthermia is 
associated with poorer outcome. However, ther-
apeutic hypothermia has not shown to improve 
outcome [19]. There is significant risk (1–5%) of 
deep vein thrombosis (DVT) in patients with 
ICH as they are often hemiparetic and bed rid-
den. Mechanical methods like intermittent pneu-
matic compression should be initiated as soon as 
possible. Pharmacological methods like LMWH 
or unfractionated heparin can be started after 
48 h of ictus once the hematoma is stable. This 
has not shown to significantly increase the 
chances of bleeding.

12.5	� Prognosis

ICH is considered a debilitating disease with 
high economic and social burden. Many patients 
die during their first hospitalisation because of 
care withdrawal due to the nature of the disease. 
Many factors such as location of blood, volume, 
age and intraventricular extension are considered 
in ICH score to predict 30-day mortality. 
However, ICH score cannot accurately predict 
outcome and is not reliable. Those patients who 
survive the initial onslaught may need prolonged 
ventilation, intensive physiotherapy and rehabili-
tation. Recent advances in neurocritical care and 
minimally invasive surgical interventions look 
promising to improve outcomes.
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13Cerebral Sinus and Venous 
Thrombosis

Reema Rajbhandari and Niraj Gautam

Case Scenario
A 54-year-old male patient presented with a 
history of headache for 8 days which was acute 
on onset, located over the occipital and nape of 
the neck region, throbbing in character, without 
any radiation, associated with mild blurring of 
vision without diplopia, aggravated with stren-
uous activities, and in supine position. 
Headache was progressively increasing in 
severity over the days, associated with nausea 
and vomiting. He also had three episodes of 
generalized tonic-clonic movements lasting for 
1 min for 1 day. Following the last seizure epi-
sode, he developed weakness of right upper and 
lower limbs. There was no history of fever, ear 
discharges, loose stool, trauma, diplopia, dys-
phagia, or dysarthria. There was no history of 
smoking, alcohol, or any chronic illness. His 
vitals were stable. On examination, he was 
found to be plethoric. Fundus examined was 
normal. His higher mental function was intact, 
no meningeal signs, and normal cranial nerves. 

His motor examination revealed power of 4−/5 
over the right upper and lower limbs across all 
the joints, reflexes of 3+ and an upgoing planter 
over the right. All sensory modalities were nor-
mal. Coordination and gait were intact and nor-
mal. His investigations revealed hemoglobulin 
of 18.6 g/dL and a hematocrit of 51%, and the 
rest of his routine blood parameters were nor-
mal. Chest X-ray, ultrasonography abdomen 
and pelvis, echocardiography, and arterial 
blood gas were normal. His contrast tomogra-
phy (CT) head plain showed a hyperdense 
lesion over the left parietal deep white matter, 
and hyperdensities were present over the 
straight sinus and superior sagittal sinus region 
(Fig. 13.1a, b). His magnetic resonance imag-
ing (MRI) showed T2 high-signal changes with 
central hypointensity over the left frontal and 
parietal cortical areas, suggestive of acute hem-
orrhage (Fig.  13.1c). His magnetic resonance 
venogram (MRV) revealed a filling defect over 
the superior sagittal sinus (Fig. 13.1d).
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Fig. 13.1  CT head plain showed a hyperdense lesion 
over left parietal deep white matter, and hyperdensities 
were present over the straight sinus and superior sagittal 
sinus region (a and b); MRI T2 shows high signal changes 

with central hypointensity over left frontal and parietal 
cortical areas, suggestive of acute hemorrhage (c); MRV 
of the brain revealed a filling defect over the superior sag-
ittal sinus, suggestive of thrombosis (d)

13.1	� Introduction

Cerebral venous thrombosis (CVT) is a less com-
mon cause of cerebrovascular disease, with a prev-
alence of 0.5%, female predominance, and can 
occur at any age [1]. It can present in various spec-
trums but usually has a favorable outcome with a 
low mortality rate. CVT patients may present to 
multiple specialties: otorhinologist, pediatrician, 
obstetrician, ophthalmologist, and physicians, 
with symptoms of recurrent ear infections, head-
ache and vomiting, complicated pregnancy or 
puerperium, blurring of vision, and vague symp-
toms, respectively. There is usually 1  week of 
delay in the diagnosis from the onset of symptoms. 

A newer approach with widespread use of imaging 
techniques allows for early diagnosis and proper 
understanding of CVT and, therefore, has been 
found to be more frequently diagnosed in recent 
days. MRI sequences with T1, T2, fluid-attenuated 
inversion recovery, and a venogram are the best 
diagnostic methods; however, diagnosis may still 
be difficult sometimes [2].

Most of the CVT patients have raised D-dimer 
level, but normal D-dimers can be present, par-
ticularly in CVT patients with isolated headache 
symptom. Heparin is the first line of treatment; 
however, aggressive treatments such as intrave-
nous thrombolysis, mechanical thrombectomy, 
and decompressive surgery may be needed in cer-
tain cases [3].
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13.2	� Relevant Anatomy

Cerebral veins have no valves and muscular layer 
in their thin walls. They arise from the brain tis-
sues and remains within the subarachnoid space. 
Cerebral veins pierce the arachnoid and dura 
mater, which then drain into the cranial venous 
sinuses. Dural sinuses are endothelial-lined chan-
nels forming the terminal part of the cerebral 
venous system that drain into the internal jugular 
vein [4]. Cerebral venous system comprises 
superficial and deep venous system. Sagittal 
sinuses and cortical veins are part of the superfi-
cial venous system, which drains the superficial 
surfaces of the bilateral cerebral hemispheres. 
Lateral sinuses, straight sinuses, and sigmoid 
sinuses, along with deep cortical veins, are part of 
the deep venous system. Finally, blood from these 
systems drain into internal jugular veins. The 
venous drainage system of the brain does not fol-
low the similar course as the arterial system. In 
contrast, venous blood drains to the nearest 
venous sinus, except deep veins which drain into 
deeper structure. Superior sagittal sinus (SSS) 
receives venous blood from the superior convex-
ity veins of the lateral and medial cortex. SSS is 
connected to sylvian vein by the largest anasto-
motic channel called vein of Trolard. Temporal, 
occipital, and few areas of parietal cortex drain 
into the transverse sinus via temporo-occipital 
veins. Vein of Labbe connects the sylvian vein to 
the transverse sinus. Sylvian veins drain part of 
the frontal and temporal areas to the cavernous 
sinus and pterygoid plexus [4]. Ophthalmic veins 

drain into the cavernous sinus, which drains to the 
sigmoid sinus via the superior petrosal sinus and 
to the internal jugular vein via the inferior petrosal 
sinus. The deep venous system consists of the 
septal vein, which combines with thalamostriate 
veins and caudate veins to form the internal cere-
bral vein, which in turn combines with basal vein 
of Rosenthal to form the vein of Galen, which 
together with the inferior sagittal sinus forms a 
straight sinus to drain into the confluence.

13.3	� Pathophysiology

Virchow’s triad underlying CVT comprises state 
of hypercoagulability, stasis of flow, and endothe-
lial injury [5]. Thus, intracellular vessel wall dam-
age may result in the activation of the coagulation 
cascade and thrombus formation. Occlusion of 
cerebral veins results in raised venous pressure, 
which subsequently causes pooling of blood in the 
venous compartment. This will cause blood brain 
barrier disturbance and further leads to vasogenic 
edema. In CVT, cytotoxic edema also occurs due 
to impairment of NA/K-ATPase pump function.

13.4	� Etiology

The common causes are inherited and acquired 
thrombophilia [6, 7]. In some patients even with 
extensive investigations no cause may be found. 
The major lists of causes that are associated with 
CVT are shown in the Table 13.1.

Table 13.1  Causes associated with cerebral venous thrombosis

Local Systemic Drugs Blood dyscrasias Coagulopathy
(a) Head injury
(b) Neurosurgery
(c) Meningitides
(d) Arterio-
venous 
malformation
(e) Sepsis 
(sinusitis, 
mastoiditis, 
cellulitis)
(f) Space-
occupying 
lesions
(g) Jugular 
catheterization

(a) Dehydration
(b) Septicemia
(c) Pregnancy and 
puerperium
(d) Inflammatory bowel 
disease
(e) Malignancy
(f) Sarcoidosis
(g) Collagen disease 
(Behcet’s syndrome, SLE, 
Sjögren’s syndrome)
(h) Hyperhomocysteinemia
(i) Nephrotic syndrome
(j) Autoimmune thyroiditis

(a) Oral 
contraceptives
(b) Hormone 
replacement 
therapy
(c) Androgens
(d) 
l-asparaginase
(e) Ecstasy

(a) Leukemia
(b) 
Myeloproliferative 
disorders
(c) 
Thrombocythemia
(d) Sickle-cell trait
(e) Paroxysmal 
nocturnal 
hemoglobinuria
(f) Thrombotic 
thrombocytopenic 
purpura
(g) Heparin-induced 
thrombocytopenia

(a) Protein S, protein 
C, antithrombin III 
deficiency
(b) Factor V Leiden 
mutation
(c) Antiphospholipid 
antibodies
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13.5	� Clinical Features

The clinical features of CVT usually have symp-
toms and signs of increased intracranial pressure 
(ICP), a focal parenchymal lesion, or both. 
Headache is the most common symptom usually 
with acute onset and throbbing in character. CVT 
can also present with pain around the auricular or 
mastoid region with or without discharge, sug-
gestive of transverse sinus thrombosis secondary 
to mastoiditis. Seizure is also a common clinical 
presentation, of which early symptomatic sei-
zures can be found in 44.3% and status epilepti-
cus may be present in 12.8% [8]. Other focal 
neurological symptoms and signs may also be 
there with motor weakness, visual field impair-
ment, sensory symptoms, inattention, or neglect, 
which may secondarily be due to infarction or 
hemorrhage. Patients may also have acute cogni-
tive dysfunction causing drowsiness or stupor, 
suggestive of a deep venous infarction of the 
thalamus [9]. Cranial nerves that can be involved 
are III, IV, V, VI, VII, VIII, IX, X, and XI; either 
single or multiple cranial nerve involvement is 
possible. Cranial nerves such as III, IV, V, and VI 
can be involved in anterior cavernous sinus 
thrombosis. Moreover, other atypical presenta-
tion of CVT can be subarachnoid hemorrhage, 
psychiatric symptoms, parkinsonism, visual blur-
ring, micrographia and hypophonia, migraine-
like symptoms, hearing impairment, ocular 
flutter, or even sometimes asymptomatic.

13.6	� Diagnosis

The clinical manifestation is diverse and not spe-
cific; hence, a high index of clinical suspicion 
should be made in a patient presenting with this 
myriad of symptoms; however, certain clinical fea-
tures of new-onset severe throbbing headache, sei-
zure, focal neurological deficit, and sometimes 
cognitive abnormality to sensorium disturbances 
should be suspected to be as a result of CVT. Imaging 
plays a major role in the diagnosis of CVT.

A non-contrast CT head of the patient may 
show the cord or dense vein sign, which is a 
direct visualization of the fresh thrombus in 
the occluded sinus. It may be present in 2–25% 
of patients [10]. A CT contrast head may show 
a central hypodense core with an outer bright 
triangle, called an empty delta sign. This sign 
is due to enhanced contrast of the dilated col-
laterals around the clot, seen in 25–52% of 
CVT patients involving sagittal, straight, and 
lateral sinus [11]. The most specific MRI find-
ing is the loss of expected signal flow void on 
standard spin echo T1W and T2W sequences. 
MRV has evolved as the most popular tech-
nique to confirm the diagnosis of CVT and can 
be performed with non-contrast, i.e., time of 
flight (TOF) or phase contrast techniques 
(PCT).

13.7	� Management

The treatment should be a good balance between 
decreasing intracranial hypertension and 
decreasing the chance of hemorrhage by treat-
ing with anticoagulation and trying to avoid 
ICP-lowering medications, which tend to 
increase viscosity and thus increase coagulabil-
ity. A good management strategy would be to 
address the underlying pathophysiology and 
complications, while the primary aim is to anti-
coagulate the patient.

13.7.1	� Anticoagulations

The role of anticoagulation in CVT treatment is 
suggested, regardless of the associated 
ICH. Anticoagulation could significantly allevi-
ate the neurological deficits with venous recana-
lization [12]. Therefore, intravenous heparin is 
the choice of early CVT therapy, even in associ-
ated hemorrhagic changes. Following the acute 
therapy, heparin is replaced with oral anticoagu-
lation (warfarin or dabigatran). Anticoagulation 
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therapy helps to prevent thrombus growth or for-
mation, promote recanalization, and further pre-
vent from deep vein thrombosis of limbs or 
pulmonary embolism.

13.7.2	� Management of Early 
Complications

Seizure is one of the common complications of 
CVT, and antiepileptic drugs should be initiated 
even after a single episode of seizure [13]. Both 
obstructive and communicating hydrocephalus 
can be present in the patient with CVT [14]. 
Neurosurgical interventions such as ventriculos-
tomy can be done in such a scenario, or a ven-
triculoperitoneal shunt can be an option if the 
condition is persistent. Thrombolytic therapy, 
CSF removal with lumbar drainage, and the use 
of acetazolamide are possible therapeutic alterna-
tives for the treatment of raised intracranial pres-
sure associated with CVT [15].

Long-term treatment with heparin or warfarin 
for 3–6 months after resolution of initial symp-
toms is advocated. The management also includes 
the investigation of the underlying cause of the 
CVT, as failure to address this issue results in 
recurrent thrombosis or a more serious diagnosis. 
A careful, systematic approach to looking for 
local causes, thrombophilia screening, and 
screening for underlying collagen vascular dis-
ease, malignancy, and offending drugs should be 
done meticulously.

13.8	� Prognosis

Most patients with CVT have a good prognosis 
as compared to those with arterial stroke in terms 
of mortality. The reasons for this may be improve-
ments in treatment, risk assessment, an increased 
recognition of mild cases, and advancements in 
diagnostic technologies [16]. The short-term 
benefit of available injectable and oral anticoagu-
lants cannot be ignored.
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14Large Hemispheric Stroke

Bikram Prasad Gajurel

Case Scenario
A 72-year-old female was brought to the emer-
gency with a history of right-sided weakness 
and inability to speak which was discovered at 
5 pm when her family members returned from 
work. She was well when she had breakfast with 
them at 7 am. The family said that she had not 
cooked the morning meal that day. She did not 
have a significant medical history except that 
she was on losartan 50 mg once daily for hyper-
tension. On examination, her vital signs were 
stable. She had global aphasia, right homony-
mous hemianopia, forced eye deviation to the 
left side, right upper motor neuron-type facial 
nerve palsy, and complete plegia of the right 
upper and lower limbs. Her National Institutes 
of Health Stroke Scale (NIHSS) score was 22. 
Her computed tomography (CT) scan done at 
presentation did not show any abnormality 
(Fig.  14.1). Due to the lack of facility for 
mechanical intervention, she was managed con-
servatively. However, on day 2, her level of con-
sciousness deteriorated. Her repeat CT scan of 
the head then showed a large hemispheric infarct 
with significant mass effect (Fig.  14.2). The 

next day, her level of consciousness further 
deteriorated and she had to be intubated to 
maintain airway and prevent aspiration. Further, 
CT scan of the head was repeated which showed 
massive midline shift (Fig.  14.3). She under-
went decompressive hemicraniectomy the same 
day, and subsequently improved to a modified 
Rankin Score (mRS) of 5 after a long stay in the 
intensive unit care (Fig. 14.4).
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Fig. 14.1  CT head of the patient at presentation
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Fig. 14.2  CT of the head of the patient the next day. Note 
the mass effect in the left MCA territory

Fig. 14.3  CT of the head of the patient on day 3. Note 
malignant cerebral edema on the left side

Fig. 14.4  CT of the head of the patient weeks after 
decompressive hemicraniectomy

14.1	� Introduction

Large hemispheric stroke (LHS) is a severe type 
of brain infarction which occurs when the middle 
cerebral artery (MCA) or the internal carotid 
artery gets occluded. It usually involves a major 
portion of the basal ganglia as well and, in addi-
tion, may be associated with anterior or posterior 
cerebral artery territory infarction [1]. The most 
likely cause of large hemispheric stroke is an 
embolus that arises from the heart or in-situ ath-
erothrombosis of the internal carotid artery. 
Patients who are younger than 45  years of age 
may develop such infractions when the major 
cervical arteries are affected by dissections. The 
diagnosis of LHS is established based on a con-
stellation of signs and symptoms.

When the blood supply to the brain is sud-
denly cut off, a small area of brain in which basic 
metabolic activities cannot be sustained gets 
infarcted within a few minutes (infarct core). The 
surrounding area which is also involved to a 
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lesser degree (penumbra) remains viable for sev-
eral hours due to collateral blood supply from 
adjacent vessels. This collateral circulation will 
eventually fail if the blood supply to the penum-
bra is not established within a certain but variable 
time window by either chemical or mechanical 
means.

The incidence of LHS is less than 10% of all 
ischemic strokes [2]. It is associated with higher 
rates of morbidity and mortality because of the 
development of massive cerebral edema, or 
malignant cerebral edema (MCE). MCE leads to 
dangerous local mass effect which can result in 
herniation of the medial temporal lobe into the 
brainstem. This subsequently gets compressed 
leading to dysfunction of vital brainstem struc-
tures. It is also associated with many significant 
systemic complications like hyperglycemia, 
hyperpyrexia, deep venous thrombosis, and chest 
infections. Most patients with LHS develop 
malignant MCE after 2–3 days of onset of symp-
toms. This will manifest itself by neurological 
deterioration which can be very rapid and pro-
gressive. The mortality rate in patients in MCE 
who are only medically treated can reach up to 
80% [3].

14.2	� Pathophysiology

The breakdown of the blood brain barrier (BBB) 
is the key pathophysiological mechanism behind 
the development of cerebral edema in LHS [4*]. 
Cerebral edema starts developing after a few 
hours of interruption of blood supply to the brain. 
The first event is the development of cytotoxic 
edema, which starts within minutes of ischemia 
and is characterized by intact BBB. It is caused 
by failure of the Na/K pump in the brain cells and 
usually declines within the first few days. This is 
simultaneously accompanied by ionic edema, 
which occurs when decrease in solutes in the 
brain cells creates an osmotic gradient which 
extracts ions from the endothelium into the brain 
parenchyma [5]. This is accompanied by shifts of 
water across the endothelium leading to brain 
edema. However, the BBB remains intact. The 
BBB ultimately fails, and the endothelial junc-

tions give way allowing the movement of pro-
teins, solutes, and plasma into the parenchymal 
space. The brain parenchymal cells also rupture, 
adding more solutes to the brain parenchyma 
which will extract more water into it. This vaso-
genic edema peaks around 24–48 h of onset of 
ischemia [6]. The mass effect thus produced and 
the resultant rise of the intracranial pressure is the 
reason behind the neurological deterioration in 
patients with LHS and MCE with significant 
shifts of intracranial contents. If left untreated, 
this will ultimately lead to brainstem compres-
sion and death.

14.3	� Clinical Features

Patients who have infarctions of the large portion 
of cerebral hemispheres present with sudden 
onset of hemiplegia, hemisensory loss, global 
aphasia (dominant hemisphere), hemineglect, 
anosognosia and asomatognosia (non-dominant 
hemisphere), forced eye deviation, complete 
hemianopia, hemisensory loss, and decrease in 
level of consciousness [7*]. These signs and 
symptoms are also known by the term “hemi-
spheric syndrome.” The development of MCE is 
heralded by worsening of the presenting symp-
toms, headache, vomiting, and further impair-
ment of consciousness. In patients who are more 
likely to develop MCE and worsen, the NIHSS 
score is very high, more than 20 when the domi-
nant side is involved and more than 15 when the 
non-dominant side is involved. Some patients 
with MCE deteriorate neurologically when there 
is confluent hemorrhagic transformation at the 
site of infarction.

14.4	� Imaging

Computed tomography (CT) of the head without 
contrast is the primary imaging modality for the 
initial evaluation of patients with acute ischemic 
stroke. It is cheap, readily available, reliably 
excludes hemorrhage, and can be carried out rap-
idly. Depending on availability and local exper-
tise, CT of the head findings can be substantiated 
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with CT angiogram of the head and neck, CT 
perfusion, MRI of the head with MR angiogram, 
and perfusion studies. Certain early signs in CT 
of the head are highly suggestive of large infarcts 
with potential for MCE and poor prognosis. 
These signs are attenuation of the lentiform 
nucleus, loss of the insular ribbon, effacement of 
sulci in the affected hemisphere, and the dense 
MCA sign [8]. The 10-point Alberta Stroke 
Program Early CT Score (ASPECTS) is a grad-
ing system for assessment of early ischemic 
changes in CT of the head. The ASPECTS value 
of <6 is highly suggestive of a large lesion size 
and potential for MCE.  Important predictors of 
progression to LHS are hypodensity in >50% of 
the MCA territory in CT of the head, diffusion-
weighted imaging lesion volume >145 mL within 
14 h of onset, CT perfusion study demonstrating 
perfusion deficit in >66% of the MCA territory 
within 6  h of stroke onset, and cerebral blood 
flow map showing an infarct core of >27.9% [9].

14.5	� Management

The 2018 American Heart Association/American 
Stroke Association guidelines for the early man-
agement of acute ischemic stroke recommends 
that for patients with acute ischemic stroke who 
meet the standard eligibility criteria and present 
within 4.5 h of onset of symptoms, the standard of 
care is intravenous thrombolysis with recombi-
nant tissue plasminogen inhibitor alteplase [10*]. 
All patients with acute ischemic stroke should 
also undergo imaging of the arterial anatomy 
from the arch of the aorta to the vertex to look for 
large vessel occlusion. Patients who have large 
vessel occlusion on their angiogram should be 
evaluated for mechanical thrombectomy if the 
onset of symptoms is within 24 h. Rapid and suc-
cessful brain reperfusion can limit the size of the 
affected area of the brain and can significantly 
reduce the chances of MCE. Mechanical throm-
bectomy is undertaken for patients whose 
ASPECT is ≥6. Currently trials of mechanical 
thrombectomy are including patients who have 
more extensive infarct size (ASPECT <6) and 
also those who present late in the time window.

Other important aspects of management of 
all patients with acute ischemic stroke are air-
way control and ventilation (if necessary), ade-
quate control of blood pressure (less than 
180  mmHg systolic after reperfusion estab-
lished and less than 220 mmHg/120 mmHg in 
other patients unless hypertensive emergency), 
maintenance of adequate fluid volume with iso-
tonic solutions, maintenance of appropriate 
blood glucose level (140–180  mg/dL) with 
insulin, avoidance of hyperthermia, prevention 
of deep venous thrombosis, and control of brain 
edema [10*].

Patients with LHS or suspected LHS based on 
clinical features should be admitted in an inten-
sive care unit or a dedicated stroke unit because 
of the monitoring needed as the development of 
MCE and neurological deterioration can be fairly 
rapid and need to be attended to as early as pos-
sible. Neurological monitoring should be carried 
out every hour for the first 48 h. Level of con-
sciousness, pupillary diameter, and new or pro-
gressive neurological deficits should be actively 
monitored to identify patients who would benefit 
from urgent medical and surgical interventions in 
a timely manner and avoid irreversible brain 
insults. Patients who deteriorate due to cerebral 
edema with significant mass effect can effec-
tively respond to osmotic agents like hypertonic 
saline and mannitol, or invasive means like 
hyperventilation (in those who are already intu-
bated). These interventions should not be consid-
ered for prolonged use and are best used as 
bridging therapy to decompressive hemicraniec-
tomy [11*].

The surgical procedure of choice for patients 
who have LHS and are deteriorating with signifi-
cant midline shift (≥5  mm) is decompressive 
hemicraniectomy. Decompressive hemicraniec-
tomy is a surgical treatment which allows room 
for edematous brain to expand, ultimately revers-
ing the mass effect and controlling the shifting of 
brain parenchyma. In 2015, a meta-analysis of 
six important clinical trials of surgical interven-
tions for LHS concluded that patients who 
undergo decompressive hemicraniectomy have 
significantly lower mortality compared to patients 
who are managed medically [12*]. In this same 
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analysis, surgery significantly increased the pro-
portion of patients with slight disability. However, 
significantly more patients, especially those older 
than 60  years of age, remained moderately to 
severely disabled after decompressive hemicrani-
ectomy. In order for decompressive hemicraniec-
tomy to be beneficial, it has to be undertaken 
within 48 h of the onset of symptoms [7*]. There 
is some evidence that even if surgery is done later 
(48–96 h), it may still have better outcomes [13]. 
The American Heart Association/American 
Stroke Association guidelines state that decom-
pressive hemicraniectomy is reasonable in indi-
viduals ≤60  years of age with LHS and 
neurological deterioration within 48  h despite 
medical treatment, and can be considered within 
48 h for patients >60 years of age with neurologi-
cal deterioration despite receiving medical ther-
apy. The wishes of the patient and the family 
should always be taken into consideration when 
deciding to treat patients aggressively after LHS 
and MCE.  Decompressive hemicraniectomy is 
not an appropriate treatment for many older peo-
ple with other significant comorbidities. It should 
be avoided in patients who do not wish to live 
with severe disability. These recommendations 
are irrespective of the side of the brain that is 
involved.

14.6	� Prognosis

The mortality rate in patients with MCE who are 
not aggressively treated can be up to 80% [3]. 
Many factors are associated with poor outcome 
after LHS. Younger age, female sex, severe dis-
ability (NIHSS >20), low Glasgow Coma Scale 
at presentation, and horizontal pineal displace-
ment >4 mm are frequently associated with poor 
outcome [14*]. Mortality is significantly 
increased in patients who develop decreased 
level of consciousness at 3 h after admission and 
those who stop reacting to pain within the first 
24 h of admission [15]. Patients who have good 
collateral flow on pretreatment CT angiography 
of the brain tend to have smaller final infarct vol-
umes, better response to treatment, and less dis-
ability [16].

14.7	� Future Directions

Recent advances in LHS research are focusing on 
various molecules which get upregulated because 
of the ischemic insult to brain cells and vascular 
endothelium [4*]. Some of these targets are 
aquaporins and SUR1-TRPM4 (sulfonylurea 
receptor 1-transient receptor potential melastatin 
protein 4). Both molecules are found to have 
important roles in the development and perpetua-
tion of cytotoxic edema. Trials of prevention of 
cerebral edema targeting these molecules are cur-
rently underway and are expected to provide 
insights into novel approaches to mitigate the 
development of brain edema before becoming 
evident both clinically and by neuroimaging.
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15Childhood Absence Epilepsy
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Case Scenario
A 5-year-old girl presented with a 1-year history 
of staring spells. She initially had fleeting epi-
sodes of staring off that her parents noted spo-
radically. Recently, these episodes had become 
more frequent, now occurring multiple times a 
day. The staring spells often interrupted activi-
ties, and during the episodes, she was unrespon-
sive to touch and voice. There were no associated 
abnormal movements of the extremities or the 
face during these events. Her parents estimated 
that the spells could last up to 10  s. Nothing 
apparently triggered these episodes.

Prior to this presentation, she had an unre-
markable prenatal history, birth and develop-
ment. She had no other medical conditions. Her 
pediatrician referred her for an electroencepha-
logram (EEG). With hyperventilation, she had 
clinical absence seizures characterized by 
behavioral arrest and inability to recall verbal 
prompts. Her EEG (Fig.  15.1) demonstrated 
runs of generalized, frontally predominant 3 Hz 
spike-and-wave discharges lasting up to 10  s. 
She was referred to Neurology for further 
management.
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Fig. 15.1  This EEG demonstrates an absence seizure 
that was triggered by hyperventilation. There is abrupt 
onset of generalized, frontally predominant 3 Hz spike-
and-wave discharges with associated clinical change, 
which is described as staring and unresponsiveness. 

Patient is unable to recall the words “Pink House” which 
are spoken to her during the event, indicating a loss of 
awareness. The recording is displayed in a longitudinal 
bipolar montage set at a sensitivity of 30 μV

15.1	� Introduction

The patient in the vignette has childhood absence 
epilepsy (CAE). CAE is a common genetic gen-
eralized epilepsy that presents in early school-
aged children. Without treatment, children with 
CAE have dozens of seizures each day. The fre-
quent interruptions can potentiate a decline in 
school performance at a critical period in a child’s 
development. For this reason, it is important to be 
able to recognize the signs of CAE in order to 
initiate prompt and appropriate treatment.

15.2	� Epidemiology

CAE is a common generalized epilepsy syn-
drome, but it remains a rare disease. The annual 
incidence of CAE is estimated to be between 5.8 
and 7.1 cases per 100,000 [1]. Incidence and 
prevalence of rare diseases are generally difficult 
to estimate due to migratory populations and a 

general lack of centralized records. One way to 
overcome these limitations is to study a single 
healthcare region. A study of a single healthcare 
region in Sweden from 1978 to1982 found the 
mean annual incidence of absence epilepsy with 
absence seizures alone or with generalized tonic-
clonic seizures (GTC) to be 6.3/100,000 in chil-
dren 0–15 years of age [2]. A recent study from 
Sweden demonstrated that CAE had a prevalence 
of 0.20/1000 among children and adolescents 
which accounted for approximately 6% of all 
pediatric epilepsies [3]. In a study from Israel, 
absence epilepsy accounts for 7% of all child-
hood epilepsies with a mean age of onset of 
6 years (range 2–13 years) [4]. This group was 
unable to reliably report incidence, because their 
population was particularly mobile. While vari-
ous epidemiological studies have demonstrated 
similar incidence and prevalence estimates, it is 
important to note that these studies are limited 
because they are primarily confined to European/
Caucasian populations.
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15.3	� Pathophysiology

Absence seizures are characterized by 3–4  Hz 
spike-wave complexes on electroencephalogram 
(EEG). Most investigations into how these spike-
wave complexes are generated have been per-
formed in animal models. Based on these models, 
both the thalamus and the cortex are needed to 
generate spike-wave discharges. Removal of the 
cortex, the thalamus, or the interconnections 
between the two will abolish the spike-wave dis-
charges. There is, however, no agreement on how 
these discharges are generated [5]. The impor-
tance of the thalamus in the pathogenesis of 
absence seizures can also be inferred by the effi-
cacy of ethosuximide, a seizure medication 
which acts upon t-type calcium channels found in 
the thalamus [6].

15.4	� Genetics

CAE is considered a genetic generalized epi-
lepsy, but the inheritance is not fully understood. 
There have been several genes implicated in 
CAE, including those that encode the subunits of 
gamma-aminobutyric acid (GABA) receptors 
and glucose transporter 1 (GLUT1). Copy num-
ber variants, particularly deletions in chromo-
some 15, are also associated with absence 
epilepsy. Despite these discoveries, a genetic 
cause for most cases of CAE cannot be found [7]. 
The search continues, and our understanding of 
CAE inheritance continues to evolve.

15.5	� Diagnosis

Patients with CAE often present between 4 
and10  years of age with a history of episodic 
behavioral arrest and a decline in school perfor-
mance. Behavioral arrest in CAE can be perceived 
as inattention; however, elucidating a complete 
history of these episodes can make one more or 
less suspicious of underlying epilepsy. Seizures 
in CAE interrupt activities. Parents may describe 
that their children pause mid-sentence then pick 
up again a few seconds later as if nothing has 

happened. Seizures can also be associated with a 
flattening of the child’s affect and eyelid flutter-
ing. Rarely, children can have hand automatisms 
or habitually repeat sounds during their seizures. 
Seizures in CAE are typically brief, lasting 
5–10  s each. When uncontrolled, children can 
have dozens of seizures each day [1].

The differential diagnosis for CAE includes 
focal seizures with altered awareness, non-
epileptic staring spells, juvenile absence epilepsy, 
and Jeavon’s syndrome. The patient’s history 
may help one narrow this differential, but EEG is 
necessary to complete the evaluation. The back-
ground EEG in CAE is often normal. The classic 
EEG finding seen in CAE is generalized, fron-
tally predominant bursts of 3-Hz spike-and-wave 
discharges. These discharges can be provoked by 
hyperventilation. The interictal and ictal EEG 
findings of CAE are similar, differing only in 
duration and association with a clinical change 
[8]. CAE is also associated with the EEG finding 
of occipital intermittent rhythmic delta activity 
(OIRDA). This pattern appears as short runs of 
bilateral, occipital rhythmic delta activity in the 
range of 2–4  Hz. OIRDA can occur in either 
awake or drowsy states with eye closure. OIRDA 
is found in nearly 30% of patients with CAE [9].

15.6	� Treatment

Childhood absence epilepsy is often treated with 
ethosuximide or a broad-spectrum anti-seizure 
medication. The best evidence for ethosuximide 
as the treatment of choice comes from a double-
blind randomized control trial conducted across 
32 sites in the United States [10, 11]. This study 
compared the efficacy of ethosuximide, valproic 
acid, and lamotrigine as monotherapy for newly 
diagnosed epilepsy. The study measured seizure 
freedom in 446 patients at 4 months [10] and then 
at 12  months [11]. Ethosuximide and valproic 
acid were found to be equally effective (seizure 
freedom of 45% vs. 44% respectively, p = 0.82), 
while lamotrigine was found to be inferior to 
both other treatments (seizure freedom of 21%, 
p < 0.001 when compared to either ethosuximide 
or valproic acid). Valproic acid use led to more 
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treatment-related side effects (intolerable adverse 
events in 33% of subgroup, p < 0.037) and more 
side effect-related discontinuation than either 
ethosuximide or lamotrigine. The study ulti-
mately supports ethosuximide as the initial medi-
cation of choice for CAE because of its high 
efficacy and low side effect profile. Since etho-
suximide works via T-type calcium channels in 
the thalamus, its use is limited to the treatment of 
absence seizures [6]. In patients with other sei-
zure types, such as generalized tonic-clonic or 
myoclonic seizures, ethosuximide monotherapy 
is not an appropriate treatment choice.

Absence status epilepticus can be provoked if 
patients with CAE are exposed to the “wrong” 
medications. Agents that tend to worsen CAE are 
the medications used commonly in focal epilep-
sies: carbamazepine and phenytoin [12]. Typical 
signs of absence status epilepticus include confu-
sion, fluctuating level of consciousness, and 
myoclonia [13]. An EEG can confirm the diagno-
sis by showing continuous 3 Hz spike-and-wave 
discharges. Treatment for absence status epilepti-
cus includes benzodiazepines and removal of the 
offending agent.

15.7	� Outcomes

A majority of children with CAE will achieve 
remission on an anti-seizure medication. 
Remission rates have been reported between 
56% and 84% [1], and a significant positive pre-
dictive factor for remission is early control with 
the first seizure medication chosen. A minority 
of patients will progress to another epilepsy syn-
drome such as juvenile myoclonic epilepsy 
(JME). In a Canadian cohort of CAE patients, 
15% progressed to have JME. Factors that pre-
dicted who would progress to JME included lack 
of response to anti-seizure medications in the 
first year of treatment, absence status epilepti-
cus, a slow EEG background, and a history of 
generalized tonic-clonic seizures in a first-degree 
relative [14, 15].

Psychosocial comorbidities exist in CAE and 
are often underestimated. Regardless of seizure 
control, patients with CAE can have attention 

deficit hyperactivity disorder (ADHD), depres-
sion, and anxiety [1]. The incidence of psychoso-
cial comorbidities also appears to be greater than 
what is seen with other chronic diseases. 
Compared to age-matched controls with juvenile 
rheumatoid arthritis, those with CAE had signifi-
cantly higher rates of high school dropout, 
unplanned pregnancy, and substance abuse [15]. 
It is not understood whether epilepsy leads to 
these issues or is correlated with them through 
common pathophysiologic processes.
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16Status Epilepticus

Laxmi Dhakal and William O. Tatum

Case Scenario
EMM is a 67-year-old female presented to an 
outlying hospital with unresponsiveness for 2 h. 
At the emergency department she had general-
ized tonic-clonic seizure lasting 60 min. She was 
treated with intravenous (IV) lorazepam, leveti-
racetam, and fosphenytoin. Recurrent seizures 
did not respond to anti-seizure medication and 
subsequently she was intubated and begun on a 
propofol infusion. She was also noted to have a 
temperature of 104 °F, neck rigidity, and leuko-
cytosis. Lumbar puncture was performed which 
drained purulent CSF.  CSF white blood cell 
count (WBC) was 15,315/μL with 96% neutro-
phils and 3% lymphocytes. Gram stain was 2+ 
for gram-positive cocci representing streptococ-
cus pneumoniae. CT of the head did not reveal an 
acute structural abnormality. She was started on 
ceftriaxone, vancomycin, and dexamethasone. 
When she presented to our facility she was intu-
bated and sedated with propofol. Her neurologi-

cal exam was unremarkable except for subtle 
horizontal nystagmus and meningismus. Status 
epilepticus (SE) with bacterial meningitis was 
her initial diagnosis and she was monitored with 
continuous EEG (CEEG). CEEG demonstrated 
nonconvulsive status epilepticus (NCSE). She 
was reloaded with fosphenytoin and levetriace-
tam and continued with propofol for 24 h with a 
CEEG target of 2–3 bursts per 15 s epoch on a 
suppressed background. During the next 24 h she 
was seizure-free. A slow taper of the propofol 
infusion with CEEG monitoring was done. After 
3 days of hospitalization, she was awake and fol-
lowed commands. Following spontaneous breath-
ing trial, she was subsequently extubated without 
complications. After 1 week she was transferred 
to a rehabilitation facility because of generalized 
weakness. Three months later she was seen in the 
neurology clinic and appeared neurologically 
intact except for a mild cognitive deficit. She was 
able to return to full-time employment with 
steady improvement.

16.1	� Introduction

The WHO estimates that there are approximately 
25 million people with epilepsy in the Southeast 
Asian region [1]. In the paper by Rajbhandari 
et  al., the estimated prevalence of epilepsy in 
Nepal was 7.3/1000 [2]. The estimated incidence 
of status epilepticus (SE) in developing countries 
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is largely unknown, while in the United States it 
is estimated to be between 10 and 40 per 100,000, 
with the highest mortality among the elderly pop-
ulation [3].

16.2	� Etiology 
and Pathophysiology

Seizures are a manifestation of imbalance 
between abnormal excitation and ineffective 
inhibition of neuronal activity [4]. Therefore, 
excitatory states like pre-existing epilepsy, struc-
tural brain lesions including tumor, stroke, trau-
matic brain injury, and focal cortical dysplasia 
can increase the risk of seizures. Anti-seizure 
medication discontinuation, substance abuse, 
drug overdose, and CNS infection in the form of 
meningitis and encephalitis, as well as toxic met-
abolic state, may initiate a sustained mechanism 
of abnormal neuronal electrical discharge and 
recruitment of surrounding brain regions. 
Autoimmune and paraneoplastic etiologies are 
increasingly recognized as a cause for refractory 
seizures and SE. As the seizure goes into a pro-
longed state, changes occur in neurotransmitters 
mainly involving the gamma-amino butyric acid 
receptors, which are endocytosed, in addition to 
glutamate receptors that are recruited. This can 
result in a continuous excitatory state which if it 
continues for a prolonged period of time can 
cause neuronal damage.

16.3	� Definition/Classification

In 2015, the Commission on Epidemiology of the 
International League Against Epilepsy (ILAE) 
proposed a twofold definition of status epilepti-
cus [5].

	1.	 After time point T1—Status epilepticus is a 
condition resulting either from the failure of 
the mechanisms responsible for seizure termi-
nation or from the initiation of mechanisms, 
which lead to abnormally, prolonged seizures. 
Multiple studies have shown that a seizure 
lasting more than 5 min can eventually lead to 
abnormal prolonged seizure.

	2.	 After time point T2—This is a condition 
which can have long-term consequences 
including neuronal death, neuronal injury, and 
alteration of neuronal networks, depending on 
the type and duration of seizures. Animal 
studies have shown that after 30 min of sei-
zures there is irreversible neuronal damage.

A newer definition of SE reflects seizures last-
ing more than 5 min. Prolonged seizures should 
be treated in an emergent fashion. The traditional 
definition of SE was continuous seizure activities 
or multiple seizures without return to baseline in 
between seizures, for more than 30  min. This 
definition was changed in order to ensure earlier 
management in an effort to prevent irreversible 
damage to the neurons associated with continu-
ous seizure activity.

Refractory status epilepticus (RSE) by defini-
tion occurs when seizures continue despite treat-
ment with properly selected first- and second-line 
anti-seizure drugs (ASDs). Super-refractory sta-
tus epilepticus (SRSE) occurs after SE fails to be 
controlled following addition of a third-line agent 
involving anesthetic infusions.

Status epilepticus can be classified as convul-
sive and nonconvulsive. Typical convulsive SE 
can manifest as generalized tonic-clonic seizures 
which may evolve over time to subtle or absent 
motor activity leading to nonconvulsive SE 
(NCSE). Generalized convulsive status epilepti-
cus (GCSE) can occur without focal features or 
evolve from a focal onset. It may also present 
with myoclonic SE. Epilepsia partialis continua 
(EPC) is a rare form of focal motor SE. By defini-
tion NCSE is devoid of motor phenomena except 
perhaps subtle twitching of the face, eye, or 
extremity. NCSE may also present as a prolonged 
state of altered mental status or persisting coma 
in patients with toxic-metabolic encephalopathy 
(e.g., hepatic failure, sepsis, etc.).

Newly recognized categories of SE such as 
new-onset refractory status epilepticus (NORSE), 
febrile infection-related epilepsy syndrome 
(FIRES), and acute encephalitis with refractory, 
repetitive partial seizures have been increasingly 
recognized. These syndromes are due to acute 
infections or inflammatory processes without 
clear etiology.
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16.4	� Diagnosis

Clinically diagnosing GCSE is usually easy when 
seizures manifest as episodes of generalized tonic 
stiffness followed by rhythmic jerking with 
impaired consciousness. The diagnosis is usually 
straightforward, although unusual motor manifes-
tations with atypical non-anatomic spread of 
movements and comorbid psychiatric condition 
could suggest psychogenic nonepileptic events or 
an abnormal dystonic or choreiform movement 
disorder. Focal status epilepticus may present as 
progressive jerking that spreads from one body 
part to another propagating in the form of 
“Jacksonian march.” EPC is a drug-resistant focal 
motor seizure that can last for days or months [6]. 
Myoclonic status epilepticus is most commonly 
seen in juvenile myoclonic epilepsy. Status myoc-
lonus may exhibit myoclonus that is secondary 
due to anoxic brain injury or a toxic-metabolic-
systemic source. It is characterized by frequent 
rhythmic or arrhythmic myoclonic jerks. 
Diagnosing NCSE (illustrated on Figs. 16.1, 16.2, 
and 16.3) is often a challenge faced by neurocriti-
cal care as well as in the medical and surgical 
ICU. There needs to be a high degree of suspicion 
for seizures in a patient with a persistent altered 
level of consciousness when a reasonable caus-
ative explanation is absent. Claassen et al. showed 
that 19% of critically ill comatose patients who 
underwent diagnostic continuous EEG (CEEG) 
had seizures present, and 95% were nonconvul-
sive, including 54% with NCSE [7]. Establishing 
the etiological nature of status epilepticus requires 
neuroimaging modalities involving MRI/MRA of 
the brain, CT scanning, and ultrasound, for exam-
ple. In addition, an array of laboratory tests includ-
ing those for metabolic and autoimmune etiologies 
and cerebrospinal fluid analysis is necessary to 
address infectious and inflammatory etiologies.

16.4.1	� Continuous EEG Monitoring

Continuous video-EEG monitoring is an essen-
tial tool in the management of patients with 
SE. In order to establish an accurate diagnosis 
and quantification of the seizure burden in 
patients, electrographic evidence of seizures 
identified by CEEG is essential in detecting 
nonconvulsive events. These patients fre-
quently require more than 24  h of CEEG to 
detect the first electrographic seizure. 
Neurocritical care guidelines strongly recom-
mend CEEG monitoring at for least 48  h for 
comatose patients being evaluated for NCSE 
[8]. The American Clinical Neurophysiology 
Society has proposed a standardized terminol-
ogy for CEEG in critically ill patients to 
describe electrographic features of the EEG for 
clinical and research use [9]. Lateralized peri-
odic discharges (LPD) (Fig.  16.2), LPD plus 
fast activity (Fig.  16.3), bilateral independent 
periodic discharges (BiPD), generalized peri-
odic discharges (GPD), stimulus-induced 
rhythmic, periodic, or ictal discharges 
(SIRPID), lateralized rhythmic delta activity 
(LRDA), and generalized rhythmic delta activ-
ity (GRDA) are abnormal findings present 
along the “Ictal–interictal continuum.” This 
area is currently a rapidly evolving field of 
research to distinguish patterns that require 
more aggressive therapy. Periodic discharges 
include LPD Plus, LPD, SIRPIDs, BiPDs, and 
triphasic waves associated with ictal patterns. 
Therefore, the periodic patterns in EEG are 
recommended to have CEEG considered to 
address their association with seizures and SE 
[10]. Critical care CEEG has been increasingly 
utilized not only for seizure detection but also 
for ischemia in patients with altered mental 
state.
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Fig. 16.1  (a–c) Discrete left hemispheric seizure cap-
tured during stat EEG in an unresponsive patient in the 
ICU following a series of generalized tonic-clonic sei-

zures. Serial non-convulsive seizures were subsequently 
captured on continuous EEG monitoring. Sensitivity 
7 μV/mm, display speed 30 mm/s, filter settings 1–70 Hz

a

b
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c

Fig. 16.1  (continued)

Fig. 16.2  Left hemispheric periodic discharges with 
frontal predominance evolving into an electrographic sei-
zure. Note the right parasagittal field of the LPD in second 

2 and the spatial propagation during the seizure at the end 
of the epoch. Sensitivity 7  μV/mm, display speed 
30 mm/s, filter settings 1–70 Hz
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Fig. 16.3  Right central-parietal lateralized periodic discharges with fast activity and a restricted parasagittal field in a 
patient with a glioblastoma multiforme. Sensitivity 7 μV/mm, display speed 30 mm/s, filter settings 1–70 Hz

16.5	� Treatment

Initial treatment of SE involves rapid assessment 
of airway, breathing, and circulation similar to 
other medical emergencies. Supportive care is 
similar to other acute resuscitation measures. 
Patients should be evaluated for toxic-metabolic-
systemic etiologies and structural brain abnor-
malities. When securing the airway during 
intubation in patients with SE particular attention 
has to be paid using neuromuscular blockade as 
this could make convulsive SE appear non-
convulsive. If absolutely necessary a neuromus-
cular block with the shortest half-life should be 
used. Alternatively, one should always try to use 
agents like ketamine or midazolam with the abil-
ity to rapidly titrate and taper medication [4]. 
Intramuscular benzodiazepines are recom-
mended to abort prolonged seizures in the pre-
hospital setting [10]. There have been multiple 
trials using intramuscular midazolam in adults as 
well as children with efficacy in controlling 
ongoing seizures [11–13].

Inpatient SE may be treated with a three-tier 
approach to medication management. This is 
summarized in Table 16.1 [4, 8, 14, 15].

Addressing the underlying etiology for SE is 
also a major concern in its management. Patients 
presenting with an underlying structural lesion 
such as a brain tumor, trauma-related brain injury 
(e.g., subdural hematoma), subarachnoid hemor-
rhage with/without hydrocephalus, stroke, or cen-
tral nervous system infection (e.g., empyema) may 
need surgical intervention. Patients presenting 
with a metabolic encephalopathy due to sepsis or 
organ failure require therapy directed toward treat-
ing the underlying etiology. Meningoencephalitis 
needs to be evaluated and treated in an emergent 
fashion. More recently, autoimmune and paraneo-
plastic etiologies have been increasingly recog-
nized as an etiology responsive to 
immunomodulation including steroids and immu-
nosuppressant agents like intravenous immuno-
globulin and plasmapheresis. Continuous EEG 
monitoring helps to assess patients effectively to 
modify usage of medication in SE, and stage the 

L. Dhakal and W. O. Tatum



131

Table 16.1  Antiepileptic drugs used in Status Epilepticus

Drugs Doses, route
Relevant 
pharmacokinetics

Side effects and interaction and 
special considerations

1. Prehospital
 �� (a) IM midazolam 10 mg Onset 5 min
 �� (b) IV lorazepam 2–4 mg Onset 10 min
2. Inhospital (ER/ICU)
First line
 �� (a) IV lorazepam 0.1 mg/kg max rate 2 mg/min Hypotension
 �� (b) IV diazepam 0.15–0.2 mg/kg rate of 5 mg/min
Second line
 �� (a) IV Fosphenytoin Loading dose 20 mg PE/kg IV 

(can reload another 10 mg PE/kg if 
needed) followed by 100 mg IV 
every 6–8 h

Cardiac arrhythmia and 
hypotension. The maximum 
rate of infusion for 
fosphenytoin 150 mg PE/min

 �� (b) IV Levetiracetam 1500–3000 mg loading dose 
followed by 10–15 mg/kg q12h

Lower does with 
renal failure

Commonly used as first agent 
nowadays

 �� (c) IV Valporate 20–40 mg/kg load then 4–6 mg/kg 
q6h

Liver 
metabolized

 �� (d) IV Lacosamide 200–400 mg load followed by 
200–300 mg q12h

Third line (anesthetics—continuous drip)
 �� (a) Propofol Loading dose of 1–2 mg/kg 

followed by 2–10 mg/kg per hour
Hypotension, bradycardia, 
propofol infusion syndrome

 �� (b) Midazolam Loading dose 0.2 mg/kg followed 
by 0.1–2 mg/kg per hour

Tachyphylaxis

 �� (c) Pentobarbital Loading dose 5–10 mg/kg 
followed by 0.5–5 mg/kg per hour

Prolong half-life Hypotension, ileus, metabolic 
acidosis

 �� (d) Ketamine Loading dose 1.5 mg/kg up to 
4.5 mg/kg loading dose followed 
by 2–5 mg/kg per hour

NMDA antagonist—inhibits 
glutamic excitotoxicity—
increasingly used

Super-refractory status
 �� (a) Iso/desflurane Needs to involve 

anesthesiologist
 �� (b) Topiramate Per tube 300–600 mg Metabolic acidosis
 �� (c) Magnesium 4 g bolus follow be infusion 

2–6 g/h
Keep serum magnesium 
<6 mEq/L

 �� (d) Pyridoxine IV or tube 100–600 mg/day For inborn error of pyridoxine 
metabolism

 �� (e) Steroid IV methylprednisolone 1 g/day for 
5 days followed by prednisone 
1 mg/kg/day for a week

For autoimmune encephalitis, 
EPC, NORSE, AERPPS

 �� (f) �IVIG, 
plasmapheresis

For five doses/sessions For autoimmune encephalitis, 
EPC, NORSE

 �� (g) Hypothermia 33–35 °C
 �� (h) �Ketogenic diet, 

ECT, VNS, TMS, 
and neurosurgical 
resection

Electrolyte imbalance, 
bleeding and infection risk

Note: AERPPS acute encephalitis with refractory, repetitive partial seizures, NORSE new-onset refractory status epilep-
ticus, ECT electroconvulsive therapy, VNS vagal nerve stimulator, TMS transcranial magnetic stimulation, IVIG intrave-
nous immunoglobulin
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timing of anesthetic drug implementation in addi-
tion to guiding titration and de-escalation of anti-
seizure medications. When third-line anesthetics 
medications are required, patients are usually 
maintained in a suppression-burst pattern on 
CEEG for 12–24 h. During that time, second-line 
ASDs could be optimized.

16.6	� Outcome

Patients with SE are prone to complications com-
mon to the ICU, namely multiple organ failure, 
deep venous thrombosis, pulmonary embolism, 
and sepsis. Critical illness polyneuropathy and 
myopathy is also a common complication in 
patients who have prolonged hospitalizations. 
Medication interactions and adverse effects are 
also common and need to be actively determined 
and eliminated when possible. Adverse drug 
reactions including Steven-Johnson syndrome, 
toxic epidermal necrosis, are propofol infusion 
syndrome are some of the serious complications 
that may occur during the course of treating 
patients with SE, and a heightened index of sus-
picion should be maintained.

Both GCSE and NCSE carry a high risk for 
morbidity and mortality [8]. Inappropriate dos-
ing, delays in initiating therapy, lack of EEG 
monitoring, older age, and higher acuity of 
patient can contribute to increased mortality and 
morbidity [8]. Some reports suggest a relation-
ship between the duration of electrographic SE 
and outcome with higher risks for subsequent 
epilepsy, cognitive dysfunction, and overall dis-
ability [16].
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17Myasthenia Gravis

Babu Ram Pokharel

Case Scenario
A 57-year-male was admitted with difficulty in 
swallowing, breathing, and speaking for 
2 months, which increased in the evenings. The 
onset was insidious and gradually progressive. 
Clinical examination revealed diplopia on hori-
zontal gaze and wasting of muscles: intercostal, 
sternocleidomastoid, and flexors of the neck. 
There was no history of chest or cardiac disease 
and his oxygen saturation was low and respira-
tory rate was high. The patient was intubated and 
a nasogastric tube was inserted. He was started 
on high-dose methylprednisolone and tab pyr-
idostigmine with other supportive measures. 
Serum acetylcholine receptor antibody was posi-
tive. MRI of the brain and CT of the chest were 
normal. After 7 days, tracheotomy and percuta-
neous endoscopic gastrostomy insertion were 
done. The patient gradually improved and was 
shifted to the ward. He was discharged in stable 
condition after 3  weeks of hospital admission 
with closed tracheostomy and in situ percutane-
ous endoscopic gastrostomy. He was on a taper-
ing dose of steroid and pyridostigmine (60 mg 5 
times daily) at first follow-up. Six months after 
admission his percutaneous endoscopic gastros-
tomy tube was removed.

17.1	� Introduction

Myasthenia gravis (MG) is an autoimmune disor-
der of the neuromuscular junction (NMJ) involv-
ing post-synaptic membrane. The first reported 
case was by Thomas Willis (1672) where he 
described a patient female who temporarily lost 
her power of speech and became “as mute as a 
fish” [1]. Similarly, other scientists who contrib-
uted are the field of myasthenia gravis are Samuel 
Wilkes, Wilhelm Erb of Heidelberg, Samuel 
Goldflam of Warsaw, and Frederick Jolly.

The prevalence is about 2 of every 100,000 
and can occur at any age [2]. Age of onset of 
myasthenia gravis follows a bimodal distribution. 
The early type (age <50 years) has a female pre-
ponderance and the later predominant group (age 
>60 years) male. Between the ages of 50 and 60, 
there is similarity in the frequency of male and 
female distribution [3]. Myasthenia gravis com-
monly affects the eyes, face, pharyngeal muscles 
and limbs. Around 80% of myasthenia gravis are 
generalized type and clinical features are limited 
to the eyes in 15–20% [4].

17.2	� Pathophysiology

In myasthenia gravis, autoantibodies are formed 
against the acetylcholine receptor (AChR) anti-
bodies of post-synaptic membrane of the neuro-
muscular junction. Autoantibodies in the 
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post-synaptic membrane lead to a number of 
changes including compromise of end plate 
potential, downregulation of receptors, and 
reduction of safety factor synaptic transmission. 
The antibodies cause the destruction of post-
synaptic membrane. Another target receptor 
found in the post-synaptic membrane is muscle-
specific kinase (MuSK), believed to have a role in 
clustering of AChRs. The other newer targets are 
low-density lipoprotein receptor-related protein 4 
(LRP-4) and argin.

The process of antibody binding to the AChR 
initiates autoimmune response targeting the end 
plate region. AChR destruction of the post-
synaptic region is dependent on complement acti-
vation. The stimulation of the post-synaptic 
membrane subsequently leads to the simplifica-
tion of its typically intricate and folded surface, 
which is accompanied by a decrease in the quan-
tity and concentration of AChR. A muscle-specific 
kinase is a recently identified antigenic target in 
MG patients with negative AChR antibodies. 
Activated T cells play a central role in autoanti-
body production in MG, but the mechanism of 
tolerance breakdown is unclear. It is likely that 
T-lymphocyte tolerance to self-antigens occurs in 
the thymus, and thymic abnormalities are com-
mon in MG. In about 10% of MG patients, thy-
momas are present, and thymic hyperplasia has 
been reported in about 65% of MG [5].

17.3	� Clinical Presentation

The hallmark of MG is that muscles become 
fatigued and weaker with repeated usage. The 
involved muscles will have fluctuating weakness 
involving ocular, bulbar, and limb muscles [4]. 
MG can be classified into pure ocular myasthenia 
and generalized myasthenia with severity rang-
ing from mild to moderate to severe [6]. Ptosis is 
initially unilateral, to gradually involve the bilat-
eral eyelid. If bilateral, it is likely to be asymmet-
ric; ptosis is also known as “plus minus ptosis.” 
MG patients also often complain of difficulty in 
seeing bright lights.

In speech evaluation of MG patients, initial 
sound production is usually as loud as normal. 

However, repeated production of sound causes 
the voice to become gradually quieter [4, 5]. 
Patients may experience chewing difficulty, and 
may need to manually open and close their jaw. 
Jaw weakness may be pronounced in some 
patients causing the jaw to hang open, for which 
the patient may need chin support with the hand.

Difficulty swallowing is another manifesta-
tion of MG. Patients often have more difficulty 
swallowing liquid than solid food, causing 
coughing and aspiration. Exacerbation of symp-
toms can occur when individuals are exposed to 
high temperatures, stress, or infections, or suffer 
from any systemic disease [6]. Patients some-
times are unable to hold flatus and often com-
plain of cramps in limb muscles.

17.4	� MuSK Myasthenia

MuSK myasthenia primarily affects females, 
with symptoms typically arising during the fourth 
decade. Common clinical presentation includes 
pronounced faciobulbar weakness, leading to 
challenges in both speech and swallowing abili-
ties. Patients may even experience atrophy in 
their facial and tongue muscles, which resembles 
amyotrophic lateral sclerosis [6]. The majority of 
patients with MuSK-positive myasthenia gravis 
exhibit limited or negligible ocular manifesta-
tions [7].

This group of patients has severe faciopha-
ryngeal weakness with bulbar symptoms and 
have few or minimal associated ocular symp-
toms. Facial and tongue atrophy in MuSK myas-
thenia usually mimics amyotrophic lateral 
sclerosis [6].

17.5	� MGFA Classification 
of Myasthenia Gravis

The Medical Scientific Advisory Board (MSAB) 
of the Myasthenia Gravis Foundation of America 
(MGFA) was established in May 1997 with the 
purpose of addressing the matter of universally 
recognized classifications, grading systems, and 
analytical methods for the management of 
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patients receiving therapy and for application in 
therapeutic research trials [8]. According to 
MGFA classification, patients have weakness 
limited to the eyes in Class I.  Class II encom-
passes ocular muscle involvement with mild 
weakness of other muscles. Similarly, Class III 
and IV encompass moderate and severe general-
ized muscle weakness.

Different provocative maneuvers used in 
suspected MG are:
	1.	 Fatigable ptosis if sustained upgaze for 

60–180 s.
	2.	 Hering’s Law of equal innervation elicits 

manually elevating the more ptotic eyelid and 
may result in worsening of ptosis in the oppo-
site eyelid.

	3.	 The presence of a “peek sign” is observed 
when the eyelids are tightly closed for an 
extended period, resulting in fatigue of the 
orbicularis oculi. This will slowly result in 
prominence of white sclera of the eye.

	4.	 There will be fatigable diplopia with images 
appearing sideways in sustained lateral gaze 
for 60 s.

	5.	 The patient experiences weakness on sus-
tained abduction of the arms for a duration of 
120 s, resulting in an inability to maintain arm 
elevated.

	6.	 Counting aloud from 1 to 50 enhances pro-
gressive change in the voice causing dysar-
thria or dyspnea.

17.6	� Investigations

Edrophonium challenge (neostigmine challenge) 
test: Edrophonium, also known as tensilon, is a 
short-acting acetylcholinesterase (AChE) inhibi-
tor which helps to ameliorate muscle weakness in 
individuals with MG. The Patient is given IV/IM 
neostigmine/edrophonium along with inj. atro-
pine. The result is considered positive if there is 
improvement in subjective response (e.g., 
improvement in ptosis).

The anti-AChR antibody test has demon-
strated a high degree of reliability in the diagno-

sis of MG. The specificity of the phenomenon is 
reported to be remarkably high, reaching up to 
100% [9]. Antibody tests are positive in about 
90% of patients with generalized MG. However, 
only 50–70% with ocular MG have positive anti-
bodies to AChR.

Patients with anti-AChR Ab negative (sero-
negative) should be considered for the MuSK 
antibody test [10]. Approximately 10% of people 
with MG are considered seronegative. Sometimes 
antibodies for other proteins such as agrin or low-
density lipoprotein receptor-related protein 4 
(LRP4) are present, signaling that these autoanti-
bodies may be biomarkers of MG [11]. As newer 
antibodies are discovered for MG, a smaller 
number of patients are likely to be classified as 
seronegative. Other antibody tests are being 
increasingly recognized.

17.7	� Electrophysiological Test

Repetitive nerve stimulation (RNS) and single-
fiber electromyography (SFEMG) are specific 
tests performed for the diagnosis of myasthe-
nia gravis. RNS is done at 2–3  Hz which is 
used to diagnose and differentiate various NMJ 
disorders. A decremental response (a gradual 
reduction in action potential with each repeti-
tive stimulus) is an abnormal finding of MG. In 
1895, Friedrich Jolly, a German neurologist, 
first described the test [12]. RNS is abnormal 
in about 50–70% of patients with generalized 
MG and is often normal in Class I or ocular 
MG.

The performance of SFEMG generally neces-
sitates the utilization of a specifically designed 
single-fiber EMG needle electrode or facial con-
centric needle electrode featuring a small record-
ing surface measuring 25 μm. This recording 
surface is exposed at a designated port located on 
the side of the electrode, positioned 3 mm away 
from the tip. SFEMG aims at evaluating neuro-
muscular block, jitter, and fiber density. An 
SFEMG test has higher diagnostic sensitivity 
than other investigations like tensilon, RNS, and 
AChR antibody test [13].
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17.8	� Thymus and Myasthenia

The thymus gland has been known to be associ-
ated with pathogenesis of seropositive MG.  It 
acts to enhance autoimmune reaction involving 
autoantigens, AChR-specific T cells, and 
plasma cells. Pathologic changes in the thymus 
such as hyperplastic or tumoral can be seen in 
most AChR-positive patients. Chest CT with 
contrast scan is mandatory to look for thymoma 
or thymic enlargement in patients with 
MG.  MRI/CT of the head may be required to 
rule out cranial pathology in case of ocular 
myasthenia gravis.

17.9	� Management

MG is an autoimmune disorder and requires both 
symptomatic and disease-modifying treatment. 
Its management has been divided into the follow-
ing areas.

17.9.1	� Pharmacological Treatment

Acetylcholine esterase is the enzyme present at 
the neuromuscular junction. This enzyme is 
responsible for the breakdown of acetylcholine 
into acetyl and choline terminating action poten-
tial. A cholinesterase inhibitor, physostigmine, 
was used as the first effective medication for MG 
in a published report in 1934 [14]. Acetylcholine 
esterase inhibitors like neostigmine and pyr-
idostigmine block the enzyme and prolong the 
action of acetylcholine.

Pyridostigmine is a commonly used acetyl-
choline esterase inhibitor for maintenance ther-
apy in MG [15]. Tablets of pyridostigmine of 
30–120 mg are given at various intervals during 
the day. Its effectiveness lasts for about 3–4 h in 
the daytime and may even have a longer effect of 
6 h at night. The total daily dose varies depending 
on the severity of the weakness, usually in the 
range of 5–20 tablets.

The common side effects of pyridostigmine 
are abdominal cramps and increase frequency of 

urination. The increase in the drug level may give 
rise to clinical condition of cholinergic crisis 
lower dosages may be required in patient of renal 
failure.

17.9.2	� Autoimmune Treatment

Corticosteroid and azathioprine are the most 
important drugs and have long been used in 
myasthenia gravis as immune modulators. The 
effectiveness of corticosteroids usually starts ear-
lier, even within days, and in most patients, ben-
efits may be observed in about 2  weeks [16]. 
Steroid treatment in MG may require periods of 
3–4 months. Common side effects of steroids are 
acne, glaucoma, cataract, increased blood pres-
sure, blood sugar changes, peptic ulcer, osteopo-
rosis, and easy bruising. To lessen the side effects 
of corticosteroids, azathioprine-like drugs should 
be started concomitantly.

Azathioprine is a cytotoxic antimetabolite that 
inhibits DNA and RNA synthesis, resulting in 
impairment of purine metabolism. The usual 
starting dose for azathioprine is 50 mg/day and 
dosing can be increased by 50 mg in 2–4 weeks 
to a target dose of 2–3  mg/kg/day. Complete 
blood analysis and liver function test should be 
done at baseline and then regularly in order to 
monitor the adverse effects of azathioprine.

Mycophenolate mofetil was initially used as 
an immunosuppressor in organ transplantation 
and was only later introduced in treatment of MG 
[17]. Mycophenolate mofetil is teratogenic and is 
contraindicated in pregnancy. Due to its excretion 
in breast milk, mycophenolate mofetil is also 
contraindicated in lactation. The common side 
effects of mycophenolate are diarrhea, asthenia, 
thrombocytopenia, leukopenia, and herpes sim-
plex infection.

Cyclophosphamide is commonly used as an 
anti-cancer drug and works as an alkylating 
agent, interfering with DNA of white blood cells 
that produce autoantibodies. Cyclophosphamide 
is considered in the treatment of myasthenia 
when it becomes refractory to other modalities of 
treatment. Rituximab is a monoclonal antibody 
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directed against the CD20 antigen, a transmem-
brane protein expressed on the surface of B cells 
which usually causes long-lasting effects on 
immune response [18].

17.9.3	� Plasma Exchange 
and Intravenous 
Immunoglobulin

Plasma exchange (PLEX) has been widely used 
as an effective treatment for MG since 1970 [19]. 
PLEX has usually been used in myasthenic crisis 
and in patients undergoing thymectomy. In this 
procedure, patient plasma that contains patho-
genic antibodies is removed and replaced by 
donated plasma along with crystalloids and albu-
min. The procedure is done through peripheral or 
central venous access points.

Intravenous immunoglobulin (IVIG), which is 
derived from plasma of donors, is a safe and 
effective immunosuppressive and anti-
inflammatory therapy for MG [20]. The effec-
tiveness of IVIG can be observed in about a week 
and lasts for about 4–6 weeks, making it a good 
treatment option in myasthenia crisis and for 
patients not responding to other acute therapies. 
IVIG is given over 2–5 days at a total dose of 2 g/
kg, with caution in patients with associated renal 
impairment and heart failure and in the elderly 
population. In comparison to PLEX, IVIG was 
found to have less serious adverse effects, and 
better response rate was observed in the PLEX 
treatment group [21].

17.9.4	� Newer Treatments

Eculizumab is a recombinant monoclonal anti-
body that targets the C5 complement protein and 
inhibits the activation of the C5b-9 membrane 
attack complex. It was approved in 2017 for the 
treatment of refractory generalized myasthenia 
gravis [22]. Moderate to severe myasthenia 
patients who have already received adequate tri-
als for other immunotherapies are candidates for 
eculizumab. It is given in infusions of 900  mg 
weekly for 4 weeks, followed by 1200 mg for the 
fifth week, and 1200 mg every 2 weeks.

17.10	� Thymectomy

Thymectomy is the beneficial treatment for 
AChR-positive generalized MG that can improve 
the clinical status of MG and also might be help-
ful in reducing the maintenance dose. Although 
the optimal time for thymectomy is not clear, it 
should be scheduled when the patient’s symp-
toms are well controlled in the preoperative 
period. Thymectomy in patients with antibodies 
such as MuSK, LRP4, and agrin-positive MG is 
not found to be beneficial [23].

References

1.	Hughes T.  The early history of myasthenia gravis. 
Neuromuscul Disord. 2005;15:878–86.

2.	Li Y, Arora Y, Levin K.  Myasthenia gravis: newer 
therapies offer sustained improvement. Cleve Clin J 
Med. 2013;80(11):711–2.

3.	Alkhawajah NM, Oger J. Late onset myasthenia gra-
vis: a review when incidences in older adults keeps 
increasing. Muscle Nerve. 2013;48(5):705–10.

4.	 Juel VC, Massey JM. Myasthenia gravis. Orphanet J 
Rare Disord. 2007;2:44.

5.	Namba T, Brunner NG, Grob D. Myasthenia gravis in 
patients with thymoma, with particular reference to 
onset after thymectomy. Medicine. 1978;57:411–33.

6.	Sieb JP.  Myasthenia gravis: an update for the clini-
cian. Clin Exp Immunol. 2014;175:408–18.

7.	Guptill JT, Sanders DB, Evoli A.  Anti-MuSK anti-
body myasthenia gravis: clinical findings and 
response to treatment in two large cohorts. Muscle 
Nerve. 2011;44:36–40.

8.	 Jaretzki A, Barohn RJ, Ernstoff RM, et al. Myasthenia 
gravis: recommendations for clinical research stan-
dards. Task Force of the medical Scientific Advisory 
Board of the Myasthenia Gravis Foundation of 
America. Neurology. 2000;55:16–23.

9.	Padua L, Stalberg E, LoMonaco M, Evoli A, Batocchi 
A, Tonali P.  SFEMG in ocular myasthenia gravis 
diagnosis. Clin Neurophysiol. 2000;111:1203–7.

10.	Hoch W, McConville J, Helms S, Newsom-Davis J, 
Melms A, Vincent A. Auto-antibodies to the receptor 
tyrosine kinase MuSK in patients with myasthenia 
gravis without acetylcholine receptor antibodies. Nat 
Med. 2001;7:365–8.

11.	Higuchi O, Hamuro J, Motomura M, Yamanashi 
Y.  Auto antibodies to low-density lipoprotein 
receptor-related protein 4  in myasthenia gravis. Ann 
Neurol. 2011;69:418–22.

12.	Ropper AH, Samuels MA. Adams and Victor’s prin-
ciples of neurology. 9th ed. New York: McGraw Hill; 
2009. p. 1241–2.

13.	Sarrigiannis PG, Kennett RP, Read S, Farrugia 
ME. Single fiber EMG with a concentric needle elec-

17  Myasthenia Gravis



140

trode validation in myasthenia gravis. Muscle Nerve. 
2006;33:61–5.

14.	Walker MB.  Treatment of myasthenia gravis with 
physostigmine. Lancet. 1934;223:1200–1.

15.	Saperstein DS, Barohn RJ. Management of myasthe-
nia gravis. Semin Neurol. 2004;24:41–8.

16.	Pascuzzi RM, Coslett HB, Johns TR. Long-term cor-
ticosteroid treatment of myasthenia gravis: report of 
116 patients. Ann Neurol. 1984;15:291–8.

17.	Simmons WD, Rayhill SC, Sollinger H. Preliminary 
risk-benefit assessment of mycophenolate mofetil 
in transplant rejection. Drug Saf. 1997;17: 
75–92.

18.	Tandan R, Hehir MK 2nd, Waheed W, Howard 
DB. Rituximab treatment of myasthenia gravis: a sys-
tematic review. Muscle Nerve. 2017;56:185–96.

19.	Dau PC, Lindstrom JM, Cassel CK, Denys EH, Shev 
EE, Spitler LE. Plasmapheresis and immunosuppres-

sive drug therapy in myasthenia gravis. N Engl J Med. 
1977;297:1134–40.

20.	Gajdos P, Outin H, Elkharrat D, et  al. High-dose 
intravenous gamma globulin for myasthenia gravis. 
Lancet. 1984;1:406–7.

21.	 Ipe TS, Davis AR, Raval JS.  Therapeutic plasma 
exchange in myasthenia gravis: a systematic literature 
review and meta-analysis of comparative evidence. 
Front Neurol. 2021;12:662856.

22.	Howard JF Jr, Barohn RJ, Cutter GR, Freimer M, Juel 
VC, Mozaffar T, MG Study Group, et al. A random-
ized, double-blind, placebo-controlled phase II study 
of eculizumab in patients with refractory generalized 
myasthenia gravis. Muscle Nerve. 2013;48:76–84.

23.	Sanders DB, Wolfe GI, Benatar M, Evoli A, Gilhus 
NE, et al. International consensus guidance for man-
agement of myasthenia gravis: executive summary. 
Neurology. 2016;87:419–25.

B. R. Pokharel



141© Springer Nature Singapore Pte Ltd. 2024 
K. K. Oli et al. (eds.), Case-based Approach to Common Neurological Disorders, 
https://doi.org/10.1007/978-981-99-8676-7_18

18Amyotrophic Lateral Sclerosis

Seena Vengalil, Saraswati Nashi, 
Veeramani Preethish-Kumar, Kiran Polavarapu, 
and Atchayaram Nalini

Case Scenario
A 65-year-old man presented with progressive 
weakness and wasting of right hand for 2 years 
followed by proximal weakness of right upper 
limb for 1½ years. He also had distal weakness of 
right lower limb for 1 year and bulbar symptoms 
with difficulty in swallowing and speaking for 
2 months. He had a history of muscle cramps and 
fasciculations in his extremities. He also experi-
enced fatigue and had weight loss of around 3 kg 
over the past few months. He had no sensory, cer-
ebellar, extrapyramidal, autonomic, behavioral, 
or memory disturbances. There was no positive 
family history. On examination, the eye move-
ments were normal; there was an atrophic, weak 
flabby tongue with fasciculations and slow move-
ments. There was a mixed type of dysarthria, and 
the jaw jerk was brisk. There was asymmetric 
wasting of small muscles of hands, predomi-
nantly of the thenar eminence (ape thumb defor-
mity). The shoulder girdle muscles were wasted. 
Minipolymyoclonus was prominently present. 
He had proximal and distal weakness of all four 
limbs with spasticity and exaggerated tendon 
reflexes. There was no Babinski’s sign, and 

abdominal reflexes were elicited. Sensory system 
examination was normal. He had a pure motor 
syndrome with a clinical diagnosis of amyo-
trophic lateral sclerosis (ALS). Blood investiga-
tions like hemogram, renal, liver, and thyroid 
function tests were normal. Nerve conduction 
study showed a decrease in compound muscle 
action potential (CMAP) amplitudes with normal 
distal latency and velocity in tested nerves of 
upper and lower limbs. Sensory conductions 
were normal. Electromyography (EMG) con-
firmed a diagnosis of ALS by showing changes of 
denervation and partial re-innervation in sampled 
muscles of the upper and lower limbs and the cra-
nial musculature. Workup for other secondary 
causes like endocrinopathy, paraproteinemia, and 
neoplasm was negative. The patient fulfilled the 
criteria for a clinically definite case of ALS by 
modified Airlie House El Escorial criteria.

18.1	� Introduction

Amyotrophic lateral sclerosis (ALS) is a progres-
sive neurodegenerative disease of the motor sys-
tem. It was first described by Jean Martin Charcot 
in 1869 and became well known when Lou 
Gehrig, a famous US baseball player, was diag-
nosed with the disease [1*]. Most of the cases are 
sporadic; however, 5–10% may be familial with 
an autosomal dominant, recessive, or X-linked 
inheritance pattern. Recent advances in under-
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standing the pathogenesis of ALS may improve 
the diagnosis and treatment of ALS and result in 
extended longevity for the patients.

18.2	� Epidemiology

Incidence is about 1.5–2.7/100,000, while preva-
lence is around 0.32/100,000. Male-to-female 
ratio is 1.5:1, and it is almost the same for familial 
cases [2*]. Lifetime risk of ALS is 1:400 for 
women and 1:350 for men [2]. Peak age of onset 
is 58–63 years for sporadic cases and 47–52 years 
for familial cases [2]. Around 5% of cases can 
have an age of onset less than 30 years. In Asia, 
the highest incidence is noted in Japan, while 
China and India have a low incidence [3]. A large 
study on 1153 patients with ALS in India found 
that the mean age of onset is a decade earlier, pro-
gression is slower, and survival is longer com-
pared to Caucasian patients with ALS [4].

18.3	� Phenotypes and Clinical 
Features

Around two-thirds of cases present with spinal-
onset ALS (classical Charcot ALS) [5], and they 
usually have focal muscle weakness or wasting 
of the distal upper limbs as the initial symptom 
which may be associated with cramps and fas-
ciculations. Weakness is asymmetrical and insid-
ious in onset and later spreads to other limbs and 
later involves bulbar and respiratory musculature 
too. Bulbar-onset ALS presents with dysarthria 
or dysphagia, and they may have sialorrhea and 
pseudobulbar symptoms like emotional lability 
or excessive yawning.

About 5% of patients have respiratory mus-
cle weakness at onset without much limb weak-
ness or bulbar symptoms and hence present with 
symptoms of type 2 respiratory failure like noc-
turnal dyspnea, orthopnea, daytime somnolence, 
morning headaches, decreased concentration, 
irritability, etc. Classically the findings include 
a combination of upper motor neuron (UMN) 
and lower motor neuron (LMN) signs in affected 
segments. UMN findings include spasticity, loss 

of dexterity of affected limbs, weakness, brisk 
reflexes, or retained reflexes in an atrophic limb, 
and presence of primitive reflexes due to loss of 
inhibitory UMN control (to be interpreted as 
pathologic only in the presence of associated 
UMN signs) [6]. A study by Okuda et al. found 
that corneomandibular reflex may be a sensitive 
indicator of ALS [7]. LMN signs include weak-
ness, wasting, fasciculations, hyporeflexia, and 
cramps (Figs.  18.1, 18.2, 18.3 and 18.4). 
Intrinsic muscles of hand are wasted early with 
a split-hand phenomenon, wherein muscles of 
lateral aspect of hand are wasted early and more 
severe compared to those in medial aspect. 
Palpable flaccidity of muscles and trophic joint 
changes with pain and pericapsulitis may occur 
rarely.

UMN syndrome in bulbar palsy presents with 
spastic dysarthria, slowness of tongue move-
ments, dysphagia more to liquids, pseudobulbar 
affect, hyperactive gag, and brisk jaw jerk, while 
LMN findings include weakness of face, palate, 
and tongue muscles with hypoactive gag reflex 

Fig. 18.1  Wasting of small muscles of hand, especially 
those of thenar muscles with partial clawing
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Fig. 18.2  Wasting of interossei, especially the first dorsal 
interossei

Fig. 18.3  Wasting of shoulder girdle muscles—supraspi-
natus and infraspinatus with flattening of shoulder 
contour

Fig. 18.4  Proximal muscle weakness with severe inabil-
ity in raising arm

Fig. 18.5  Atrophic and flabby tongue in a patient with 
ALS

and absent jaw jerk. Tongue is atrophic and flac-
cid and shows fasciculation in resting position in 
the floor of the mouth (Fig. 18.5). Involvement of 
paraspinal muscles causes head drop, bent spine, 
and camptocormia. Survival in ALS is around 
20–48  months; however, 10–20% of patients 
with ALS may survive 10 years or more.

Other variant presentations include the 
following.

	(a)	 Progressive muscular atrophy (PMA, 
Duchenne-Aran muscular atrophy): PMA 
present as pure LMN syndrome, character-
ized by asymmetrical flaccid weakness with 
wasting, fasciculations, and hyporeflexia, 
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usually of distal limb onset. PMA accounts 
for 2.5–11% of motor neuron disease. Age of 
onset is older than for ALS, mean being 63.4 
+/− 11.7 years. About 20% may have sym-
metrical proximal limb onset. Bulbar mus-
cles are spared initially though 40% may 
subsequently develop bulbar involvement. 
Those who develop bulbar weakness are 
more likely to progress to ALS. It is rare to 
find axial or respiratory muscle involvement 
at onset. Around 22–35% may later develop 
UMN features in a span of 8  months to 
5 years [8]. PMA is usually slowly progres-
sive, and median survival is 48 months, about 
12 months longer than those with ALS [8].

	(b)	 Flail arm syndrome (Vulpian–Bernhardt syn-
drome or brachial amyotrophic diplegia, 
man-in-the-barrel syndrome)—their fre-
quency is about 2–11% of MND.  Age of 
onset is 53–57  years, begins in upper limb 
proximal muscles, and may be asymmetric in 
onset. Unlike ALS with limb onset, where 
distal muscles are involved initially, proxi-
mal muscles are involved more in flail arm 
syndrome. Reflexes are sluggish to absent. 
Disease remains confined to a single spinal 
region for 12–18 months. Prognosis is gener-
ally better than for ALS with mean survival 
being 76–79 months with 52% having more 
than 5-year survival [9].

	(c)	 Flail leg syndrome (leg amyotrophic diple-
gia, pseudopolyneuritic form, Marie–
Patrikios form, peroneal form)—their 
frequency is about 2.5–6.3% of MND. Age 
of onset is around 55–57 years with an asym-
metric pelviperoneal pattern or distal leg 
weakness and remains confined to the lum-
bosacral segment for more than 
12–24 months. Prognosis is better than ALS 
with a mean survival of 76–87 months and a 
5-year survival rate of 64–77% [9].

	(d)	 Primary lateral sclerosis (PLS)—PLS is a 
progressive UMN dysfunction in the absence 
of LMN involvement and absence of his-
tory; it even sometimes mimics hereditary 
spastic paraplegia. Patients present with 
stiffness, mild weakness, and clumsiness 
and may develop spastic dysarthria and 

emotional labiality. Stiffness as a presenting 
symptom is more common in PLS than 
ALS. PLS accounts for 1–3% of MND and 
remains a diagnosis of exclusion and 
requires presence of symptoms for more 
than 3 years (Pringle criteria) or more than 
4 years (Singer criteria). Symptoms are usu-
ally of lower limb onset and spreads from 
one side to other and then ascends up, aver-
aging 3.5  years from onset to upper limb 
involvement and 5 years to bulbar involve-
ment. Prognosis is better than for ALS, and 
those patients who do not develop LMN 
findings after 4 years of disease onset have 
an almost normal life span [10].

	(e)	 Mills hemiplegic variant—progressive 
ascending or descending hemiplegia [5, 9, 
10] in the absence of sensory involvement. 
Due to unilateral corticospinal tract involve-
ment, this entity is now debatable with some 
considering it to be a variant of PLS.

	(f)	 Isolated bulbar amyotrophic lateral sclerosis 
(IBALS)—their frequency is about 4% of 
MND, and the age of onset is slightly older, 
mean being 61 years and more common in 
females. Patients may have flaccid, spastic, 
or mixed dysarthria with one-third having 
tongue wasting and about a half developing 
emotional lability. Initial EMG shows 
confinement to the bulbar area, and respira-
tory muscles are uninvolved at onset. 
Percutaneous endoscopic gastrostomy 
(PEG) tube placement may be needed early 
in disease due to severe swallowing difficul-
ties and risk of aspiration. IBALS also has a 
more benign prognosis compared to classic 
ALS with 75% being alive at 2–8 years of 
follow-up [9].

A variety of sleep abnormalities have been 
described in ALS including insomnia, sleep-
disordered breathing, and restless leg syndrome. 
Patients with ALS have increased sleep latency, a 
shorter duration of sleep, with poor quality of 
sleep, resulting in daytime somnolence [11].

Fatigue and depression are also seen in patients 
with ALS; profound weight loss and “ALS 
cachexia” unrelated to calorie intake occurs in 
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some patients. In the sacral cord, motor neurons 
of Onufrowicz which control bladder muscles are 
typically spared in ALS.  However, in patients 
with severe spasticity, urgency of micturition and 
urinary retention can occur, which correlates with 
the Ashworth scale [12]. Though extraocular 
muscles are usually not involved in ALS, studies 
have found a variety of abnormalities ranging 
from reduction of saccadic velocities and smooth 
pursuits to voluntary upgaze restriction and eye-
lid-opening apraxias in subjects with ALS [6, 13]. 
There are case reports of patients on ventilator for 
long time, who develop a supranuclear type of 
progressive external ophthalmoplegia and who 
died in a totally locked-in state [14]. Sensory sys-
tem is spared though patients may report vague 
sensory complaints. Extrapyramidal involvement 
is seen in 5%, and impairment of postural reflexes 
may be seen [6]. Cognitive impairment though 
not universal is increasingly being recognized in 
ALS.  Various cognitive abnormalities ranging 
from anomia and executive dysfunction to frank 
frontotemporal dementia have been described.

18.4	� Pathogenesis

Numerous genes have been identified which con-
tribute to pathogenesis of ALS. Other precipitat-
ing factors debated include repeated head trauma, 
pesticides, toxins and heavy metals, smoking, 
physical exertion, electrical injury, etc., but cau-
sation is not clear. Various pathogenetic mecha-
nisms proposed are defects in RNA processing, 
intra-neuronal aggregation of various abnormal 
proteins leading to oxidative stress, mitochon-
drial dysfunction, glutamate excitotoxicity, 
inflammation, defects in axoplasmic flow, and 
protein misfolding [15].

18.5	� Diagnostic Criteria of ALS

World Federation of Neurology Subcommittee 
on Motor Neuron Disease conducted a 3-day 
workshop on “Clinical limits of ALS” in El 
Escorial, Spain, in 1990, where the El Escorial 
criteria (EEC) was developed. If there were 

clear-cut upper and lower motor neuron findings 
in two to three regions, EMG was not consid-
ered essential (Box 18.1). In 1998, Western ALS 
group modified this criterion, which required 
the presence of LMN findings in two limbs and 
UMN findings in one area and EMG findings of 
fibrillation potentials for LMN involvement and 
also allowed the use of electrodiagnosis, neuro-
imaging, and laboratory studies for ruling out 
ALS mimics. In 2006, a group of researchers 
met in Awaji-Shima in Japan to refine the crite-
ria to improve sensitivity. EMG findings of 
denervation were considered equivalent to clini-
cal LMN findings, and the term “laboratory-
supported probable ALS” was replaced by 
“probable ALS.” Fasciculations in EMG were 
counted as depictive of denervation even in the 
absence of fibrillations and positive sharp waves 
(PSW). Thus, Awaji-Shima criteria improved 
the sensitivity of electrodiagnostic criteria of 
ALS (Box 18.2) [16].

Box 18.1 Summary of Revised El Escorial 
Research Diagnostic Criteria for 
Amyotrophic Lateral Sclerosis [14]

Diagnosis of amyotrophic lateral sclero-
sis requires

  1. �Evidence of LMN degeneration by 
clinical, electrophysiological, or 
neuropathological examination.

  2. �Evidence of UMN degeneration by 
clinical examination.

  3. �Progressive spread of symptoms or 
signs within a region or to other 
regions, as determined by history 
or examination.

Together with the absence of
  1. �Electrophysiological and patho-

logical evidence of other disease 
that might explain the signs of 
LMN and/or UMN degeneration.

  2. �Neuroimaging evidence of other 
disease processes that might 
explain the observed clinical and 
electrophysiological signs.
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18.6	� Investigations

18.6.1	� Nerve Conduction Studies 
(NCS)

NCS is essential to exclude peripheral nerve 
disorders and other ALS mimics. Motor conduc-
tions may show normal compound muscle 
action potential (CMAP), CMAPs with 
decreased amplitude, asymmetric side-to-side 
CMAP differences, prolonged distal latency, 
and reduced velocity consistent with axon loss 
(never below 70% of expected). “F” wave laten-
cies and chronodispersion are increased, and 
F-wave persistence is decreased in patients with 
ALS [17]. Sensory conductions are usually nor-
mal unless entrapment neuropathies are associ-
ated. However, few studies have found sensory 
abnormalities on NCS, suggesting ALS to be a 
multisystem disorder. Initial insult in sensory 
system is in dorsal root ganglion followed by 
progressive axonal atrophy, secondary demye-
lination and remyelination changes, and later 
axonal loss [18].

18.6.2	� Electromyography (EMG)

EMG is of utmost importance in detecting 
LMN involvement when clinical signs may not 
be apparent. Clinical and electrophysiological 
abnormalities are of equal importance as per 
revised EEC.  EMG must be done in muscles 
innervated by cranial nerves (facial, tongue, 
and jaw muscles), thoracic muscles (paraspi-

Box 18.2 Awaji Criteria

Clinically definite:
UMN and LMN signs in bulbar region 

and two spinal regions; or UMN and LMN 
signs in three spinal regions.

Clinically probable:
UMN  +  LMN signs in two spinal 

regions and “with some UMN signs neces-
sarily rostral to the LMN signs.”

Categories of clinical diagnostic cer-
tainty on clinical criteria alone.

Definite amyotrophic lateral sclerosis.
  • � UMN signs and LMN signs in 

three regions.
Probable amyotrophic lateral 

sclerosis.
  • � UMN signs and LMN signs in two 

regions with at least some UMN 
signs rostral to LMN signs.

Probable amyotrophic lateral sclero-
sis—laboratory supported.

  • � UMN signs in one or more 
regions, and LMN signs defined 
by EMG in at least two regions.

Possible amyotrophic lateral sclerosis
  • � UMN signs and LMN signs in one 

region (together).
  • � UMN signs in two or more 

regions.
  • � UMN and LMN signs in two 

regions with no UMN signs ros-
tral to LMN signs.

  • � UMN signs: Clonus, Babinski 
sign, absent abdominal skin 
reflexes, hypertonia, loss of 
dexterity.

  • � LMN signs: Atrophy, weakness. If 
only fasciculation, search with 
EMG for active denervation.

  • � Regions: Bulbar, cervical, tho-
racic, and lumbosacral.

Clinically possible:
UMN and LMN signs in one spinal 

region; or UMN signs in two spinal regions.
LMN signs are found rostral to UMN 

signs—appropriate neuroimaging and lab-
oratory tests to be performed to exclude 
other possible differential diagnosis that 
may mimic ALS.
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nals, rectus abdominis, and external oblique), 
and cervical and lumbar roots (at least two 
muscles with different innervations). As trape-
zius and sternocleidomastoid have dual inner-
vation from cranial nerves and upper cervical 
roots, their sampling may confound results in 
those with cervical degenerative changes. EMG 
findings of chronic and acute denervation 
should be looked for and include spontaneous 
activity like fibrillations, fasciculations, and 
positive sharp waves (PSW), large amplitude, 
long duration, polyphasic MUPs, and decreased 
motor unit recruitment with rapid firing of 
reduced motor units [17].

18.6.3	� Repetitive Nerve Stimulation 
and Single-Fiber EMG

Abnormalities of neuromuscular transmission 
are known in ALS and result from collateral 
nerve terminal sprouting. Slow RNS at 3  Hz 
stimuli may show decrements of more than 10% 
in CMAP amplitude. Single-fiber EMG may 
also show increased jitter, blocking, and fiber 
density paralleling muscle atrophy and weak-
ness. However, in the presence of appropriate 
clinical and electrodiagnostic findings consis-
tent with ALS, the presence of these abnormali-
ties should not hinder one from making a 
diagnosis of ALS.

Motor unit number estimation (MUNE) 
assesses the number of motor units in a muscle 
and can be serially followed for estimating motor 
neuron loss. MUNE is measured by dividing the 
size of maximum CMAP amplitude by the size of 
the average surface-detected MUP [17].

18.6.4	� Neuroimaging Findings in ALS

Hyperintensity of corticospinal tracts on MRI is 
seen, though it is not specific for ALS. Cerebral 
atrophy detection using voxel-based morphome-
try correlates to cognitive impairment. Magnetic 
resonance spectroscopy (MRS) shows a reduced 
N-acetyl aspartate-to-creatine ratio in the primary 
motor cortex and is a sensitive indicator of UMN 
dysfunction, and helps distinguish those with 

PMA from those with ALS.  Diffusion-tensor 
imaging exhibits reduced fractional anisotropy 
within corticospinal tracts in patients with 
ALS. Functional imaging using PET studies may 
show frontal deficits correlating with neuropsy-
chological impairment. Molecular imaging using 
11C-flumazenil have shown reduced GABA-ergic 
inhibition supporting the role of cortical hyper-
excitability as a pathophysiological mechanism 
of ALS.  Reduced serotonergic receptor ligand 
binding in frontotemporal areas in patients with 
FTD-ALS is also seen. DTI has revealed early 
changes in the posterior limb of the internal cap-
sule in patients with the superoxide dismutase 1 
(SOD1) mutation compared to healthy controls 
and thus may serve as a pre-symptomatic bio-
marker of the disease [2].

18.6.5	� Other Investigations

Muscle enzymes like creatine kinase (CK) is ele-
vated two to three times above normal limit. Serum 
protein and immunoelectrophoresis, thyroid func-
tion tests, paraneoplastic profile, serum calcium 
and phosphorus, hexosaminidase B levels (where 
deficiency is more prevalent), and heavy metal 
screening (if toxicity is suspected) may be done to 
rule out other differentials of ALS [1].

18.7	� Familial ALS (FALS)

In 1993, the superoxide dismutase 1 (SOD1) 
gene was identified, which was a breakthrough 
in considering the genetic etiology of 
ALS.  With newer genetic technology like 
genome-wide association studies (GWAS) and 
next-generation sequencing, more than 50 
ALS-associated genes have been identified. 
Extramotor features associated with gene vari-
ants of ALS include FTD, extrapyramidal fea-
tures, and inclusion body myopathy. FALS is 
mostly adult onset though some genes may 
also have juvenile onset of disease. Inheritance 
is mainly autosomal dominant, but autosomal 
recessive and X-linked dominant forms are 
also seen [18]. Criteria for diagnosing familial 
ALS are given in Box 18.3.
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Box 18.3 Criteria for the Diagnosis of FALS

Classification Family history
Definite More than two first- or 

second-degree relatives with 
ALS
More than one relative with 
ALS and gene-positive 
co-segregation

Probable One first- or second-degree 
relative with ALS

Possible Distant relative (third degree or 
beyond) with ALS
Patient with sporadic ALS and 
no family history of ALS, but 
positive for an FALS gene
More than one first- or 
second-degree relative with 
confirmed frontotemporal 
dementia

18.8	� ALS Management 
and Multidisciplinary 
Approach

The treatment of ALS has changed drastically in 
the past few years. A multidisciplinary approach 
helps in dealing with complex issues of ALS like 
respiratory involvement, bulbar symptoms and 
nutrition, depression, and other psychosocial 
issues. The only FDA-approved oral drug for the 
treatment of ALS is riluzole, which helps in pro-
longing the survival of patients with ALS.  The 
mechanism of action includes inhibition of gluta-
mate release and inactivation of voltage-gated 
sodium channels. It is also an NMDA receptor 
antagonist and is recommended at a dose of 
50  mg twice daily for those with a duration of 
<5 years, forced vital capacity of more than 60%, 
and no tracheostomy [1]. Intravenous edaravone 
is a recently approved medication for early-stage 
ALS to slow the progression.

Symptomatic management includes the 
following:

	1.	 Sialorrhea: It is a troublesome symptom 
reported by more than 50% of patients with 
ALS, due to pharyngeal weakness, and can 

lead to aspiration pneumonia. It can be treated 
with anticholinergic medications, atropine, 
glycopyrrolate, transdermal scopolamine, or 
non-pharmacological approaches like suc-
tioning. For those with medically refractory 
sialorrhea, botulinum toxin injection or low-
dose radiation therapy for salivary glands may 
be helpful [19].

	2.	 Pseudobulbar affect: Selective serotonin reup-
take inhibitors (SSRI), serotonin–norepineph-
rine reuptake inhibitors, or tricyclic 
antidepressants (TCA) can be used to manage 
pseudobulbar effect. A novel combination of 
dextromethorphan/quinidine (20/10  mg) has 
been found to be effective in a phase III ran-
domized trial [19].

	3.	 Sleep disruption: It may be due to a variety of 
causes like anxiety, depression, nocturnal 
hypoventilation, or limited mobility. Electric 
beds or air mattresses can be used to enhance 
mobility or decrease discomfort due to limited 
mobility. Non-invasive pressure ventilation 
can improve sleep quality, and the use of anx-
iolytics and antidepressants like zolpidem and 
mirtazapine is beneficial.

	4.	 Respiratory insufficiency: Supine forced vital 
capacity (FVC) and maximum inspiratory 
pressure (MIP) may be monitored, and non-
invasive ventilation must be initiated if FVC 
falls to less than 50% of normal or if MIP is 
less than 60 cm. Other parameters which can 
be monitored to detect respiratory insuffi-
ciency include sniff nasal pressure, sniff 
transdiaphragmatic pressure, and nocturnal 
desaturation (<90% for more than 1 cumula-
tive minute). Centers for Disease Control and 
Prevention (CDC) also recommends pneumo-
coccal vaccine and yearly influenza vaccine 
for patients with significant neuromuscular 
illness [19].

	5.	 Nutritional management: Initially it consists 
of altering food consistencies or maneuvers 
like chin tuck or head tilt to facilitate swal-
lowing. When weight loss exceeds 10% of 
pre-diagnostic evaluations or problems of 
aspiration and dehydration occur, percutane-
ous endoscopic gastrostomy (PEG) is 
indicated.
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	6.	 Fatigue—Modafinil, 100–300  mg daily has 
been found to decrease fatigue and improve 
the quality of life.

	7.	 Spasticity—Spasticity restricts mobility and 
also contributes to pain experienced by many 
patients with ALS.  Moderate exercises and 
medications like baclofen, tizanidine, dan-
trolene, and benzodiazepines may be of help. 
In medically refractory cases, intrathecal 
baclofen pump has been found to reduce 
Ashworth spasticity score.

	8.	 Autonomic dysfunction: Constipation and 
urinary urgency are reported in 29% of 
patients and may be due to involvement of 
intermediolateral columns or Onuf’s nucleus. 
Increasing fiber intake, hydration, prune 
juices, stool softeners, fiber laxatives, and 
osmotic agents like lactulose and polyethyl-
ene glycol are recommended. Patients with 
ALS may have high urinary frequency and 
urgency and may need to void every 1–2  h, 
which may affect their social activities.

18.8.1	� Dietary Supplements

Antioxidants like vitamin E have been found to 
delay the onset and slow the progression of 
ALS. However, significant benefit has not been 
found on the survival of these patients. Chinese 
studies have also shown that Pu-erh tea extract 
may prevent abnormal protein accumulation and 
hence prevent the progression of ALS.  Further 
in  vivo studies may be needed to ascertain its 
beneficial effects [1].
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19Myotonic Dystrophy

Hrishikesh Kumar and Purba Basu

Case Scenario
A 31-year-old gentleman presented with gait 
imbalance since childhood. He was unable to run 
in school sports and playground and used to fall 
recurrently. Gradually he started developing dif-
ficulty in walking. He was lethargic and had sub-
normal intelligence in academics. He also had 
difficulty in gripping objects, mild slurring of 
speech, low appetite, and recurrent pain and 
swelling of legs (left > right). He has three mater-
nal uncles who have similar problems. His 
mother died at the age of 50 years; she was bed-
ridden and had loss of speech during last few 
years of her life. One of his brothers was also 
affected with similar problem who died because 
of head injury.

On examination, he was found to have frontal 
balding and a bradykinesia score of 2/4 on both 
sides. He had myoclonus in both hands along 
with some polyminimyoclonus. There was 
delayed relaxation of small muscles of hand. His 
gait was ataxic, and deep tendon reflexes were 
diminished in all four limbs. Urea, creatinine, 
complete blood count, and other routine tests 
were normal, but creatinine phosphokinase 
(CPK) was abnormally high (1102 U). ECG was 
suggestive of occasional supraventricular tachy-
cardia. Eye examination was normal. 

Electromyography (EMG) of biceps, tibialis 
anterior, and extensor digitorum communis 
showed waxing and waning type of myotonic 
discharge which also had “dive bomber” sound. 
MRI brain was normal. The result of genetic test-
ing for myotonic dystrophy was positive. 
Diagnosis of myotonic dystrophy was made, and 
patient had been put on phenytoin sodium along 
with vitamin and neurotrophic factor 
supplements.

19.1	� Introduction

Myotonic dystrophy (DM) is an inherited disor-
der of muscle characterized by weakness and 
sustained muscle contractions [1]. Myotonia 
signifies inability to relax muscles at will. 
Wasting and shrinkage of muscles, a degenera-
tive process known as dystrophy, accompany 
the disease. This illness is also referred by its 
Greek name “dystrophia myotonica.” DM is a 
multi-system disease with core features of myo-
tonia, muscle weakness, cataract, and cardiac 
conduction abnormalities. The disorder is char-
acterized by specific abnormalities in muscle 
biopsy from patients. Cytopathology of muscle 
specimen derived from biopsy usually shows 
variation of muscle fiber size, muscle fiber 
necrosis, scar tissue formation, and 
inflammation.H. Kumar (*) · P. Basu 

Department of Neurology, Institute of Neurosciences, 
Kolkata, Kolkata, India

© Springer Nature Singapore Pte Ltd. 2024 
K. K. Oli et al. (eds.), Case-based Approach to Common Neurological Disorders, 
https://doi.org/10.1007/978-981-99-8676-7_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-8676-7_19&domain=pdf
https://doi.org/10.1007/978-981-99-8676-7_19


152

19.2	� Epidemiology

The incidence of DM is estimated to be 1 in 8000 
births, and its worldwide prevalence ranges from 
2.1 to 14.3/100,000 inhabitants [2, 3]. But these 
statistics may represent the tip of the iceberg, as 
the florid signs and symptoms may evolve over a 
period of one to two decades. DM is the most 
common adult-onset muscular dystrophy and 
occurs equally in men and women. Fleischer rec-
ognized in 1918 the tendency of the disease to 
become more severe with successive generation 
especially when the disorder is passed on from 
mother. This tendency is known as “anticipation” 
[4]. The disease is lesser severe when passed on 
from father. There are rare sporadic cases of 
myotonic dystrophy. There are two main types of 
dystrophia myotonica, DM type 1 and type 2 [5]. 
DM type 1 is sub-classified as mild DM1, classic 
DM1, and congenital DM1. It is caused by an 
alteration in the DMPK gene [6]. DM type 2 does 
not cause congenital disease and is a lesser evil 
form, though its symptoms are similar to those of 
DM type 1. DM2 is caused by an alteration in the 
CNBP gene [7]. Both DM1 and DM2 are inher-
ited as autosomal dominant pattern.

19.3	� Pathogenesis

The structural defect in the affected gene results 
in defective transport of messenger RNA (for ser-
ine threonine protein kinase) to the cytoplasm. 
This protein kinase may have a role in the normal 
function of skeletal muscle sodium channels. In 
DM type 1 the responsible gene is located on 
chromosome 19. The disease is characterized by 
abnormal repeat expansion of CTG on the DMPK 
(dystrophia myotonica protein kinase) gene. In 
healthy people, the repeats are between 5 and 37, 
whereas in disease states, these repeats can be 
anywhere from 50 to more than 4000 repeats of 
the CTG sequence [7].

The genes responsible for DM2 are found on 
chromosome 3. Four nucleotide CCTG on Znf9 
DNA stretch are repeated, and the disease occurs 
when the repeat exceeds a particular threshold. 
People with DM type 2 has more than 75 repeats, 

which can be anywhere between 75 and 11,000 
repeats [7].

Histopathology findings are the presence of 
type 1 fiber atrophy, often clumped in pyknotic 
longitudinal chains and substantial central nucle-
ation noted in DM1 in light microscopy. Electron 
microscopy may show central nuclei in muscle 
biopsies. Light microscopic characteristics 
observed in myotonic dystrophy type 2 include 
central nucleation, prevalence of pyknotic nuclear 
clumps, and predominance of type 2 muscle 
fibers. Muscle fibers look severely atrophied 
along with lipofuscin accumulation while charac-
terizing ultrastructural abnormalities. The pres-
ence of internal nuclei is also a consistent finding 
in electron microscopy [8].

19.4	� Clinical Manifestations

Myotonic dystrophy type 1 is the most common 
form of the disease. Though the disease is chiefly 
characterized by muscle weakness, it may affect 
other systems of the body. There may be associ-
ated cardiac, hormonal, respiratory, digestive, and 
mental disorders that accompany the disease 
symptoms. Typically, the initial symptoms 
develop in early teen years in the form of hand 
weakness or a tendency toward foot drop. There 
may be noticeable difficulty in releasing a firm 
grasp during cold weather. Fine motor movements 
of hands like handling keys, hammer, or buttoning 
can be problematic. Gradual wasting of facial 
muscles can give rise to the characteristic appear-
ance of a “haggard” or “mournful” face. Frontal 
hair loss, drooping eyelids, and an open mouth 
may soon follow. In middle age, patient may 
experience frequent falls resulting from sudden 
movement producing sustained muscle contrac-
tions leading to loss of balance. Difficulty in swal-
lowing, voice changes, and recurrent jaw 
dislocations may gradually ensue. Muscle atro-
phy sometimes becomes pronounced, and there 
may be early infertility. In milder form the disease 
progresses slowly, and many patients can have 
normal life span [9]. The disease has a severe 
form where it progresses rapidly and patient 
becomes disabled over 10–20  years from the 
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onset of illness. Death may ensue by the sixth 
decade, usually from respiratory failure. 
Congenital DM1 is the most severe form of the 
disease. Signs and symptoms of muscle weakness 
and hypotonia may present since birth. Infants 
grow up as floppy and may have facial diplegia 
and clubfoot. Child can have abnormal visual acu-
ity, farsightedness, and impaired curving of the 
lenses of the eye (astigmatism) contributing to 
poor quality of vision. Mild to moderate intellec-
tual disabilities are frequent accompaniment of 
the disease. Learning and behavioral disabilities 
may become apparent as children grow older [9]. 
The patients may also present with varied degree 
of myoclonus.

Children often fail to thrive because of poor 
feeding. Gastroparesis, a condition consistent 
with sluggish emptying of solid food (rarely, liq-
uid nutrients) from the stomach, may become 
symptomatic. This can result in persistent diges-
tive symptoms, especially nausea. Infants and 
children with congenital DM1 may have breath-
ing difficulties due to muscle weakness. This can 
be so severe that it may lead to respiratory failure, 
a common cause of mortality in congenital DM1. 
Surviving infants and children with congenital 
DM1 develop severe complications when grown 
up. Cardiac issues can begin as early as the sec-
ond decade of life. Severely affected newborns 
may develop cardiac abnormalities in early neo-
natal period, though incidence is relatively rare.

The symptomatic appearance of DM2 can be 
anywhere between the second and sixth decades 
of life, though onset in the third decade is more 
prevalent. The signs and symptoms are highly 
variable. Cognitive impairment, mental retarda-
tion, and attention deficits are commonly seen 
neuropsychiatric manifestations. Cardiac 
involvement in this disease is significant and 
should be always looked for. Other systemic 
manifestations are listed in Table 19.1.

19.4.1	� Diagnosis

Standard evaluation of myotonic dystrophy 
includes neurological examination, blood bio-
chemistry, EMG evaluation, MRI findings, and 

genetic testing. Findings on examination are 
uniquely characteristic and can often lead to the 
diagnosis of myotonic dystrophy. A marked tran-
sient increase in muscle tone, often elicited by 
percussion or precipitated by the use of a muscle, 
is the key diagnostic feature. “Haggard” facies, 
muscle weakness, muscle atrophy, and testicular 
atrophy in males are other characteristic features. 
Distal muscle involvement precedes proximal 
muscle involvement, and increased muscle tone 
becomes less prominent in late stage of the 
disease.

19.4.2	� EMG

Abnormal spontaneous muscle fiber discharge is 
observed on the needle EMG. This is known as 
electrical myotonia, which appears as repetitive 
muscle fiber potential discharges (e.g., positive 
waves or fibrillation potentials). These discharges 
have a typical waxing and waning pattern and 
amplitude, with a firing rate between 20 and 
80 Hz. The auditory representation of these myo-
tonic discharges has the characteristic sound of a 
dive bomber or, in the modern day, an accelerat-
ing and decelerating motorcycle engine [10]. 
Electrical myotonia must be distinguished from 
neuromyotonia. Neuromyotonia produces a ping-
ing sound in audio player as the frequency of 
repetitive muscle discharge is greater than 
150  Hz. Less frequently, it can have a waning 
pattern with a machine-like sound. 
Neuromyotonia is a form of peripheral nerve 
hyperactivity resulting in spontaneous discharge 
of skeletal muscle fibers [11].

Table 19.1  Other system manifestations

Various system Manifestations
Eye Cataract
Endocrine 
system

Diabetes, thyroid dysfunction, 
hypogonadism

Gastrointestinal 
system

Dysphagia, constipation, 
gallbladder stones, 
pseudo-obstruction

Cardiovascular 
system

Atrio-ventricular block, 
supraventricular arrhythmias, 
ventricular dysfunction, ischemic 
heart disease, mitral valve prolapse
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Many individuals with DM may have mild to 
moderately elevated creatine phosphokinase or 
CPK, a muscle enzyme found in blood serum. 
Some individuals have low levels of immuno-
globulin G.  Liver function tests may show ele-
vated levels of liver enzymes in some people. 
MRI findings commonly show cerebellar degen-
eration. Diffuse cortical atrophy and white matter 
hyperintensities may be associated signs.

Genetic testing is confirmatory, with the 
expanded cytosine–thymine–guanine (CTG) 
repeat in the dystrophia myotonica protein kinase 
(DMPK) gene in DM1 and the cytosine–cyto-
sine–thymine–guanine (CCTG) repeat in the 
ZNF9 gene in DM2. By combining the restriction 
fragment length polymorphism (RFLP) method 
with the polymerase chain reaction (PCR) 
method, the gene defect was characterized. Both 
myotonic dystrophy type 1 and type 2 are autoso-
mal dominant. Muscle function gets affected by 
microsatellite repeat expansion disorders.

In DM1 and DM2, the DNA repeat expan-
sions connected with the gene actually do not 
affect the gene. Instead, they work through a 
genetic mechanism called “RNA gain of func-
tion” in which they interfere with the coding of 
several other more distant genes such as a muscle 
chloride channel, an insulin receptor, and a car-
diac muscle protein gene. This explains the sys-
temic effects of the disease on skeletal muscle, 
the risk for diabetes, and heart problems.

19.4.3	� Differential Diagnosis

Paramyotonia congenita and hyperkalemic peri-
odic paralysis are associated with clinical para-
myotonia and electrical myotonia. Acid maltase 
deficiency often produces myotonic potentials 
without clinical evidence of myotonia or para-
myotonia. Muscle stiffness produced by increased 
activity of muscle in myotonia actually improves 
with repeated activity. Paramyotonia produces a 
similar symptom, but the stiffness paradoxically 
increases with activity. The waxing and waning 
patterns of myotonic discharges are easily recog-
nized by electrodiagnostic testing.

19.4.4	� Treatment and Prognosis

A complete cure is yet to come on the horizon for 
the management of myotonic dystrophy, though 
partial help is available through research studies. 
Current treatment is individualized toward the 
specific symptoms that are apparent.

There is no specific treatment for muscle 
weakness. Physical and occupational therapy can 
be of benefit. Braces, ankles support, or walkers 
can benefit some individuals. Wheelchair seems 
necessary in severe instances. Children with skel-
etal malformations may require orthopedic sur-
gery. Ankle-foot orthotics (AFOS) are used for 
foot drop, and wrist braces can be recommended 
for wrist weakness.

Often myotonia is not severe and does not 
require treatment. Sodium channel blockers 
showed promising results in some small sample 
research studies. The most commonly used 
among those is mexiletine, which has been shown 
to have some effect in DM [12]. Phenytoin is 
another drug found to be effective in some 
patients [13].

Surgery for cataract may be done in relevant 
cases. Regular cardiac evaluation with electro-
cardiogram and Holter monitoring is important 
as cardiac arrhythmias are well-known complica-
tions. Pulmonary hygiene should be maintained 
with breathing exercises and postural drainage. 
Hormonal support is relevant in special cases 
with hormonal imbalance. Patients with myo-
tonic dystrophy should be aware of their special 
vulnerability while undergoing general anesthe-
sia. Genetic counseling is also an important part 
of medical management and the prevention of 
this disease.
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20Guillain-Barré Syndrome

Rajeev Ojha and Gaurav Nepal

Case Scenario
A 65-year-old female presented with chief com-
plaints of upper and lower limb weakness for 
10 days. She was well 3 weeks ago, and when she 
woke up in the morning, she had difficulty lifting 
bilateral lower limbs from bed. But she was still 
able to walk without support that day. Next day, 
she found that mild weakness developed in her 
both upper limbs. She had difficulty in holding 
things in her hands and can feed and perform 
household activities by herself, but with diffi-
culty. There was also numbness in all her distal 
limbs, severe in lower limbs. Symptoms were 
further progressive for about 4–5 days. She then 
needed support of family members for walking. 
There was no facial deviation, but patient had dif-
ficulty forcefully closing her both eyes. There 
was no swallowing or respiratory difficulty. She 
was afebrile, with no loss of consciousness, dip-
lopia, or hoarseness of voice. Since the symp-
toms were persistent, patient was then taken to a 
nearby hospital. Patient was admitted there for 
9  days, and her symptoms were static then. 
Patient was referred to our center for diagnosis 
and further treatment.

Patient had few episodes of diarrhea with mild 
fever 10 days before the onset of her symptoms. 
Patient is a smoker with a smoking history since 
the age of 12, 1 pack per day. On examination, 
blood pressure was 140/80 mmHg, pulse was 80/
min, respiratory rate was 18/min, and tempera-
ture was 98  °F. Her general condition was fair. 
Mental status was alert and oriented. Her extra-
ocular muscles were normal. Her face was mildly 
deviated to right side when patient was asked to 
show her teeth. There is weakness in bilateral 
forceful eye closure, severe in left side. Gag 
reflex was normal, and tongue movements were 
normal. Bulk was normal in upper and lower 
limbs, and tones were reduced in all limbs. Motor 
power of upper limbs was 4/5 and lower limbs 
was 3/5. Reflexes were absent in all the limbs. No 
cerebellar signs were present. Sensations to light 
touch and temperature, vibration, and proprio-
ception were intact. Bilateral planters were flexor 
responses. Complete blood count was normal. 
Random sugar level was 5.2  mmol/L, normal 
renal function test, HIV/HBsAg/HCV/VDRL 
was negative, chest X-ray was normal, ECG: 
sinus, regular. CSF findings showed total cells: 0 
cell, protein: 65 mg/dL, sugar: 4.5 mmol/L. Nerve 
conduction study (NCS) of upper and lower 
limbs was suggestive of motor demyelinating 
neuropathy. Diagnosis of Guillain-Barré syn-
drome (GBS) with acute inflammatory demyelin-
ating polyneuropathy (AIDP) variant was made. 
Patient was admitted for about 10 days, and her 
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power gradually started improving from the sec-
ond day of admission. Patient was further reha-
bilitated, and her power improved to 4+/5  in 
upper limbs and 4/5 in lower limbs. Her bilateral 
facial weakness was also improved during dis-
charge. Patient was followed up in Neurology 
Outpatient Department in about 2  months, and 
both her facial and limb weakness were com-
pletely improved.

20.1	� Introduction

Guillain-Barré syndrome (GBS) is an acute neu-
romuscular paralysis characterized by rapidly 
progressive, symmetric progressive weakness, 
ascending pattern, and areflexia. Cranial nerve 
involvement and need of respiratory support are 
other features of GBS.  In about 50–70% of 
patients, prodromal gastrointestinal or respira-
tory illness was due to Epstein-Barr virus, cyto-
megalovirus, mycoplasma pneumonia, hepatitis, 
varicella, and other herpes viruses. GBS can be 
classified into different variants: acute inflamma-
tory demyelinating polyneuropathy (AIDP), 
Miller Fisher Syndrome (MFS), acute motor axo-
nal neuropathy (AMAN), and acute motor and 
sensory axonal neuropathy (AMSAN). Rare vari-
ants are paraparetic variant, acute dysautonomia, 
acute ataxic neuropathy, pharyngeal–cervical–
brachial variant, multiple cranial neuropathy, and 
facial diplegia.

20.2	� Epidemiology

The incidence of GBS varies worldwide, ranges 
from 0.4 to 4 per 100,000 people [1]. GBS can 
affect people of all ages, though males are pre-
dominant in most studies. Incidence has been 
found to be associated with bimodal peak among 
two age-groups: 15–24  years and 65–74  years 
[1]. About two-thirds of the patients were found 
to have antecedent events before disease onset: 
upper respiratory or gastrointestinal, surgical 
procedures, immunizations, or trauma [2]. 

Usually, 1–6 weeks is the duration of such ante-
cedent events. Common pathogens found to be 
associated with GBS are Campylobacter jejuni, 
Haemophilus influenzae, Mycoplasma pneu-
moniae, Epstein-Barr virus, cytomegalovirus, 
human immunodeficiency virus, varicella zoster 
virus, and Zika virus [3]. A global pooled analy-
sis reported a greater incidence in winter com-
pared to summer, which holds true even on 
subgroup analysis based on various geographical 
locations. Same study found that there was 
greater seasonal variation with respiratory pro-
drome than diarrheal prodrome [4].

20.3	� Pathology

In AIDP, multifocal demyelination is the pre-
dominant feature, along with endoneural peri-
vascular mononuclear cell infiltration. Primary 
lesions could be found in ventral roots, proximal 
peripheral nerves, and cranial nerves, but could 
affect all levels of nerves. Macrophages, class II 
positive monocytes, and T lymphocytes are 
found to involve in demyelination process. In 
severe conditions, axonal involvement with pro-
found weakness with delayed recovery has been 
found. Whereas in AMAN, macrophages were 
found in the periaxonal spaces of myelinated 
internodes. Features of demyelination like seg-
mental demyelination and remyelination which 
are secondary to axonal damage could be seen in 
some cases [5].

20.4	� Pathogenesis

Although previous studies have suggested GBS as 
an immune disorder associated with humoral and 
cell mediated responses, it is still incompletely 
understood. Peripheral nerve injury, primarily 
myelin, due to the immune responses has been 
explained as the characteristics of AIDP variant of 
GBS. An antecedent infection is a trigger factor 
for autoimmune response, and host attacks body’s 
own peripheral nerve (i.e., GM1 and GD1a gan-
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gliosides), which resembles epitopes (i.e., gly-
cans) of infectious agent [6]. This response has 
also been described as “molecule mimicry.” 
Antibodies to peripheral nerves were found to be 
gradually reduced with clinical recovery in 
patients. Inflammatory infiltrates found were class 
II-positive monocytes, macrophages, and T lym-
phocytes. Since class II antigen is highly expressed 
in Schwann cells, these cells might have involved 
in presenting the antigen to autoreactive T cells 
causing demyelination [7].

20.5	� Clinical Manifestation

AIDP is most commonly reported from North 
America and Europe, accounting for about 
80–90%, whereas this variant is about 20–40% in 
countries like China, Japan, Mexico, and India. 
AMAN is the most common GBS variant in Asia 
and was first reported in 1986. Even studies in 
Europe and United States have reported sporadic 
cases of AMAN. Young people are found to be 
more commonly affected. Infection by 
Campylobacter jejuni has been associated with 
AMAN and AMSAN variants [8]. AMSAN is 
similar to AMAN except it has severe sensory 
findings. Since both sensory and motor axons are 
involved, it is thus regarded as a severe and ful-
minant form of AMAN with severe axonal degen-
eration and delayed recovery.

Clinical manifestations are monophasic, rap-
idly progressive limb weakness with symmetric-
ity, absence or reduced reflexes, and cranial nerve 
involvement, with bilateral facial nerves being 
common. Severity of symptoms reaches a plateau 
within 4 weeks, commonly in about 2–3 weeks. 
Along with limb weakness, bulbar and respira-
tory involvements are seen in 30–40%, and about 
one-third to one-fourth will require support from 
mechanical ventilation [3].

Sensory symptoms like tingling, burning, or 
radiating pain are common manifestations and 
are often experienced by the patient before the 
weakness becomes prominent. Even after months 
and years of resolution of motor weakness, per-

sistent sensory symptoms might be problematic 
for patients. Dysautonomia is another common 
manifestation seen in more than 50% of GBS 
patients [9]. Tachycardia and a rise in systolic 
blood pressure are the frequent manifestations; 
rare but life-threatening features are arrhythmias, 
severe hypertension and hypotension, urinary 
retention, and adynamic ileus.

20.6	� Diagnosis

The diagnosis of GBS is confirmed by correlat-
ing clinical presentations and supportive investi-
gations, and excluding its mimics. The clinical 
presentation is usually a progressive, symmetric 
limb weakness with absent or depressed deep 
tendon reflexes. Cranial nerve and respiratory 
muscle involvement are also seen in many 
patients.

Cerebrospinal fluid (CSF) albuminocytologi-
cal dissociation is the typical finding in patients 
with GBS. But only 50% might show some slight 
increase in protein in the first week, and subse-
quently protein elevation is seen after the second 
week. In about 10% of patients, CSF protein may 
remain normal throughout the disease course. 
Disruption of the blood nerve barrier and leakage 
of protein in the CSF are reasons for the rise in 
protein levels. Protein level usually varies from 
45 to 200 mg/dL in most patients [10].

Nerve conduction study (NCS) has an impor-
tant role in the diagnosis and classification of 
GBS subtypes. It further helps in ruling out dif-
ferent mimics like myopathies, motor neuron dis-
eases, myasthenia gravis, and lambert eaten 
syndrome. Involvement of sensory or motor 
nerves, demyelination or axonal pattern, pres-
ence of conduction block and temporal disper-
sion, status of the F-wave, conduction velocity, 
and amplitudes of motor and sensory action 
potentials are important factors to be evaluated 
during NCS. Abnormalities are usually seen after 
1 week of the onset of illness. Even in 2 weeks of 
disease duration, only 64% of patients fulfill defi-
nite criteria of AIDP [11].
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20.7	� Differential Diagnosis

20.7.1	� Chronic Inflammatory 
Demyelinating 
Polyneuropathy (CIDP)

CIDP is usually characterized by symmetric limb 
weakness with diminished or absent reflexes, 
which progresses or causes relapses for more 
than 8 weeks. Clinically, CIDP is difficult to dis-
tinguish from GBS in early presentation. “Onion 
bulb formation,” which is the pathological find-
ing of repeated demyelination and remyelination, 
is the typical feature. Further, persistent develop-
ment of weakness beyond 4 weeks, fluctuation of 
weakness more than three times, no loss of inde-
pendent ambulation, and absence of cranial nerve 
involvement are the factors that help to distin-
guish CIDP from GBS.

20.7.2	� Myasthenia Gravis

Myasthenia gravis is an autoimmune disorder 
characterized by a fluctuating degree of weak-
ness of the ocular, bulbar, and limbs and can even 
involve respiratory muscles. Weakness is due to 
the antibody-mediated attack in postsynaptic ace-
tylcholine receptors. Edrophonium and icepack 
tests are the common bedside tests. Acetylcholine 
receptor antibody or muscle-specific tyrosine 
kinase antibody test could further support the 
diagnosis. Thymic abnormalities are found to be 
associated with myasthenia patients. 
Acetylcholinesterase, steroids, immunomodula-
tors, and thymectomy are the treatments 
available.

20.8	� Treatment

Patients diagnosed with GBS should be admitted 
for close monitoring. Intubation might be needed 
in some patients with features of hypoxia, pro-
gressive declining respiratory function, and a 
weak cough. Most patients benefit with conserva-

tive treatment. Regular physiotherapy, proper 
diet and exercises, nutritional supplements, and 
pharmacological treatment for any sensory mani-
festations are the usual treatment considerations. 
Progression of skeletal muscle weakness may 
continue till the patient reaches the nadir even 
after intravenous immunoglobulin (IVIg) infu-
sion or plasma exchange has been done. During 
or before the plateau phase, patients are at higher 
risk of developing respiratory failure and needing 
mechanical ventilation support. Close monitor-
ing of respiratory function by measuring vital 
capacity and negative inspiratory force (NIF) 
should be done.

Plasma exchange includes the removal of the 
patient’s plasma, immune complexes, and auto-
antibodies and the reinfusion of plasma back into 
the patient along with albumin solution. It is usu-
ally given in four to six cycles over 8–10  days 
(45–50  mL/kg). It is found to be effective if 
started within 1 week, but still beneficial if given 
within 4 weeks. Complications like hematoma at 
the puncture site, septicemia, hemodynamic 
instability, and blood product transfusion-related 
transmission of infections could be seen. A ran-
domized trial comparing PE and IVIg treatment 
in GBS showed that they are equally efficient for 
the treatment of GBS [3].

IVIg contains anti-idiotypic antibodies that 
are able to bind and neutralize the pathogenetic 
antibodies. Other suggested mechanisms are 
downregulation of antibody production, 
increase of antibody metabolism, interference 
with antibody-dependent cytotoxicity mediated 
by macrophages, inhibition of cell adhesion, 
and induction of apoptosis. IVIg has been found 
to have better compliance and fewer blood 
product-related side effects. IVIg is given at a 
dose of 0.4 g/kg/day for 5 days. Side effects are 
rashes, aseptic meningitis, acute renal failure, 
hyperviscosity leading to stroke, and anaphy-
laxis in IgA deficiency patients. Combination 
treatments with IVIg and PE weren’t found to 
be effective. Repeated course of IVIg has been 
suggested in the case of severe unresponsive 
GBS [12].
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20.9	� Prognosis

Prognostic factors for GBS recovery are older age, 
severe limb weakness during admission, rapid 
onset of symptoms, need for mechanical ventila-
tion, and severe axonal neuropathy as detected by 
a nerve conduction study. GBS is a life-threaten-
ing disease, with mortality rates between 3 and 7% 
in Europe and North America. In the acute phase, 
patients have a likelihood of dying, most likely 
due to hypoventilation, pulmonary complications, 
or autonomic dysfunction, including arrhythmia 
[3]. One in four patients will require mechanical 
ventilation to prevent respiratory failure or protect 
the airway [13]. A systematic review regarding the 
association between Zika virus and GBS found 
that half of all cases were admitted to the ICU. This 
proportion was higher than expected based on the 
pathogen type. It may indicate that GBS following 
Zika infection is often severe, requiring intensive 
care. However, the percentage of mechanically 
ventilated patients (20%) was similar to other 
agents [14]. Patients who survive GBS often have 
residual discomfort and defects, including pain 
and fatigue, which can have a significant impact 
on the quality of life. Approximately 20% of GBS 
patients cannot be functionally independent 
6 months after the onset [3].

Studies have shown that few chronic inflam-
matory demyelinating polyneuropathies (CIDP) 
are initially diagnosed as GBS, and relapses are 
seen in such patients.
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21Inflammatory Muscle Diseases

Saraswati Nashi, Kiran Polavarapu, Seena Vengalil, 
Veeramani Preethish-Kumar, 
and Atchayaram Nalini

Case Scenario
A 32-year-old gentleman presented with limb 
weakness of 4 weeks of duration. The symptoms 
started with diffuse pain in arms and thighs fol-
lowed by progressive proximal upper and lower 
limb weakness. He developed dark brownish dis-
coloration of skin over forehead for 2 weeks and 
head drop for 1 week prior to presentation.

Examination revealed hyperpigmented dark 
brownish macular rashes over forehead and nose. 
There was muscle tenderness in the right arm. He 
had weakness of neck extensors, shoulder abduc-
tors and flexors, hip flexors and extensors, and 
waddling gait. Serum creatine kinase was ele-
vated at 2529 IU/L. Urine for myoglobinuria was 
negative. ENMG showed myopathic pattern in 
right biceps and deltoid. Myositis profile for 
Anti-Mi-2β antibody was strongly positive and 
Anti-SRP was borderline positive. Paraneoplastic 
and vasculitis profiles were negative. Whole-
body PET-MRI showed T2 stir hyperintense sig-
nal changes in muscles with myofascial oedema 
with no evidence of internal malignancy. 
Pulmonary function test revealed restrictive pat-
tern of moderate severity.

He was treated with 5 g of IV methylpredniso-
lone over 5 days during the hospital stay; subse-
quently he was maintained on 2 g/month of IV 
MP and 1.7 g of cyclophosphamide over 3 days/
month for the next 6 months. After 4 months of 
treatment, he had recovered by 40% and was 
independent for all activities of daily living. He 
was also able to ride bike; however mild proxi-
mal upper limb weakness was persisting. This 
case vignette summarizes the clinical features, 
cardinal symptoms and signs, autoantibody pro-
file and imaging features of a classical inflamma-
tory myopathy. The subtyping is discussed below 
in this chapter.

21.1	� Introduction

Inflammatory muscle diseases are a group of 
treatable myopathies which present in both adults 
and children. They are rare diseases which affect 
muscle and multiple other organs often causing 
impairment of the quality of life [1, 2]. They are 
traditionally divided into five main types based 
on the clinical and pathological features: derma-
tomyositis (DM), polymyositis (PM), necrotizing 
myopathy (NM), overlap myositis (OM) and 
inclusion body myositis (IBM).

The common symptoms are rapidly progres-
sive proximal muscle weakness of the extremities 
at the onset, followed by distal muscle weakness, 
which occurs late, except in inclusion body myo-
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sitis, where it is seen early in the course of illness. 
Facial, neck and pharyngeal muscles can be 
involved but usually spare ocular muscles. 
Respiratory involvement may be seen in advanced 
disease. Muscle pains and tenderness are seen but 
are not a frequent finding. In long-standing cases, 
muscle atrophy sets in; however, atrophy is an 
early feature of inclusion body myositis.

Systemic manifestations in the form of fever, 
joint pains, cardiac arrhythmias, dyspnoea on 
exertion, interstitial lung disease (ILD) and inter-
nal malignancies are known. The treatment of 
IIMs is now rapidly expanding with newer immu-
nosuppressive agents and biologics being tried 
successfully. Ongoing research in this area has 
led to further classification based on the numer-
ous antibodies which are associated with the dis-
ease pathogenesis and clinical features [2*].

21.2	� Incidence

The incidence rate is 4.27–7.89 cases per 
1,00,000 individuals per year. DM has a preva-
lence of about 1–6 patients per 100,000 persons 
in the USA alone [3]. Overlap myositis forms the 
largest subgroup followed by dermatomyositis. 
The prevalence of polymyositis is controversial. 

Also, with changing diagnostic criteria, the epi-
demiological data are changing. In general, the 
prevalence of myositis is higher in females than 
males, except for inclusion body myositis. There 
is significant morbidity and mortality associated 
with these diseases in view of the muscular and 
prominent extramuscular manifestations. A study 
done by Schiopu et  al. observed a 10-year sur-
vival rate of 62% [1, 3].

21.3	� Dermatomyositis (DM)

As the name implies, the classical manifestations 
are muscle weakness with skin changes. The 
weakness is generally proximal and symmetrical. 
The typical patient presents with a history of dif-
ficulty climbing stairs, rising from the floor, 
walking and lifting heavy objects, which is sub-
acute or chronic in onset with or without myal-
gias. Further, diagnosis is supported by laboratory, 
pathology and neuroimaging findings (Figs. 21.1, 
21.2, 21.3, 21.4 and 21.5).

The skin manifestations have a characteristic 
distribution—the shawl sign on the anterior 
upper chest or the posterior neck; Gottron pap-
ules (erythematous lesions) on the dorsum of 
hands; periungual erythema; telangiectasias; 

Fig. 21.1  A 32-year-old man, diffuse pain in arms and 
thighs followed by proximal limb weakness, head drop 
1 month. O/E—dark brownish discoloration of skin over 
face as seen above. His investigations revealed the follow-
ing: CK—2529, myositis profile: Anti-Mi-2β—strongly 

+ve; Anti-SRP—borderline +ve. Paraneoplastic and vas-
culitis profiles were negative; PET MR—myoedema; pul-
monary function test (PFT)—restrictive pattern of 
moderate severity
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Fig. 21.2  A 43-year-old lady, fasciculations and muscle 
cramps of 2 years, proximal, truncal, neck, bulbar weak-
ness with hyperpigmentation—1½  years. Her investiga-
tion reports are as follows: ESR: 29; CK: 2420; ANA 

profile, Paraneoplastic profile: negative; myositis profile: 
Mi-2B positive. Muscle biopsy: dermatomyositis; PFT: 
severe restrictive abnormality; PET-MRI: negative for 
malignancy

Fig. 21.3  A 7-year-old girl, rashes around eyes and cheeks 
followed by proximal weakness: 5 months. Heliotrope rash 
was present, Gottron’s papules are seen above. Her investi-

gations showed as follows: CK, 2207; myositis profile—
Mi-2B: strongly positive; ANA: positive, speckled pattern; 
ANA profile: negative; CT thorax: no evidence of ILD
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Fig. 21.4  Muscle biopsy in a case of dermatomyositis showing perifascicular inflammation and atrophy

a b c

d

Fig. 21.5  (a) Hyperpigmentation of skin. (b) Hyperpigmented and indurated skin over the back. (c, d) Subcutaneous 
calcification seen on computed tomography images
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cracked skin of the fingers and hands, also called 
mechanic’s hands; heliotrope rashes over the 
eyelids and erythema of the face. Some of them 
may present without muscle weakness when 
they are called amyopathic dermatomyositis 
(20% of cases) and those without skin rashes are 
termed dermatomyositis sine dermatitis. There 
is increased incidence of interstitial lung disease 
(ILD) in amyopathic DM.  Notable in this dis-
ease is the development of malignancy. The 
western literature reports an incidence of 15% 
within 3–5  years of diagnosis. They include 
colorectal, ovarian, lung, pancreatic and stom-
ach cancers, and hence it is mandatory to inves-
tigate for these cancers.

Laboratory work-up reveals a creatine kinase 
elevation of 10–50 times the normal limit. The 
autoantibodies associated with this disease 
include the following:

	1.	 Anti-Mi2 (component of nucleosome remod-
elling deacetylase chromatin remodelling 
complex) antibodies—in about 20% cases 
and present with classical clinical features.

	2.	 Anti-NXP2 (nuclear matrix protein)—have 
both proximal and distal weakness, subcuta-
neous oedema, calcinosis and dysphagia; 
increased risk of malignancy. They are seen in 
juvenile dermatomyositis.

	3.	 Anti-TIF-1 (transcriptional intermediary fac-
tor) (alpha/beta/gamma)—seen in one-third 
of cases; increased risk of malignancy, also 
seen in juvenile cases.

	4.	 Anti-MDA5 (melanoma differentiation-
associated gene-5)—in 10–30% of cases. 
They have severe skin involvement and are 
known to develop ulcers on the flexor surfaces 
of digits and palms: interstitial lung disease.

	5.	 Anti-SAE (small ubiquitin-like modifier-
activating enzyme)—classical form.

	6.	 Antibody-negative dermatomyositis.

Routinely, line blot assay and enzyme-linked 
immunosorbent assay are used to detect autoanti-
bodies, but immunoprecipitation is the standard 
test [4*] (Table 21.1).

Pathological features include
	(a)	 Perifascicular atrophy (specificity >90%, 

sensitivity 25–50%, detected by routine 
histochemistry)

	(b)	 Perimysial inflammation
	(c)	 Perifascicular expression of MHC class I, 

binding of complement to capillaries and the 
surface of sarcolemma (less sensitive and 
specific)

	(d)	 Perifascicular human myxovirus resistance 
protein 1 and retinoic acid-inducible gene 1 
expression (sensitivity—71% and 50% 
respectively, detected by immunohistochem-
istry, i.e. IHC)

	(e)	 Cellular infiltrates of dendritic cells, B-cells, 
CD4 T-cells and macrophages

	(f)	 Microtubular inclusions in intramuscular 
capillaries (electron microscopy) and capil-
lary drop-out [4*]
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21.4	� Polymyositis (PM)

It is the most controversial form of myositis 
which accounts for about 5% of cases [6]. Many 
patients who have been diagnosed with polymyo-
sitis have either necrotizing autoimmune myosi-
tis, inclusion-body myositis or inflammatory 
dystrophy. It is diagnosed based on the exclusion 
of other types of myositis and is best defined as a 
subacute proximal myopathy in adults without 
rash, a family history of neuromuscular disease, a 
history of exposure to myotoxic drugs like peni-
cillamine, statins and zidovudine and involve-
ment of facial and extraocular muscles.

21.4.1	� Muscle Pathology

Histopathologically, invasion of muscle fibres 
with endomysial cytotoxic CD8+ T-cells and 
upregulation of MHC class I is a characteristic 
feature seen [4*], but this histological feature is 
not just unique for PM, but even more common in 
IBM and also present in cases with DM or anti-
synthetase syndrome (ASS).

21.5	� Necrotizing Myopathy (NM)

It is a rapidly progressive and severe form of 
myositis. It clinically presents with limb weak-
ness and swallowing difficulties. The creatine 
kinase values are very high, elevated 20–50-fold. 
They may be associated with anti-SRP, anti-
HMGCR in two-thirds of cases or may be 
antibody-negative. Extramuscular manifestations 
are generally rare.

	1.	 Anti-SRP antibody—they tend to have more 
severe muscle weakness and are refractory to 
treatment.

	2.	 Anti-HMGCR antibody—they are usually 
associated with statin exposure. They have a 
higher risk of malignancy and a lesser risk 
of interstitial lung disease and cardiac 
involvement as compared to anti-SRP myop-
athy [4, 5].

21.5.1	� Muscle Pathology

Pathologically, there are scattered necrotic fibres 
with focal upregulation of MHC class I, binding 
of complement to the sarcolemma and surface of 
capillaries, and membrane attack complex depo-
sition on non-necrotic fibres. Histopathology 
findings in NM do not show primary inflamma-
tory lesions as well as there are no tubuloreticular 
inclusions found in the endothelial cells [7]. 
However, some cases with anti-SRP or anti-
HMGCR antibodies may have lymphocytic 
infiltrates.

21.6	� Overlap Myositis (OM)

Patients with OM show profound elevation of CK 
which may rise up to 10–50 times the normal 
limit. OM is also associated various connective 
tissue disorders like Sjogren syndrome, systemic 
sclerosis, rheumatoid arthritis and systemic lupus 
erythematosus (SLE). The most common condi-
tion is the anti-synthetase syndrome, which 
includes myositis, Raynaud’s phenomenon, 
arthritis, mechanic’s hands and interstitial lung 
disease. The common antibodies associated are 
anti-Jo1, PL7, PL12, EJ, OJ, KS and anti-HA 
antibodies [4, 8]. Some of these present with pre-
dominant interstitial lung disease and only mini-
mal myopathy. There are five other antibodies 
which are associated with both OM and connec-
tive tissue disorders; they are anti-PM/Scl, anti-
U-snRNP, anti-Ku, anti-SS-A/Ro52/Ro60 and 
anti-SS-B-La [8].

21.6.1	� Muscle Pathology

Perifascicular necrosis and perifascicular binding 
of MHC class 1 and class 2 antibodies and com-
plement binding to sarcolemma are the histologi-
cal findings in OM. Compared to dermatomyositis, 
the amount of necrosis is more in anti-synthetase 
syndrome biopsies. Nuclear actin aggregation is 
another feature of electron microscopy which is 
specific to this group.
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21.7	� Inclusion Body Myositis 
(IBM)

The clinical presentation of IBM varies from 
other variants. Males are affected more com-
monly than females. The disease progression is 
slower compared to other forms of myositis. 
Patients with IBM have an asymmetric onset of 
the disease, which may start with unilateral affec-
tion of a leg or an arm. In IBM, the affected mus-
cles show profound muscle atrophy. In the early 
stages, long finger flexors, the quadriceps, and 
the tibialis anterior are weak. Dysphagia may be 
an initial symptom and leads to aspiration pneu-
monia; if not adequately addressed, it leads to a 
higher mortality rate.

cN1A (cytosolic 5′ nucleotidase 1A) is the 
antibody which is related to IBM; however, it is 
also seen in a small group of other inflammatory 
myopathies. The sensitivity and specificity are 
both poor for this antibody. cNIA is often associ-
ated with dysphagia, severe disease and mortal-
ity. However, myositis-specific antibodies are 
absent [9].

21.7.1	� Muscle Pathology

Histologically, IBM is characterized by invasion 
of muscle fibres by endomysial cytotoxic CD8+ 
T-cells, upregulation of MHC class 1, amyloid 
deposition, tubulofilament inclusions in EM, 
signs of mitochondrial damage and paracrystal-
line inclusions (Table 21.2).

The initial criteria of IBM were based on his-
tological criteria. IBM has been revisited by an 
ENMC workshop—the patients should be above 
45  years and should have CK of less than a 
15-fold increase, with the pattern of weakness 
being finger flexors weaker than shoulder abduc-
tors, quadriceps weaker than hip flexors.

The combination of the below three parame-
ters of new ENMC criteria are ideal in diagnos-

ing IBM at 90% sensitivity and 90% 
specificity—finger flexor weakness or quadriceps 
weakness, endomysial inflammation and inva-
sion of non-necrotic muscle fibres or rimmed 
vacuoles as the characteristic features [11] (Table 
21.3).

21.7.2	� Pathogenesis

Dermatomyositis is a humoral-mediated disor-
der while polymyositis is cell mediated. In DM, 
complement-mediated microangiopathy and 
type-I interferon-initiated cascade play a major 
role. Muscle fibres secrete pro-inflammatory 
milieu, and there is local activation of the 
immune cells which in turn attack muscle fibres. 
Mediators of innate immune system are identi-
fied in myositis, and the expression of toll like 
receptors is present on sarcolemma of muscle 
fibres.

The exact pathomechanism of various anti-
bodies is not yet clear. Anti-SRP and anti-
HMGCR antibodies are shown to increase 
reactive oxygen species, TNF and IL-6 while 

Table 21.2  Classification criteria: Bohan and Peter crite-
ria for polymyositis and dermatomyositis

First rule out all other forms of myopathy
(A) �Symmetrical weakness, usually progressive, of the 

limb-girdle muscles
(B) �Elevation of serum levels of muscle-associated 

enzymes CK, aldolase, LD, transaminases (ALT/
SGPT and AST/SGOT)

(C) �Electromyographic triad of myopathy (a) Short, 
small, low-amplitude polyphasic motor unit 
potentials (b) Fibrillation potentials, even at rest 
(c) Bizarre high-frequency repetitive discharges

(D) �Muscle biopsy evidence of myositis—necrosis of 
type I and type II muscle fibres, phagocytosis, 
degeneration and regeneration of myofibres with 
variation in myofibre size, endomysial, perimysial, 
perivascular or interstitial mononuclear cells

(E) Characteristic rashes of dermatomyositis

See Ref. [10]
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Table 21.3  Classification criteria for idiopathic inflammatory myopathies (except IBM) approved by the Myositis 
Study Group and the 119th European Neuromuscular Centre workshop

1 Clinical criteria
    –Inclusion criteria
        (a) Onset usually over 18 years (postpuberty), onset may be in childhood in DM and nonspecific myositis
        (b) Subacute or insidious onset
        (c) Pattern of weakness: symmetrical; Proximal > distal, neck flexor > neck extensor
        (d) �Rash typical of DM: heliotrope (purple) periorbital oedema; violaceous papules (Gottron’s papules) 

or macules (Gottron’s sign), scaly if chronic, at metacarpophalangeal and interphalangeal joints and 
other bony prominences; erythema of chest and neck (V sign) and upper back (shawl sign)

    –Exclusion criteria
        (a) �Clinical features of IBM—asymmetrical weakness, wrist/finger flexors same or worse than deltoids; 

knee extensors and/or ankle dorsiflexors same or worse than hip flexors)
        (b) Ocular weakness, isolated dysarthria, neck extensor > neck flexor weakness
        (c) �Toxic myopathy (e.g. recent exposure to myotoxic drugs), active endocrinopathy (hyper- or 

hypothyroid, hyperparathyroid), amyloidosis, family history of muscular dystrophy or proximal motor 
neuropathies (e.g. SMA)

2 Elevated serum creatine kinase level
3 Other laboratory criteria

    (a) Electromyography
        –Inclusion criteria
            • �Increased insertional and spontaneous activity in the form of fibrillation potentials, positive sharp 

waves or complex repetitive discharges
            • Morphometric analysis reveals the presence of short duration, small amplitude, polyphasic MUAPs.
        –Exclusion criteria
            • Myotonic discharges that would suggest proximal myotonic dystrophy or other channelopathy
            • Morphometric analysis reveals predominantly long-duration, large-amplitude MUAPs
            • Decreased recruitment pattern of MUAPs
    (b) MRI: diffuse or patchy increased signal (oedema) within muscle tissue on STIR images
    (c) Myositis-specific antibodies detected in serum

4 Muscle biopsy inclusion and exclusion criteria
    (a) Endomysial inflammatory cell infiltrate (T cells) surrounding and invading non-necrotic muscle fibres
    (b) �Endomysial CD8+ T-cells surrounding but not definitely invading non-necrotic muscle fibres, or 

ubiquitous MHC-1 expression
    (c) Perifascicular atrophy
    (d) �MAC depositions on small blood vessels, reduced capillary density, tubuloreticular inclusions in 

endothelial cells on EM or MHC-1 expression of perifascicular fibres
    (e) Perivascular, perimysial inflammatory cell infiltrate
    (f) Scattered endomysial CD8+ T-cell infiltrate that does not clearly surround or invade muscle fibres
    (g) �Many necrotic muscle fibres as the predominant abnormal histological feature. Inflammatory cells are 

sparse or only slightly perivascular; perimysial infiltrate is not evident. MAC deposition on small blood 
vessels or pipestem capillaries on EM may be seen, but tubuloreticular inclusions in endothelial cells are 
uncommon or not evident.

    (h) Rimmed vacuoles, ragged red fibres, cytochrome C oxidase-negative fibres that would suggest IBM
    (i) �MAC deposition on the sarcolemma of non-necrotic fibres and other indications of muscular dystrophies 

with immunopathology

DM dermatomyositis, EM electromyography, IBM inclusion body myositis, MAC membrane attack complex, MHC 
major histocompatibility complex, MRI magnetic resonance imaging, MUAP motor unit action potential, SMA spinal 
muscular atrophy, STIR short-tau inversion recovery. See ref. [11]
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reducing IL4 and IL13 in cultured muscle cells, 
resulting in impaired myoblast fusion and mus-
cle atrophy. Non-immune mechanisms are also 
present in myositis, including ER stress, NFkB 
activation and free radicals such as NO. The cell 
stress mechanisms weaken the skeletal muscles, 
leading to a chain of events. In IBM, many evi-
dences suggest that there is a distinct interaction 
between inflammatory mediators, vacuolar 
transformations and the accumulation of 
amyloid.

It is suggested for two decades that myositis 
is associated with environmental factors like 
exposure to UV radiation [12*] and infections 
[13]. Environmental factors, in the presence or 
absence of genetic predisposition, can alter 
immune mechanisms that either reduce inhibi-
tory factors or increase stimulatory effects thus 
triggering or aggravating an autoinflammatory 
cascade.

21.8	� Laboratory Investigations

	 1.	 Creatine kinase, AST, ALT, LDH, rarely 
aldolase

	 2.	 Routine pathology and biochemical tests
	 3.	 Serum myositis-specific and myositis-

associated autoantibodies
	 4.	 Muscle biopsy and enzyme histochemistry
	 5.	 Immunohistochemistry, electron microscopy 

if available
	 6.	 Electrophysiology—NCS and EMG
	 7.	 MRI of muscle
	 8.	 Pulmonary function test
	 9.	 High-resolution CT thorax
	10.	 Electrocardiogram and echocardiogram
	11.	 Video-fluoroscopy for dysphagia
	12.	 Whole-body PET-MRI

(AST aspartate transaminase, ALT alanine 
transaminase, LDH lactate dehydrogenase, NCS 
nerve conduction study, EMG electromyography, 
MRI magnetic resonance imaging, CT computed 
tomography) [12] (Table 21.4).

21.9	� MRI Findings 
in Inflammatory Muscle 
Diseases

The inflammation is usually symmetrical and 
involves the proximal muscle groups in polymy-
ositis and dermatomyositis, but the muscle 
involvement can be patchy and asymmetric. 
STIR can be used to differentiate between 
involved and uninvolved muscles. STIR and fat-
saturated gadolinium-enhanced T1-weighted 
images often show high signal intensity in the 
active phase. In other times inflammation may 
extend only along individual muscles and muscle 
groups along the myofascial distribution. In 
chronic phase, fatty atrophy of the musculature is 
seen on T1-weighted images.

In dermatomyositis, the subcutaneous connec-
tive tissue septa and the muscle fasciae are also 
involved. Juvenile dermatomyositis generally 
takes a more severe clinical course, which is 
shown by the extent and intensity of cutaneous, 
subcutaneous and muscular signal abnormalities 
on MRI (Figs.  21.6 and 21.7). In immune-

Table 21.4  Autoantibodies in idiopathic inflammatory 
myopathies

Myositis-specific 
autoantibodies

Myositis-associated 
autoantibodies

Anti-aminoacyl-tRNA 
synthetases
  Anti-Jo-1 Anti-SSA/Ro
  Anti-PL-12, 7 Anti-Ro52
  Anti-EJ Anti-Ro60
  Anti-OJ Anti-La
  Anti-KS Anti-PM-Scl 75
  Anti-Zo Anti-PM-Scl 100
  Anti-YRS Anti-Ku
Anti-Mi-2 Anti-U1RNP
Anti-SRP Anti-cN-1A
Anti-TIF1-gamma
Anti-NXP-2
Anti-MDA5
Anti-SAE
Anti-HMGCR
Anti-FHL1
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a b

Muscle MRI (Dermatomyositis)

Fig. 21.6  T2-W FS axial images showing (a) hyperinten-
sity involving bilateral obturator internus, pectineus, qua-
dratus femoris, gluteus maximus muscles. (b) T2-W FS 
axial image showing hyperintensity involving bilateral 

vastus lateralis, intermedius and medialis muscles, bilat-
eral rectus femoris, bilateral gracilis and bilateral semiten-
dinosus muscles. Case of dermatomyositis with 
myofascial oedema noted in Fig. 21.2

Fig. 21.7  FDG-PET MRI shows increased uptake in the oedematic muscles (metabolic activity) (arrow). No evidence 
of primary malignancy/secondaries (c/o dermatomyositis)
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mediated necrotizing myopathy, MRI shows 
more widespread muscle oedema, atrophy and 
fatty replacement as compared to DM, PM and 
IBM. In inclusion body myositis, focal increased 
signal is seen on STIR and fat-saturated 
gadolinium-enhanced T1-weighted images, more 
in the anterior thigh compartment [14].

21.9.1	� Course of Illness

The inflammatory myopathies respond well to 
immunomodulation. However, the response may 
not be adequate in some patients, especially when 
the treatment is delayed as the muscle tissue gets 
fibrosed or undergoes fatty changes. Some 
patients may worsen even on treatment. The 
course of the disease with regard to patient symp-
toms and respective treatment has been discussed 
below.

21.9.2	� Risk of Malignancy 
and Extramuscular 
Manifestations in Myositis

There is an increased risk of malignancy by two- 
to sevenfold in variants of myositis except inclu-
sion body myositis [15]. The risk of malignancy 
in myositis is associated with anti-TIF-1 or anti-
NXP2 antibodies in DM cases and NM cases 
with anti-HMGCR antibodies. However, in some 
cases malignancy may occur even without these 
antibodies in NM. Patients are at risk of malig-
nancy 1  year from the occurrence of myositis, 
and risk is elevated in the timeframe of next 
3  years. Various associations with cancer are 
seen, the commonest being lung cancer, ovarian 
cancer, breast cancer and lymphoma. It would be 
ideal for patients to undergo CT scan or PET scan 
in cases of high suspicion as well as tumour 
markers. Tumour screening should be done at 
least once in a year and repeated for the next 
3 years.

Extramuscular association is also seen in 
organs like lungs, kidneys, heart, joints and skin 
[4]. Their frequency depends upon the type of 
myositis. Pulmonary hypertension, serositis and 

ILD are common in specific types. Weakness of 
diaphragm and other muscles aiding breathing 
may lead to problems in ventilation. The anti-U-
snRNP, anti-Ku, anti-MDA5, anti-PM/Scl and 
anti-SRP are the antibodies associated in patients 
with ILD in myositis [16]. Mortality rates signifi-
cantly increase with the increase in the severity of 
ILD. Reticulation, linear and ground-glass opac-
ity, traction bronchiectasis, peribronchovascular 
thickening and cystic spaces with thickened walls 
are the findings in patients with interstitial lung 
disease.

Cardiomyopathy, serositis or pericarditis, and 
conduction problems lead to increased mortality. 
ECG to detect arrhythmias, 2-D echocardiogra-
phy and MRI of the heart are helpful. Along with 
symptomatic treatment for the heart, an intensi-
fied immunosuppression therapy is also under-
taken. GIT and liver can also be affected. Renal 
involvement may lead to oedema of the legs, pro-
teinuria and haematuria [12].

21.9.3	� Treatment

The usual immunomodulation to start with is 
glucocorticoids [1], except in the case of inclu-
sion body myositis. This is accepted universally 
and given at a dose of 1 mg/kg/day. For severe 
cases, intravenous glucocorticoids are initiated 
and later switched over to oral medication. The 
duration of treatment is guided by the clinical 
response and generally lasts up to 12 weeks fol-
lowed by a slow taper initially by 10 mg every 1 
or 2  weeks followed by 5  mg every week. 
Patients may require long-term maintenance 
treatment and hence have to be monitored for 
adverse effects like diabetes, hypertension, 
osteoporosis, cataracts, weight gain, mood 
swings, infections etc. [12]. They can be given 
calcium supplements.

Steroid-sparing immunomodulation has to 
be started in most cases. They include azathio-
prine, mycophenolate and methotrexate, which 
are commonly used. Other less commonly used 
immunosuppressants include cyclophospha-
mide, cyclosporin, IVIg and rituximab. In some 
trials, intravenous immune globulin has 
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appeared to be effective in the treatment of 
polymyositis and necrotizing autoimmune 
myositis [12, 17]. Subcutaneous immune glob-
ulin has also been tried to sustain remission, 
and sometimes re-evaluation of patients is 
required if the disease is not responding to glu-
cocorticoids and IVIg [17]. Patients with der-
matomyositis have to be explained regarding 
skin manifestations, and they include the use of 
sunscreens, avoiding UV exposure and topical 
glucocorticoids. Azathioprine should be used 
only in patients with normal thiopurine methyl-
transferase activity. Methotrexate should be 
avoided in patients with interstitial lung dis-
ease. Calcineurin inhibitors are known to cause 
renal toxicity.

Creatine kinase levels do not correlate with 
the severity of disease or response to treatment. 
Anti-complement C3 drugs like eculizumab, 
effective in complement-mediated diseases, can 
be used to treat dermatomyositis and necrotizing 
autoimmune myositis.

Extramuscular manifestations require multi-
specialty care: dermatology, pulmonology, rheu-
matology, oncology referrals in case of 
manifestations are mandated. All patients should 
benefit from a structured rehabilitation pro-
gramme and physiotherapy [12].

21.10	� Management of Inclusion 
Body Myositis

Even though IBM has been extensively studied, 
currently no effective treatment plan is available. 
However, alemtuzumab provided transient 
improvement in a study. In another study, down-
modulation of inflammatory markers was seen, 
without any change in the degenerative molecules 
[4]. Three placebo-controlled clinical trials 
assessed IVIg in IBM in 3–6 months: however, 
there was only a small increase in some of the 
outcomes, including MRC scale and swallowing 
function [17].

Nearly two-thirds of the patients suffer from 
impaired swallowing due to functional stenosis 
of the upper oesophageal sphincter, which is 
detected by video-fluoroscopy or real-time 

MRI. Certain local treatments include cricopha-
ryngeal myotomy, pharyngoesophageal balloon 
dilatation and botulinum toxin to temporarily 
inactivate the muscle by injecting into the upper 
oesophageal sphincter. Cricopharyngeal myot-
omy is an effective technique, but it is irrevers-
ible; hence patients may later present with reflux 
or other swallowing difficulties [18, 19]. 
Percutaneous feeding tube can be advised.

Trials targeting muscle-inhibiting TGF-β mol-
ecules or muscle growth factors are being done. 
Resistance exercises with occupational and reha-
bilitation therapies are known to improve ambu-
lation and balance and also avoid disuse atrophy 
and prevent joint contractures [20].
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22Optic Neuritis

Sanjeeta Sitaula

Case Scenario
A 21-year-old male presented to the emergency 
department with the history of rapidly progres-
sive diminution of vision in his right eye associ-
ated with headache and pain with eye movement 
for 5  days. It was not associated with double 
vision, tingling, numbness, or weakness of his 
body parts. He did not give any history of preced-
ing fever, rashes, joint pain, oral ulcers, or recent 
immunization. His bowel and bladder habits 
were normal. However, he gave a history of simi-
lar problem occurring in his left eye 2 years back. 
His vision had improved after he was treated 
elsewhere with intravenous medications.

On ocular examination, his best corrected 
visual acuity in the right eye (RE) was 6/60 and 
in the left eye (LE) was 6/6, as measured by the 
Snellen chart. His extraocular motility was full in 
both eyes, but there was mild pain in abduction in 
the right eye. The pupillary assessment showed 
relative afferent pupillary defect (RAPD) in the 
RE. The rest of the anterior segment examination 
findings were normal. On dilated fundus exami-
nation, both the optic disks appeared normal with 
pink color and sharp margins. Macula was 
healthy with good foveal reflex. The vessels were 
of normal course and caliber, and the periphery 
was normal. Color vision (Farnsworth D-15 

Dichotomous Color Blindness Test) showed nor-
mal results in both eyes; however, contrast sensi-
tivity (Pelli-Robson chart) was decreased in RE 
(RE—1.20 log units and LE—1.90 log units). 
Goldman visual fields showed generalized con-
striction with enlarged blind spot in RE while it 
was normal in LE. Visual evoked potential (VEP) 
was suggestive of a bilateral conduction defect 
with decreased RE amplitudes for higher 
frequencies.

Magnetic resonance imaging (MRI) of the 
orbit and brain showed enlargement of the right 
optic nerve with high T2 signal intensity within 
right optic nerve (Fig. 22.1). Mild T2 high signal 
intensity was also noted in the left optic nerve. 
Multiple discrete T2 and FLAIR high signal 
intensity foci in the bilateral peri-ventricular 
region were oriented perpendicular to the ven-
tricle and in the bilateral centrum semiovale, 
which was suggestive of multiple sclerosis 
(Fig. 22.2).

Patient was admitted with the diagnosis of 
right optic neuritis, and intravenous methylpred-
nisolone 1 g was given once a day for 3 days. 
Lumbar puncture was done. CSF analysis showed 
raised IgG levels—61.30  mg/L (normal: 0.0–
34 mg/L) and increased oligoclonal bands. The 
diagnosis was confirmed as right eye optic neuri-
tis with multiple sclerosis.
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b

Fig. 22.1  MRI orbit T2 
FLAIR (a) and brain T2 
fat-suppressed coronal 
section (b) showing 
hyperintense signal in 
right optic nerve

Fig. 22.2  MRI brain 
showing multiple 
discrete T2 and FLAIR 
high-signal-intensity 
foci in bilateral 
peri-ventricular region, 
oriented perpendicular 
to the ventricle, and in 
the bilateral centrum 
semiovale

22.1	� Introduction

Optic neuritis (ON) is the demyelinating inflam-
mation of the optic nerve characterized by 
decreased vision and other features of optic nerve 
dysfunction, like decreased color and contrast 
vision, a visual field defect and the presence of a 

RAPD.  It is often accompanied by periocular 
pain worse on eye movement.

It may be idiopathic but is often associated 
with multiple sclerosis (MS). Other demyelinat-
ing diseases like neuromyelitis optica (NMO), 
Schilder’s disease, and encephalitis periaxialis 
concentrica are also associated with optic neuri-
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tis. Sometimes optic neuritis may occur follow-
ing infections, post-vaccination, following 
inflammatory diseases like sarcoidosis, vasculitis 
(polyarteritis nodosa) or connective tissue disor-
ders like systemic lupus erythematosus (SLE).

22.2	� Anatomy

The optic nerve is a 50-mm-long, heavily myelin-
ated tract extending from the eye to the optic chi-
asma. It consists of about 1.2 million axons 
derived from the retinal ganglion cells. These 
axons pass through the lamina cribrosa, a 
fenestrated sheet of connective tissue, forming 
the optic nerve.

It consists of four portions:

•	 Intraocular portion (the optic disk or the optic 
nerve head (ONH)—1 mm)

•	 Intraorbital portion (25 mm long)
•	 Intracanalicular portion (within the optic 

canal—9 mm long)
•	 Intracranial portion (about 16 mm long)

Topographically optic disk can be divided into 
four regions: superficial nerve fiber layer, pre-
laminar region, region of lamina cribrosa, and 
retrolaminar part. The ONH is a transition zone 
where the nerve fibers make a 90° turn as they 
enter the lamina cribrosa. Here the nerve fibers 
also pass from an area of relatively high intraocu-
lar pressure to the lower-pressure zone of the 
retro-orbital segment of the optic nerve. It 
receives the blood supply from the central retinal 
artery, branches of the posterior ciliary, and oph-
thalmic arteries. Myelination of optic nerve starts 
just behind the lamina cribrosa. Patients with a 
small cup-to-disk ratio (crowded disk) are at a 
risk to develop nonarteritic anterior ischemic 
optic neuropathy.

Orbital segment of the optic nerve is lax, and 
this redundancy helps to protect the optic nerve 
from damage by stretch even up to 9 mm of pro-
ptosis. The intraorbital segment of the optic nerve 
is enclosed by dural sheath which is continuous 
with that of the CNS. The superior rectus and the 

medial rectus muscles are closely attached to the 
dural sheath of the optic nerve, which accounts 
for the ocular pain in cases of retrobulbar neuritis 
during elevation and adduction of the globe. The 
intracanalicular (intraosseous) segment of the 
optic nerve exits the orbit through the optic fora-
men into the optic canal. The intracanalicular 
optic nerve is tightly fixed within the optic canal. 
Thus, even small lesions arising within the optic 
canal or force directed into the optic canal during 
indirect optic neuropathy may compress and 
damage the optic nerve. Intracranial segment of 
the optic nerve extends posteriorly, superiorly, 
and medially to join the optic chiasma.

Optic nerve receives most of its blood supply 
from the branches of the ophthalmic artery. The 
ophthalmic artery passes below the optic nerve in 
the optic canal. Inside the orbit, ophthalmic artery 
gives rise to two or three posterior ciliary arteries 
and central retinal artery, which pierces the optic 
nerve and travels along the optic nerve. Venous 
drainage of the ONH occurs via the central reti-
nal vein.

22.3	� Epidemiology

A typical case of optic neuritis is a young person 
(20–45  years old) with female preponderance 
(F:M  =  3:2). The incidence of ON is higher 
among people living at higher latitudes compared 
with those living closer to the equator, which cor-
relates with the prevalence of multiple sclerosis, 
one of the most common causes of optic neuritis 
[1, 2]. The annual incidence rate of optic neuritis 
in Japan is 1.62 per 100,000 person-years and 
Taiwan is 0.33 per 1000 person-years, while in 
the United States, it is 5.1 per 100,000 person-
years [3]. The Asian Collaborative Longitudinal 
Optic Neuritis Epidemiology (ACLONE) was an 
observational cohort study done among an Asian 
population of 12–61-year-old patients in 
Singapore, Malaysia, Taiwan, and South Korea 
presenting with the first episode of ON [4]. The 
study revealed that Asian patients had a male-
predominant bilateral optic neuritis with severe 
visual loss at presentation [4].
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22.4	� Pathophysiology

The pathology in optic neuritis is inflammatory 
demyelination of the optic nerve and myelin 
breakdown with perivascular edema in the 
myelinated nerve sheaths. It is believed that the 
optic neuritis is an immune-mediated demyelin-
ation disorder, but the specific mechanism and 
target antigens are unknown. Systemic T-cell 
activation occurs at the onset of symptoms, which 
leads to the release of cytokines and other inflam-
matory agents. B-cell activation against myelin 
basic protein also has a role in the pathogenesis 
of optic neuritis. Genetic susceptibility for optic 
neuritis is also suspected.

22.5	� Symptoms and Signs

The diagnosis of optic neuritis is based on history 
and examination findings. Most of our current 
knowledge of this disease comes from the find-
ings of Optic Neuritis Treatment Trial (ONTT) 
[5, 6], which was a multicentric randomized con-
trolled trial conducted in 1990s. It included about 
457 patients with acute unilateral optic neuritis 
and age ranging from 18 to 46 years.

Common clinical features of optic neuritis are 
acute vision loss progressing over a period of 
hours to days with a peak at around 1 or 2 weeks. 
It is usually monocular, but in approximately 
10% of cases, it may have bilateral involvement, 
either in rapid succession or simultaneously. In 
younger children and in Asian patients, bilateral 
optic neuritis is frequently seen.

Ocular discomfort or pain especially with eye 
movement was present in 92% patients in 
ONTT. Other symptoms are phosphines (flashes 
of lights), “washed out” color vision, and loss of 
central vision or part of the peripheral vision. 
Uhthoff’s phenomenon can be observed, which is 
the emerging of visual symptoms such as blur-
ring of vision while exercising or bathing in hot 
water particularly when associated with MS.

The signs include decreased visual acuity 
(range from 6/6 to no light perception), abnormal 
color vision (abnormal in 94% cases in ONTT 
identified by Farnsworth–Munsell 100-Hue test), 

relative afferent pupillary defect, diminished 
contrast sensitivity, and visual field defects (ceco-
central, arcuate, altitudinal, and rarely hemiano-
pic field defect). Based on ophthalmoscopic 
appearance, it is described as papillitis (anterior 
optic neuritis) when there is optic disk edema 
(seen in 35% cases in ONTT) and retrobulbar 
optic neuritis when the optic disk appears nor-
mal. Papillitis is frequently seen in children less 
than 14 years and in certain geographic regions 
like South Africa and Southeast Asia [7, 8].

22.6	� Investigations 
and Laboratory Workup

	1.	 Visual evoked response (VER): A slowed 
conduction in the optic nerve due to axonal 
demyelination leads to a delay in the P100 
latency of the VER.

	2.	 Imaging studies: It is done to rule out other 
optic nerve disorders and to evaluate the risk 
of progression to MS. MRI is superior to CT 
scan and is the imaging of choice for optic 
nerve and brain lesions. In acute optic neuri-
tis, gadolinium-enhanced MRI of the brain 
and orbit shows enhancement of the optic 
nerve. MRI of the brain with FLAIR sequences 
can detect brain lesions >3  mm in size. 
“Dawson’s Fingers” which are peri-ventricular 
white matter lesions involving the corpus cal-
losum on FLAIR sequences are highly predic-
tive of MS.  Typical lesions in a brain MRI 
characteristic of MS are white matter abnor-
malities which are ovoid, peri-ventricular, and 
usually larger than 3 mm. In a 15-year follow-
up data from the ONTT, mono-symptomatic 
patients with no white matter lesion had a 
25% risk of MS, while those with one or more 
lesion had a 72% risk of MS. MRI of the spine 
is indicated, where there is a high suspicion of 
NMO.

	3.	 Optical coherence tomography (OCT): OCT 
provides a non-invasive and a high-resolution 
imaging and is based on the principle of 
reflection of low-coherence radiation from 
tissues. The use of OCT is evolving to objec-
tively monitor axonal loss and quantify and 
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detect optic atrophy at early stages. A number 
of studies have estimated that OCT may have 
a role in disease diagnosis and monitoring as 
it was noted that neuromyelitis optica (NMO) 
had a greater severity of optic nerve injury 
compared to optic neuritis associated with 
MS [9].

	4.	 Lumbar puncture: It is not routinely done in 
all cases of optic neuritis. It is done for atypi-
cal optic neuritis (e.g., those with bilateral 
optic neuritis, pediatric ON, or symptoms 
suggesting infection) [10]. However, it may 
play an important role in confirming the 
diagnosis of MS and to rule out other 
conditions.

	5.	 Antibodies: Serum NMO antibodies and 
MOG antibodies are done especially in unex-
plained bilateral simultaneous or sequential 
optic neuritis or ON with poor visual recov-
ery. It is also considered if the MRI brain is 
normal apart for the findings in optic nerves/
chiasma, in atypical ON, or in patients with 
transverse myelitis.

	6.	 Others: Other investigations like serum 
angiotensin-converting enzyme, treponema 
pallidum hemagglutination assay, and antinu-
clear antibody tests are done in atypical ON to 
rule out sarcoidosis, syphilis, and SLE or 
other connective tissue disease respectively.

22.7	� Differential Diagnosis

22.7.1	� Anterior Ischemic Optic 
Neuropathy (AION)

AION results from ischemic damage to the ante-
rior portion of the optic nerve, which is primarily 
supplied by the posterior ciliary artery. Arteritic 
AION (AAION) results from ischemia secondary 
to vasculitis, most commonly from giant cell 
arteritis (GCA). Visual loss from GCA is an oph-
thalmic emergency, and a high dose of intrave-
nous steroids must be instituted immediately, 
which may provide some improvement in the 
visual acuity of the involved eye in addition to 
provide better protection for the fellow eye. 
Nonarteritic anterior ischemic optic neuropathy 

(NAION) is the most common acute optic neu-
ropathy occurring in individuals above 50 years. 
In contrast to ON, NAION is usually associated 
with systemic vascular risk factors, like diabetes 
mellitus, hypertension, hyperlipidemia, and isch-
emic heart diseases, and also other factors like 
nocturnal hypotension, anemia, and structural 
abnormalities of the optic nerve head like a 
crowded optic disk.

22.7.2	� Compressive and Infiltrative 
Optic Neuropathy

Compressive and infiltrative optic neuropathies 
may present with progressive visual loss with a 
RAPD, headache, proptosis, signs of orbital con-
gestion, and limitation of ocular motility. A vari-
ety of lesions like thyroid eye disease, mucocele, 
orbital pseudotumor, orbital hemorrhage, and 
neoplasias like meningioma (optic nerve sheath, 
sphenoid wing), pituitary tumor, intraorbital 
tumor (hemangioma, lymphangioma, metasta-
sis), and craniopharyngioma can cause compres-
sion of the optic nerve. Infiltration of the optic 
nerve can occur in sarcoidosis and other neopla-
sias like optic nerve glioma (pilocytic astrocy-
toma), metastatic carcinoma, sinonasal tumors, 
lymphoma, leukemia and meningeal 
carcinomatosis.

22.7.3	� Infectious Optic Neuropathy

Optic neuropathy has been reported in associa-
tion with a wide variety of infectious agents, like 
viruses, bacteria, fungi, and parasites. The com-
mon causes of infectious optic neuropathy are 
bacteria like tuberculosis, Cat-scratch disease, 
Lyme disease, and syphilis; viruses like Herpes 
and HIV, and parasites like toxoplasma. Common 
presentations are neuroretinitis, papillitis, retro-
bulbar optic neuritis, and optic disk edema, along 
with neurological manifestations such as enceph-
alopathy, cranial neuropathy, and focal neurolog-
ical deficits, and systematic manifestations such 
as fever, headache, vomiting, myalgia, and 
rashes.
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22.7.4	� Hereditary Optic Neuropathy

The hereditary optic neuropathies are a group of 
optic nerve disorders which are inherited. They 
are diagnosed based on familial expression or 
genetic analysis. Based on the pattern of inheri-
tance they can be autosomal dominant, autoso-
mal recessive, and maternal (mitochondrial). The 
diagnosis of hereditary optic neuropathy should 
be considered in any patient with unexplained, 
sequential or bilateral, painless, central visual 
loss.

22.8	� Management

From the results of ONTT, the recommended 
treatment for acute optic neuritis is high-dose 
intravenous methylprednisolone (IVMP), 1 g/day 
for 3 days followed by oral prednisone, 1 mg/kg 
daily for 11  days, followed by a 4-day taper. 
However, high-dose steroids hasten the rate of 
recovery and not the ultimate visual outcome, so 
it is important to take into consideration the risk, 
benefits, and side effects based on patient prefer-
ence and underlying medical illness. The ONTT 
showed that treatment with IVMP followed by 
oral prednisone decreased the rate of MS devel-
opment for the first 2 years; however, this protec-
tive effect was not seen at 3  years. Another 
striking finding in the ONTT study was that low-
dose oral steroids alone increased the rate of 
recurrent optic neuritis in cases of acute optic 
neuritis, especially in patients with MS in the 
ONTT study. The recurrence rate was 30% at 
2  years in oral prednisone group compared to 
16% in placebo group and 13% in the IVMP 
group.

If MRI features are suggestive of demyelinat-
ing disease, the patient can be started on disease-
modifying drugs like interferons or glatiramer 
acetate, weighing the risk-benefit ratio. Several 
studies like the Controlled High-Risk Subjects 
Avonex Multiple Sclerosis Prevention Study 
(CHAMPS) [11] in North America, Early 
Treatment of MS Study (ETOMS) [12] in Europe, 
and the Betaseron in Newly Emerging MS for 
Initial Treatment (BENEFIT) [13] in Canada and 

Europe, which were multi-center, randomized, 
and placebo-controlled trials conducted to assess 
the effects of interferon-β in the disease course of 
MS in patients with clinically isolated syndrome. 
These studies found that treatment with inter-
feron is beneficial by delaying a second relapse 
and reducing the cumulative probability of clini-
cally definite MS.

Atypical optic neuritis may benefit from early 
intravenous steroids by both decreasing the sever-
ity of the attack and speeding the recovery. 
Therapeutic plasmapheresis and intravenous 
immunoglobulins may be tried in steroid-
unresponsive cases. Chronic immunosuppressive 
therapy with agents like azathioprine, rituximab, 
and mycophenolate mofetil may be required, 
especially after recurrent attacks with incomplete 
recovery.

22.9	� Prognosis

Visual prognosis is excellent for typical optic 
neuritis, with 94% achieving 20/40 or better 
vision at 5  years and only 3% having a vision 
<20/200 at 5 years in ONTT. The visual recovery 
starts by 1 month and completes by 3 months but 
sometimes may even require about a year.
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23Autoimmune Encephalitis

M. Netravathi

Case Scenario
A 12-year-old girl presented with behavioural 
disturbances (decreased interaction, decline in 
scholastic performance, abusive behaviour and 
abnormal involuntary movements of the right 
hand with generalised seizures for 6  weeks). 
After 1–2  weeks, she progressively developed 
involuntary perioral movements, refractory status 
epilepticus and mutism. There was no fever, 
headache, myoclonic jerks, visual complaints, 
weight loss or any systemic complaints. At the 
time of admission, she had intermittent respira-
tory disturbances, was in altered sensorium with 
status epilepticus, and had perioral dyskinesias 
and right upper limb dystonic posturing with the 
presence of pyramidal signs. She was then intu-
bated and kept in mechanical ventilation. Routine 
lab investigations including anti-TPO antibody 

level were within normal limits. MRI brain and 
CSF studies showed no abnormalities. 
Electroencephalography showed generalised 
theta-delta range slowing with “delta brush” and 
focal epileptiform discharges as well (Fig. 23.1). 
CSF anti-NMDA receptor antibody was positive. 
She was treated with a course of intravenous 
methylprednisolone followed by intravenous 
immunoglobulins (IVIg) but showed no signs of 
improvement. She was then started on large-
volume plasmapheresis along with oral steroids. 
She made mild-to-moderate improvement. She 
was extubated, weaned off the ventilator, and 
shifted to the ward where she continued to have 
mutism and mild Parkinsonism with stereotypy 
movements of the hand. She improved signifi-
cantly, and presently she is on low dosage of 
steroids.
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Fig. 23.1  EEG showing mild diffuse background slowing of 4–6 Hz with intermittent delta brush pattern (arrow) in the 
occipital leads

23.1	� Introduction

Von economo’s Encephalitis lethargica was 
described in 1916–1927, wherein patients pre-
sented with features of headache, malaise, oph-
thalmoplegia, Parkinsonism, and sleep changes 
[1]. Aetiological basis of this disorder was largely 
unknown and was presumed to be triggered by 
influenza virus. Many such disorders have been 
described in recent times with associated autoan-
tibodies and have been termed as autoimmune 
encephalitis (AIE). Autoimmune encephalitis is a 
group of autoantibody-mediated inflammatory, 
non-infectious encephalitis being increasingly 
recognised in clinical practice [2]. It encom-
passes a group of clinical syndromes which are 
immune mediated, maybe associated with anti-

bodies, and responds well to immunotherapy if 
initiated in the early stages. AIE has diverse clini-
cal manifestations, such as cognitive dysfunc-
tion, behavioural and personality changes, 
seizures, movement disorders, autonomic distur-
bances and decreased level of sensorium. Some 
of them may have an underlying neoplasm. The 
initial diagnostic criteria were mostly reliant on 
antibody reports and response to various immu-
nomodulation therapies [3]. But these criteria 
may not always be practical, as antibody results 
may come negative in a few cases and immuno-
therapy responsiveness may not occur, especially 
when treatment is initiated late in the course of 
illness [3]. A consensus statement proposed a 
practical approach to the diagnosis of AIE, which 
is enumerated in Table 23.1.
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Table 23.1  Diagnostic criteria for autoimmune encepha-
litis (AIE)

Definitive diagnosis is made when all four of the 
following criteria have been met:
1.

2.

3.

4.

Subacute onset (rapid progression of less than 
3 months) of working memory deficits, seizures 
or psychiatric symptoms
MRI brain showing abnormalities on 
T2-weighted fluid-attenuated inversion
Recovery images involving the medial temporal 
lobes (or FDG-PET showing similar changes)
At least one of the following:
 �� 1. �CSF pleocytosis (white blood cell count >5 

cells per mm3)
 �� 2. �EEG with epileptic or slow-wave activity 

involving the temporal lobes
Exclusion of alternative causes

Possible diagnosis is made when all three of the 
following criteria have been met:
1.

2.

3.
4.

Subacute onset (rapid progression of less than 
3 months) of working memory deficits 
(short-term memory loss), altered mental status 
(altered sensorium, lethargy, personality 
change) or psychiatric symptoms
At least one of the following:
 �� 1. New focal CNS findings
 �� 2. �Seizures not explained by a previously 

known seizure disorder
 �� 3. �CSF pleocytosis (white blood cell count >5 

cells/mm3)
MRI features suggestive of encephalitis
Reasonable exclusion of alternative causes

23.2	� Epidemiology

The annual incidence of all forms of encephalitis 
is 5–8/100,000 persons/year. The California 
Encephalitis Project reported higher incidence of 
NMDAR encephalitis than viral encephalitis. 
Increased recognition of the disorder with 
increased availability of antibody testing has 
resulted in accurate diagnosis and management of 
AIE. A prospective multicentre study found AIE 
to be the third most common form of encephalitis 
after viral and post-infectious acute demyelinating 
encephalomyelitis [4, 5]. Exact incidence and 
prevalence cannot be ascertained in India in view 
of limited case reports and case series.

23.3	� Pathophysiology

The most common triggers for AIE are tumours 
and viral encephalitis, followed by cryptogenic 
causes. HLA association has been noticed in anti-
LGI1 encephalitis in two independent cohorts 
from Dutch [6] and Korea [7] suggesting genetic 
basis. The implicated HLA genes are HLA-
DRB1*07 (DR7), HLA-DRB4 in a Dutch popu-
lation and DRB1*07:01–DQB1*02:02  in a 
Korean population. Few viruses like herpes sim-
plex virus (HSV) [8] and Japanese encephalitis 
(JE) virus [9] have been implicated in triggering 
the NMDAR antibodies.

In recent years, the reporting of antibodies 
associated with AIE has increased. These are 
divided into three major categories [10, 11] 
(Table 23.2):

	1.	 Intraneuronal antigens (INAab): They are 
also known as onconeural antibodies, are not 
directly pathogenic and result from an epi-
phenomenon of T-cell-mediated immune 
response. They are more often paraneoplas-
tic, seen in elderly patients and have a poor 
response to immunotherapy. The antibodies 
to these antigens serve as diagnostic 
markers.

	2.	 Cell-surface antigens (CSAab): The anti-
bodies target molecules involved in neuro-
transmission leading to neuronal dysfunction. 
They are usually seen in younger adults, less 
often paraneoplastic and respond well to 
immunotherapy in early treatment.

	3.	 Extracellular location of antigens 
against  synaptic antigens (SyAab): It 
results in the alteration of neurotransmitter 
release.

Some patients may have more than one type of 
antibody as well, and CSAab and SyAab have 
been reported together with anti-INAab, espe-
cially in paraneoplastic AIE.

23  Autoimmune Encephalitis
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Table 23.2  Antibodies implicated in autoimmune encephalitis (AIE)

Antigen Clinical features Diagnostic assay
Frequency of 
malignancy Types of malignancy

Intracellular antigens
AGNA (SOX1) Limbic encephalitis, LEMS, 

neuropathy
Small-cell lung 
cancer (SCLC)

Amphiphysin Stiff-person syndrome, cerebellar 
degeneration, limbic encephalitis, 
encephalomyelitis, myelopathy, 
peripheral neuropathy, opsoclonus 
myoclonus

~85% Breast, small-cell 
lung cancer

ANNA-1 
(anti-Hu)

Sensory neuronopathy, limbic 
encephalitis, cranial neuropathies, 
cerebellar degeneration, 
encephalomyelitis, partial 
epilepsy, status epilepticus, 
autonomic dysfunction-intestinal 
pseudo-obstruction, opsoclonus 
myoclonus

Western blot ~80% Small-cell lung 
cancer, 
neuroblastoma, 
prostate cancer

ANNA-2 
(anti-Ri)

Opsoclonus myoclonus, brainstem 
encephalitis, cerebellar 
degeneration

~60% Breast, gynaecologic, 
lung, bladder cancer

ANNA-3 Cerebellar degeneration, 
encephalomyelitis, sensory 
neuronopathy

~60% Lung cancer

BRSK2 Small-cell lung 
cancer

CRMP-5 
(anti-CV2)

Cerebellar degeneration, limbic 
encephalitis, optic neuritis, 
retinopathy, uveitis, chorea, 
encephalomyelitis, sensorimotor 
neuropathy

~75% Small-cell lung 
cancer, thymoma

EFA6A Ovarian
GAD-65 Encephalitis, stiff-person 

syndrome, cerebellar ataxia, 
seizures, opsoclonus myoclonus, 
encephalomyelitis, PERM, palatal 
myoclonus, hyperekplexia

Radioimmunoassay ~10% Lung cancer, 
neuroendocrine 
tumour, thymoma, 
breast cancer

GFAP Encephalitis, myelitis, 
meningoencephalitis, 
encephalomyelitis, neuropathy, 
meningitis, ataxia

34% Ovarian teratoma

Anti-Ma1, Ma2 
(Ta)

Ma1 and Ma2: cerebellar and 
brainstem dysfunction
Ma2 (only): limbic encephalitis, 
hypothalamic dysfunction, 
brainstem encephalitis

Western blot >~90% Ma1 and Ma2—
breast, colon, parotid, 
non-small-cell lung 
cancer; Ma2 
(only)—germ cell 
testicular seminoma

PCA-1 
(anti-Yo)

Paraneoplastic cerebellar 
syndrome, peripheral neuropathy

~90% Breast, gynaecologic, 
lung cancer

PCA-2 
(MAP1B)

Encephalomyelitis, cerebellar 
degeneration, LEMS

~90% Lung cancer

Striational Myasthenia gravis; common with 
muscle AChR antibodies

~30% Thymoma
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Table 23.2  (continued)

Antigen Clinical features Diagnostic assay
Frequency of 
malignancy Types of malignancy

ZIC Encephalomyelitis, cerebellar 
degeneration, opsoclonus

Small-cell lung 
cancer

Cell-surface antigens
AChR (muscle 
and ganglionic)

Muscle: myasthenia gravis when 
paraneoplastic
Ganglionic: autonomic 
dysfunction, encephalopathy, 
seizures, peripheral neuropathy

Muscle: 
~10%
Ganglionic: 
~30%

Muscle: thymoma
Ganglionic: breast, 
prostate, lung, 
gastrointestinal 
cancer

AMPAR Limbic encephalitis, nystagmus, 
epilepsy, ataxia, insomnia

Cell-based assay ~70% Lung, breast, 
thymoma

AQP4 NMOSD Cell-based assay ~5–20% Breast, lung, thymic, 
carcinoid, B cell 
lymphoma

CASPR2 Encephalitis, Morvan’s syndrome, 
neuromyotonia

Cell-based assay ~0–40% Thymoma

D2 (dopamine) 
receptor

Basal ganglia encephalitis Cell-based assay 0% –

DPPX Diarrhoea and profound weight 
loss common
Encephalitis with CNS 
hyperexcitability: confusion, 
psychiatric manifestations, tremor, 
myoclonus, nystagmus, 
hyperekplexia, PERM-like 
symptoms, ataxia

Cell-based assay <10% Rare B-cell 
neoplasms

GABAAR Refractory seizures, status 
epilepticus, epilepsia partialis 
continua, stiff-person syndrome, 
opsoclonus

Cell-based assay <5% Thymoma

GABABR Stiff-person syndrome, PERM, 
limbic encephalitis, cerebellar 
degeneration, or optic neuritis, 
abnormal orolingual movements, 
fluent aphasia, epilepsy, sleep 
disturbances, agrypnia

Cell-based assay 50% Small-cell lung 
cancer

GlyαR Stiff-person syndrome, PERM, 
limbic encephalitis, cerebellar 
degeneration, optic neuritis, 
hyperekplexia

Infrequent

GQ1b Bickerstaff’s brainstem 
encephalitis

ELISA 0%

IgLON5 Abnormal sleep movements and 
behaviours, obstructive sleep 
apnoea, stridor, dysarthria, 
dysphagia, ataxia, chorea

None reported

mGluR1 Cerebellar degeneration, ataxia 
intention tremor

Hodgkin’s 
lymphoma; may 
occur without tumour

mGluR5 Ophelia syndrome: limbic 
encephalitis, myoclonus

Cell-based assay 70% Hodgkin’s 
lymphoma; may 
occur without tumour

(continued)

23  Autoimmune Encephalitis



192

Table 23.2  (continued)

Antigen Clinical features Diagnostic assay
Frequency of 
malignancy Types of malignancy

MOG NMOSD-like phenotype, optic 
neuritis and/or longitudinally 
extensive transverse myelitis; 
ADEM, especially in children

Cell-based assay 0% Infrequent

Neurexin-3α Fever, headache or gastrointestinal 
symptoms, followed by confusion, 
seizures and decreased level of 
consciousness, seizures

None

NMDAR 
(GluN1)

Behavioural and psychiatric 
manifestations, insomnia, reduced 
verbal output, seizures, amnesia, 
movement disorders, catatonia, 
dyskinesia, stereotypy, catatonia, 
hypoventilation, autonomic 
instability, coma

Cell-based assay ~10–45% Ovarian teratomas, 
rarely carcinomas

PCA-Tr 
(anti-DNER)

Cerebellar degeneration, limbic 
encephalitis

~90% Hodgkin’s lymphoma

VGCC (P/Q, 
N-type)

P/Q and N: LEMS
P/Q: cerebellar degeneration, 
seizures N: variable; includes 
encephalopathy, seizures

LEMS: 
~50%

Small-cell lung 
cancer

LGI-1 and 
CASPR2 
double negative 
VGKC complex

Variable, including dementia and 
pain syndromes

Cell-based assay Variable

Extracellular location of antigens
LGI-1 Limbic encephalitis, faciobrachial 

dystonic seizures, REM sleep 
behaviour disorder, myoclonus, 
hyponatremia

Cell-based assay <~10% Small-cell lung 
cancer, thymoma

Adapted from: Bradshaw MJ, 2018
AChR acetylcholine receptors, ADEM acute disseminated encephalomyelitis, AGNA antiglial nuclear antibody, AMPAR 
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor, ANNA antineuronal nuclear antibody, AQP4 aquapo-
rin-4, CASPR2 contactin-associated protein-like-2, CNS central nervous system, CRMP-5 collapsing response mediator 
protein-5, DNER delta/notch-like epidermal growth factor-related receptor, DPPX dipeptidyl-peptidase-like protein-6, 
EEG electroencephalography, GABAR gamma-amino-butyric acid receptor, GAD-65 glutamic acid decarboxylase, 
GluN1 ionotropic NMDA glutamate receptor 1, GlyαR glycine α-receptor, IgLON5 immunoglobulin-like family mem-
ber 5, LEMS Lambert-Eaton myasthenic syndrome, LGI-1 leucine-rich, glioma-inactivated 1, mGluR metabotropic 
glutamate receptor, MOG myelin oligodendrocyte glycoprotein spectrum disorder, NMDAR N-methyl-d-aspartic acid 
receptor, NMOSD neuromyelitis optica, PCA Purkinje cell cytoplasmic antibody, PERM progressive encephalomyelitis 
with rigidity and myoclonus, REM rapid eye movement, VGCC voltage-gated calcium channel, VGKC voltage-gated 
potassium channel complex, SOX1 sex-determining region Y box 1 transcription factor, ZIC zinc finger protein

23.4	� Clinical Manifestations

Approach to a patient with autoimmune 
encephalitis: A patient with rapidly progressive 
behavioural, cognitive disorder is suspected to 
have autoimmune encephalitis if the patient ful-
fils the criteria as mentioned in Table  23.1. 
Cognitive dysfunction refers to the inability to 

form new, long-term memory or executive dys-
function associated with psychiatric features and 
a depressed level of consciousness. If a patient 
has rapid progressive clinical symptoms with no 
evidence of positive antibodies or an MRI brain 
that is non-contributory, then the patient can be 
given a trial of immunomodulation therapy, as 
delayed diagnosis and treatment have poor long-
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term prognosis. Few of the salient features 
observed in various AIE (Table 23.2) are:

	(a)	 Anti-NMDAR encephalitis: is one of the 
most common causes of AIE that predomi-
nantly affects children and young female 
patients. The clinical features can be divided 
into following stages:

	 1.	 Prodromal features associated with fever 
and headache.

	 2.	 Early stage: characterised by behavioural 
changes in the form of psychosis, confu-
sion, amnesia and speech disturbances 
(mutism), seizures which may be focal, 
generalised or progress to status 
epilepticus.

	 3.	 Late stage: evolves over 1–2 weeks which 
is characterised by movement disorders 
(choreoathetosis, stereotypy, orofacial 
dyskinesias and dystonia), autonomic 
dysfunction, encephalopathy, catatonia, 
hyperhidrosis, hyperthermia, BP fluctua-
tions, with hypoventilation. Some patients 
may develop mutism and catatonia.
There are underlying malignancies asso-

ciated mainly in patients of age range 
12–45 years; ovarian teratomas are the most 
common (94%), followed by extraovarian 
teratomas (2%) and other malignancies 
(4%): Hodgkin’s lymphoma, small-cell lung, 
pancreatic, and breast cancer [12]. Apart 
from these, few viruses (herpes simplex 
virus-1 encephalitis—HSV; Japanese 
encephalitis—JE) are known to trigger anti-
NMDAR encephalitis.

The MRI brain of an AIE is usually nor-
mal. Abnormal findings may be seen in 
nearly 30% of the patients, which involve the 
temporal lobe, cortical, subcortical and basal 
ganglia regions. CSF may show mild-to-
moderate lymphocytic pleocytosis. The diag-
nosis of anti-NMDAR is established by the 
detection of serum and CSF antibodies 
against the GluN1 subunit of NMDAR. Serum 
may be falsely negative in around 14% of 
patients. EEG may show background slow-
ing. Few patients may show extreme delta 
brush pattern (Fig. 23.1), which consists of 

superimposed beta fast activity on delta 
waves [13].

	(b)	 Anti-LGI1 and anti-CASPR2 encephalitis—
Formerly these formed the VGKC-Complex 
antibodies-mediated encephalitis: Initial 
description of anti-VGKC antibodies was 
described in patients with neuromyotonia, 
limbic encephalitis etc. Eventually, the anti-
VGKC antibodies have been found to be 
directed against proteins that form a complex 
with leucine-rich glioma-inactivated 1 (LGI1) 
and contactin-associated protein-like 2 
(CASPR-2). Each of these antibody subtypes 
presents with specific clinical syndrome [10]. 
Patients with LGI1 encephalitis present with 
seizures, limbic encephalitis, faciobrachial 
dystonic seizures, hyponatremia (60%) and 
rapid eye movement behavioural abnormali-
ties. These symptoms are most common in 
elderly males; paraneoplastic aetiology is 
found in very few patients, and most common 
tumour is small-cell lung carcinoma. MRI 
brain shows abnormalities in 40% of patients 
with changes involving the medial temporal 
lobe. Relapse occurs in 20% of subjects.

Anti-CASPR2 encephalitis presents with 
peripheral and central nerve hyperexcitabil-
ity with symptoms of fasciculations, myoky-
mia, insomnia, autonomic dysfunction, 
behavioural changes, anxiety, panic attacks 
and neuropathic pain. This disorder is most 
common in males, and nearly 30% of them 
can have malignancy affecting the thymus, 
lung or endometrium [10].

	(c)	 Anti-AMPAR encephalitis: This is common 
in elderly females; they present with features 
of limbic encephalitis with prominent psy-
chiatric disturbances. Few may also have 
clinical features of extrapyramidal and sleep 
disturbances. Paraneoplastic aetiology 
affecting the thymus, lung, ovary or breast is 
common in 65–70%.

	(d)	 Anti-GABA-A receptor encephalitis: 
Refractory seizures, or status epilepticus, 
along with mild encephalopathy, are the 
usual presentation of this encephalitis. Less 
than 27% of them are associated with 
malignancy.
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	(e)	 Anti-GABA-B receptor encephalitis: This 
presents with limbic encephalitis, seizures, 
ataxia and myoclonus. Nearly 50% of them 
are paraneoplastic affecting the lungs.

	(f)	 Anti-GAD (GAD65 & GAD67): They can 
occur alone or in association with other anti-
bodies such as GABAAR and Glycine recep-
tor (GlyR). They have been associated with 
various autoimmune disorders which include 
insulin-dependent diabetes mellitus, thyroid-
itis and other systemic autoimmune disor-
ders. Stiff-person syndrome, cerebellar 
ataxia, epilepsy and limbic encephalitis are 
the main neurological syndromes associated 
with anti-GAD antibodies. There are rarely 
paraneoplastic.

	(g)	 Anti-GlyR encephalitis: Glycine receptors 
are chloride channels that facilitate inhibi-
tory neurotransmission in the central nervous 
system. They have been associated with 
patients with progressive encephalomyelitis 
with rigidity and myoclonus (PERM), stiff-
person syndrome, cerebellar ataxia, muscle 
stiffness, hyperactive startle responses and 
limb spasms. They have been detected in few 
patients of optic neuritis and multiple sclero-
sis; however, their clinical significance 
remains unclear. These antibodies are usu-
ally not associated with tumours.

	(h)	 Anti-DPPX encephalitis: Dipeptidyl 
peptidase-like protein 6 (DPPX) is a subunit 
of Kv4.2 potassium channels expressed in 
the brain (hippocampus, cerebellum, stria-
tum) and gut (myenteric plexus). Patients 
usually present with severe diarrhoea, fol-
lowed by neuropsychiatric manifestations 
(confusion and agitation), seizures, myo-
clonic jerks, tremor, startle response and 
stiff-person syndrome. In addition, features 
of dysautonomia such as arrhythmias, ther-
modysregulation, diaphoresis, urinary symp-
toms and sleep disorders can be associated.

	(i)	 Encephalopathy associated with anti-
IgLON5 antibodies: The IgLON family 
member 5 (IgLON5) is a neuronal cell adhe-
sion molecule of the immunoglobulin super-
family. Common presentations are sleep 
disorders like non-REM (rapid eye move-
ment) and REM parasomnia, obstructive 

sleep apnoea, stridor, and episodic central 
hypoventilation, cognitive impairment, limb 
ataxia, chorea, dysarthria, dysphagia, dysau-
tonomia and supranuclear gaze palsy. They 
have a similar clinical presentation as tauop-
athies such as progressive supranuclear palsy 
and frontotemporal dementia. They are also 
found to be associated with alleles HLA-
DQB1*0501 and HLA-DRB1*1001, sug-
gesting a genetic susceptibility. Investigations 
such as MRI brain, EEG, and CSF studies 
and electromyography are usually normal. 
Clinical deterioration is usually rapid, and 
response to immunotherapy is still in debate. 
Death usually occurs due to dysautonomia.

	(j)	 Anti-mGluR1 and anti-mGluR5 encephali-
tis: Metabotropic glutamate receptor 1 
(mGluR1) and metabotropic glutamate recep-
tor 5 (mGluR5) are both G-protein-coupled 
receptors that are involved in modulating syn-
aptic functions including long-term depres-
sion. Anti-mGluR1 antibodies are found in 
association with ataxia, diplopia, dysgeusia, 
paranoia and cognitive deficits. Haematologic 
malignancies and prostate adenocarcinoma 
are common tumours associated. Response to 
immunomodulation therapy is variable. 
Patients with anti-mGluR5-abs encephalitis 
may present with memory loss and psychosis 
in association with Hodgkin’s lymphoma, 
which is called “Ophelia syndrome”.

	(k)	 Hashimoto’s encephalopathy: It is a steroid-
responsive encephalopathy characterised by 
fluctuating or progressive encephalopathy, 
myoclonus, seizures and stroke. Patients have 
elevated antibodies, such as antithyroid per-
oxidase antibodies (antithyroid microsomal 
antibodies) and antithyroglobulin antibodies.

23.5	� Diagnosis

23.5.1	� Electroencephalography 
(EEG)

Abnormalities on EEG are usually non-specific. 
It helps in the diagnosis of subclinical seizures or 
status epilepticus. Few of the EEG changes 
observed are:
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Fig. 23.2  MRI brain showing (a) flair sequence showing 
medial temporal hyperintensities in patient with anti-
VGKC antibodies. (b) Flair sequence showing bilateral 
caudate (Rt > Lt) and right putamen hyperintensities in a 
patient with anti-VGKC antibodies. (c) Flair hyperintensi-
ties in bilateral (Lt > Rt) medial and lateral temporal lobes 

in a patient with anti-NMDA antibodies which were trig-
gered by HSV. (d) Flair hyperintensities involving left tem-
poral cortex, left thalamus and bilateral insular regions in a 
patient with anti-NMDA antibodies. (e) Normal MRI brain 
in a patient with anti-GAD antibody. (f) Mild diffuse cere-
bral atrophy in a patient with Hashimoto’s encephalopathy

	1.	 Normal.
	2.	 Diffuse or focal background slowing.
	3.	 Delta brush pattern of 1–3  Hz delta activity 

with superimposed 20–30 Hz beta fast activ-
ity observed in 33% of NMDAR encephalitis 
(Fig. 23.1).

	4.	 Electrodecremental slowing or slow frontal 
activity prior to the onset of faciobrachial dys-
tonic seizures in LG1–1 encephalitis.

	5.	 Focal or interictal epileptiform discharges.
	6.	 Triphasic waves, especially in Hashimoto’s 

encephalopathy.

23.5.2	� Imaging

MRI brain (Fig. 23.2) can detect abnormalities 
such as mesial temporal T2 flair hyperintensities 

in few cases or can be normal. With delayed 
treatment, mesial temporal sclerosis or diffuse 
cerebral atrophy may be observed. PET MRI 
has been found to be more informative, showing 
abnormalities in 85% cases, while MRI brain 
shows abnormalities in 40% cases [5] 
(Fig. 23.2).

23.5.3	� Cerebrospinal Fluid (CSF) 
Analysis

CSF analysis can show pleocytosis with increased 
protein and normal sugars. CSF studies can be 
normal, depending on when the CSF analysis is 
done. It has been found to show abnormalities in 
the initial peak period and return to normalcy 
with the progression of the disease. CSF IgG 
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Fig. 23.3  NMDA 
positivity: transfected 
cell showing granular 
cytoplasmic 
fluorescence

Fig. 23.4  GAD positivity: cerebellum section showing 
characteristic “leopard skin like” immunofluorescence of 
the granular layer with the patient’s serum

index may be elevated, and there may be the pres-
ence of oligoclonal bands.

23.5.4	� Autoantibody Test

Antibody testing can be performed based on the 
clinical suspicion, especially in resource-poor 
settings. It is preferable to test both serum and 
CSF for both autoimmune and paraneoplastic 
antibodies. Various antibody testing (Figs.  23.3 
and 23.4) methods available include indirect tis-
sue immunofluorescence, radiolabelled immuno-
precipitation, immunoblotting, cell-based assays 
and flow cytometry assays. Positive antibody 

reports need to be interpreted cautiously, espe-
cially with low titres or multiple positive antibod-
ies. The clinical syndrome, age, gender and 
positive antibody have to be taken into picture 
prior to further evaluation and treatment.

23.5.5	� Investigating for Malignancy

Malignancy search should be guided based on the 
patient’s age, gender, personal history, tobacco 
usage, personal/family history of malignancy and 
neural antibody. Combined PET/CT has a higher 
specificity in detecting malignancy, except in 
thymus, ovarian, testicular and few gastrointesti-
nal malignancies during which ultrasound, MRI 
or duodenoscopy or colonoscopy assist in cancer 
detection.

23.6	� Differential Diagnosis

Rapidly progressive neurological disorder such 
as those due to HIV, infections, syphilis, 
Creutzfeldt–Jakob disease and human herpes 
virus-6-associated encephalitis should be ruled 
out. The other differential diagnosis includes 
Hashimoto’s and other steroid-responsive 
encephalopathies, acute disseminated encephalo-
myelitis, neuromyelitis optica spectrum disor-
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ders, vasculitis, lupus, angiocentric lymphoma 
and Rasmussen’s encephalitis [10].

23.7	� Treatment and Prognosis

Treatment should be initiated as soon as possible 
without any delay. Early immunotherapy and 
prevention of complications may result in com-
plete reversibility of the neurological disorder. In 
the initial acute period patients need to be treated 
with intravenous methylprednisolone with or 
without plasmapheresis or IV immunoglobulin. 
The combination of steroids with plasmaphere-
sis has been found to be more beneficial. 
Following these patients can be continued on 
oral steroids. Second immunomodulation will be 
required in the case of non-responders. The sec-
ond immunotherapy includes azathioprine, 
mycophenolate, rituximab or cyclophospha-
mide. If the aetiological factor is an associated 
malignancy, then tumour resection or chemo-
therapy will be required. Good prognostic fac-
tors include early immunotherapy, 
non-requirement of intensive care and non-para-
neoplastic aetiology.
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24Progressive Supranuclear Palsy

Shweta Prasad and Pramod Kumar Pal

Case Discussion
A 60-year-old man presented with a 2-year his-
tory of progressive difficulty in walking, with 
occasional unprovoked falls, especially in the 
backward direction which occurred while walk-
ing, sitting without support and getting up from a 
chair. Family members reported a constant star-
ing expression, reduced volume and output of 
speech, and change in behaviour—disinterest in 
routine activities and occasional inappropriate 
laughing or crying. There was no history of 
tremor. There was also a history of occasional 
difficulty swallowing liquids, choking, and spill-
age of food while eating. There was no family 
history of Parkinsonism. Though the patient was 
started on dopaminergic medications, there was 
no significant improvement.

On examination the patient had a staring 
expression with reduced blink rate. Speech was 
hypophonic and dysarthric. There was supranu-

clear vertical gaze palsy (both upward and down-
ward) with a slowing of vertical and horizontal 
saccades. Rigidity was symmetrical, and the axial 
rigidity was disproportionate greater than limb 
rigidity. Bradykinesia was moderate and bilater-
ally symmetrical. There was no apraxia or myoc-
lonus. Motor perseveration was observed. Frontal 
release signs, i.e., the palmomental reflex and root-
ing, were present, and deep tendon reflexes were 
brisk. Upon being asked to stand, the patient stood 
up rapidly from the chair and displayed significant 
imbalance. The patient walked with a broad-based 
lurching gait, and the pull test was positive.

Magnetic resonance imaging of the brain 
revealed significant midbrain atrophy, and the 
“humming bird” and “morning glory” signs were 
observed.

24.1	� Introduction

Progressive supranuclear palsy (PSP) or Steele–
Richardson–Olszewski syndrome, first described 
in 1964 [1], is an atypical Parkinsonian disorder 
and the second most common form of neurode-
generative Parkinsonism. It is the most common 
primary tauopathy and belongs to the family of 
4R tauopathies [2]. At present, there are 10 clini-
cal phenotypes [3] of PSP, and the classical vari-
ant of PSP, i.e., PSP-Richardson syndrome 
(PSP-RS), has a prevalence of 5–7 per 100,000 
[4]. The mean age of onset of PSP is usually 
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66.4  ±  12  years, with an average life span of 
7 ± 3.7 years after the onset of symptoms [5]. The 
clinical phenotypes of PSP-Parkinsonism (PSP-
P) and PSP-pure akinesia with gait freezing 
(PSP-PAGF) have relatively benign courses with 
a survival period of more than a decade [6]. 
Patients with PSP-RS typically present with pro-
gressive postural instability with falls, supranu-
clear vertical gaze palsy, pseudobulbar palsy, 
levodopa-unresponsive Parkinsonism and frontal 
cognitive disturbances [1, 7]. Until recently, the 
clinical criteria from the National Institute of 
Neurological Disorders and Stroke and the soci-
ety for PSP (NINDS-SPSP) were the most widely 
used diagnostic criteria [7]. The International 
Parkinson and Movement Disorder Society 
(MDS) PSP study group published the MDS-PSP 
criteria in 2017 to include the wide spectrum of 
clinical phenotypes observed in PSP [8].

24.2	� Aetiopathogenesis

24.2.1	� Aetiology

The exact aetiology of PSP is uncertain, and sev-
eral genetic factors, environmental factors and 
mitochondrial dysfunction have been implicated.

24.2.1.1	� Genetics
Genome-wide association studies (GWAS) have 
reported several genes associated with PSP. The 
most common risk allele for PSP is the H1 haplo-
type of the MAPT gene, which encodes for tau 
[8]. This haplotype was observed in over 90% of 
patients with PSP. Three additional genes which 
were found to be associated with a risk of devel-
oping PSP are EIF2AK3 (eukaryotic translation 
factor 2-α kinase 3), STX6 (syntaxin-6) and 
MOBP (myelin-associated oligodendrocyte basic 
protein) [8].

24.2.1.2	� Environmental Factors 
and Mitochondrial 
Dysfunction

A possible role of complex I inhibition in the 
aetiology of PSP was suggested based on the 
consumption of a tropical fruit containing annon-

acin (a complex I inhibitor) and a higher preva-
lence of PSP [9]. Chronic administration of 
rotenone, a natural complex I inhibitor, to rats 
produced a neurodegeneration pattern similar to 
PSP [10]. Hence, experimental and clinical data 
suggest that complex I inhibition may play a role 
in the pathogenesis of PSP.

24.2.2	� Neuropathology

PSP is the most common primary tauopathy and 
belongs to the family of 4R tauopathies, imply-
ing the accumulation of the tau isoform with 
four repeats in the microtubule binding domain 
[2]. The pathology is characterised by neuronal 
loss, gliosis and tau accumulation in the basal 
ganglia and brainstem. The tau accumulations 
are best observed with Gallyas silver stain or tau 
immunohistochemistry. Globose neurofibrillary 
tangles (NFTs) are observed in the nucleus 
basalis of Meynert and brainstem nuclei, 
whereas flame-shaped nuclei are observed in 
other regions. The characteristic neuropatho-
logical lesions in PSP are tufted astrocytes, 
which are densely packed tau-positive fibres 
located close to the centre of an astrocyte [11]. 
The pathological diagnostic criteria require the 
presence of NFTs and neuropil threads in the 
pallidum, subthalamic nucleus, substantia nigra, 
pons (at least three locations) and low-to-high 
density of neuropil threads or NFTs in other 
locations [11].

24.3	� Clinical Features

PSP has a wide phenotypic spectrum, and the 
classical PSP phenotype, i.e., PSP-RS, is charac-
terised by symmetric axial Parkinsonism, pos-
tural instability with early falls, vertical 
supranuclear gaze palsy and a frontal-subcortical 
dementia. The initial signs in PSP are often vague 
and non-specific. Patients may complain of clum-
siness, unsteadiness, difficulty walking, unpro-
voked falls or visual symptoms. Family members 
may report softening of speech, depression, irri-
tability, apathy or introversion. A correct diagno-
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sis of PSP may often be delayed to 3–4  years 
after symptom onset [12, 13]. The symptoms 
described below are commonly observed in the 
PSP-RS phenotype. The clinical features of other 
PSP phenotypes are briefly described in 
Table 24.1.

24.3.1	� Motor Symptoms

24.3.1.1	� Postural Instability and Falls
Postural instability manifesting as falls within 
the first year of symptom onset is the most fre-
quent symptom at presentation in PSP [12, 14]. 
In the NINDS study, 96% of patients with PSP 
had a history of postural instability and falls at 
the first visit to a specialised neurology clinic 
[14]. Patients walk with a broad-based lurching 
gait, resembling that of a drunken sailor or a 
dancing bear, and often tend to pivot on one foot 
when turning, which further compromises bal-
ance. Although backward falls are common in 
PSP, they may occur in any direction. As the dis-
ease progresses, gait ignition failure and freez-
ing are commonly observed. Axial rigidity, 
oculomotor abnormalities and motor reckless-
ness secondary to frontal lobe dysfunction con-
tribute to falls [15].

24.3.1.2	� Extrapyramidal Signs
Bradykinesia and rigidity are often absent in the 
early stages of the PSP-RS phenotype and 
develop as the disease progresses [1]. In the 
NINDS study, at the first visit to a specialised 
neurology clinic, 63% had axial (neck) rigidity 
and 88% had bilateral bradykinesia. Patients with 
PSP exhibit axial rigidity which is disproportion-
ate to limb rigidity. This often leads to an upright 
extended posture, and occasionally retrocollis 
may be observed. Patients may report difficulty 
and clumsiness in fine finger movements. 
Repetitive finger tapping although hypokinetic 
does not show a decrement [16]. Handwriting is 
small and untidy, and “fast micrographia” may be 
observed in the PSP-PAGF subtype [16, 17].

24.3.2	� Ocular Motor Abnormalities

The classical supranuclear gaze palsy associated 
with PSP-RS develops over the course of the dis-
ease, and the early ophthalmologic features are 
non-specific. The eye movement abnormalities 
observed in PSP vary based on the stage of the 
disease. Patients may complain of blurred vision, 
diplopia, dry eyes, photophobia, and difficulty 

Table 24.1  Key features of the clinical phenotypes of 
progressive supranuclear palsy [3]

Phenotype Key clinical feature
PSP-Richardson’s 
syndrome

Early-onset postural instability 
and falls
Vertical ocular motor 
dysfunction

PSP-Parkinsonism Initially resembles Parkinson’s 
disease and progresses to 
develop symptoms of PSP-RS
Levodopa responsive in the early 
stages

PSP-pure akinesia 
with gait freezing

Present as an isolated gait 
disorder with start (PSP-
progressive gait freezing) 
hesitation and progressive 
freezing of gait

PSP-corticobasal 
syndrome

Progressive asymmetric limb 
dysfunction—limb apraxia, 
parietal sensory impairment, 
dystonia, myoclonus, levodopa-
unresponsive rigidity, 
bradykinesia and occasionally 
alien limb phenomenon
Postural instability and 
supranuclear downward gaze 
palsy

PSP-progressive 
non-fluent aphasia 
(PSP-speech/
language disorder)

Progressive apraxia of speech, 
non-fluent/agrammatic primary 
progressive aphasia

PSP-behavioural 
variant of FTD 
(PSP-frontal)

Frontal cognitive or behavioural 
presentation

PSP-postural 
instability

Predominant postural instability

PSP-with 
predominant 
cerebellar ataxia 
(PSP-cerebellar 
ataxia)

Patients present with cerebellar 
ataxia as the initial and 
predominant symptom

PSP-postural 
instability

Predominant postural instability

PSP-ocular motor Predominant ocular motor 
dysfunction

FTD fronto-temporal dementia, PSP progressive supra-
nuclear palsy

24  Progressive Supranuclear Palsy
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focusing during the early stages. Occasionally, 
observant patients may report difficulty ascend-
ing or descending stairs or looking down at a 
plate of food while eating. As the disease pro-
gresses patients tend to lose the ability to read 
due to abnormalities in generating saccades.

24.3.2.1	� Early Stage
	1.	 Hypometric and slow saccades: Prior to a 

reduction in the range of vertical gaze, slow-
ing of the vertical saccades are observed in 
PSP. Slowing of downward saccade is highly 
suggestive of PSP [18]. Additionally, the 
trajectory of vertical saccades may be curved 
or oblique (“round the houses” sign) [19].

	2.	 Abnormal downward optokinetic nystagmus.
	3.	 Square-wave jerks.
	4.	 Impaired convergence, accommodation reflex 

and slowing of the quick phase of optokinetic 
or caloric-induced nystagmus [20].

24.3.2.2	� Middle Stage
	1.	 Supranuclear vertical gaze palsy.
	2.	 Reduced blink rate with lid retraction 

(Collier’s sign).
	3.	 Apraxia of eyelid opening or closing.
	4.	 Impairment of anti-saccade task [21].

24.3.2.3	� Late Stage
	1.	 The reduction of vertical and horizontal eye 

movements eventually leading to complete 
ophthalmoplegia.

	2.	 Blepharospasm.
	3.	 Loss of oculocephalic reflex.
	4.	 Dysconjugate gaze.

The combination of a markedly reduced blink 
rate, ophthalmoplegia and focal dystonia of the 
procerus (procerus sign) leads to the characteris-
tic astonished and worried facial expression 
observed in PSP.

24.3.3	� Behavioural and Cognitive 
Features

Frontal lobe abnormalities are consistently 
observed in PSP and manifest early in course of 

the disease. Apathy, behavioural changes and dif-
ficulty planning routine activities may be early 
features. Disinhibition with emotional lability—
inappropriate, uncontrollable laughter or crying, 
and anger outbursts—is frequently observed. 
Patients with PSP demonstrate a subcortical-type 
dementia with slowing of information process-
ing, motor execution and executive dysfunction. 
Executive dysfunction observed in PSP com-
prises difficulties in motor sequencing, problem-
solving, abstract thinking, shifting mental sets 
and sorting [22].

Frontal release signs such as rooting, sucking, 
grasping and palmomental reflexes can be elic-
ited. Echolalia, echopraxia, reduced verbal flu-
ency and motor perseveration (“applause sign”) 
are often present [23]. Patients frequently dem-
onstrate motor recklessness and tend to rapidly 
rise out of chairs (“rocket sign”) without paying 
heed to the presence of balance impairment [23].

24.3.4	� Speech, Swallowing 
and Other Neurological Signs

Patients with PSP classically have hypokinetic-
spastic dysarthria. Although hypophonia may be 
prominent early in the disease, a slow slurred 
growling speech is commonly observed [24]. 
Swallowing disturbances and severe sialorrhoea 
occur early in the course of the disease. Drooling 
of saliva and down gaze palsy often lead to 
patients dropping food while eating and produces 
the “dirty tie” sign.

Brisk reflexes with a positive Babinski sign 
may be observed in one-fifth of patients with PD 
[5]. Although orthostatic hypotension is not 
observed in PSP, urinary disturbances, constipa-
tion and erectile dysfunction are commonly 
observed as the disease progresses. In compari-
son to Parkinson’s disease, patients with PSP 
report a higher prevalence of non-motor symp-
toms in the domains of mood, attention, gastroin-
testinal and urinary disturbances [25]. Patients 
with PSP also have significant sleep abnormali-
ties, including lower sleep efficiency, rapid eye 
movement (REM) sleep behaviour disorder and 
REM sleep without atonia [26].
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24.4	� Diagnostic Criteria

There are two main diagnostic criteria for the 
diagnosis of PSP—NINDS-SPSP criteria and the 
MDS-PSP criteria. The NINDS-SPSP criteria are 
the most widely used diagnostic criteria for PSP 
[7] (Table 24.2). Based on this, patients may be 
classified into clinically “possible” and clinically 
“probable” PSP.  A diagnosis of definitive PSP 

requires histological confirmation. However, this 
criterion is limited to the diagnosis of PSP-RS 
and does not provide guidelines for the other phe-
notypic presentations.

The recently introduced MDS-PSP criteria 
provide guidelines for the diagnosis of the clini-
cal phenotypes of PSP [8]. Application of the 
MDS-PSP criteria requires assessment of the 
core features of ocular motor dysfunction, pos-
tural instability within 3 years, akinesia and cog-
nitive dysfunction. The criteria describe levels of 
certainty or a predictive value for each core fea-
ture and provide specific combinations of these 
core features based on the clinical phenotype and 
the level of certainty [3].

24.5	� Differential Diagnosis

Arriving at a diagnosis of PSP is relatively easy 
in the later stages of illness; however, several dif-
ferential diagnoses may be considered in the 
early stages, where symptoms tend to be vague.

PSP should be differentiated from other neu-
rodegenerative disorders, especially Parkinson’s 
disease and other atypical Parkinsonian disorders 
such as multiple system atrophy, corticobasal 
degeneration and dementia with Lewy bodies 
[27, 28]. Although neuroimaging of the brain 
may aid in differentiating these disorders, several 
key clinical differences exist between these dis-
orders (Table 24.3).

Apart from neurodegenerative disorders, sev-
eral genetic, infective, acquired or drug-induced, 
vascular, structural, paraneoplastic and autoim-
mune disorders may mimic PSP [28].

24.6	� Investigations

Although PSP is predominantly a clinical diag-
nosis, several abnormalities in brain neuroim-
aging have been proposed to be specific to PSP 
[29]. The most clinically useful MRI abnor-
malities are signs of midbrain atrophy, superior 
cerebellar peduncle atrophy, and frontal and 
parietal atrophy [29, 30]. The “humming bird 
sign”, often known as “penguin sign” or “sil-

Table 24.2  NINDS-SPSP diagnostic criteria for PSP [7]

Clinically “possible” PSP
 �� 1. Gradually progressive illness
 �� 2. Age at onset: 40 years or older
 �� 3. �No evidence of other disease that could explain 

the observed features
 �� 4. �Vertical gaze palsy OR slowing of vertical 

saccades with postural instability and falls within 
the first year of illness

Clinically “probable” PSP
 �� 1. Gradually progressive illness
 �� 2. Age at onset: 40 years or older
 �� 3. �No evidence of other diseases that could explain 

the observed features
 �� 4. �Vertical gaze palsy AND slowing of vertical 

saccades with postural instability and falls within 
the first year of illness

“Definitive” PSP
 �� 1. Clinically “possible”/“probable” PSP
 �� 2. Histopathological confirmation
Supportive criteria
 �� 1. Symmetric akinesia or proximal > distal rigidity
 �� 2. Retrocollis
 �� 3. Early dysphagia and dysarthria
 �� 4. Poor response to levodopa
 �� 5. Early cognitive impairment
 �� 6. �At least one of the following signs: apathy, frontal 

signs, abstract thought alterations, language 
alterations, imitation or utilisation behaviour

Mandatory exclusion criteria
 �� 1. Recent history of encephalitis
 �� 2. �Alien limb syndrome, cortical sensory deficits, 

focal frontal or temporoparietal atrophy
 �� 3. �Hallucinations or delusions unrelated to 

dopaminergic therapy
 �� 4. Cortical dementia of Alzheimer type
 �� 5. Prominent, early cerebellar signs
 �� 6. Unexplained dysautonomia
 �� 7. Severe asymmetric Parkinsonian signs
 �� 8. �Imaging evidence of relevant structural 

abnormality
 �� 9. Whipple’s disease

24  Progressive Supranuclear Palsy
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a bFig. 24.1  (a) The 
“hummingbird sign” in 
PSP. Midsagittal section 
of the brainstem shows a 
concave superior border 
of the midbrain that is 
disproportionately 
atrophied in comparison 
to the pons. (b) The 
“morning glory sign” in 
PSP. Axial section of the 
midbrain shows concave 
lateral margins of the 
midbrain tegmentum

houette sign”, and the “morning glory sign” 
are signs representing midbrain atrophy and 
are considered pathognomonic to PSP 
(Fig.  24.1) [31, 32]. Other structural imaging 
metrics such as the midbrain:pons ratio and 
magnetic resonance Parkinsonism index are 
also useful in differentiating PSP from other 
disorders [29].

The utility of functional imaging, dopamine 
transporter imaging, PET or SPECT in diagnosing 
PSP is debatable since all atypical Parkinsonian 
disorders tend to show abnormalities.

At present, apart from neuroimaging there are 
no specific diagnostic tools for PSP. Novel diag-
nostic approaches for PSP and biomarkers such 
as proteins in cerebrospinal fluid are still in the 
research phase [33].

24.7	� Management

Currently there are no effective symptomatic or 
neuroprotective treatments for PSP [34]. The 
management of PSP with medication alone is 
unsatisfactory, and a multidisciplinary approach, 
involving speech therapy, physiotherapy and psy-
chological counselling, is required to provide 
some benefit and improve the quality of life [27].

24.7.1	� Medication

Dopaminergic Medication  Levodopa provides 
negligible improvement in the Parkinsonism 
observed in PSP. Patients with the PSP-P variant 

are more likely to respond to levodopa, especially 
in the early stages of illness. Amantadine may be 
useful in improving gait and postural instability.

Antidepressants  Selective serotonin receptor 
inhibitors and amitriptyline can be used in cases 
of apathy and depression and may help improve 
the pseudobulbar affect.

Others  Benzodiazepines such as clonazepam 
may be given to improve the sleep disturbances 
commonly observed in PSP.  Botulinum toxin 
injections are useful in patients with troublesome 
blepharospasm and retrocollis. There is emerging 
evidence of the utility of co-enzyme Q10 for neu-
roprotection in PSP.

24.7.2	� Physical Therapy and Other 
Supportive Measures

Physiotherapy  Gait and balance training exer-
cises play a significant role in the management of 
PSP.  Frequent falls add to the morbidity of the 
disease, and appropriate strategy training and gait 
aids may benefit patients.

Swallowing Evaluation  Dysphagia is a major 
problem in PSP with significant weight loss and 
risk of aspiration as the disease progresses. 
Appropriate swallowing evaluation and interven-
tions such as a feeding tube or gastrostomy 
should be considered to maintain adequate nutri-
tion and avoid complications.
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24.8	 Conclusion

Progressive Supranuclear Palsy is an atypical 
parkinsonian disorder and a tauopathy which is 
characterised by symmetric parkinsonism, supra-
nuclear palsy of vertical gaze, early postural 
instability with falls backwards, subcortical 
dementia, dysarthria, and dysphagia.  There are 
no specific diagnostic tools or biomarkers and 
diagnosis requires good clinical acumen.  
Treatment is predominantly supportive and 
symptomatic with an aim to reduce morbidity 
and improve quality of life.  However, all patients 
should receive a trial of dopaminergic 
medications.
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25Multiple System Atrophy

Malligurki Raghurama Rukmani, 
Talakad N. Sathyaprabha, and Ravi Yadav

Case Scenario  A 59-year-old female was admit-
ted in the neurology ward with complaints of dif-
ficulty in walking, recurrent falls, stiffness of 
whole body, slowness of activities of daily living, 
tremors of left lower limb, urge incontinence, 
postural giddiness, speech disturbance, constipa-
tion, and sleep disturbances for the past 2.5 years. 
She had become wheelchair bound within 2 years 
of disease onset. She had a history of difficulty 
initiating sleep, intermittent awakenings, violent 
dreams, and dream-enacting behavior such as 
speaking, shouting, laughing, sudden limb move-
ments, and occasionally hitting the bed partner. 
She did not have any other significant medical or 
surgical history. She was born out of non-
consanguineous marriage with a negative family 
history of similar illness. Her past treatment his-
tory revealed that she was initially diagnosed as 
having Parkinson’s disease (PD) and was on 
500  mg levodopa per day. She reported only 
10–15% symptomatic improvement with 
levodopa.

On examination, she was alert, conscious, and 
oriented. Her MMSE score was 28/30. She had 
hypomimia. Her speech was slow and hypo-
phonic. Examination of her cranial nerves was 
normal. Her pupils were bilaterally equal and 
reactive to light. She had gaze-evoked nystagmus 
at an eye position of more than 45°, slow sac-
cades, jerky pursuit, and saccadic hypometria. 
She had slight and intermittent rest tremor of left 
lower limb, and postural and action tremor of 
bilateral upper limbs. Rigidity was present at rest 
in bilateral upper limbs, lower limbs, and neck. 
Severe bradykinesia was noted in bilateral upper 
limbs during finger taps, handgrips, hand prona-
tion, and supination, and bilateral lower limbs 
during foot taps. She was unable to arise from 
chair without help. Her deep tendon reflexes were 
normal. She was able to walk with one person 
support with severely stooped posture, reduced 
gait speed, and reduced arm swing on both sides. 
There was no incoordination during the finger-
nose test or knee-heel-shin test. Her bilateral 
plantar responses were flexor. Her bulk, tone, and 
power were normal in bilateral limbs. Her super-
ficial sensation, joint and position sensation, and 
vibration sensation were normal. Her pulse was 
80beats/min. Her supine BP was 170/110 mmHg. 
Within 3 min of standing, there was 30/20 mmHg 
drop in BP.  She was negative for HIV/HbsAg/
HCV/VDRL.  Her complete hemogram, liver 
function test, renal function test, and thyroid 
function tests were normal. Her paraneoplastic 
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panel was negative. The patient’s MRI brain 
showed putaminal atrophy, diffuse pontocerebel-
lar atrophy, and “hot cross bun sign” in pons. Tilt 
table test also showed orthostatic hypotension. 
Her ultrasound scanning of abdomen showed sig-
nificant post-void residual volume of 
90  mL.  Levodopa off-state and on-state assess-
ment did not show any significant improvement 
in UPDRS motor scores. A diagnosis of probable 
MSA-P was made. Levodopa drug dosage was 
adjusted. She was also advised clonazepam 
(0.5  mg at night) for RBD; tolterodine (2  mg 
o.i.d.) for urge incontinence; fludrocortisone 
(0.1  mg o.i.d.), increased fluid and salt intake, 
and elastic compression stockings for orthostatic 
hypotension; and increased insoluble fiber con-
sumption for constipation. She was also referred 
to speech therapist, occupational therapist, phys-
iotherapist, and psychiatric social worker.

25.1	� Introduction

Multiple system atrophy (MSA) is an adult-onset, 
sporadic, and rapidly progressive neurodegenera-
tive disorder. It manifests with a combination of 
symptoms such as parkinsonism, dysfunction of 
the autonomic system, impairment of the cerebel-
lum, involvement of the pyramidal tract, and a 
poor response to medications targeting dopamine. 
The pathological features of MSA include the loss 
of cells, gliosis, and the presence of abnormal 
α-synuclein protein aggregates in oligodendroglia 
in various structures of the central nervous sys-
tem. Clinically, MSA can be classified into two 
phenotypes based on the primary motor system 
affected: the parkinsonian variant (MSA-P) and 
the cerebellar variant (MSA-C) [1, 2].

The initial clinical observation of multiple 
system atrophy (MSA) was documented by 
Dejerine and Thomas in 1900. They provided a 
detailed account of two patients who exhibited 
sporadic ataxia in adulthood, along with extrapy-
ramidal, urinary, and postural symptoms. 
Pathological examination indicated a potential 
condition known as “olivopontocerebellar atro-
phy.” Later, in 1960, Shy and Drager identified a 
clinical syndrome characterized by autonomic 

failure, severe parkinsonism, and ataxic features, 
which became known as “Shy-Drager syn-
drome.” In 1961, Adams et  al. coined the term 
“striatonigral degeneration” to represent similar 
clinical picture. In 1969, Graham and 
Oppenheimer proposed to use the term “Multiple 
System Atrophy” to include the overlapping pro-
gressive pre-senile multisystem degenerations 
(olivopontocerebellar atrophy, Shy-Drager syn-
drome, and striatonigral degeneration) [1, 3, 4]. 
Research by Papp et al. led to the identification of 
glial cytoplasmic inclusion (Papp-Lantos bodies) 
in MSA, which was later confirmed by Spillantini 
et  al. to contain α-synuclein protein. This evi-
dence provided a pathological link between 
Parkinson’s disease, dementia with Lewy bodies 
(DLB), and MSA, and the term 
α-synucleinopathies was coined [5, 6].

25.2	� Epidemiology

MSA is a rare neurological disorder. The preva-
lence rate of MSA ranges between 1.9 and 4.9 
per 100,000 [4]. Distribution of phenotypes sug-
gest a predominance of MSA-P in Europe [7], 
North America [8, 9], and Korea [10], whereas 
MSA-C is more common in Japan [11, 12]. MSA 
affects both men and women equally. It generally 
starts in the sixth decade of life. Even environ-
mental factor hasn’t been known to impact the 
risk of MSA [7–12].

25.3	� Pathology

From a pathological perspective, MSA is distin-
guished by the specific susceptibility of the stria-
tonigral and olivopontocerebellar systems, as 
well as the autonomic nervous system.

25.3.1	� Macroscopy

Upon visual examination, the brain affected by 
MSA may exhibit notable atrophy of the cerebel-
lum, middle cerebellar peduncle, and pontine 
base. Additionally, mild diffuse cortical atrophy 
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in the frontal lobes may be observed, while the 
overall weight of the brain typically remains 
unchanged. In individuals with MSA-P, signifi-
cant atrophy and a darkened appearance of the 
putamen can be observed, with the most severe 
effects occurring posteriorly. Conversely, indi-
viduals with MSA-C tend to display pronounced 
cerebellar atrophy [4, 13, 14].

25.3.2	� Histopathology

The key characteristics of MSA involve the selec-
tive neuronal loss and degeneration of axons. 
This is accompanied by distinctive cellular 
pathology characterized by the presence of 
α-synuclein immunoreactive inclusions. These 
inclusions primarily manifest as cytoplasmic 
inclusions in oligodendroglial cells, with less fre-
quent occurrences in glial nuclei, neuronal cyto-
plasm, and neuronal nuclei. Additionally, 
astroglial cells exhibit similar cytoplasmic inclu-
sions. Furthermore, observable effects include a 
reduction in myelin content, referred to as myelin 
pallor, accompanied by gliosis, which signifies 
the proliferation of glial cells [4, 13–16]. The 
degree of neuronal loss and cellular inclusions in 
different regions of the brain is related to MSA 
phenotype. The presence of argyrophilic, oligo-
dendroglial cytoplasmic inclusions (OGCIs) is 
the histological hallmark of MSA. They are com-
posed of α-synuclein and classical cytoskeletal 
antigens including ubiquitin, tau, and large num-
ber of multi-functional proteins [4, 13–17].

25.4	� Pathogenesis

The specific process by which MSA develops is 
not fully understood. Recent research indicates 
that several factors may play a crucial role in the 
development of MSA, including increased pro-
duction of α-synuclein in oligodendroglial cells, 
changes in the structure of proteins such as p25α 
that are specific to oligodendroglia, oxidative 
stress, malfunctioning mitochondria, excessive 
stimulation of neurons leading to cell damage 
(excitotoxicity), and neuroinflammation medi-

ated by microglia [2, 4, 18]. The combined influ-
ence of various mechanisms can lead to the 
formation of abnormal clumps of α-synuclein in 
the brain of individuals with MSA. These aggre-
gations of α-synuclein may then spread to other 
networks that are functionally connected, con-
tributing to a distinct pattern of neurodegenera-
tion specific to the affected system. However, the 
exact source of the abnormal α-synuclein in oli-
godendrocytes and the mechanisms through 
which it spreads are still not fully understood [2, 
14, 18–20].

Despite being considered a non-heritable dis-
order, recent investigations into genetics have 
revealed that certain genetic factors might con-
tribute to an elevated risk of developing 
MSA. Studies have identified that dysfunctional 
versions of the COQ2 gene are linked to a higher 
susceptibility for both familial and sporadic cases 
of MSA [21]. However, the genetic underpin-
nings of MSA remain largely elusive [4].

25.5	� Clinical Manifestation

In clinical terms, MSA is distinguished by two pri-
mary motor manifestations: parkinsonism and cer-
ebellar ataxia. These prominent motor symptoms 
are used to classify individuals with MSA into two 
subtypes: MSA-P (with predominant parkinson-
ism) and MSA-C (with predominant cerebellar 
ataxia). However, urogenital and cardiovascular 
dysautonomic symptoms, although less common, 
may occur initially in a small proportion of MSA 
patients (around 5–30%) [1, 2, 4, 7, 9].

Parkinsonism: Regardless of the phenotype, a 
significant majority of MSA patients (87–98%) 
will eventually develop parkinsonism over the 
course of the disease. Parkinsonism associated 
with MSA is typically characterized by symp-
toms such as akinesia, rigidity, and postural insta-
bility. In some MSA patients, the parkinsonism 
can exhibit varying degrees of asymmetry, simi-
lar to Parkinson’s disease. Irregular and jerky 
postural tremors are commonly observed in 
MSA, while resting tremors are less common. 
Falls within the first year of the disease have been 
reported in approximately 20% of MSA cases.
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MSA patients are generally considered unre-
sponsive to levodopa, a common medication used 
in the treatment of Parkinson’s disease. However, 
it is worth noting that up to 83% of MSA patients 
may initially show a positive response to dopami-
nergic medications. This initial benefit from 
dopaminergic treatment is transient and typically 
lasts for a short duration of less than 3 years.

Cerebellar Signs: A broad-based ataxic gait, 
limb kinetic ataxia, scanning dysarthria, inten-
tional tremor, and cerebellar oculomotor abnor-
malities (gaze-evoked nystagmus, jerky pursuit, 
slow saccades, saccadic hypometria/hyperme-
tria) are observed in MSA patients, predomi-
nantly in the MSA-C phenotype [1, 2, 4, 7, 9, 22].

Speech Impairment: Dysarthria is seen in 
early stages of both MSA phenotypes. MSA-C 
patients typically present with scanning dysar-
thria, while MSA-P patients present with hypo-
phonic, high-pitched, quivery and croaky voice 
[1, 2, 4, 7, 9, 22].

25.6	� Autonomic Dysfunction

•	 Urogenital Dysfunction: Erectile dysfunction, 
reduced genital sensitivity, increased urinary 
frequency, urgency, urge incontinence, and 
nocturia are the most common urogenital 
symptoms. Bladder disturbances may be the 
only dysautonomic complaint in 50% of the 
MSA patients [4, 22, 23].

•	 Cardiovascular Autonomic Dysfunction: 
MSA patients who experience orthostatic 
hypotension typically exhibit distinctive 
symptoms such as dizziness, blurred vision, 
weakness, palpitations, and recurrent episodes 
of fainting in response to sudden changes in 
posture or prolonged periods of standing. 
Additionally, MSA patients may also present 
with supine hypertension, nocturnal hyperten-
sion, and postprandial hypotension [1, 2, 4, 7, 
9, 22–25].

•	 Respiratory Dysfunction: Respiratory dys-
function in MSA is characterized by various 
symptoms, including stridor (noisy breathing 
during inspiration), sleep-related breathing 
disorders, respiratory insufficiency of the 

pump failure type, and involuntary sighs. 
Inspiratory stridor, which is caused by vocal 
cord palsy, is considered a negative indicator 
of prognosis in MSA [4, 24, 26].

•	 Gastrointestinal Dysfunction: Chronic consti-
pation is a major feature of lower gastrointes-
tinal tract dysfunction and is observed in 
one-third of MSA cases. Anal sphincter dener-
vation may lead to fecal incontinence in a 
small number of MSA patients [27]. Upper 
gastrointestinal tract dysfunction may cause 
mild-to-moderate dysphagia. Severe dyspha-
gia is a poor prognostic predictor [28].

•	 Dermatological Dysfunction: Anhidrosis or 
hypohidrosis occurs frequently in MSA, pos-
sibly due to degeneration of the preganglionic 
sympathetic sweat fibers. Impaired vasomotor 
sympathetic skin response, skin temperature 
regulation, and heat tolerance are also 
observed in MSA. Cold hand sign, described 
as cold, dusky, violaceous hands with poor 
circulatory return after blanching, is also 
observed in MSA patients [24, 29].

•	 Pupillomotor Dysfunction: Pupillomotor 
abnormalities with accommodation difficul-
ties and pupillary hypersensitivity to sympa-
thomimetic agents may occur in MSA patients 
due to central noradrenergic failure [30].

25.6.1	� Pyramidal Signs

Generalized hyperreflexia and a positive Babinski 
sign are documented in 30–50% of MSA patients, 
predominantly MSA-C cases. However, signifi-
cant pyramidal weakness or overt spastic parapa-
retic gait does not support the diagnosis of MSA 
[4, 22].

25.6.2	� Cognitive Dysfunction 
and Behavioral Disturbances

Overt dementia points against the diagnosis of 
MSA [24]. However, it does not imply that 
dementia does not occur in MSA. Overt dementia 
has been sporadically reported in pathologically 
proven MSA series [31]. Memory and attention 
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deficits, visuospatial dysfunction, and executive 
dysfunction are the major cognitive domains 
affected in MSA [32, 33]. Emotional inconti-
nence is reported in one-third of MSA patients 
[4, 22]. Depression and anxiety disorder are the 
most common psychiatric disorders in MSA [34].

25.6.3	� Sleep Disturbances

Sleep quality is severely affected in individuals 
with MSA due to various disturbances, including 
REM behavior disorder (RBD), decreased and 
fragmented sleep, excessive daytime sleepiness, 
sleep-disordered breathing, and restless leg syn-
drome. RBD, in particular, has been observed in a 
high percentage of MSA cases, ranging from 
90.5% to 100% [35, 36]. Other sleep-related symp-
toms include obstructive sleep apnea (40%), day 
time and nocturnal stridor (20–42%), and excessive 
daytime sleepiness (17–28%) [22, 37, 38].

25.6.4	� Red Flags

The indicative symptoms or warning signs that 
suggest the presence of MSA include a rapid 
decline in clinical condition (referred to as the 
“wheelchair sign”), early onset of postural insta-
bility, stridor, involuntary deep sighs, bulbar dys-
function characterized by dysphonia, dysphagia, 
dysarthria, a phenomenon known as the “cold 
hand sign,” and abnormal postures such as camp-
tocormia, Pisa syndrome, disproportionate 
antecollis, and contractures of the hands and/or 
feet without evidence of arthritis-related deformi-
ties. The presence of these warning signs in a 
patient presenting with parkinsonism or ataxia can 
provide support for a diagnosis of MSA [4, 24].

25.7	� Diagnosis

Diagnosing MSA poses significant challenges in 
neurology clinics. In the early stages, MSA-P can 
be difficult to differentiate from idiopathic 
Parkinson’s disease (PD), while the clinical fea-
tures of advanced MSA-P may overlap with those 

of progressive supranuclear palsy (PSP) or 
dementia with Lewy bodies (DLB). Similarly, the 
clinical presentation of MSA-C can resemble that 
of inherited ataxias or late-onset ataxia caused by 
acquired factors. The diagnosis of MSA primar-
ily relies on a thorough medical history and a 
meticulous neurological examination.

25.7.1	� Clinical Diagnostic Criteria

The second consensus statement of diagnosis of 
MSA is now considered the standard clinical 
diagnostic criteria. These criteria delineate clini-
cal symptoms into definite, probable, and possi-
ble MSA [Tables 25.1 and 25.2]. They also 
provide a list of features supporting (red flags) 
and non-supporting the diagnosis of MSA [Table 
25.3] [24].

Investigations are helpful to support the diag-
nosis of MSA, rule out the potential mimicking 
disorders, and design the treatment plan. These 
include structural and functional brain imaging, 
autonomic function tests, olfactory tests, and 
cognitive assessment [4, 24, 39].

25.7.2	� Imaging

Imaging of the brain is included as supportive cri-
teria and for ruling out other pathological condi-
tions with similar presentation.

•	 Magnetic Resonance Imaging: MRI remains 
the gold standard imaging technique in MSA 
patients. MRI shows several abnormalities 
including atrophy of the putamen, middle cer-
ebellar peduncles, cerebellum, medulla oblon-
gata, pons and midbrain, as well as signal 
intensity alterations. Characteristic MRI sig-
nal intensity abnormalities in MSA brain 
include the “hot cross bun sign,” a cruciform 
hypointensity in the pons [Fig. 25.1], and the 
“putaminal slit” sign, hyperintense signal in 
the dorsolateral margin of the putamen [Fig. 
25.2]. Patients with early “hot cross bun sign” 
are more likely to develop severe cerebellar 
symptoms, while patients with early bilateral 
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9.9. 25.2  Additional features for possible MSA 
(Reproduced from Gilman et al. 2008)

Possible MSA-P or MSA-C
 �� • Babinski sign with hyperreflexia
 �� • Stridor
Possible MSA-P
 �� • Rapidly progressive parkinsonism
 �� • Poor response to levodopa
 �� • Postural instability within 3 years of motor  

onset
 �� • Gait ataxia, cerebellar dysarthria, limb ataxia, or 

cerebellar oculomotor dysfunction
 �� • Dysphagia within 5 years of motor onset
 �� • �Atrophy on MRI of putamen, middle cerebellar 

peduncle, pons, or cerebellum
 �� • �Hypometabolism on FDG-PET (FDG: [18F]

fluorodeoxyglucose) in putamen, brainstem, or 
cerebellum

Possible MSA-C
 �� • Parkinsonism (bradykinesia and rigidity)
 �� • �Atrophy on MRI of putamen, middle cerebellar 

peduncle, or pons
 �� • �Hypometabolism on FDG-PET (FDG: [18F]

fluorodeoxyglucose) in putamen
 �� • �Presynaptic nigrostriatal dopaminergic 

denervation in SPECT or PET

Table 25.3  Features supporting (red flags) and not sup-
porting the diagnosis of MSA (Reproduced from Gilman 
et al. 2008)

Supporting features Non-supporting features
 �� • Orofacial dystonia
 �� • �Disproportionate 

antecollis
 �� • �Camptocormia 

(severe anterior 
flexion of the 
spine) and/or Pisa 
syndrome (severe 
lateral flexion of 
the spine)

 �� • �Contractures of 
hands or feet

 �� • Inspiratory sighs
 �� • Severe dysphonia
 �� • Severe dysarthria
 �� • �New or increased 

snoring
 �� • Cold hands and 

feet
 �� • �Pathological 

laughter or crying
 �� • �Jerky, myoclonic 

postural/action 
tremor

 �� • �Classic pill-rolling rest 
tremor

 �� • �Clinically significant 
neuropathy

 �� • �Hallucinations not 
induced by drugs

 �� • �Onset after the age of 
75 years

 �� • �Family history of 
parkinsonism or ataxia

 �� • �Dementia (on DSM-IV)
 �� • �White matter lesions 

suggesting multiple 
sclerosis

Table 25.1  Second consensus criteria for the diagnosis 
of MSA (Reproduced from Gilman et al. 2008)

Criteria for the diagnosis of definite MSA
A sporadic, progressive, adult (>30 years) onset 
disease characterized by
 �� • �Neuropathologic findings of widespread and 

abundant CNS α-synuclein–positive glial 
cytoplasmic inclusions (Papp–Lantos inclusions) 
in association with neurodegenerative changes in 
striatonigral or olivopontocerebellar structures

Criteria for the diagnosis of probable MSA
A sporadic, progressive, adult (>30 years) onset 
disease characterized by
 �� • �Autonomic failure involving urinary incontinence 

(inability to control the release of urine from the 
bladder, with erectile dysfunction in males) or an 
orthostatic decrease of blood pressure within 
3 min of standing by at least 30 mmHg systolic or 
15 mmHg diastolic AND

 �� • �Poorly levodopa-responsive parkinsonism 
(bradykinesia with rigidity, tremor, or postural 
instability) OR

 �� • �A cerebellar syndrome (gait ataxia with cerebellar 
dysarthria, limb ataxia, or cerebellar oculomotor 
dysfunction)

Criteria for the diagnosis of possible MSA
A sporadic, progressive, adult (>30 years) onset 
disease characterized by
 �� • �Parkinsonism (bradykinesia with rigidity, tremor, 

or postural instability) OR
 �� • �A cerebellar syndrome (gait ataxia with cerebellar 

dysarthria, limb ataxia, or cerebellar oculomotor 
dysfunction) AND

 �� • �At least one feature suggesting autonomic 
dysfunction (otherwise unexplained urinary urgency, 
frequency, or incomplete bladder emptying, erectile 
dysfunction in males, or significant orthostatic blood 
pressure decline that does not meet the level required 
in probable MSA) AND

 �� • �At least one of the additional features specified in 
Table 25.2

putaminal rim sign are more likely to develop 
MSA-P. However, these signal changes can be 
seen in other conditions too. However, MRI 
has very low specificity to distinguish MSA 
from other atypical parkinsonian conditions 
[4, 24, 39]. Magnetic resonance volumetry 
may also be helpful in the differential diagno-
sis of MSA [39, 40]. These include the MR 
parkinsonism index [MRPI index  =  (pons/
midbrain)*(middle cerebellar peduncle/supe-
rior cerebellar peduncle)], which seems to 
have high sensitivity and specificity to distin-
guish MSA-P from PD and PSP [41].
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•	 Positron Emission Tomography: 18F-flu
orodeoxyglucose positron emission tomogra-
phy (FDG-PET) is being used to differentiate 
MSA from other mimicking conditions. FDG-
PET has shown that glucose metabolic rates are 
decreased only in brainstem and cerebellum in 
sporadic cerebellar degeneration, while in 
MSA, there is reduced glucose metabolic rate 
in basal ganglia, thalamus, and cerebral cortex 
in addition to cerebellum and brainstem [42]. 
FDG-PET studies have shown that there is 
reduced striatal metabolism in MSA-P patients 
as compared to PD [43, 44]. It has a highly spe-
cific positive predictive value of 97% [45].

•	 Single-Photon Emission Computed Tomo
graphy (SPECT): Bosman et al. have reported 
that putaminal perfusion patterns are different 
in MSA as compared to PD using SPECT 
scan. However, the diagnostic accuracy is 
poor [46].

•	 Dopaminergic Imaging: Nuclear imaging 
techniques are being widely applied to assess 
presynaptic and postsynaptic dopaminergic 
neuronal function in parkinsonian disorders. 
18F-Dopa tracer is used to assess dopamine 
storage capacity, 11C-dihydrotetrabenazine for 
vesicular monoamine transporter function, and 
123I-β-CIT and 123IFPCIT for assessing dopa-
mine transporter binding. Presynaptic dopami-
nergic metabolism may be useful to distinguish 
MSA-C from other adult-onset cerebellar atax-
ias. MSA patients also show a marked reduc-
tion in postsynaptic D2 receptor binding in the 
putamen as compared to PD. However, one has 
to be cautious in interpreting this because one-
third of MSA patients show normal postsynap-
tic D2 receptor binding [4, 39, 47].

•	 MIBG Scintigraphy: 123I-metaiodobenzylgua
nidine (MIBG) scintigraphy is employed to 
assess the cardiac sympathetic postganglionic 
innervation, which is modestly reduced in 
MSA and PSP.  Neuroimaging evidence of 
intact cardiac sympathetic innervations almost 
certainly excludes PD, but neuroimaging evi-
dence of cardiac sympathetic denervation 
does not exclude MSA [4, 39].

Fig. 25.1  T2 flair showing “putaminal slit” sign in 
MSA-P patient

Fig. 25.2  T2 showing “hot cross bun” sign in MSA-C 
patient
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25.7.3	� Cardiac Autonomic Function 
Tests

Orthostatic hypotension in MSA should be inves-
tigated first by recording supine blood pressure, 
followed by taking the BP after 3 min of standing 
in the neurology clinic. About 50% of MSA 
patients have delayed orthostatic hypotension, 
and tilt table test is advisable in most cases. 
Cardiac autonomic function tests including 
Ewing’s protocol, heart rate variability, and tilt 
table testing have shown that cardiac autonomic 
dysfunction is more severe in MSA as compared 
to PD [4, 39]. The diagnostic gold standard to 
detect nocturnal hypertension in MSA patients is 
ambulatory 24-h BP monitoring (ABPM) [48].

25.7.4	� Sudomotor Testing

Sudomotor function is assessed by thermoregula-
tory sweat test (TST) and the quantitative sudo-
motor axon reflex test. Thermoregulatory sweat 
test (TST) assesses the functional integrity of 
both preganglionic and postganglionic sudomo-
tor pathways. Quantitative sudomotor axon reflex 
testing (QSART) evaluates the functional integ-
rity of postganglionic sympathetic sudomotor 
axons. TST is abnormal in MSA patients, whereas 
QSART is normal in MSA as compared to PD 
[4]. However, recent studies have shown that 
QSART is also abnormal in 30% of MSA patients 
[49, 50]. Despite this, the exact diagnostic value 
of these tests needs further validation [4, 51].

25.7.5	� Urological Evaluation

Ultrasound scanning with post-void residual vol-
ume assessment and routine urine analysis are 
advised in MSA [4]. Urodynamic studies are use-
ful in determining the bladder abnormalities in 
MSA, such as detrusor underactivity, detrusor 
sphincter dyssynergia, and urethral hypertonia in 
the voiding phase, and inhibited external sphinc-
ter relaxation and bladder neck dysfunction in the 

filling phase [52]. To assess the functional capa-
bility of the external sphincter muscle, it is rec-
ommended to perform external sphincter 
electromyography (EMG), which involves mea-
suring the electrical activity during both contrac-
tion and relaxation. In the majority of MSA 
patients, an abnormal sphincter EMG is detected 
[1]. However, abnormal sphincter EMG findings 
were not able to differentiate MSA from PD and 
other parkinsonian disorders [53].

25.7.6	� Olfactory Tests

Substantial hyposmia is present in PD and pure 
autonomic failure, while mild hyposmia is pres-
ent in only a small percentage of MSA patients 
[4, 39]. Olfactory function tests may be useful to 
differentiate MSA from other mimicking disor-
ders [54].

25.7.7	� Other Investigations

Neuropsychological assessment may be done to 
assess the cognitive impairment associated with 
MSA.  Videopolysomnography in addition to 
sleep-related questionnaires might help in the 
assessment of sleep disturbances seen in MSA 
patients [4].

25.7.8	� Unified MSA Rating Scale 
(UMSARS)

The unified MSA rating scale (UMSARS) is uti-
lized to evaluate the extent of functional impair-
ment in MSA patients. UMSARS consists of four 
components: a historical review of disease-
related impairments (Part I, consisting of 12 
items), a motor examination (Part II, consisting 
of 14 items), an autonomic examination (Part 
III), and a global disability scale (Part IV). Each 
item is assigned a score on a scale of 0 (indicating 
no impairment) to 4 (indicating severe impair-
ment) [55].

M. R. Rukmani et al.



219

25.8	� Differential Diagnosis

Parkinson’s disease (PD), progressive supranu-
clear palsy (PSP), and dementia with Lewy bod-
ies (DLB) are major conditions that can resemble 
MSA-P, making diagnosis challenging. PD diag-
nosis is relatively easier when patients exhibit 
gradually progressing, asymmetrical parkinson-
ism, classic rest tremor resembling pill rolling, 
and an excellent response to levodopa. However, 
some PD patients may present with symmetrical 
parkinsonism, early autonomic dysfunction, and 
a moderate response to levodopa, resembling 
MSA-P. In such cases, the presence of red flags 
outlined in the second consensus criteria and the 
occurrence of cerebellar symptoms or sleep-
disordered breathing should be considered, which 
would favor a diagnosis of MSA. Some MSA-P 
patients initially display asymmetrical parkin-
sonism with an initial positive response to 
levodopa, leading to a misdiagnosis of 
PD.  Neuroimaging findings such as the “hot 
cross bun” sign and “putaminal rim” sign may 
support the diagnosis of MSA [4, 56].

In the early stages of PSP-P, patients have nor-
mal eye movements, poor levodopa responsive-
ness, prominent axial symptoms, and early 
postural instability, similar to MSA-P. If predom-
inant autonomic dysfunction is observed, it may 
favor a diagnosis of MSA-P.  However, it is 
important to note that some MSA patients 
develop autonomic disturbances 2–3 years after 
the onset of motor symptoms, further complicat-
ing the accurate diagnosis. PSP with prominent 
cerebellar ataxia (PSP-C) can resemble MSA-
C. DLB patients typically have poor responsive-
ness to levodopa, exhibit rapid eye movement 
sleep behavior disorder (RBD), and experience 
autonomic dysfunction similar to MSA-P 
patients. The most distinctive distinguishing fea-
ture of DLB from MSA-P is the presence of 
dementia with fluctuating cognition and visual 
hallucinations, which are not characteristic of 
MSA. In rare cases, motor neuron disease can be 
misdiagnosed as MSA-P due to features such as 
pyramidal slowing and hyperreflexia [4, 56].

MSA-C can resemble sporadic adult-onset 
ataxia of unknown origin in the early stages before 

the onset of autonomic symptoms, making it dif-
ficult to differentiate between the two. The pres-
ence of mild parkinsonism can aid in diagnosing 
MSA-C. Genetic disorders such as spinocerebel-
lar ataxias, autosomal recessive cerebellar ataxias, 
hereditary spastic paraplegia, and late-onset 
Huntington’s disease can also mimic 
MSA.  Factors that may help distinguish MSA 
from genetic disorders include a younger age of 
symptom onset, positive family history, pedigree 
analysis, observation of features typical for the 
genetic disorders but atypical for MSA, and a 
slower progression of the disease. Genetic testing 
may be recommended when feasible. MSA can be 
mistaken for vascular parkinsonism and normal-
pressure hydrocephalus, and neuroimaging can 
aid in ruling out these conditions. Paraneoplastic 
cerebellar degeneration and autoimmune disor-
ders can also resemble MSA-C, but they typically 
exhibit a more rapid deterioration. Testing for 
autoimmune and paraneoplastic panels, along 
with whole-body PET scanning, can aid in the dif-
ferential diagnosis. Chronic alcoholism is a com-
mon cause of progressive cerebellar ataxia, and 
less commonly, phenytoin and lithium use can 
contribute to this condition. A thorough history 
can help rule out these toxin-related causes. 
However, distinguishing whether cerebellar ataxia 
is solely caused by toxins or is a result of a neuro-
degenerative disorder can be challenging. 
Accurate diagnosis of MSA is crucial, as misdiag-
nosis can lead to delays in treating potentially 
treatable conditions and incorrect predictions 
about the clinical course and prognosis [4, 56].

25.9	� Treatment and Prognosis

Researchers around the globe are dedicated to 
developing therapeutic approaches that can mod-
ify the course of MSA. However, as of now, no 
definitive cure has been identified. The primary 
focus of MSA treatment involves managing and 
alleviating the symptoms associated with the dis-
ease. Symptomatic treatment targeting various 
clinical manifestations and providing palliative 
care during the advanced stages of MSA form the 
cornerstone of current treatment strategies.
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25.9.1	� Parkinsonism

If necessary and well tolerated, a trial of levodopa 
(combined with a decarboxylase inhibitor) up to 
a maximum dosage of 1000 mg per day may be 
administered. However, the dosage of levodopa 
may be limited due to potential side effects such 
as exacerbation of orthostatic hypotension, nau-
sea, or excessive sleepiness. In cases where 
levodopa is not well tolerated, dopamine agonists 
are prescribed as a second-line treatment option. 
These include pramipexole ER (up to 3.15  mg 
per day if tolerated) and ropinirole ER (up to 
24 mg per day if tolerated). As a third-line option, 
amantadine, a non-selective NMDA antagonist, 
may be given at a dosage of 100 mg up to three 
times daily. While anticholinergic medications 
like trihexyphenidyl are generally ineffective in 
treating parkinsonism in MSA, they may provide 
some degree of benefit if dystonia or sialorrhea 
(excessive drooling) is present. Non-
pharmacological measures for managing parkin-
sonism in MSA include speech therapy with the 
provision of communication aids, physiotherapy 
involving lower-limb resistance training, balance 
and flexibility exercises, and occupational ther-
apy focusing on environmental adaptations, pro-
viding walking aids, and wheelchair provision [1, 
4, 22, 57].

25.9.2	� Camptocormia

Levodopa therapy and botulinum toxin injection 
in rectus abdominis bilaterally might be given to 
improve camptocormia in MSA patients. 
Physiotherapy, wearing a back orthosis, and 
wearing a backpack weighing around 6 kg are the 
non-pharmacological measures for camptocor-
mia [4].

25.9.3	� Focal Dystonia

To address focal dystonia, such as blepharospasm 
(eye muscle spasms) and hand contractures, 
localized injections of botulinum toxin can be 
given with the aim of improving symptoms. 
There is a lack of empirical data regarding oral 

treatments for dystonia. Nevertheless, there have 
been reports of off-label use of anticholinergic 
medications like trihexyphenidyl (administered 
at a dosage of up to 10–12  mg per day) and 
baclofen, which have shown to provide symp-
tomatic relief in some cases [1, 4, 22, 57].

25.9.4	� Cerebellar Dysfunction

At present, there are no specific medications 
available for the treatment of cerebellar dysfunc-
tion in MSA. However, there have been reports 
suggesting that low doses of clonazepam 
(0.5–1 mg at bedtime) administered off-label can 
be effective in managing myoclonus or kinetic 
tremors associated with MSA [4]. Non-
pharmacological approaches such as speech ther-
apy, physiotherapy, and occupational therapy 
play a crucial role in managing cerebellar dys-
function in MSA. Speech therapy involves pro-
viding communication aids to enhance 
communication abilities. Physiotherapy focuses 
on lower-limb resistance training, as well as bal-
ance and flexibility exercises. Occupational ther-
apy includes environmental adaptations, 
provision of walking aids, and supplying wheel-
chairs when necessary. Neurorehabilitation pro-
grams have shown effectiveness in both MSA-P 
and MSA-C patients, aiding in the prevention of 
falls, choking episodes, and improving commu-
nication abilities [1, 4, 22, 57].

25.9.5	� Orthostatic Hypotension

Non-pharmacological approaches are the pri-
mary method for managing orthostatic symptoms 
in MSA.  Patients should be educated to recog-
nize pre-syncopal symptoms and employ counter-
pressure maneuvers such as leg crossing, bending 
forward, or clenching the buttocks or fists to alle-
viate symptoms. They should also avoid sudden 
changes in posture, straining during urination or 
bowel movements, exposure to hot temperatures, 
and excessive physical exertion. Wearing elastic 
compression stockings and increasing fluid and 
salt intake may help improve orthostatic hypoten-
sion in MSA patients. However, it is important 
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for neurologists to ensure that MSA patients do 
not have a history of heart failure, liver, or kidney 
dysfunction before recommending increased salt 
and fluid intake [58]. The use of dopaminergic 
medications may potentially worsen orthostatic 
symptoms. The risk-benefit ratio of increasing 
the dosage of dopaminergic medications should 
be continuously evaluated, considering the car-
diovascular side effects in MSA patients. 
Additional pharmacological options for manag-
ing orthostatic hypotension include the use of 
plasma expanders and vasoconstrictive agents. 
Plasma expanders include medications such as 
fludrocortisone (administered at a dosage of 0.1–
0.4 mg once daily) and desmopressin (available 
as a nasal spray at a dosage of 10–40 μg or as a 
tablet at a dosage of 100–400 μg). Vasoconstrictive 
agents consist of medications like midodrine 
(administered at a dosage of 2.5–10  mg three 
times daily), etilefrine (available as an extended-
release tablet at a dosage of 25 mg once or twice 
daily), and droxidopa (administered at a dosage 
of 300 mg twice daily) [1, 4, 22, 57].

25.9.6	� Supine Hypertension/
Nocturnal Hypertension

MSA patients experiencing nocturnal or supine 
hypertension may be recommended to have a 
light snack prior to bedtime and sleep in a head-up 
tilted position of approximately 30°. 
Pharmacological interventions for managing noc-
turnal hypertension include the use of short-acting 
calcium antagonists (such as nifedipine at a dos-
age of 30  mg taken at night), medications like 
losartan or clonidine to be administered 1 h before 
sleeping, and the application of a transdermal 
nitroglycerine patch specifically during nighttime 
(at a dosage of 0.1–0.2 mg per hour) [1, 4].

25.9.7	� Postprandial Hypotension 
(PPH)

In MSA patients, consuming water rapidly dur-
ing meals and having caffeine after meals may 
help alleviate postprandial hypotension (PPH) 

symptoms. It is important for patients to avoid 
excessive intake of alcohol and refined carbohy-
drates during a single meal. Octreotide, adminis-
tered subcutaneously at a dosage of 25–50  μg 
before meals, may be considered as a treatment 
option for PPH. However, the use of octreotide is 
limited due to the need for parenteral administra-
tion and potential gastrointestinal side effects 
such as nausea and pain [1, 4].

25.9.8	� Urological Dysfunction

The most common complication in MSA patients 
with bladder dysfunction is urinary tract infec-
tion (UTI). It is crucial to promptly assess and 
manage UTIs by using antibiotics tailored to the 
specific antibiogram. Anti-muscarinic agents are 
the preferred medications for relieving symptoms 
of urgency and urinary incontinence caused by 
overactive bladder. Examples of these medica-
tions include oxybutynin (administered at a dos-
age of 5 mg twice or three times daily), tolterodine 
(2 mg three times daily), solifenacin (5 mg once 
daily), darifenacin (dosage range of 7.5–15  mg 
once daily), and trospium chloride (60  mg 
extended-release once daily). However, it is 
important to note that these medications carry the 
risk of increasing post-void residual volume, as 
well as causing dry mouth (xerostomia), consti-
pation, and blurred vision. In some cases, inject-
ing botulinum toxin-A into the detrusor muscle 
has been reported to improve urinary continence 
in MSA patients. Sanitary pads and condom cath-
eters are non-pharmacological measures for uri-
nary incontinence. Bedtime desmopressin 
(10-40 μg/nasal spray or 100-400 μg/tablet) may 
alleviate nocturia and reduce sleep fragmenta-
tion. In MSA patients presenting with urinary 
retention, post-void residual volume of 100 mL 
or more is considered as a cut-off value to start 
intervention. In early stages of MSA when the 
patient is still ambulant, clean intermittent self-
catheterization is advised. For long-term man-
agement of urinary retention in MSA, suprapubic 
indwelling catheterization is considered. 
Pharmacological approaches targeting the blad-
der for urinary retention involve the use of cho-
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linergic agents such as distigmine chloride (at a 
dosage of 10–15  mg per day) or bethanechol 
chloride (at a dosage of 30–45  mg per day). 
However, a limitation of these agents is that they 
can worsen urinary incontinence in MSA patients 
who also have detrusor overactivity. Another 
pharmacological approach, targeting the urethra, 
is the administration of α-adrenergic receptor 
(α-AR) antagonists such as prazosin (1 mg three 
times daily) or tamsulosin (0.4 mg once daily). It 
is important to note that the main side effect asso-
ciated with these medications is syncope (faint-
ing) [1, 4, 22, 57].

25.9.9	� Sexual Dysfunction

Apomorphine injection (2–4  mg subcutane-
ously), sildenafil (50–100 mg), or alprostadil (10-
20  μg intracavernous injection) on demand are 
the available choices for the pharmacological 
management of erectile dysfunction in men. 
However, they have potential side effects, which 
need to be considered. There is no proven therapy 
for the management of sexual dysfunction in 
women [1, 4].

25.9.10 � Respiratory Dysfunction

Administering botulinum toxin-A through unilat-
eral injection into the thyroarytenoid muscle pro-
vides relief for both diurnal and nocturnal stridor 
in MSA patients. However, this treatment 
approach may worsen respiratory insufficiency, 
dysphagia, and dysphonia. The use of continuous 
positive airway pressure (CPAP) within the range 
of 6–8 cm H2O or, in cases of resistance, biphasic 
positive airway pressure (BiPAP) may improve 
nocturnal stridor and address obstructive sleep 
apnea in MSA patients. CPAP and BiPAP can 
also enhance sleep quality and reduce daytime 
sleepiness. Laryngeal surgery options such as 
vocal cord lateralization, cordectomy, or laser 
arytenoidectomy can potentially increase the 
openness of the glottis and reduce stridor; how-
ever, these procedures may worsen dysarthria 
and increase the risk of aspiration pneumonia. 

Tracheostomy eliminates both nocturnal and 
diurnal stridor as well as prevents respiratory cri-
sis due to paroxysmal vocal cord abductor palsy. 
MSA patients with sleep-disordered breathing 
might be advised to sleep in a lateral position 
rather than supine to ameliorate nocturnal laryn-
geal patency. Speech therapy with provision of 
communication aids might help patients with 
dysarthria [1, 4, 22, 57].

25.9.11	� Gastrointestinal 
Dysfunction

To manage sialorrhea (excessive drooling), botu-
linum toxin-A can be injected into the parotid 
and submandibular glands, and anticholinergic 
drugs may also be prescribed. To prevent aspira-
tion pneumonia in dysphagic patients, strategies 
such as chin-down positioning during swallow-
ing and adding thickeners (such as honey) to thin 
liquids may be recommended. In severe cases of 
dysphagia, MSA patients may require nasogas-
tric tube or percutaneous endoscopic gastrostomy 
(PEG) feeding. To alleviate constipation, moder-
ate exercise and an increase in water and insolu-
ble fiber intake are important. In resistant cases, 
osmotic bulking agents like macrogol (adminis-
tered at a dosage of 13–39 g per day) or calcium 
polycarbophil (0.5 mg three times daily) may be 
prescribed [1, 4, 22, 57].

25.9.12 � REM Behavior Disorder

Clonazepam (0.5 mg–1 mg at bedtime) is effec-
tive in treating RBD. However, it should not be 
advised if the MSA patient has stridor or sleep 
apnea, for clonazepam worsens upper airway 
obstruction [1, 4, 22, 57]. Melatonin (0.5–1 mg at 
night) is the alternative for clonazepam [4].

25.9.13 � Depression

Tricyclic anti-depressants worsen orthostatic 
hypotension. Hence, selective serotonin reuptake 
inhibitors (SSRI) such as paroxetine or fluoxetine 
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are preferred for the management of depression 
in MSA patients [4].

25.10	� Prognosis of MSA

MSA is a rapidly advancing neurodegenerative 
condition that currently lacks a cure. The progno-
sis of MSA is generally quite grim. Most individ-
uals with MSA undergo a progressive deterioration 
in motor function, characterized by early postural 
instability and frequent falls within 3 years of the 
onset of the disease. Consequently, many patients 
require walking aids during this early phase to 
maintain mobility [1, 4, 7, 9]. Time from disease 
onset to “wheel chair sign” has been reported to 
last 3–6  years, while time to reach bed-ridden 
state has been reported to last 5–8  years from 
MSA onset [4, 57, 59]. Mean survival has been 
reported to be 6–10 years from the symptomatic 
onset of MSA. Major causes of death in MSA are 
sudden death, bronchopneumonia, and urinary 
tract infections [1, 4, 7, 9]. Patients who experi-
ence autonomic failure within 2.5 years from the 
onset of the disease face a significantly higher risk 
of sudden death, approximately seven times 
greater, compared to those who develop auto-
nomic dysfunction at a later stage in the course of 
the disease [59]. Older age at disease onset, early 
and more severe autonomic failure, parkinsonian 
phenotype, and female gender are the negative 
prognostic factors in MSA [7, 9, 11, 28, 59]. 
Cerebellar phenotype and late-onset cardiovascu-
lar autonomic failure have been reported to be 
positive predictors for survival in MSA [60–62].
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26Lower-Body Parkinsonism

Nitish Kamble and Pramod Kumar Pal

Case Scenario  A 71-year-old gentleman pre-
sented with progressive difficulty walking of 
2 years duration. The gait abnormality was insidi-
ous in onset and gradually progressive in nature. 
Initially, his walking became slow and developed 
short steps. Subsequently, he noticed an imbal-
ance while walking, with a tendency to fall and 
difficulty turning. For 6  months he developed 
freezing of gait and feels as if his feet are glued to 
the ground and has difficulty initiating gait. For 
the past 1 month, he requires support to walk with 
frequent falls if unassisted. He also complains of 
urinary urgency and frequency with urge inconti-
nence for the past 1 month. There is no cognitive 
impairment. There is no history of tremors, weak-
ness of limbs, speech disturbance, orthostatic gid-
diness, or stiffness of limbs. He is hypertensive 
and diabetic for more than 10  years and is on 
medications. He has a past history of stroke 
2.5 years back with right hemiparesis that recov-
ered nearly completely over a period of 6 months. 
He is a smoker and smokes about 2–3 cigarettes 
per day. No history of alcohol consumption or 
other substance abuse. No history of coronary 
artery disease or any other cardiac illness. There is 
a family history of diabetes mellitus and hyper-
tension in his father. On examination, the patient 

was conscious and oriented. Pulse rate was 78/
min, regular, and BP was 164/98 mm of Hg. His 
cardiovascular and respiratory system examina-
tion was normal. His speech was normal. MMSE 
was 28/30. He had reduced facial expression with 
normal blink rate. His eye movement examination 
revealed impaired up-gaze with preserved oculo-
cephalic movements. There was no neck or upper 
limb rigidity and no upper limb bradykinesia. 
There were mild postural tremors of both hands 
but no rest tremors. There was mild-to-moderate 
rigidity of both lower limbs and moderate brady-
kinesia. The deep tendon reflexes were exagger-
ated in both upper and lower limbs (right > left). 
The right plantar was extensor and the left was 
flexor. There was mild knee-heel in-coordination. 
He had difficulty in initiating gait, which improved 
with the sensory cue, required the support of one 
person to walk with short steps, reduced arm 
swing and en-bloc turning. His routine hemogram 
and biochemical investigations were normal. 
HbA1c was 9.9%, and his LDL cholesterol was 
224 mg%. His MRI brain showed diffuse cerebral 
atrophy, and mild dilatation of the lateral ventri-
cles with periventricular and subcortical white 
matter hyperintensities on T2W and FLAIR 
images. There were multiple infarcts in the basal 
ganglia and thalamus. MR angiography was nor-
mal. Cardiac evaluation using 2D echocardiogra-
phy showed concentric left ventricular 
hypertrophy. Based on the history, examination 
and neuroimaging, the patient was diagnosed as a 
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case of vascular parkinsonism (lower-body par-
kinsonism). The patient was started on antiplate-
let agents (aspirin and clopidogrel), atorvastatin 
along with antihypertensives and oral hypogly-
caemic agents. He was initiated on levodopa + 
carbidopa (100 + 25 mg) with a gradual increase 
in the drug dosage finally reaching one tablet four 
times a day. After about a month of treatment, the 
patient noticed an improvement in his symptoms 
and was able to walk independently with a mild 
increase in the walking speed. In addition to 
levodopa, he was advised physiotherapy and bal-
ance and gait training.

26.1	� Introduction

Lower-body Parkinsonism (LBP) is a clinical 
condition characterized by parkinsonism features 
with predominant involvement of the lower limbs 
and sparing or minimal involvement of the upper 
limbs. Patients demonstrate great difficulty walk-
ing, postural instability and falls. These patients 
have a poor response to levodopa therapy, and 
resting tremor is an uncommon finding [1]. The 
gait is significantly affected and typically 
described as gait apraxia. The disturbances may 
include difficulty in initiating gait, freezing, 
unsteady gate, shuffling or festination gait. The 
common causes of lower-body parkinsonism 
include normal pressure hydrocephalus (NPH), 
vascular (atherosclerotic) parkinsonism (VP), 
Parkinson’s disease—postural instability and gait 
difficulty (PD-PIGD), progressive supranuclear 
palsy—pure akinesia and gait freezing (PSP-
PAGF) and frontal lobe lesions (tumours, infec-
tions and demyelination). Currently only clinical 
and radiological tests are available as an aid for 
the diagnosis of these groups of patients.

26.1.1	� Vascular (Arteriosclerotic) 
Parkinsonism (VP)

Vascular parkinsonism (VP) is a type of atypical 
parkinsonism, in which the aetiology is vascular 
in nature and accounts for about 4.4%–12% of 
all cases of parkinsonism [2]. It is also called 

atherosclerotic parkinsonism. It was first 
described by Critchley in 1929 and suggested 
that parkinsonism can result from vascular 
insults to the brain and named as arteriosclerotic 
parkinsonism. Subsequently, it was named as 
vascular parkinsonism and is distinct from idio-
pathic (sporadic) Parkinson disease (PD) [3]. 
Binswanger in 1987 suggested that thickening 
and narrowing of cerebral arteries can lead to 
white matter lesions (WMLs) and cognitive 
impairment. There is also gait impairment in 
such patients and is referred to as “lower-body 
parkinsonism” [4]. VP is a clinical phenotype 
that is primarily characterized by gait impair-
ment and is caused by pathology of the cerebral 
arteries and predominantly affects subcortical 
white matter [1]. In addition, vascular lesions 
other than WMLs can also lead to lower-body 
parkinsonism. This was initially shown in path-
ological observations of stroke-induced parkin-
sonism. In this case, unilateral parkinsonism 
was reported after brainstem ischaemia [5].

26.1.1.1	� Epidemiology
In patients with idiopathic PD, vascular lesions 
are seen infrequently. These vascular lesions, 
when present in idiopathic PD, are most often 
due to age rather than a disease [6, 7]. In autopsy-
confirmed idiopathic PD, vascular lesions are 
observed in about 1.4–3.0% [8]. VP accounts for 
about 3–5% of all patients with parkinsonism [9]. 
In some patients with VP, gait impairment is 
associated with cognitive impairment that makes 
the assessment of gait difficult. In the UK Brain 
Bank clinicopathological study of patients with 
clinically confirmed PD, 24 of 100 had additional 
vascular changes contributing to the clinical 
manifestations [10]. In another autopsy study of 
400 parkinsonism cases, 6% could be classified 
as having vascular parkinsonism that was show-
ing multi-infarct atrophy, Binswanger or hyper-
tensive encephalopathy and/or multiple vascular 
infarcts in the brainstem and basal ganglia [8]. 
VP affects predominantly men with similar or 
later age of onset than that of idiopathic PD [11, 
12]. This observation may be due to the associ-
ated vascular risk factors which are more com-
mon in men when compared to women.
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26.1.1.2	� Clinical Features
VP is classically characterized by lower-body 
parkinsonism with postural instability, shuffling 
or freezing of gait. Usually, there is an absence of 
rest tremors, poor or absent levodopa responsive-
ness and the presence of pyramidal and/or cere-
bellar signs [13]. The patient usually complains 
of gait abnormalities that are usually wide-based, 
tendency to fall and difficulty maintaining bal-
ance [14, 15]. The gait is slow and insecure and 
has postural instability [16]. The gait is similar to 
that of patients with PD, although the base (the 
distance between the feet) is not always as nar-
row in lower-body parkinsonism as it is in idio-
pathic PD.  Posture is unstable, and postural 
responses to maintain balance are poor. Patients 
also frequently demonstrate freezing of gait, 
wherein they have difficulty initiating gait (gait 
ignition failure), as if the feet are glued to the 
ground and temporarily unable to move [17]. The 
exact pathophysiology behind the freezing of gait 
is not known. Bradykinesia is more in the lower 
limbs than the upper limbs. Spasticity with brisk 
deep tendon reflexes and extensor plantar have 
been observed [12, 15]. These patients also 
develop dementia, pseudobulbar palsy and uri-
nary incontinence. Sometimes clinical features 
may be similar to idiopathic PD and can be attrib-
utable to lacunar infarcts in the basal ganglia. 
Depending on the side of WMLs, parkinsonism 
is seen on the contralateral side. However, ipsilat-
eral parkinsonism has also been reported [18]. In 
addition, patients can have abnormal glabellar 
tap responses in the form of repeated and persis-
tent eyelid blinking on repetitive tapping on the 
forehead. Snout and palmomental reflexes are 
other frontal release signs that are seen in VP 
[16]. There is also abnormal response in the 
Bender’s face–hand test. In this test, the patient 
should be able to appreciate simultaneous touches 
on the face and hand with their eyes closed. 
Rarely, in advanced disease, these patients may 
also develop anosmia [19]. In some patients, the 
upper limbs may also be involved with bradyki-
nesia and no or minimal tremor [12, 15].

Severe executive dysfunction in patients with 
vascular parkinsonism has been shown by 
Santangelo et al. [20]. This is in comparison to 

patients with PD who do not have such severe 
executive dysfunction. Sonia Benítez-Rivero 
et al. found deficits in delayed verbal recall and 
categorical fluency as well apart from executive 
dysfunction using more specific and detailed 
assessment [21]. The reason for such severe and 
more frequent occurrence of executive dysfunc-
tion is due to disruptions in frontal lobe-basal 
ganglia circuitry due to the location of strategic 
infarcts. Out of all screening questionnaires, 
MoCA captures executive deficits better than 
MMSE, while language and categorical fluency 
can be extensively assessed by ACE-III. A com-
bination screen may thus be ideal and less time 
consuming.

26.1.1.3	� Aetiology
Hypertension, hyperlipidaemia, diabetes melli-
tus, obstructive sleep apnoea and smoking are 
the risk factors associated with VP. CT and MRI 
brain demonstrate white matter lesions in these 
patients [22]. Lacunar infarcts in the basal 
ganglia and thalamus affect the striato-
thalamocortical loops, leading to gait 
abnormalities and other manifestations of lower-
body parkinsonism supporting vascular patho-
genesis [15, 22, 23]. Unilateral parkinsonism has 
been reported in patients with small infarcts in 
the lenticulostriate arteries. Diffuse widespread 
periventricular white matter and subcortical 
white matter infarcts are associated with bilat-
eral gait disturbances and parkinsonism.

26.1.1.4	� Pathology
The hallmark features include vascular changes 
in the brain which are ischaemic in nature and are 
predominantly seen in basal ganglia, thalamus, 
cerebral subcortical white matter and upper 
brainstem [24]. These regions are relevant to the 
development of parkinsonism. The exact patho-
logical changes in the blood vessels have not 
been described in detail. However, lipohyalinosis 
changes have been demonstrated in the arterioles. 
In one of the detailed studies comparing the 
brains of patients with idiopathic PD and 
Binswanger disease without parkinsonism, basal 
ganglia lacunar infarcts and extensive frontal 
white matter lesions were reported [25]. Similar 
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pathologies have been observed in the brain of 
patients with idiopathic PD but are less severe 
when compared to VP and Binswanger disease. 
There is a severe loss of oligodendrocytes in the 
white matter. Multiple basal ganglia or WMLs 
are involved in the pathogenesis of 
LBP.  Numerous canals and small round holes 
referred to as “etat crible” meaning “sieve-like” 
has been described in the cerebral tissue [26]. 
These cribriform states correspond to the dilata-
tions of the perivascular spaces, leading to a par-
ticular type of lacunes.

26.1.1.5	� Mechanism
The white matter lesions usually disrupt the inter-
connecting fibre between basal ganglia and the 
motor cortex. Also, there is a disruption of the fibre 
connections between the thalamus, brainstem and 
the cerebral cortex. Several reports have shown that 
lacunar infarcts in the caudate, putamen and globus 
pallidus externum (GPe) can result in parkinson-
ism [27]. In some forms, the LBP progresses more 
relentlessly than in a stepwise fashion [28]. Acute 
midbrain infarction can result in the development 
of hemiparkinsonism, affecting both upper and 
lower limbs, with good response to levodopa [29]. 
In patients with chronic ischaemia, the changes in 
the subcortical white matter are slowly progressive, 
leading to the development of LBP and a reduced 
response to levodopa [30]. The ischaemia seen in 
patients with VP can be both presynaptic or post-
synaptic. As a result, some of the patients demon-
strate levodopa responsiveness predominantly in 
those with presynaptic vascular insults. It has been 
proposed that repeated ischaemic episodes lead to 
the inflammatory response in the brain, which then 
leads to WMLs. This inflammation leads to the 
generation of free radicals, breakdown of the 
blood-brain barrier, extravasation of noxious ele-
ments and myelin breakdown [31–33].

26.1.1.6	� Diagnostic Criteria
Zijlmans et al. [34] have given the diagnostic cri-
teria for the clinical diagnosis of VP.

Following are the diagnostic criteria:

	(a)	 Parkinsonism, defined as bradykinesia, and 
at least one of the three features: rest tremor, 
rigidity or postural instability.

	(b)	 Cerebrovascular disease, defined as evidence 
of relevant cerebrovascular event by neuro-
imaging (CT or MRI brain) or the presence 
of focal signs or symptoms suggestive of 
stroke.

	(c)	 A relationship between (a) and (b): acute or 
delayed progressive onset of parkinsonism 
≤1 year after stroke with evidence of infarcts 
on imaging in or near areas that increase the 
basal ganglion motor output (GPe or SNPc) 
or decrease the thalamocortical drive directly 
(VL of thalamus or large frontal infarct), or 
an insidious onset of parkinsonism with 
extensive subcortical white matter lesions, 
bilateral symptoms at the onset, and the pres-
ence of early shuffling gait or early cognitive 
dysfunction [35].

In addition, there are some exclusion criteria: 
a history of repeated head injury, definite enceph-
alitis, neuroleptic treatment at the onset of symp-
toms, abnormal imaging on CT/MRI (cerebral 
tumours, communicating hydrocephalus) and 
other alternative explanation for parkinsonism.

Two forms of VP have been proposed based 
on the above criteria: [1] acute onset related to 
basal ganglia infarcts and [2] insidious progres-
sion which is associated with diffuse subcortical 
white matter lesions [36, 37].

26.1.1.7	� Imaging in VP
There is limited literature on neuroimaging in 
patients with VP.  Computed tomography (CT), 
magnetic resonance imaging (MRI) and cerebral 
angiography (CA) can be used to ascertain lesion 
load and to delineate the lesions in the brain. 
Ischaemic lesions in VP patients are commonly 
seen in various vascular territories, periventricu-
lar and subcortical white matter, basal ganglia 
and the brainstem with significant cerebral atro-
phy [12]. MRI brain usually shows extensive T2 
hyperintense periventricular white matter signal 
changes, lacunar infarcts in basal ganglia and 
dilatation of the lateral and third ventricles [22]. 
The lesions accumulate over many months and 
years. Normal MRI is very unlikely of VP and is 
against the diagnosis. These lesions are also seen 
in elderly patients and patients with idiopathic 
PD, but the lesions are very mild in comparison 
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Fig. 26.1  MRI brain (FLAIR) shows diffuse cerebral atrophy with periventricular and subcortical white matter hyper-
intensities. Multiple small infarcts are also seen

Table 26.1  Vascular rating scale for vascular 
parkinsonism

Feature Points
Pathological or angiographic evidence of 
vascular disease

2

Onset of parkinsonism within 1 month after 
stroke

1

History of two or more strokes 1
History of two or more vascular risk factors for 
strokea

1

Neuroimaging evidence of vascular disease in 
two or more vascular territories

1

Vascular parkinsonism: parkinsonism with a vascular 
score of 2 or more.
aVascular risk factors for stroke: hypertension, smoking, 
diabetes mellitus, hyperlipidaemia, presence of heart dis-
ease associated with stroke (coronary artery disease, 
atrial fibrillation, congestive heart failure, valvular heart 
disease, mitral valve prolapse or other arrhythmias) and 
other risk factors for stroke (family history of stroke, his-
tory of gout or peripheral vascular disease)

to VP.  These lesions in idiopathic PD does not 
well correlate with gait abnormalities [38]. 
Figure  26.1 shows the MRI image of a patient 
with vascular parkinsonism.

Single-photon emission CT (SPECT) has 
been used to visualize presynaptic striatal dopa-
mine transporters in patients with PD.  Patients 
with PD typically show asymmetric reduced 
uptake of dopamine markers compared to healthy 
controls. Patients with VP do not show similar 
reduction in dopamine uptake due to the pre-
served nigrostriatal dopaminergic pathway [19].

A vascular rating scale for VP has been devel-
oped by Winikates and Jankovic [12] (Table 26.1).

26.1.1.8	� Treatment of VP
Since VP is assumed to be caused by cerebrovas-
cular diseases, the principles of primary and sec-
ondary prevention of stroke apply to VP also. 
Hence good control of diabetes mellitus, hyper-
tension and dyslipidaemia; cessation of smoking; 
use of antiplatelet agents; lifestyle changes and 
regular exercise are advocated. Plasma homocys-
teine levels should be reduced if the levels are 
increased by using folate and other medication 
[39]. L-Dopa therapy may be beneficial in some 
situations. If the vascular lesions involve the 
nigrostriatal pathways, L-dopa therapy is found 
to be effective. In patients where the other path-
ways involving WMLs are affected, L-dopa is 
ineffective. So, Levodopa, dopamine agonists 
and other traditional antiparkinsonian drugs are 

usually not beneficial for VP [34]. Subthalamic 
nucleus deep brain stimulation is also not effec-
tive [40]. Therapy to minimize the vascular risk 
factors is expected to slow down the rate of 
decline, but no studies have yet tested this 
hypothesis.

CSF drainage has also been suggested as a 
therapeutic option similar to NPH [41]. It has 
been noted that patients with VP also have dilated 
cerebral ventricles. Studies of CSF drainage in 
VP patients have shown positive results [41]. In 
most of the studies, the follow-up period was 
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very short. Hence, large randomized studies are 
required with a large cohort and long follow-up 
periods to evaluate repeated lumbar puncture 
(LP) or placement of shunt tube [42].

26.1.2	� Normal Pressure 
Hydrocephalus (NPH)

In 1965, Hakim and Adams first described normal 
pressure hydrocephalus (NPH). The condition is 
characterized by the clinical triad of gait impair-
ment, urinary incontinence and memory loss with 
normal CSF pressure on LP. Neuroimaging shows 
enlarged cerebral ventricles and improvement of 
the symptoms of NPH on CSF drainage [43]. The 
condition is considered to be one of the reversible 
causes of dementia and impaired gait. NPH is now 
classified into idiopathic NPH (iNPH) and second-
ary NPH. The latter is due to subarachnoid haem-
orrhage, trauma or infectious meningitis [43, 44]. 
Idiopathic NPH is the most common form of 
hydrocephalus seen in adults. Ventricular shunting 
is now the standard of care for patients with sec-
ondary NPH [45]. Improvement following shunt 
surgery in idiopathic NPH is unpredictable, short-
lived and associated with significant risks [45, 46].

26.1.2.1	� Epidemiology
In one of the epidemiological studies, the inci-
dence was found to be 5.5/100,000 in a Norwegian 
population [47]. The mean age of onset is about 
70 years, and both genders are equally affected. 
The prevalence of iNPH was estimated at 0.2% 
(200 out of 100,000 individuals) in a population-
based Swedish study in the age group of 
70–79  years, and the prevalence increases to 
5.9% (5900 out of 100,000 individuals) for the 
age group above 80 years [48]. In the same geo-
graphic area, the incidence of CSF shunting in 
patients with iNPH was only 2–3 operations per 
100,000, which suggests that iNPH might have 
been underdiagnosed [49].

26.1.2.2	� Clinical Presentation
iNPH should be suspected in any elderly patient 
who presents with gait impairment, cognitive 
dysfunction and bladder incontinence. The com-

plete triad is not required for the diagnosis as the 
illness starts with gait impairment and subse-
quently involves urinary disturbance and cogni-
tive impairment. In most of the patients, the 
symptoms start insidiously and progress over 
3–6 months. iNPH is usually symmetric, and the 
presence of lateralizing signs should suggest 
other diagnoses. The presence of limb weakness 
and upper motor features such as spasticity and 
hyperreflexia are not typical for iNPH.

Gait abnormality: The gait abnormality is a 
higher-order gait disturbance. There is difficulty 
in integrating sensory signal about the position of 
the body in its environment, including the effect 
of gravity and proper selection and execution of 
motor plans for gait or postural reflexes [50, 51]. 
The gait abnormality is usually symmetric unless 
coexisting musculoskeletal disorders cause 
asymmetry. The gait abnormalities include gait 
initiation failure, shuffling with poor foot clear-
ance, freezing, unstable multistep turns, tripping, 
falling and postural instability.

Cognitive impairment: Patients have difficulty 
in managing finances, driving and memory 
impairment. In the early stages, these patients 
have mild cognitive impairment, and later these 
patients may develop dementia. Mini-Mental 
State Examination (MMSE) and Montreal 
Cognitive Assessment (MoCA) are useful screen-
ing tools [52]. These patients on neuropsycholog-
ical testing show feature suggestive of subcortical 
dementia with involvement of executive function 
causing slow processing and difficulty with prob-
lem-solving, and memory loss with poor retrieval 
with relatively preserved recognition memory 
[53, 54]. The presence of impaired naming, agno-
sia, memory disturbances that do not improve 
with cueing, delusions, hallucinations and prosop-
agnosia should point towards other neurodegen-
erative dementias. Depression is also very 
common, and screening test should be used in 
these patients [55]. Delirium is usually not a fea-
ture of iNPH and may suggest associated neuro-
logical disorder or medication side effect. 
Attention, executive functions, memory, visuo-
spatial, visuo-constructional skills and psycho-
motor retardation are involved in patients with 
NPH [56–58]. The presence of apathy, along with 
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a decline in executive dysfunction and psychomo-
tor speed, characterizes frontal-subcortical 
dementia. In long-standing disease, both verbal 
and visual memory are affected and is due to loss 
of neurons in the hippocampus [59]. Studies have 
shown that following shunt surgery, the psycho-
motor speed improves; however, executive dys-
function rarely improves [60, 61].

Urinary incontinence: Urinary urgency and 
frequency with or without incontinence are the 
most common bladder symptoms in patients with 
iNPH [62]. Patients or caregivers should be asked 
about the bladder symptoms. Also, the enquiry 
should be made to the use of any diapers that may 
not reveal incontinence. Bladder symptoms are 
also very common in the elderly due to various 
other causes which need to be considered.

26.1.2.3	� Imaging
The diagnosis of iNPH is based on the CT and/or 
MRI brain. MRI brain is preferable to CT brain. 
Neuroimaging shows an enlargement of lateral 
and third ventricles without obstruction to CSF 
flow. CSF flow studies should be done to look for 
any obstructive causes. Evan’s ratio or index is 
used to assess ventricular enlargement. It is the 
ratio of the maximal width of frontal horn span to 
the maximal diameter of the brain on the same 
axial image [63]. Evan’s ratio of more than 0.3 
indicates enlarged ventricles, but not specific for 
the diagnosis of iNPH.  Focal cerebral atrophy 
often denotes degenerative dementia, is asym-
metric in frontotemporal dementia or is stereo-
typical, such as hippocampal atrophy in 

Alzheimer’s disease. In iNPH, the Sylvian fis-
sures are usually enlarged with ventriculomegaly, 
out of proportion to the cortical sulci, which are 
flattened termed as “high tight” convexity [64]. 
This is likely to impair the CSF flow over the 
cerebral convexity to the arachnoid granulations. 
This disproportionately enlarged subarachnoid 
space hydrocephalus (DESH) has also been 
reported in Japanese studies. Periventricular 
WMLs are seen in almost all patients with 
iNPH.  These lesions are seen best in the fluid-
attenuated inversion recovery (FLAIR) or T2 
MRI sequences. In iNPH, the lesions are found 
predominantly in periventricular area due to the 
movement of fluid from the ventricles to the brain 
parenchyma. WMLs that are more profound in 
the periphery (corona radiata) or are diffuse and 
confluent suggest ischaemic changes. Figure 26.2 
shows the MRI image of a patient with iNPH.

26.1.2.4	� Comorbidities
Idiopathic NPH is a disease of elderly who may 
have other coexisting medical condition (i.e., 
comorbidities that contribute to their symptoms) 
[65]. NPH should be suspected in all the elderly 
individuals if the comorbidities doesn’t clearly 
explain a patient’s symptomatology. Hence the 
presence of comorbidities does not exclude the 
diagnosis of NPH.  It is important to investigate 
the associated comorbid conditions as it is likely 
to influence the surgical outcome. Comorbid con-
ditions such as previous stroke and the presence 
of neurodegenerative disease can influence the 
surgical outcome.

a b c

Fig. 26.2  MRI brain mild diffuse cerebral atrophy with dilated cerebral ventricles. Evan’s index is 5.28/12.5, i.e., 0.42
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26.1.2.5	� CSF Tap Test/Lumbar 
Drainage

This test is performed to look for any improve-
ment in the symptoms following CSF drainage.

It was described by Adams and Fisher. It is 
believed that if the patient’s symptoms improve 
following CSF drainage, then the shunt surgery 
may benefit the patient [66]. The patient must be 
examined before and after the lumbar puncture 
(LP) to observe for any response and can be 
documented videographically. Gait impairment 
is most likely to respond to CSF tap. Preferably 
the assessments should be performed by the 
same person. LP should be done with an 18- or 
20-gauge spinal needle, and about 30–50 mL of 
CSF removal is recommended. Follow-up 
assessment is usually done between 2 and 4 h 
after the LP. It has been observed that patients of 
iNPH do not complain of post-LP headache, and 
these patients need not lie down most of the 
time following LP. They should be encouraged 
to be active and can take a walk. If there is sig-
nificant response following drainage, then shunt 
surgery can be recommended [67]. However, 
the lack of response to LP drainage does not 
exclude shunt responsiveness because the speci-
ficity of tap test ranges from 60% to 100%, with 
sensitivity ranging from 50% to 80%. External 
lumbar drainage can be another option if iNPH 
is still suspected even after failed response to 
tap test.

26.1.2.6	� CSF Infusion Test
This test is rarely done to diagnose NPH. It is 
commonly done in Europe. In this test, Ringer’s 
lactate solution is infused into the spinal fluid via 
one spinal needle, and simultaneous CSF pres-
sure recording is done via another spinal needle 
[65, 68]. Various parameters such as intracranial 
pressure, outflow resistance, pulse pressure 
curve, CSF formation rate and dural venous pres-
sure can be measured either directly or indirectly. 
It has been found that patients with iNPH have 
consistently elevated resistance to CSF outflow 
[69]. Studies have shown that the resistance to 
CSF flow of 18 mm Hg/mL per minute or higher 
is a good predictor of shunt surgery in these 
patients [70].

26.1.2.7	� Treatment of NPH
Till date, the only effective treatment for iNPH is 
CSF diversion procedure. Symptomatic but tran-
sient relief is obtained by the use of acetazol-
amide and repeated lumbar punctures and can be 
recommended for patients with high surgical 
risks [71]. A ventriculoperitoneal shunt is the 
preferred surgical procedure in these patients, 
with the proximal catheter placed through the 
right hemisphere in the posterior parietal region 
and the distal catheter in the peritoneal cavity. 
Ventriculo-atrial shunt is placed in patients who 
had previous peritonitis or abdominal surgeries. 
The complications associated with shunt surger-
ies include catheter infection, peritonitis, shunt 
blockage, over-drainage or under-drainage. 
Endoscopic third ventriculostomy, another surgi-
cal procedure, is indicated in patients of NPH 
associated with aqueductal stenosis.
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27Childhood Dystonia

Anjali Chouksey and Sanjay Pandey

Case Scenario  An 8-year-old male child was 
referred to our movement disorder clinic with a 
history of abnormal involuntary posturing of both 
lower limb and neck first noticed by his parents 
when he started walking with support at 1 year of 
age. It gradually progressed to involve both of his 
upper limbs over the next 1 year. He was a full-
term normal vaginal delivery with prolonged 
labour leading to birth asphyxia and delayed cry-
ing with 2 episodes of seizures on day 1 of life. 
There was no history of diurnal variation of 
symptoms or any trigger factors or worsening of 
symptoms with stress fatigue or action. Cognitive 
development was normal, but he left school 
because of restriction of physical ability. Parents 
denied any history of other abnormal movement 
disorder in the form of myoclonic jerks or trem-
ors. There was no history suggestive of acute 
febrile encephalopathy in early childhood or any 
evidence of drug or toxin exposure. There was no 
associated history of hearing loss or vision prob-
lems, painful muscle spasm, alopecia, diarrhoea, 
or endocrinal and skeletal abnormalities, or his-
tory suggestive of gastroesophageal reflux. There 
was no similar family history or parental consan-

guinity. On general physical examination, there 
was no pallor, icterus, Kayser-Fleischer ring or 
organomegaly. Central nervous system examina-
tion revealed normal mentation. Tone, power and 
deep tendon reflex were also normal. The plant-
ers were bilateral extensor. On extrapyramidal 
examination, upper limb and lower limb dystonia 
and left torticollis were present. Sensory exami-
nation was normal. Investigations showed normal 
hemogram, liver and renal function tests. Serum 
ceruloplasmin level was normal. Urine for 
organic acids was also negative. Magnetic reso-
nance imaging (MRI) of the brain revealed no 
significant intracranial abnormality.

27.1	� Introduction

In 1911, Oppenheim provided the initial account 
of dystonia by introducing the term “dystonia 
musculorum deformans”. He documented the 
experiences of four young individuals, describing 
their condition as a fluctuation between reduced 
muscle tone and prolonged muscle spasms, often 
occurring when they moved voluntarily, but not 
exclusively limited to those instances [1]. 
Subsequently, Oppenheim coined the term “dys-
tonia”, which continues to be used today.

In 2013, an international Consensus 
Committee was formed with the support of the 
Dystonia Medical Research Foundation, the 
Dystonia Coalition, and the ‘European Dystonia 
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Cooperation in Science and Technology (COST) 
Action.’ This committee put forth a revised defi-
nition of dystonia, stating that it is a movement 
disorder characterized by sustained or intermit-
tent muscle contractions causing abnormal, often 
repetitive, movements, postures, or both. 
Dystonic movements are typically characterized 
by twisting patterns and may exhibit tremors. 
Dystonia is often triggered or aggravated by vol-
untary actions and is associated with overflow 
muscle activation [2].

The categorization of dystonia based on the 
age of onset is significant for both diagnostic 
assessments and prognostic implications. In 
previous classification systems, three age groups 
were taken into account: childhood (0–12 years), 
adolescence (12–20  years), and adult onset 
(above 20  years) [3]. In the 2013 Consensus 
Committee’s proposal, various categories of dys-
tonia were suggested, each corresponding to a 
specific range of age at onset. These categories 
include:

•	 Infancy: from birth to 2 years of age
•	 Childhood: from 3 to 12 years of age
•	 Adolescence: from 13 to 20 years of age
•	 Early adulthood: from 21 to 40 years of age
•	 Late adulthood: above 40 years of age

Dystonia that appears during the initial 
1–2  years of life is associated with underlying 
causes such as inherited metabolic disorder with 
specific diagnostic approach and carries poor 
prognostic implications [4]. Therefore, it is pro-
posed to divide dystonia in the paediatric age 
group into two further classes, namely infancy 
and childhood.

Correct identification of dystonia in paediatric 
patients requires good knowledge about the phe-
nomenology of dystonia, as the characteristic 
features of dystonia seen in the adult population 
may not be present. Features such as sensory 
tricks and overflowing should be interpreted in 
the context of the age of the patient with dysto-
nia. For example, sensory tricks are often not 
seen in paediatric dystonia patients, because they 
are more commonly observed in cranial or cervi-
cal dystonia, while in children, dystonia is more 
often generalized with limb and trunk predomi-

nance. Similarly, overflowing can be a normal 
physiological process seen in young children 
which disappears with normal motor develop-
ment [5].

In some cases, children may exhibit transient 
dystonic movements and postures, such as benign 
paroxysmal torticollis and benign idiopathic dys-
tonia of infancy, which are often attributed to 
temporary neuronal dysfunction. However, it is 
important to note that these conditions usually 
resolve on their own without any long-lasting 
dystonic effects [6].

The Consensus Committee also put forth a 
suggestion to replace the terms “primary” and 
“secondary” dystonia with “inherited”, 
“acquired”, or “idiopathic” dystonia. Under this 
proposed framework, the classifications are 
defined as follows:

•	 Inherited dystonia: Dystonia with a confirmed 
genetic origin

•	 Acquired dystonia: Dystonia linked to a spe-
cific non-genetic cause that has been 
identified

•	 Idiopathic dystonia: Dystonia with an 
unknown or yet-to-be-identified cause

27.2	� Common Causes of Acquired 
Dystonia

	1.	 Cerebral palsy: Dyskinetic cerebral palsy 
(CP) is the predominant form of acquired dys-
tonia observed in children, and it is character-
ized by the coexistence of choreoathetosis and 
dystonia. It is more prevalent in children born 
at full term who have a history of birth 
asphyxia or perinatal trauma. In dyskinetic 
CP, the hyperkinetic movements typically 
manifest bilaterally and typically commence 
after the first year of life. These movements 
tend to progress gradually over the course of 
several years [7].

	2.	 Infection: Occasional isolated cases have 
been reported where childhood dystonia has 
been associated with infections, including 
viral infections, tuberculosis, mycoplasma, or 
toxoplasmosis. Among these, dystonia caused 
by flaviviruses, particularly Japanese enceph-
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alitis, is a significant factor in the develop-
ment of childhood dystonia [8]. The primary 
bacterial infections linked to dystonia include 
tuberculosis and mycoplasma pneumoniae 
[9]. In children presenting with dystonia 
accompanied by symptoms of meningoen-
cephalitis or encephalitis, it is crucial to inves-
tigate the possibility of an underlying 
infection.

	3.	 Acquired structural lesions: Structural 
lesions, such as stroke, trauma, or neoplasms 
involving caudate, lenticular nucleus, or thal-
amus may result in unilateral childhood dys-
tonia (focal or hemi-dystonia). In such cases, 
the dystonia develops months or even years 
after the incident [10].

	4.	 Autoimmune encephalitis: Several 
autoantibody-associated disorders can lead 
to childhood dystonia but are usually com-
bined with other signs of encephalopathy 
like behavioural changes or epilepsy. 
Antibodies against N-methyl-D-aspartate, 
glutamic acid decarboxylase, collapsin 
response mediator protein, Ma2, and Yo are 
identified to be associated with autoimmune 
encephalitis in children [11]. Rubio-Agusti 
et al. and Mohammad et al. reported cases of 
children and young adults with NMDAR 
antibodies having hemi-dystonia and cranio-
cervical dystonia as the most prominent fea-
ture respectively [12, 13].

	5.	 Drug and toxin: Dystonia can be attributed to 
a diverse range of drug groups, such as neuro-
leptics, antiemetics (dopamine receptor 
blocking drugs), dopamine receptor stimu-
lants, anticonvulsants (specifically phenytoin 
and carbamazepine), antimalarials, antihista-
mines, stimulants, or calcium channel block-
ers, as well as exposure to substances like 
carbon monoxide and cyanide.

	6.	 Metabolic causes: Metabolic causes of dysto-
nia can be categorized into the following 
groups:

	 (a)	 Metal and Mineral Metabolism: This 
includes conditions such as Wilson’s dis-
ease, neurodegeneration with brain iron 
accumulation type I, neuroferritinopathy, 
and idiopathic basal ganglia calcification 
(Fahr disease).

	 (b)	 In-born Errors of Metabolism: Disorders 
such as Lesch-Nyhan syndrome, triose-
phosphate isomerase deficiency, and glu-
cose transport defects are part of this 
group.

	 (c)	 Lysosomal Storage Disorders: Conditions 
like Niemann-Pick disease type C, GM1 
and 2 gangliosidosis, metachromatic leu-
kodystrophy, Krabbe disease, Pelizaeus-
Merzbacher disease, and Fucosidosis fall 
under this category.

	 (d)	 Amino and Organic Acidurias: Conditions 
like glutaric aciduria type 1, homocystin-
uria, propionic acidemia, methylmalonic 
aciduria, 4-hydroxybutyric aciduria, 
3-methylglutaconic aciduria, 
2-oxoglutaric aciduria, and Hartnup’s dis-
ease are included in this category.

27.3	� Dystonia Mimics

•	 Tics, stereotypies
•	 Functional
•	 Myotonia, neuromyotonia
•	 Cramp, rigidity, spasticity, spasms (hypocal-

caemia, hypomagnesaemia, alkalosis)
•	 Focal tonic seizures
•	 Syndromes like spasmus nutans, Sandifer syn-

drome, Satoyoshi syndrome, etc.

27.3.1	� Spasmus Nutans

Spasmus nutans is a syndrome that typically 
manifests during early childhood. It is character-
ized by a triad of symptoms, including rhythmic 
head nodding, oscillations of the eyes, and an 
abnormal head position. Other ophthalmological 
and neurological examinations yield normal 
results. This syndrome is considered benign and 
tends to resolve spontaneously over time [14].

27.3.2	� Sandifer Syndrome

Sandifer syndrome refers to a condition where 
gastro-oesophageal reflux disease is accompa-
nied by spastic torticollis and dystonic body 
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movements, sometimes occurring with or with-
out hiatal hernia. One hypothesis suggests that 
the unusual positioning of the head provides 
relief from abdominal discomfort caused by acid 
reflux [15].

27.3.3	� Satoyoshi Syndrome

Satoyoshi syndrome is an uncommon condition 
that affects multiple systems and is believed to 
have an autoimmune cause. It is characterized by 
gradually worsening muscle spasms accompa-
nied by pain, hair loss (alopecia), persistent diar-
rhea, and skeletal and endocrine irregularities. 
These symptoms often lead to early disability 

and, in severe cases, even death. Treatment 
options for patients have included immunoglobu-
lins and glucocorticoids, although the outcomes 
have varied [16].

27.4	� Genetic Dystonia

Genetic dystonias consist of three main catego-
ries [17] (Tables 27.1 and 27.2):
	1.	 Isolated or pure dystonia
	2.	 Combined (formerly “dystonia-plus”), in 

which dystonia is accompanied by myoclonus 
or parkinsonism

	3.	 Complex, in which dystonia is one feature of 
a complex neurological syndrome

A. Chouksey and S. Pandey
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Table 27.2  Complex Dystonias

S No Disorder Pathogenesis Gene involved
1 Biotin-responsive basal 

ganglia disease
Thiamine transporter-2 (hTHTR2) 
deficiency

SLC19A3 gene

2 Lesch-Nyhan syndrome Disorder of purine metabolism 
resulting from deficiency of enzyme 
hypoxanthine–guanine 
phosphoribosyl transferase

X-linked (HGPRT)

3 Niemann-Pick disease type C Lipid storage disorder- impaired 
intracellular cholesterol homeostasis 
and defective cholesterol trafficking 
through the late endosomal /
lysosomal system

(NPC1)

4 Glutaric aciduria and other 
organic acidemias with 
dystonia

5 Dystonia with brain 
manganese accumulation 
(DBMA)

SLC30A10 mutation

6 Mitochondrial 
encephalopathies

various mitochondrial 
DNA and nuclear DNA 
genes

7 Homocystinuria Different enzymatic defects. The 
most common is cystathionine—
synthase deficiency

8 Hartnup disease Defect in amino acid transport SLC6A19
9 NBIA PLA2G6, PANK2, 

WDR45, ATP13A2 and 
others

10 Wilson’s disease Defect of copper metabolism 
leading to deposition of copper in 
the liver, brain, and other tissues

ATP7B

27.5	� Approach to Childhood 
Dystonia

Considering the patient’s history and examina-
tion, it appears that dyskinetic cerebral palsy 
(DCP) is the most likely diagnosis in this case. 
DCP is the leading cause of acquired dystonia in 
childhood. It tends to be more prevalent in full-
term infants who have experienced perinatal 
insults, as is the case here, since the basal ganglia 
are susceptible to pathogenic events during the 
later stages of pregnancy [13]. In DCP, the hyper-
kinetic movements are usually bilateral and 
mostly begin after the first year of life, and are 
slowly progressive over years as was the case in 
our patient. Other common secondary causes are 
less likely as there is no history of preceding 
febrile illness, drug or toxin exposure, or trauma 

during infancy. Insidious onset and slowly pro-
gressive nature of the disease in this case also 
negates the likelihood of infectious, demyelinat-
ing, or traumatic cause of dystonia. Most of the 
cases of DCP are characterized by the presence 
of both dystonia and choreoathetosis, although 
both movement disorders occur independently 
and dystonia predominates in most patients with 
DCP [18] (Fig. 27.1).

Each child with suspected dyskinetic cere-
bral palsy should undergo appropriate evalua-
tion and investigation to establish a specific 
cause and to rule out any underlying treatable 
cause. Various neurological or metabolic disor-
der increases the risk of perinatal stress; there-
fore investigation should be done to rule out 
such etiology even when a history of perinatal 
trauma is present.
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Fig. 27.1  Flow chart: Approach to childhood dystonia
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Apart from considering the history of birth 
asphyxia, other possible differential diagnoses in 
this patient include glutaric aciduria and other 
organic acidemias associated with dystonia. 
Typically, clinical symptoms in such cases mani-
fest between 5 and 14  months of age, although 
mild signs such as slight motor delay and hypoto-
nia may be observed earlier. Around 70% of cases 
exhibit macrocephaly at birth or develop it during 
infancy [19]. In most cases, symptoms present 
abruptly with focal seizures or generalized con-
vulsions, vomiting, altered sensorium, or lethargy, 
often following an acute infectious illness. 
Following the acute episode, there is a subsequent 
onset of psychomotor regression and dystonic or 
choreo-athetoid movements. Generalized dysto-
nia is a distinctive neurological manifestation, 
while cognitive function tends to remain relatively 
preserved. [20] Roughly 50% of patients with 
these conditions do not survive beyond the age of 
four due to complications during intercurrent ill-
nesses. However, in the case of our patient, no 
significant head enlargement was observed by the 
parents. Additionally, the gradual onset of the dis-
ease without a preceding history of triggers such 
as acute febrile illness also makes the possibility 
of glutaric aciduria or other acidurias less likely. 
The potential clinical complications associated 
with glutaric aciduria can be prevented through 
the oral administration of L-carnitine and proac-
tive treatment during episodes of intercurrent ill-
ness. With this in mind, we conducted tests to 
detect the presence of organic acids in the patient’s 
urine, but the results were negative.

Infantile-onset dystonia can also be attributed 
to Lesch-Nyhan syndrome, which typically 
emerges at between 6 and 18  months of age. 
Patients with this condition often exhibit delayed 
psychomotor development, as well as hypotonia 
or spasticity. Initially, abnormal movements 
manifest as fine athetoid movements in the hands 
and feet, but later become predominantly dys-
tonic, occasionally accompanied by chorea and 
tremor. An identifying characteristic is the pres-
ence of aggressive behaviour and self-mutilation, 
particularly affecting the lips and fingers, which 
commonly starts with the eruption of teeth. 

Furthermore, patients may experience extra-
neurological symptoms such as hematuria, crys-
talluria, and signs of hyperuricemia, including 
renal stones, gouty arthritis, and tophi [21]. Since 
there was no such history of behavioural abnor-
mality and absence of features suggestive of 
hyperuricemia, the probability of Lesch-Nyhan 
syndrome is low in our case. However, Lesch-
Nyhan variants can also manifest in the form of a 
dystonic gait, speech difficulties, spasticity, less 
severe dystonia with normal cognitive function, 
and behavioural abnormality without self-
mutilation. To exclude this condition, plasma uric 
acid was tested in our patient, which was in nor-
mal range.

Considering the genetically isolated dysto-
nias, it is worth considering the possibility of 
DYT1 dystonia in this case. DYT1 dystonia is the 
most prevalent form of genetic dystonia, inher-
ited in an autosomal-dominant pattern. Typically, 
DYT1-TOR1A manifests as focal limb dystonia 
during childhood. The average age of onset is 
around 13  years, although it can vary widely 
from 1 to 28  years. Over 60% of patients with 
DYT1 dystonia will eventually progress to gener-
alized or multifocal dystonia. Importantly, DYT1 
dystonia has shown highly positive responses to 
pallidal deep brain stimulation (GPi DBS). 
Therefore, it should be considered as a potential 
diagnosis in patients presenting with isolated 
dystonia characterized by focal limb onset with-
out any associated neurological deficits [22, 23].

Since our patient had gradually progressive 
persistent dystonias without any fluctuation or 
paroxysmal episodes triggered by exercise, 
stress, caffeine, or any particular task, primary 
paroxysmal syndromes like DYT 8, 10, and 18 
were not considered.

Dopa-responsive dystonia (DRD) may have a 
presentation similar to DCP. There is higher pen-
etrance in females, with a ratio of 1:2.5–4 (boys 
to girls). Dystonia in DRD usually starts as focal 
limb onset (leg > arm), which usually worsens as 
the day progresses, with sleep benefit. The typi-
cal age of presentation is 5–9 years. DRD usually 
shows a dramatic response to small doses of 
levodopa [24, 25].
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27.6	� Treatment

Limited clinical trials are available for the treat-
ment of childhood dystonia, resulting in a scar-
city of established therapeutic protocols. 
Consequently, treatment guidelines primarily 
rely on consensus or expert opinions in this 
field [26].

Currently, treatment options for childhood 
dystonia encompass physical and supportive 
therapies, oral medications, botulinum toxin 
injections, and surgery. In cases of dopa-
responsive dystonia, levodopa serves as the first-
line treatment. Levodopa administration yields 
significant improvements, including reduced 
abnormal movements, postures, and gait in 
affected patients. Due to the notably positive 
response to levodopa therapy, it is recommended 
as the initial treatment approach for any child 
suspected of having dopa-responsive dystonia or 
presenting with unexplained dystonia. Levodopa 
can also provide symptom relief in non-dopa-
responsive dystonia cases. The recommended 
starting dosage of levodopa is 1  mg/kg/day, 
which can be gradually increased until maximum 
benefit is achieved or until dose-limiting side 
effects manifest. Most individuals typically 
respond to doses of 4–5 mg/kg/day, divided into 
multiple doses. It is advised to administer 
levodopa for a minimum of 3  months before 
deeming the trial unsuccessful [24, 27].

Botulinum toxin is the primary treatment 
option for focal and segmental dystonias. Its 
effects are typically temporary, necessitating 
repeated injections at intervals, typically every 
12–16 weeks. The most frequent side effects are 
dose-dependent weakness and localized spread of 
the toxin. In cases of cervical dystonia, patients 
may experience temporary difficulty swallowing 
(dysphagia), particularly when the botulinum 
toxin is injected into the sternomastoid muscles. 
Ptosis, drooping of the eyelid, is a common com-
plication of injections for blepharospasm [28, 29].

Functional neurosurgical stereotactic proce-
dures encompass deep brain stimulation (DBS) 
targeting the globus pallidus internus (GPi) and 
thalamus. DBS is recommended for primary gen-
eralized and segmental dystonia that has not 

responded to drug treatment and botulinum toxin 
therapy. This option is applicable for patients 
who are at least 7 years of age [30]. Overall, indi-
viduals with primary dystonia, particularly those 
with DYT1 dystonia, tend to exhibit better 
responses to deep brain stimulation (DBS) ther-
apy compared to secondary cases. However, it is 
important to note that not all primary dystonias 
consistently respond to DBS treatment. The most 
promising outcomes with DBS are typically 
observed in children diagnosed with primary 
DYT1 dystonia [23].
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28Neurodegeneration with Brain 
Iron Accumulation

Roopa Rajan

Case Scenario  A 12-year-old girl presented 
with abnormal posturing of limbs and trunk, 
recurrent falls, and abnormal facial movements 
for the past 3 years. Over the past 2 years, she had 
progressive difficulties at school due to lack of 
attention and impaired ability to retain new infor-
mation. These worsened over the past 6 months, 
and she stopped attending school. She developed 
speech disturbances, spells of inappropriate 
laughter, and swallowing difficulty for the past 
1 year. There were no history of seizures, myo-
clonic jerks, visual or hearing disturbances. She 
was the first-born child of non-consanguineous 
parents, and there was no history of similar ill-
ness in any family member. Examination revealed 
generalized dystonia involving all four limbs, 
neck, and trunk (opisthotonus). Blepharospasm 
and jaw-opening dystonia were also prominent. 

There was spasticity in all four limbs with ankle 
clonus bilaterally. All deep tendon jerks were 
brisk, and plantars were extensor bilaterally. 
Extraocular movements were normal. Fundus 
examination revealed pigmentary retinopathy.

Routine hematological and biochemical inves-
tigations were normal. The workup for Wilson’s 
disease was negative. Peripheral blood smear 
revealed acanthocytosis. Cranial MRI revealed 
hypointensities in the globus pallidus bilaterally 
on T2-weighted sequences with central 
T2-hyperintensities (Fig.  28.1). The possibility 
of neurodegeneration with brain iron accumula-
tion (NBIA) and probable pantothenate kinase-
associated neurodegeneration (PKAN) was 
considered. Genetic testing revealed a pathogenic 
variant in the PANK2 gene consistent with the 
diagnosis of PKAN.
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Fig. 28.1  Cranial MRI T2-FLAIR sequence showing 
hypointensities in the bilateral globus pallidus with 
anteromedial T2-hyperintensities consistent with “eye of 
the tiger” sign

28.1	� Introduction

Neurodegeneration with brain iron accumulation 
(NBIA) is an umbrella term for a group of clini-
cally and etiologically heterogeneous disorders, 
all of which involve pathological iron deposition 
in the brain [1]. The mineral deposition is usually 
most prominent in the deep gray matter nuclei of 
basal ganglia, but may additionally involve the 
midbrain structures like substantia nigra and the 
red nucleus. NBIAs are relentlessly progressive 
degenerative disorders that present with a spec-
trum of neurological involvement ranging from 
movement disorders to cognitive impairment, 
spasticity, ataxia, and others. Typically, neuro-
logical deficits exist across multiple domains in 
most patients and can range from progressive 
neurodevelopmental regression in infancy to 
milder forms of parkinsonism or dystonia in 
adulthood. Genetic defects have been linked to 
specific clinical manifestations, which aids in the 

diagnosis; however, significant variability exists 
among carriers of similar genetic defects.

28.2	� Epidemiology

Data regarding community prevalence of NBIA 
is unavailable; however, NBIAs are thought to be 
very rare disorders. Within the group of NBIA, 
certain types are more common—specifically, 
pantothenate kinase-associated neurodegenera-
tion (PKAN), phospholipase A2-associated 
neurodegeneration (PLAN), mitochondrial mem-
brane protein-associated neurodegeneration 
(MPAN), and beta-propeller protein-associated 
neurodegeneration (BPAN). The commonest 
NBIA, PKAN, is estimated to affect approxi-
mately 1  in 500,000–1,000,000 persons world-
wide [2]. There may be region-specific differences 
in the distribution, for instance, up to 25% of a 
Japanese cohort with intellectual disability and 
young-onset parkinsonism had BPAN.  Unusual 
phenotypes, including Parkinson’s disease-like 
presentations and late-onset tremors, have been 
reported from the Indian subcontinent.

28.3	� Etiology

In addition to the four common NBIAs (PKAN, 
PLAN, MPAN, and BPAN) discussed above, the 
other disorders considered under this term 
include fatty acid hydroxylase-associated neu-
rodegeneration (FAHN), coenzyme A synthase 
protein-associated neurodegeneration (CoPAN), 
Kufor-Rakeb syndrome, Woodhouse-Sakati 
syndrome, neuroferritinopathy, and aceruloplas-
minemia. The genes and proteins associated 
with these disorders and their mode of inheri-
tance are given in Table 28.1. As a group, these 
are genetic disorders with varying modes of 
inheritance.
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28.4	� Pathogenesis

The unifying pathogenic feature in all NBIA dis-
orders is degeneration of the globus pallidus and 
substantia nigra with abnormal iron accumula-
tion in these regions. Additional brain regions are 
affected variably in different subtypes. It is not 
clearly known whether the iron deposition is a 
primary feature resulting in degeneration or it is 
an epi-phenomenon of neurodegeneration in 
these naturally iron-rich regions of the brain [3]. 
The proteins encoded by the majority of the 
NBIA-associated genes are involved in mito-
chondrial function. Only a few (ferritin light 
chain, ceruloplasmin) are directly related to iron 
metabolism. These proteins are widely expressed 
in other brain as well as body regions, but the 
defects in NBIA are limited to specific brain 
regions. Current understanding is limited; how-
ever, it points toward mitochondrial membrane 
functional disruptions, lipid metabolism defects, 
and associated defects in energy and autophagy 
pathways as contributory pathogenic 
mechanisms.

28.5	� Clinical Features

NBIA disorders are suspected by the presence of 
typical clinical features and characteristic brain 
magnetic resonance imaging (MRI) findings. The 
specific phenotypic features of each subtype are 
briefly discussed below.

28.6	� Pantothenate Kinase-
Associated 
Neurodegeneration (PKAN)

Typical PKAN is a childhood-onset, rapidly pro-
gressive disease with onset in the early first 
decade in most patients. Early symptoms include 
abnormal gait, falls, and cognitive decline. 
Neurological examination reveals dystonia and 
pyramidal signs (spasticity, brisk reflexes, and 
up-going plantars). Opisthotonus and pseudobul-
bar effects are often seen. Ophthalmological 
evaluation may reveal pigmentary retinopathy 
and, occasionally, abnormal pursuits and sac-
cades. Acanthocytosis may be seen on peripheral 

Table 28.1  The ten diseases considered NBIA and the genes, proteins, and modes of inheritance associated with them

Disease Gene Protein Mode of inheritance
Pantothenate kinase-associated 
neurodegeneration (PKAN)

PANK2 Pantothenate kinase 2 Autosomal recessive

Phospholipase A2-associated 
neurodegeneration (PLAN)

PLA2G6 Calcium-independent phospholipase A2 Autosomal recessive

Mitochondrial membrane 
protein-associated 
neurodegeneration (MPAN)

C19orf12 C19orf12 Autosomal recessive

Beta-propeller protein-
associated neurodegeneration 
(BPAN)

WDR45 WD40-repeat protein 45 X-linked dominant

Fatty acid hydroxylase-
associated neurodegeneration 
(FAHN)

FA2H Fatty acid 2 hydroxylase Autosomal recessive

Coenzyme A synthase 
protein-associated 
neurodegeneration (CoPAN)

COASY Coenzyme A synthase Autosomal recessive

Kufor-Rakeb syndrome ATP13A2 Cation-transporting ATPase 13A2 Autosomal recessive
Neuroferritinopathy FTL Ferritin light chain Autosomal dominant
Aceruloplasminemia CPL Ceruloplasmin Autosomal recessive
Woodhouse-Sakati syndrome DCAF17 DDB1 and CUL4 associated factor 17 Autosomal recessive
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smear examination. The MRI brain is pathogno-
monic, with the “eye of the tiger” sign seen in the 
majority of early-onset, “typical” PKAN patients. 
This classic sign consists of a T2-weighted 
hypointensity in the globus pallidus with an 
anteromedial hyperintensity. PKAN may prog-
ress in a stepwise manner with periods of rapid 
deterioration interspersed with clinical stability. 
Majority of patients with typical PKAN develop 
speech and swallowing disturbances and are 
wheelchair dependent by the second decade of 
life. Some succumb to aspiration pneumonia or 
other complications of immobility in the first/
second decade; those who survive to adulthood 
are left with significant disability.

PKAN presenting after the first decade is 
known as “atypical” PKAN. Patients present in 
the second or third decade with speech distur-
bances and craniobulbar dystonia. Tics, par-
kinsonism, dystonia, and spasticity are often 
encountered. Younger patients tend to present 
with dystonia as the prominent feature, whereas 
adults present with akinetic-rigid parkinson-
ism and significant gait disturbance. Cranial 
dystonia may be action induced, occurring 
only while eating or speaking. Behavioral 
symptoms may be prominent including mood 
changes and obsessive-compulsive behaviors. 
Pigmentary retinopathy is less common in 
atypical PKAN.  Atypical form progresses 
much slower compared to typical PKAN, and 
individuals may remain into adulthood without 
worsening disability. MRI findings are similar 
to typical PKAN.  Although the “eye of the 
tiger” sign is highly suggestive of PANK2 
mutations, it is not absolutely sensitive or spe-
cific. Some patients who harbor pathogenic 
PANK2 mutations do not reveal the classic 
sign, and conversely it has been reported in 
other conditions like MPAN, neuroferritinopa-
thy, multiple system atrophy, organic acid-
urias, Leigh disease, and carbon monoxide 
poisoning.

28.7	� Phospholipase 
A2-Associated 
Neurodegeneration (PLAN)

Among the NBIA, PLAN is associated with the 
widest range of clinical presentations [4]. 
Infantile neuroaxonal dystrophy is the variant of 
PLAN that presents between the age of 6 months 
and 3 years. It is characterized by relentless neu-
rodevelopmental regression and loss of previ-
ously attained milestones. Children present with 
axial hypotonia in the initial stages, which pro-
gresses to spastic tetraplegia over a period of few 
years. Visual disturbances are marked consisting 
of optic atrophy, strabismus, and nystagmus. 
Seizures may be present in a minority. Nerve 
biopsy reveals dystrophic neurons with “axonal 
spheroids.” Children with classic INAD usually 
succumb to the disease in the first decade. PLAN 
with onset in later childhood is termed atypical 
infantile neuroaxonal dystrophy (aNAD). This 
variant has a slower progression, and the clinical 
picture is dominated by cerebellar involvement 
(gait ataxia, dysarthria). Hypotonia and areflexia 
remain for longer durations. Dystonia may be 
present, and the cognition is progressively 
impaired. Adult-onset forms of PLAN are char-
acterized by dystonia, parkinsonism, and spastic-
ity, often with cognitive impairment. Cerebellar 
signs are less prominent in adult-onset 
PLAN.  The parkinsonism in PLAN may be 
levodopa responsive initially, although motor 
fluctuations appear quickly.

Cerebellar atrophy is a prominent feature on 
MRI in all forms of PLAN, particularly the 
childhood-onset variants. Additionally, diffuse 
T2 hyperintensities in the white matter, thin cor-
pus callosum, and cerebral atrophy may be seen. 
T2 hypointensities, the imaging hallmark of any 
NBIA, are notably absent or subtle early on in the 
disease course of PLAN. Specifically, the infan-
tile and childhood variants often do not demon-
strate iron deposition in the pallidum. The 
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adult-onset PLAN usually reveals iron deposition 
in the globus pallidus along with variable cere-
bellar atrophy [5].

28.8	� Mitochondrial Membrane 
Protein-Associated 
Neurodegeneration (MPAN)

MPAN presents in the first to third decades. 
Spasticity is a prominent feature in MPAN, and 
children often present with a spastic gait along 
with speech disturbances, optic atrophy, and neu-
ropsychiatric problems. Dystonia is usually sub-
tle in childhood MPAN.  Adults present with 
parkinsonism, gait disturbances, spasticity, and 
cognitive impairment. Both variants may develop 
lower motor neuron signs, including atrophy and 
areflexia, as the disease progresses. MPAN is 
slow to progress in majority of patients, espe-
cially with the childhood-onset variant. 
Dysphagia and severe cognitive impairment 
complicate the later stages of this disease. MRI 
brain reveals T2 hypointensities in the globus 
pallidus and substantia nigra. T2 hyperintense 
streaking of the medial medullary lamina within 
the pallidum is often seen and can be mistaken 
for “eye of the tiger” sign.

28.9	� Beta-Propeller Protein-
Associated 
Neurodegeneration (BPAN)

BPAN, earlier known as static encephalopathy 
with neurodegeneration in adulthood (SENDA), 
is characterized by a cerebral palsy-like illness in 
childhood followed by progressive decline in 
adulthood. In the initial phase, children suffer 
from global developmental delay without obvi-
ous regression, autistic features, spasticity, and 
seizures, leading to a diagnosis of static encepha-
lopathy. Sleep disorders like hypersomnolence, 
hyposomnolence, and abnormal REM sleep are 
seen in some children. Hand stereotypies akin to 
Rett syndrome may be prominent in others. This 
state of static deficits is followed by the develop-
ment of dystonic posturing, parkinsonism, and 

cognitive impairment in adolescence or early 
adulthood. Parkinsonism may be levodopa 
responsive in the initial stages; however, effects 
are short lasting, and motor and behavioral com-
plications may emerge. Due to its unusual inheri-
tance pattern (X-linked dominant) majority of the 
patients are female. During the static phase in 
childhood, MRI brain is usually normal. During 
the later deterioration phase, typical features are 
seen consisting of T2 hypointensities in the glo-
bus pallidus, substantia nigra, and cerebral 
peduncles. The substantia nigra is markedly 
involved, and on T1, a hyperintense “halo” is 
seen around the substantia nigra, extending to the 
cerebral peduncles.

28.10	� Fatty Acid Hydroxylase-
Associated 
Neurodegeneration (FAHN)

FAHN presents in the first decade of life with spas-
tic gait, dystonia, and cerebellar signs. It progresses 
rapidly to loss of ambulation, speech, and swallow-
ing disturbances. Optic atrophy, seizures, and cog-
nitive decline are frequent accompaniments. FA2H 
gene mutations were initially described as being 
associated with leukodystrophy and complicated 
hereditary spastic paraplegia (HSP35). MRI brain 
reveals T2 hyperintense lesions in the white matter, 
thin corpus callosum, and widespread atrophy of 
the cerebellum, brainstem, and spinal cord. T2 
hypointensities may be seen in the globus pallidus 
but are not universally present.

28.11	� Coenzyme A Synthase 
Protein-Associated 
Neurodegeneration (CoPAN)

CoPAN is a rare NBIA that presents in the first 
few years of life with gait problems and cognitive 
decline. As the disease progresses craniobulbar 
dystonia, parkinsonism, speech disturbances, 
spasticity, and peripheral neuropathy predomi-
nate. MRI brain reveals non-homogeneous T2 
hypointensities in the globus pallidus with medial 
T2 hyperintensity.
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28.12	� Kufor-Rakeb Syndrome

Kufor-Rakeb syndrome is a classic example of a 
pallidopyramidal syndrome with prominent 
akinetic-rigid parkinsonism and spasticity 
(PARK9) [6]. Prominent supranuclear gaze 
involvement is seen, and juvenile progressive 
supranuclear palsy is another descriptive term 
used for this disorder. Distal myoclonic jerks 
over the face, fingers, and tremors are also seen 
in some patients. Generalized cortical atrophy is 
a prominent finding on the MRI brain, and T2 
hypointensities in the basal ganglia may not be 
prominent, especially in the early stages of the 
disease.

28.13	� Neuroferritinopathy

Neuroferritinopathy is classically a late-onset 
NBIA which presents beyond the third decade of 
life. In addition to orofacial dystonia, parkinson-
ism, and cognitive decline common to most 
NBIA, chorea is often a prominent feature. 
Investigations reveal a low serum ferritin. MRI 
brain reveals T2 hypointensities in the caudate, 
putamen, globus pallidus, thalamus, substantia 
nigra, and red nucleus.

28.14	� Aceruloplasminemia

Aceruloplasminemia presents in late adulthood 
with the classic triad, including extrapyramidal 
movement disorder, diabetes, and retinitis pig-
mentosa [7]. Most patients also have microcytic 
anemia and cognitive decline. The movement 
disorder phenotype is heterogeneous, with cra-
nial dystonia, parkinsonism, ataxia, tremor, and 
chorea present often. Investigations reveal low or 
absent serum ceruloplasmin, elevated ferritin, 
low serum copper, low serum iron, and normal 
urinary copper. MRI reveals extensive iron accu-
mulation and T2 hypointensities in the globus 
pallidus, substantia nigra, putamen, red nucleus, 
thalamus, and dentate nucleus of the cerebellum. 
Iron accumulation can also be seen in the liver on 
MRI.

28.15	� Woodhouse-Sakati 
Syndrome

Woodhouse-Sakati syndrome is a multisystem 
disorder with endocrine, dermatological, and 
neurological manifestations. Patients present 
with hypogonadism, diabetes mellitus, alopecia, 
intellectual disability, and sensorineural hearing 
loss. Neurological manifestations include dysto-
nia, speech, and swallowing problems. MRI 
brain reveals T2 hypointensities in the basal gan-
glia and T2 hyperintensities in the white matter.

28.16	� Idiopathic NBIA

In 5–15% of patients in research cohorts, under-
lying etiology cannot be identified with existing 
genetic study techniques. These patients with 
progressive neurological impairment and evi-
dence of iron deposition in the basal ganglia are 
currently grouped as idiopathic NBIA.

28.17	� Diagnosis

In patients with the typical clinical features, 
NBIA is often suspected when an MRI of the 
brain reveals the characteristic pattern of iron 
accumulation. The addition of MRI sequences 
specifically sensitive to iron-such as gradient 
echo sequences (GRE) or susceptibility-weighted 
imaging (SWI) in addition to the routine 
T2-weighted and T1 sequences will increase the 
yield of MRI in a patient with suspected 
NBIA.  Sometimes, repeat MR imaging as the 
disease progresses may demonstrate iron deposi-
tion that was absent in the initial scans. In addi-
tion to a detailed neurological examination all 
patients should undergo an ophthalmologic eval-
uation to detect optic atrophy, pigmentary reti-
nopathy, or saccadic and gaze abnormalities. 
Serum levels of ceruloplasmin, ferritin, iron, and 
copper as well as urinary copper need to be esti-
mated. Peripheral smear may reveal acanthocytes 
in PKAN.  Electrophysiological testing may 
include nerve conduction studies for coexisting 
peripheral neuropathy (FAHN, CoPAN, and 
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neuroferritinopathy) and electroencephalography 
for high-frequency anteriorly dominant dis-
charges in INAD.  Final diagnosis is usually 
achieved by genetic testing. A step-wise approach 
using targeted sequencing of suspected genes 
individually or a broader approach using whole 
exome or genome sequencing may be adopted. 
Genetic testing for the major NBIA is now avail-
able commercially in the Indian subcontinent.

28.18	� Differential Diagnosis

Differential diagnoses are among the NBIA once 
MRI reveals definite mineral deposition [8]. In 
subjects without definite iron deposition or prior 
to availability of imaging differential diagnoses 
include Wilson’s disease, leukodystrophies, com-
plicated hereditary spastic paraplegia, mitochon-
drial disorders, and lysosomal storage disorders. 
In adult patients, other degenerative movement 
disorders like progressive supranuclear palsy, 
multiple system atrophy, and corticobasal degen-
eration may be suspected. Neuroferritinopathy 
may raise suspicion of Huntington’s disease or 
neuroacanthocytosis syndromes.

28.19	� Treatment

Treatment remains symptomatic management of 
the movement disorders and other problems. 
Parkinsonism may respond to levodopa tran-
siently, soon followed by the emergence of motor 
fluctuations and dyskinesias. There are reports of 
longer duration responses in a few patients. 
Dystonia and spasticity are treated with anticho-
linergics, baclofen, benzodiazepines, and tetra-
benazine. Botulinum toxin may be offered for 
focal dystonia. Seizures can be managed by stan-
dard antiseizure medications. Patients at all 
stages of disease may benefit from physiotherapy 
and speech therapy. At advanced stages, percuta-
neous gastrostomy tube insertion may be consid-
ered for nutrition. Deep brain stimulation of the 
globus pallidus interna has been used in patients 
with NBIA, particularly PKAN, with modest 
improvements (26%) in dystonia at 1-year fol-
low-up [9]. Patients with atypical PKAN and 

severe dystonia responded better than patients 
with typical PKAN.  There is no curative or 
disease-modifying treatment available currently 
for any of the NBIA.  Iron-chelating agents like 
deferiprone have been shown to reduce T2 
hypointensities in the globus pallidus in a few 
patients; however, evidence of clinical improve-
ment is not documented [10].
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Case Vignette
A 60-year-old woman, homemaker, right-handed, 
educated till primary school, who speaks 
Kannada and Telugu, was brought by her hus-
band with complaints of change in behaviour for 
the past 3  years. A premorbidly well-adjusted, 
empathetic extrovert personality was noticed to 
gradually behave abnormally. The first time, the 
husband noticed that the wife was careless about 
her valuables and jewellery which she wore at a 
family gathering. Subsequently, she was found to 
forget to switch off the gas stove, adding too 
much salt in food, not able to plan for a meal or 
cook, and having difficulty in mingling with rela-
tives. She was also found to have irritability, 
anger outbursts, hoarding of plastics, pins, and 
garments underneath her bed, and developed 
increased craving for sweets. She was often seen 
to perform pooja and repeatedly lighting the lamp 
and was not interested in talking or playing with 
grandchildren. She was not able to plan her pack-
ing when they went on a pilgrim trip. She was not 
bothered when her son got ill and sick. She was 
not interested in social gatherings, stopped seeing 
and following her TV serials, and had sleep dis-
turbances. She began to occasionally forget 
names of son and daughter as well. She also was 
found to have difficulty in identifying the rupee 

notes and in transacting the money bills in gro-
ceries. Gradually, she also had difficulty in 
remembering recent conversations and would 
forget if she had breakfast and would quarrel with 
her daughter for not feeding her. She missed all 
her medications and misplaced them, and kept on 
searching her dentures.

Over the next 1 year, as per the caretakers, she 
was found to be unkempt and was not interested 
in keeping herself clean; she had to be coaxed to 
brush and bathe. She was not able to bathe her-
self, was wearing one blouse over the other, and 
forgot to flush her washroom. She had a new-
found interest in painting her sarees and pillow 
covers. She was eating very hurriedly, and her 
eating pattern had changed. She was, however, 
able to identify the places and never got lost. 
There was no family history of dementia, psychi-
atric illness, or motor weakness. Gradually over 
the next 6 months, when the couple came for 
follow-up, she was found to be slow in all activi-
ties, spoke very less, was not interested, amoti-
vated to do all her daily activities. She 
occasionally uttered few words and was mute 
most of the times. She also had developed occa-
sional unconcerned urinary incontinence. There 
was no family history of psychoses, dementia, 
motor weakness or movement disorders.

A detailed neurological examination revealed 
an elderly woman with poor personal hygiene. 
She lacked insight about her illness and was quiet 
most of the times, trying to touch and handle 
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most objects in the room. On repeated coaxing, 
she could only understand simple commands and 
she could only utter few words; she had difficulty 
in reading, naming, and was often referring 
things as “it” and “that”. She was not able to per-
form Luria tests; she had verbal and motor perse-
veration. She had early parkinsonian features and 
was slow with reduced blink rate, expressionless 
face, and had slow gait with reduced arm swing. 
There were no tremors, and she had primitive 
reflexes like grasp reflex, palmomental reflex, 
and snout reflex present.

With this history and examination, in view of 
the late onset of behavioural symptoms, person-
ality changes, loss of insight, apathy, amotiva-
tion, loss of empathy, difficulty in decision 
making, dysexecution, loss of personal hygiene, 
incontinence and parkinsonian features with 
release reflexes, the possibility of frontotemporal 
dementia-behavioural variant evolving to pri-
mary progressive aphasia was considered. 
Neuropsychological assessment showed dys-
function of dorsolateral prefrontal cortex and 
medial temporal lobe. MRI of her brain revealed 
significant frontotemporal atrophy, especially of 
the orbitofrontal region and also cerebellum. Her 
CSF analysis and other workup for dementia, 
including vitamin B12 and thyroid function, were 
all normal. Whole exome sequencing did not 
reveal any abnormal genetic mutations. Repeat 
primer PCR (RP-PCR) analysis revealed hetero-
zygous mutation in expanded GGGGCC hexa-
nucleotide repeat in C9ORF72.

Caregivers were explained about the nature 
and prognosis of the disease, and she was started 
on tablet fluoxetine along with appropriate 
behavioural therapy and was advised regular fol-
low-up. Speech therapy, physical therapy, and 
cognitively stimulating activities were started. 
Caregiver burden was assessed and addressed.

29.1	� Introduction

Frontotemporal dementia (FTD) is a heteroge-
neous neurological disorder that involves a range 
of behavioural, cognitive, and motor weakness. It 
is associated with selective degeneration of the 

prefrontal and anterior temporal cortex. FTD 
commonly affects individuals at a younger age 
than Alzheimer’s dementia and frequently has a 
familial history, presenting with intricate and 
overlapping clinical symptoms, psychiatric man-
ifestations, and varying patterns of genetic 
expression and imaging biomarkers. 
Consequently, the diagnosis and treatment of 
FTD pose significant challenges [1].

29.2	� Epidemiology 
of Frontotemporal Dementia

Frontotemporal dementia is one of the leading 
causes of early-onset dementia, typically occur-
ring before the age of 65. Its prevalence is esti-
mated to be 15 cases per 100,000 individuals 
between 45 and 64 years. The average age of onset 
is around 56 years, and survival rates range from 3 
to 14  years following diagnosis. Approximately 
40% of FTD cases have a familial component, and 
about 10–15% of cases exhibit an autosomal dom-
inant inheritance pattern. In a study conducted in 
India, out of 347 dementia patients assessed at a 
memory clinic, 65 individuals (18.7%) were diag-
nosed with frontotemporal dementia. Among these 
patients, 24 had behavioural-variant FTD (bvFTD), 
14 had progressive nonfluent aphasia (PNFA), 14 
had semantic dementia (SD), 5 had corticobasal 
degeneration (CBD), and 8 had FTD-motor neu-
ron disease [2–4].

29.3	� Clinical Features of FTD

FTD is characterized by a wide range of clinical 
variations, often accompanied by early-onset 
behavioural disturbances that can be mistakenly 
attributed to psychiatric disorders. Furthermore, 
there is increasing evidence of connections 
between FTD and other neurodegenerative con-
ditions such as motor neuron disease (MND), 
corticobasal degeneration (CBD), and progres-
sive supranuclear palsy (PSP). This overlap 
expands the clinical spectrum of FTD syndromes, 
further complicating the diagnosis and under-
standing of the disorder [5].
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29.4	� Behavioural-Variant 
Frontotemporal Dementia 
(bvFTD)

The most common form of FTD is behavioural-
variant FTD (bvFTD), characterized by noticeable 
and early alterations in personality and behaviour, 
even in the absence of significant cognitive decline. 
Dysfunction in the reciprocal neural connections 
between the orbitofrontal, dorsolateral prefrontal, 
and medial prefrontal cortices, as well as subcorti-
cal brain nuclei are implicated in same. Positive 
symptoms of bvFTD encompass perseverative or 
compulsive behaviours, disinhibition, impulsivity, 
stereotypic and ritualistic behaviour, food fixation, 
and hyperorality. On the other hand, negative 
symptoms include diminished empathy and moti-
vation, as well as impaired planning and decision-
making abilities [5, 6].

Patients with bvFTD commonly experience 
profound deficits in understanding and processing 
the emotional states of others, leading to a lack of 
empathy and sympathy towards both strangers and 
close relationships. This impairment in social cog-
nition is associated with the involvement of the 
right anterior temporal lobe, right medial orbito-
frontal cortex (OFC), and anterior insula. Another 
striking feature is disinhibition, due to the involve-
ment of the orbitofrontal cortex, which can mani-
fest as engaging in socially inappropriate 
behaviours such as cursing, spitting, hugging 
strangers, public urination, engaging in inappro-
priate sexual acts, or sharing offensive jokes. 
Furthermore, behavioural disinhibition may 
extend to criminal behaviours, impulsivity, reck-
less driving, the onset of gambling or substance 
abuse, or unnecessary excessive purchasing. In 
addition to emotional and behavioural changes, 
patients with bvFTD may exhibit repetitive motor 
actions or verbalizations, including clapping, tap-
ping, rubbing, humming, throat clearing, and other 
similar behaviours. They often engage in more 
complex repetitive movements and utterances, 
such as repetitive counting, elaborate cleaning 
routines, frequent trips to the bathroom, or repeat-
edly vocalizing specific phrases. Importantly, indi-
viduals with bvFTD are typically unaware of how 
their behaviours affect others, a phenomenon 

known as a loss of “theory of mind”. Another con-
sequence of bvFTD is dysexecutive functioning, 
resulting from the involvement of the dorsolateral 
prefrontal cortex. This can manifest as difficulties 
in multitasking, poor working memory, inflexibil-
ity in thinking, and imitation and utilization behav-
iours. It is essential to recognize that these various 
features can occur within the same individual at 
different stages of the disease progression [7, 8].

Neurological examination may reveal poor per-
sonal hygiene, loss of insight, lack of proper man-
ners, dull affect, restlessness, environmental 
dependency and frontal release signs. 
Extrapyramidal or motor neuron signs can also 
manifest [9]. Indian patients are reported to present 
with advanced and florid disease. Utilization, imi-
tation, and environmental dependency behaviours 
were observed in a significant proportion [10, 11]. 
Social cognition deficits characterized by loss of 
empathy, poor emotion recognition, and impaired 
theory of mind have also been reported in FTD 
patients in the Indian context using culturally 
adapted tests. Caregiver-based questionnaires and 
the application of behavioural scales that include 
Neuropsychiatric Inventory and Cambridge 
Behavioural Inventory assist in diagnosing 
bvFTD.  Addenbrooke’s Cognitive Examination 
detects majority of cases at presentation and dis-
criminates FTD from Alzheimer dementia more 
than MMSE [12, 13]. The Frontotemporal 
Dementia Rating Scale aids in staging the severity 
of FTD and in determining disease progression. 
The cross cultural adapted Indian semantic battery 
is sensitive to detect semantic memory impairment 
in subjects with FTD.

29.5	� Diagnostic Criteria

Multiple diagnostic criteria have been established, 
including the Lund Manchester criteria (1994), 
Neary criteria (1998), and the criteria proposed by 
McKhann et al. (2001). Although the Neary crite-
ria were initially widely adopted, the International 
Behavioural Variant FTD Criteria Consortium 
(FTDC) has since revised the diagnostic guide-
lines for bvFTD, as outlined by Rascovsky et al. 
(2011) (Table 29.1) [14]. The criteria for diagnos-
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Table 29.1  Rascovsky criteria for BvFTD 2011

I. Neurodegenerative disease
The following symptom must be present to meet criteria for bvFTD
 �� A. �Shows progressive deterioration of behaviour and/or cognition by observation or history (as provided by a 

knowledgeable informant)
II. Possible bvFTD
Three of the following behavioural/cognitive symptoms (A–F) must be present to meet criteria. Ascertainment 
requires that symptoms be persistent or recurrent, rather than single or rare events
 �� A. Early* behavioural disinhibition [one of the following symptoms (A.1–A.3) must be present]:
 ��   1. Socially inappropriate behaviour
 ��   2. Loss of manners or decorum
 ��   3. Impulsive, rash, or careless actions
 �� B. Early apathy or inertia [one of the following symptoms (B.1–B.2) must be present]:
 ��   1. Apathy
 ��   2. Inertia
 �� C. Early loss of sympathy or empathy [one of the following symptoms (C.1–C.2) must be present]:
 ��   1. Diminished response to other people’s needs and feelings
 ��   2. Diminished social interest, interrelatedness, or personal warmth
 �� D. �Early perseverative, stereotyped, or compulsive/ritualistic behaviour [one of the following symptoms 

(D.1–D.3) must be present]:
 ��   1. Simple repetitive movements
 ��   2. Complex, compulsive, or ritualistic behaviours
 ��   3. Stereotypy of speech
 �� E. Hyperorality and dietary changes [one of the following symptoms (E.1–E.3) must be present]:
 ��   1. Altered food preferences
 ��   2. Binge eating, increased consumption of alcohol or cigarettes
 ��   3. Oral exploration or consumption of inedible objects
 �� F. �Neuropsychological profile: Executive/generation deficits with relative sparing of memory and visuospatial 

functions [all of the following symptoms (F.1–F.3) must be present]:
 ��   1. Deficits in executive tasks
 ��   2. Relative sparing of episodic memory
 ��   3. Relative sparing of visuospatial skills
II. Probable bvFTD
All of the following symptoms (A–C) must be present to meet criteria:
 �� A. Meets criteria for possible bvFTD
 �� B. �Exhibits significant functional decline (by caregiver report or as evidenced by Clinical Dementia Rating Scale 

or Functional Activities Questionnaire scores)
 �� C. Imaging results consistent with bvFTD [one of the following (C.1–C.2) must be present]:
 ��   1. Frontal and/or anterior temporal atrophy on MRI or CT
 ��   2. Frontal and/or anterior temporal hypoperfusion or hypometabolism on PET or SPECT
III. Behavioural-variant FTD with definite FTLD pathology
Criterion A and either criterion B or C must be present to meet criteria:
 �� A. Meets criteria for possible or probable bvFTD
 �� B. Histopathological evidence of FTLD on biopsy or at post-mortem
 �� C. Presence of a known pathogenic mutation
IV. Exclusionary criteria for bvFTD
Criteria A and B must be answered negatively for any bvFTD diagnosis. Criterion C can be positive for possible 
bvFTD but must be negative for probable bvFTD.
 �� A. Pattern of deficits is better accounted for by other non-degenerative nervous system or medical disorders
 �� B. Behavioural disturbance is better accounted for by a psychiatric diagnosis
 �� C. Biomarkers strongly indicative of Alzheimer’s disease or other neurodegenerative process
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ing bvFTD establish a hierarchical classification 
into three categories: possible, probable, and defi-
nite. This classification is determined by consid-
ering a range of factors, including clinical 
presentation, neuroimaging findings, molecular 
analyses, and histopathological data.

29.6	� Molecular Pathology

The description of frontotemporal dementia dates 
back to 1892 when it was first documented by 
neuropsychiatrist Arnold Pick. In 1911, Alois 
Alzheimer confirmed the presence of distinct 
neuronal inclusions called Pick bodies, which 
exhibited intense argyrophilic staining. 
Macroscopically, frontotemporal lobar degenera-
tion (FTLD) results in focal atrophy of limbic, 
paralimbic, and associated cortices of frontal and 
temporal lobes, insular cortex, and subcortical 
nuclei. It is associated with the accumulation of 
abnormal protein inclusions in the neurons and/
or glial cells of the brain. These abnormal protein 
inclusions include tau protein (FTLD-tau), trans-
active response DNA-binding protein 43 (FTLD-
TDP), fused-in sarcoma (FTLD-FUS) protein, 
and dipeptide proteins derived from mutated 
forms of the C9ORF72 gene. The majority of 
pathologically confirmed cases of FTLD are 
characterized by the presence of tau protein 
(FTLD-tau) or TDP-43-positive (FTLD-TDP) 
inclusions that can be visualized using ubiquitin 
staining  [15]. Several biofluid biomarkers like 
assays for Aβ42, p-tau181, t-tau, TDP-43, 
Progranulin levels, Neurofilament estimation 
helps in discriminating FTD from other neurode-
generative dementias.

29.7	� Genetics in FTD

Currently, the majority of familial cases of 
FTLD have been associated with mutations in 
three genes that exhibit nearly 100% pene-
trance: microtubule-associated protein tau 
(MAPT), granulin (GRN), and C9 open reading 
frame 72 (C9ORF72). Additionally, five other 
genes have been identified to be linked with a 
small number of families affected by FTLD: 
valosin-containing protein, charged multivesic-
ular body protein 2b, fused-in sarcoma (FUS), 
TAR DNA-binding protein, and the UBQLN2 
gene [16]. In the Indian context, around 9.5–
20% of patients have a family history of demen-
tia which is much lesser than reported in 
Caucasian population (30-50%). MAPT and 
C9orf72 have not so far been detected in the 
dementia groups, and only one novel PGRN 
mutation was detected, contributing to the het-
erogeneity of FTD in India [17]. More studies 
focusing on newer FTD genes/mutations are 
required in the Asian population.

29.8	� Clinical, Pathological, 
and Genetic Correlations 
in FTD

The identification of genes associated with FTLD 
has brought together various aspects of knowl-
edge, including neuropathology, neuroimaging, 
and clinical syndromes. This convergence of 
information has broadened our understanding of 
the different phenotypes associated with both 
hereditary and sporadic forms of FTLD 
(Table 29.2).
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29.9	� Imaging in bvFTD

Coronal imaging of patients with behavioural-
variant FTD reveals noticeable atrophy in the mesial 
frontal, orbitofrontal, and anterior insula cortices. 
Frontal or anterior temporal lobe hypoperfusion on 
SPECT and right temporal/right or bilateral frontal 
lobe hypometabolism on FDG-PET imaging help 
in discriminating FTD from AD.  The role of tau 
tracer imaging is under investigation currently. 
Second generation Tau tracers like 18F-MK-6240 
has shown to be potential biomarker for tau in FTD 
espeically in those with genetic tau mutations. 
Voxel-based morphometry, cortical thickness map-
ping, arterial spin labelling, diffusion tensor imag-
ing, and functional MRI also show specific changes 
in early bvFTD [16, 18]. MRI studies have demon-
strated specific neuroanatomical patterns associated 
with the different FTD pathologies, which could 
potentially be useful biomarkers in FTD. There are 

specific imaging atrophy patterns described in rela-
tion to specific mutations by visual rating scales. 
MAPT mutations typically result in symmetrical 
involvement of the anterior and medial temporal 
lobes, while GRN mutations are associated with 
asymmetric loss in the frontal and parietal regions. 
In contrast, C9ORF72 mutations tend to exhibit a 
more widespread pattern of brain involvement and 
also atrophy of thalamus and cerebellum [19]. 
Multimodal MRI features and atrophy patterns are 
also described for presymptomatic genetic carriers 
in FTD [19].

29.10	� Patient Management 
and Future Challenges

Currently, there are no approved treatments specifi-
cally designed to cure frontotemporal dementia 
(FTD). The primary management strategy for FTD 

Table 29.2  Genetics of FTD

Gene Chromosome Protein Inheritance
Microtubule-
associated protein 
tau (MAPT)

17q21.32 Microtubule-
associated tau 
protein

AD bvFTD, PSP, CBSbvFTD with 
parkinsonism, semantic PPA

C9ORF72 9p21.2 Unknown Uncertain bvFTD, ALS, FTLD-ALS, PPA
GRN 17q21.31 Progranulin AD bvFTD, PPA, semantic-variant 

PPA, CBS
TAR DNA-binding 
protein (TARDBP)

1q36 TDP-43 AD/AR ALS, FTLD-ALS, FTD, semantic 
PPA

VCP 9p13.3 Valosin-containing 
protein

AD Multisystem proteinopathy 
IBM-FTD, bvFTD, semantic PPA, 
FTD-ALS

CHMP2B 3p11.2 Charged 
multivesicular 
body protein 2B

AD bvFTD, bvFTD with 
parkinsonism, FTD-ALS

DCTN1 2p13 Dynactin AD Perry syndrome, bvFTD, PSPs, 
FTD-ALS

FUS 16p11.2 Fused-in sarcoma AD/AR FTD-ALS (more rarely bvFTD)
SIGMAR1 9p13.3 Sigma non-opioid 

intracellular 
receptor 1

AD/AR FTD-ALS

TBK1 12q14 TANK-binding 
kinase 1

AD FTD-ALS

UBQLN2 Xp11.21 Ubiquilin-2 Dominant 
(X-linked)

FTD-ALS

CHCHD10 22q11.23 Coiled-coil-helix-
coiled-coil-helix 
domain containing 
10

AD with 
incomplete 
penetrance

FTD-ALS

# AD, autosomal dominant; AR, autosomal recessive (Adapted from Finger 2016 and Fillipi 2016)
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focuses on increasing awareness, providing educa-
tion, and addressing behavioural issues in patients. 
This includes implementing physical therapy, gait 
and balance training, as well as occupational ther-
apy to support the individual’s functional abilities. 
The management of FTD involves establishing a 
social support network that includes psychiatric 
and voluntary services. It is important to provide a 
range of care options, such as day care, respite care, 
and residential care, to meet the specific needs of 
patients. Additionally, caregiver stress manage-
ment is an essential component of FTD manage-
ment, as caregivers play a crucial role in the overall 
well-being of the affected individuals.

Trials of modulation of serotonin in FTD 
using selective serotonin reuptake inhibitors 
(SSRI) such as citalopram, paroxetine, sertraline, 
or trazodone have shown benefits. They are used 
to treat disinhibition, irritability, or compulsive 
behaviours. Randomized controlled trials have 
shown that SSRIs, trazodone, and amphetamines 
are useful in behavioural symptoms in FTD and 
are well tolerated. Use of antipsychotics like ris-
peridone and quetiapine for behavioural issues is 
reserved for severe cases, along with behavioural 
management, and for a short duration.

In the last decade, there has been an enormous 
understanding of genetics, molecular pathology, 
and radiology, increasing the scope for develop-
ing disease-modifying drugs for FTD. The con-
tribution of Next generation sequencing, whole 
exome sequencing and genome wide association 
studies along with pathological studies has 
helped us understand the entanglements of the 
overlap syndromes of FTD and has opened up 
new pathways for clinical trials and management 
options. There are ongoing clinical trials using 
anti-tau antibodies and vaccines with tau pep-
tides. FOXY study is exploring the role of intra-
nasal oxytocin for improving social cognition in 
FTD.  Several antisense oligonucleotides (ASO) 
which reduce RNA accumulation have been 
identified in C9orf72-induced pluripotent stem 
cells. Drugs like nimodipine and FRM-0334, a 
histone deacetylase inhibitor, have been tried to 
enhance PGRN expression in those with GRN 
mutations [20]. Dozens of disease-causing pro-
granulin mutations have been identified, and 

most result in lowered levels of progranulin. 
Understanding how exactly low progranulin lev-
els cause neurodegeneration is the central focus 
of the Bluefield Research Consortium. Intrathecal 
ASO targeting expanded c9orf RNA are in trials 
for those with FTD and ALS spectrum due to 
C9orf mutations.
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30Parkinson’s Disease

Ragesh Karn

Case Scenario
A 70-year-old ex-army officer, presented with 
progressive slowness of movement and resting 
tremor of hands (right > left) for 12 years. He was 
being treated with medicines along with physio-
therapy and had been doing well until 3 years 
earlier. Then, he developed additional progres-
sive difficulty in walking characterized by sud-
den stopping while walking and tendency to fall 
while turning around. There were abnormal 
movements in the form of slow jerky and tonic 
posturing of upper limbs, neck and trunk which 
were prominent during the period of off-
medicines. These symptoms had significantly 
increased in last 2–3 months. He gave history of 
erectile dysfunction. There was no abnormal 
movement of jaw or tongue, fall, imbalance, diz-
ziness, diplopia on upgaze, or impaired smell and 
taste sensations. He had no recent stress, fever, 
cough, burning micturition, or other systemic 
diseases like hypertension, diabetes mellitus, or 
pulmonary tuberculosis. He was non-vegetarian, 
an ex-smoker, and had given up alcohol con-
sumption 3 years before.

On examination, his vitals and other general 
physical condition were normal without postural 
drop in blood pressure. On neurological exami-
nation, there was no nystagmus or restriction of 

eye movements. He had generalized increased 
tone with lead pipe rigidity in bilateral elbow 
movement and cogwheel rigidity in bilateral 
wrist movement with normal power of limbs. 
There were normal bilateral deep tendon reflexes 
and bilateral planter was down-going. He had 
abnormal gait with difficulty in initiation of 
walking, turning around, freezing, and positive 
pull test. He had positive glabellar tap and palmo-
mental reflexes, with normal cerebellar, sensory, 
superficial reflexes, and absent meningeal signs. 
On investigation, his laboratory investigations 
and neuroimaging of the brain were normal. He 
was diagnosed with Parkinson’s disease and was 
treated with increased frequency of levodopa 
along with addition of dopamine agonist. At 
1-month follow-up, he was doing well and was 
able to walk independently without periodic fluc-
tuation in symptoms.

30.1	� Introduction

Parkinson’s disease (PD) is a chronic neurode-
generative disorder that has slow progressive 
motor and non-motor symptoms. Tremor, rigid-
ity, bradykinesia, and postural instability are the 
common clinical manifestations of 
PD.  Depression and anxiety are frequent non-
motor symptoms seen in PD. Dementia usually 
develops in the advanced stage of PD [1]. Other 
symptoms are hyposmia or anosmia, pain and 
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abnormal sensory symptoms, sleep-related disor-
ders, and dysautonomia [1].

Although the causes of PD are usually 
unknown, both genetic and environmental factors 
contribute to its pathogenesis [2]. Certain pesti-
cides and prior head injuries increase the risk, 
while reduced risk has been found to be associ-
ated with tobacco and tea or coffee consumption 
[2]. The motor dysfunctions are due to decreased 
dopamine-containing cells in the substantia nigra 
secondary to intracellular accumulation of Lewy 
bodies [2]. Diagnosis is usually done by clinical 
features and neuroimaging is used to rule out 
other diseases.

30.2	� Classification

Parkinson’s disease, also known as “idiopathic 
parkinsonism,” is the most common form of par-
kinsonism [3]. Some identifiable causes of par-
kinsonism are toxins, infections, drug effects, 
metabolic abnormality, and stroke. Many degen-
erative disorders of the brain are also associated 
with parkinsonism and are termed “Parkinson’s 
plus” syndromes or “atypical parkinsonism,” for 
example multiple system atrophy (MSA), pro-
gressive supranuclear palsy (PSP), corticobasal 
degeneration (CBD), and Lewy body dementia 
(DLB) [3].

30.3	� Clinical Features

30.3.1	� Motor

The commonest motor sign is low frequency, 
resting, and pill-rolling hand tremor, where the 
index finger and thumb have a tendency to repeat-
edly touch each other in a circular fashion, which 
disappears with voluntary movement and in 
deeper sleep [4]. Bradykinesia is the most com-
mon feature of PD, and is due to disturbances in 
initiation and execution of motor planning. 
Rigidity is caused by increased muscle tone lead-
ing to resistance to limb movement, which can be 
uniform (lead-pipe) or ratchety (cogwheel) [3, 4]. 
The combination of tremor and increased tone 

leads to cogwheel rigidity. There is also associ-
ated reduced arm swing and sometimes rigid and 
painful shoulder joints and spine. Postural 
impairment is frequently observed during presen-
tation due to abnormal postural reflexes, which is 
further worsened by rigidity and bradykinesia. 
Later, it can lead to imbalance and repeated falls, 
decreased mobility, and even fractures [5].

Other recognized motor clinical features 
include abnormal gait and postural instability 
such as festination (fast shuffling steps and a 
forward-bending posture with decreased arm 
swing). Freezing of gait is characterized by tran-
sient arrests while walking, and feet appear to get 
stuck to the floor, especially while turning. A 
monotonous hypophonic voice, masked facies, 
and micrographic handwriting that gets progres-
sively smaller are some other common features 
[6].

30.3.2	� Non-Motor

Neuropsychiatric disturbances in PD range from 
mild to severe cognitive, mood and behavioral 
disorders [4]. Executive dysfunction is frequently 
observed in PD patients, involving planning dif-
ficulty, impairment of abstract thinking, poor 
working memory, and reduced attention [7]. In 
comparison to the general population, they have a 
2- to 6-fold higher risk of dementia [4, 7]. 
Increase in age and duration of illness are associ-
ated with the prevalence of dementia in 
PD. Dementia in PD causes reduction in quality 
of life in both patients and their caregivers, raises 
complications and mortality, and increases the 
need for in-hospital care [7]. Behavior and mood 
disorders are usually present in PD patients with 
dementia. Depression, apathy, and anxiety are 
other neuropsychiatric features seen in PD 
patients [4]. Hallucinations or delusions occur in 
about half of PD patients, which are usually seen 
in the later stage. Punding, which is a repetitive 
aimless stereotyped behavior seen in PD, is 
caused by anti-Parkinson’s drugs.

Sleep disorders are frequently present in PD 
and are often associated with active motor move-
ments in sleep and sleep apnea [4]. Common 
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symptoms can be fatigue, daytime somnolence, 
REM sleep disorders, and insomnia [4]. REM 
behavior disorder (RBD) is dream-enacting 
behavior, occasionally injurious to a patient or 
their spouse, usually reported a few years before 
the onset of motor symptoms [8]. Autonomic 
dysfunction is also commonly reported, and can 
lead to orthostatic hypotension, oily skin, 
increased sweating, urinary symptoms, and sex-
ual dysfunction [4]. Constipation is usually seen 
from a few years before the onset of motor symp-
toms and can have severe complications leading 
to frequent hospital admission. Hyposmia or 
anosmia, blurred vision, pain, and paresthesia 
can occur years before PD diagnosis [4].

30.4	� Causes

30.4.1	� Environmental Factors 
and Genetics

PD is caused by a complex interaction of genetic 
and environmental factors [2]. Pesticides expo-
sure and history of head injury have been found 
to be associated with Parkinson’s disease (PD) 
with modest risks. Smoking cigarettes and drink-
ing coffee are associated with a small decrement 
in the risk of developing PD. However, low blood 
urate level has been found to be associated with 
an increased PD risk [9]. About 15% of PD 
patients have a first-degree relative affected with 
the disease [3]. Various genes related to PD have 
been identified such as SNCA, LRRK2, GBA, 
PRKN, PINK1, PARK7, VPS35, EIF4G1, 
DNAJC13, and CHCHD2, and the number is 
increasing [10].

30.5	� Epidemiology

PD ranks second among neurodegenerative brain 
disorders after Alzheimer’s disease, [2]. 
Prevalence in Western countries is found to be 
higher, with predominance in white populations 
[2, 11]. It affects about 0.3% of the general popu-
lation and men are predominantly affected with a 
male-female ratio of 3:2 [11]. PD prevalence 

increases with age and rates increases from 1% in 
those over 60 years to 4% in people over 80 years 
[12]. PD in patients below the age of 45 is likely 
to be associated with hereditary forms.

30.6	� Pathophysiology

The main pathological characteristic of PD is 
dopamine-secreting cell death in substantia nigra 
due to accumulations of alpha-synuclein protein 
(Lewy bodies) [13]. The five major pathways 
connecting cortical areas with the basal ganglia 
are motor, oculo-motor, associative, limbic, and 
orbitofrontal networks. All of them are affected 
in PD, while the motor pathway is most severely 
involved. Thus, varieties of symptoms manifest 
and lead to impairment in movement, attention, 
and learning [14].

30.7	� Diagnosis

A detailed clinical history and neurological 
examination are needed to assess for Parkinson’s 
disease. According to the MDS-PD criteria, the 
core features of the disease are classical motor 
signs of parkinsonism, which are described as 
bradykinesia with rest tremor (4–6 Hz) or rigid-
ity, or both [15]. A trial of levodopa with any sig-
nificant improvement in motor dysfunction may 
further help in the confirmation of PD diagnosis. 
Autopsy showing Lewy bodies in the midbrain is 
usually considered diagnostic. The clinical pre-
sentation of PD should be periodically reviewed 
to confirm the accuracy of the diagnosis [4, 16].

Vascular and drug-induced parkinsonisms are 
the common secondary parkinsonisms [16]. 
Similarly, Parkinson’s plus syndromes like pro-
gressive supranuclear palsy, corticobasal degen-
eration, and multiple system atrophy also need to 
be excluded [4]. Although some improvement 
may be seen in the early drug initiation phase, 
anti-Parkinson’s drugs are not very effective in 
prolonged control of symptoms in Parkinson’s 
plus syndromes [4]. Rapid progression, early 
cognitive disturbance or postural problem, dys-
autonomia, absence of resting tremor, or symme-
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try at onset may point to Parkinson’s plus 
syndrome instead of PD [17]. In case of young-
onset parkinsonism or multiple PDs in the family, 
genetic PD with autosomal-dominant or reces-
sive pattern of inheritance should be taken into 
account [3].

30.8	� Imaging

MRI is more specific in diagnosing PD, specifi-
cally if iron-sensitive T2 and SWI sequences 
have been done in at least 3T MRI.  It shows 
absence of the “swallow tail,” which is the hyper-
intense signal within the substantia nigra that has 
very high sensitivity and specificity. It also helps 
in distinguishing it from Parkinson’s plus disease 
[18]. In both PD and PD plus syndrome, there is 
less dopamine-related activity in the basal gan-
glia, elicited by PET and SPECT, which can help 
to rule out drug-induced parkinsonism [16].

30.9	� Management

Parkinson’s disease is not curable but drugs, sur-
gery, and physiotherapy can help improve the 
symptoms. The main drugs effective for motor 
symptoms are levodopa (in combination with 
dopamine decarboxylase inhibitor), catechol-O-
methyltransferase (COMT) inhibitors, dopamine 
agonists, and monoamine oxidase B (MAO-B) 
inhibitors. Drug effectiveness depends on disease 
stage and patient age at disease onset [19].

PD patients usually undergo three different 
stages: an initial stage, where some disability has 
already developed and they require drug therapy; 
a second stage associated with various complica-
tions of levodopa usage; and the final stage, 
where symptoms are unrelated to levodopa ther-
apy [20]. In the first stage, proper drug titration is 
needed for adequate control of symptoms and 
treatment-related side effects. Initial use of 
MAO-B inhibitors and dopamine agonists is sug-
gested; this may be helpful to delay the likely 
complications of early levodopa use [21]. 
However, levodopa is regarded as the most effec-
tive option for the motor symptoms and there 

should be no delay in starting this medicine for 
better quality of life in patients. Disease duration 
and its severity are more responsible for levodopa-
related dyskinesias than time period of levodopa 
therapy, so delayed use of levodopa may not pro-
vide longer dyskinesia-free time [22].

In the second stage, the main aim of treat-
ment is to reduce symptoms and control fluctua-
tions in PD patients. Rapid withdrawals or 
higher drug dosages need to be controlled [21]. 
When oral medications are not enough to con-
trol symptoms, lesioning surgery, deep brain 
stimulation (DBS), subcutaneous apomorphine 
infusion, and enteral dopamine pumps can be 
suitable [23]. DBS of the internal globus palli-
dus (GPi) and the subthalamic nucleus (STN) 
were found to be effective and safe targets in PD 
patients. Randomized control trials on DBS 
have shown better functional outcomes with 
minimal adverse effects, and therefore DBS has 
recently replaced lesioning surgery in devel-
oped nations [24, 25].

The third and final stage presents many chal-
lenging problems like psychiatric symptoms, 
orthostatic hypotension, and bladder dysfunc-
tion requiring a variety of treatments [23]. 
Palliative care is usually offered to patients in 
the final stages of the disease to improve quality 
of life [26].

30.10	� Gene Therapy

Enzymes produced by the used gene help to con-
trol its symptoms or protect the cerebral tissue 
from further damage. Four clinical trials related 
to gene therapy in Parkinson’s disease were done 
in 2010 [27]. There were no severe adverse 
events, but also no greater effectiveness of gene 
therapy was reported [27].

30.11	� Prognosis

PD is a neurodegenerative disease and patient 
symptoms progress with time. The Unified 
Parkinson’s Disease Rating Scale (UPDRS) is 
commonly used for measuring the clinical sever-
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ity of the disease. The Modified Hoehn and Yahr 
Scale is a PD staging method which is commonly 
used. Since current therapies are quite effective 
to control motor symptoms, non-motor features 
cannot be adequately managed with available 
therapy [27]. Without adequate treatment, motor 
symptoms progress rapidly in the early stages of 
the disease and more slowly later. Consequently, 
patients become wheelchair bound after about 
8 years and become bedridden after 10 years of 
disease onset [28].
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31Trigeminal Neuralgia

Bibhukalyani Das and Supriyo Choudhury

Case Scenario
A 52-year-old hypertensive female presented with 
a lancinating pain in right side of face for 15 years, 
frequently affecting her daily life activity. 
Chewing food or brushing teeth would precipitate 
into severe facial pain, which radiated towards 
forehead and ears. Her sleep was also severely 
affected due to facial pain. She was initially 
treated with carbamazepine 100 mg/day that was 
later increased up to 400 mg/day. Her pain was 
controlled inadequately despite the additional 
administration of gabapentin at 450 mg/day. As a 
result of difficulty in taking food, she had lost a lot 
of weight in the past 1 year. The pain was distrib-
uted in all the three zones of trigeminal nerve. 
Routine blood tests and MRI of the trigeminal 
nerve were done. The trigger of pain was found to 
be confined to zone 2. We planned to perform 
transcutaneous transovale radiofrequency abla-
tion (RFA) of the trigeminal root entry zone. 
Patient was counselled for possible complica-
tions, and her consent was taken. The whole pro-
cedure was done under sedation with propofol, 
and vitals were constantly monitored. Oxygen 
was given through a nasal cannula. The position 
of the patient was supine with head-end raised up 

to 30°. The procedure was performed in a cathlab 
under C-Arm. C-Arm was focused on sub-mental 
view, and ipsilateral foramen ovale was identified. 
The RFA cannula was then introduced approxi-
mately 2 cm lateral to ipsilateral angle of mouth 
and directed towards the foramen of ovale. Upon 
penetration of foramen ovale, the patient experi-
enced extreme pain. The RF lesion generator was 
checked, and ground electrode was attached. RFA 
electrode was introduced through the cannula, 
and correct impedance was monitored to ensure 
its correct placement (Fig. 31.1). Stimulation was 
given, and the patient experienced pain similar to 
her facial pain due to trigeminal neuralgia. Three 
consecutive lesions were made at 60, 70, and 80 
centigrade for 60 s each. During lesioning, the 
corneal reflex was examined by the assistant. Ice 
pack was placed over the affected side of the face, 
and prophylactically, a single dose of 1 g of ceftri-
axone was administered. In the first follow-up, 
15 days after the intervention, the patient reported 
a reduction in pain and mild heaviness of the face, 
with no fever, an absence of Kernig’s sign, and an 
intact corneal reflex. She did not report or notice 
any complications, for example, an increase in the 
threshold of pain, corneal anaesthesia, or anaes-
thesia dolorosa. The dose of the medication was 
tapered and gradually stabilised at carbamazepine 
200 mg/day over a month. On her second follow-
up (after 2 months), she was relatively free from 
facial pain.
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a b c

Fig. 31.1  (a, b) A well-defined T2 FLAIR hyperintense 
oval lesion noted at left side of the pons along the intra-
parenchymal course of the left trigeminal nerve. The TOF 
MRA and 3D CLGS images (not shown here) didn’t 

reveal any neurovascular conflict. The imaging suggested 
of a focal demyelinating plaque. (c) RFA canula and elec-
trode in the vicinity of the trigeminal nerve root

31.1	� Introduction

Trigeminal neuralgia (TN), the most common 
of all cranial neuralgias [1], manifests with 
moderate-to-severe pain in the areas of the head 
and face. This clinical condition was first men-
tioned in ancient medical literature by a Greek 
physician, Aretaeus of Cappadocia (circa 
150 AD book 1), who described it as ‘hemicra-
nia’ [2]. Persian scholar and physician Ibn Sina 
or Avicenna (980–1037) also described a simi-
lar infirmity which appears to be a combination 
of facial palsy and TN. However, the first con-
vincing and clear description of TN was found 
in the eulogy of Dr Johannes Bausch (1605–
1665), who, unfortunately, expired due to com-
plications of TN [3]. He was the first president 
of German Academy of Sciences Leopoldina 
(the oldest continuously existing and learned 
society in the world) [4]. Nicolaus Andre, a 
French physician, in 1756 had coined the term 
“tic douloureux” (facial grimace in response to 
pain) [2]. This term is still used in modern med-
ical literature, although rarely. Another British 
physician, John Fothergill, had described the 
features of TN in his paper; till date TN is also 
known as the ‘Fothergill disease’ [2].

31.2	� Clinical Picture

The pain of TN is classically characterised by 
paroxysmal pain attacks (sudden, unexpected, 
and short-lasting). The nature of pain is usually 
stabbing, electrical shock-like, or shooting. A 
single pain paroxysm could last for a few sec-
onds to hours, appearing intermittently [5]. The 
pain-free interval is known as the refractory 
period, which could last for minutes to hours. 
The pain attack could appear several times in a 
day. These attacks could seem continuous when 
the intermittent intervals are extremely short. 
Half of the patients complain of continual aches 
or dull or burning background pain of lower 
intensity in the same area as the paroxysmal pain 
[6]. This particular type of pain is more common 
in women [7]. The refractory period could be 
due to hyperpolarisation of sensory neurons, and 
pain is often triggered by intraoral/extraoral sen-
sory stimulus, such as light touching, talking, 
chewing, brushing teeth, or simply a cold wind 
blowing against the face. Even a subtle sensory 
stimulus can potentially trigger spontaneous 
pain [8]. The pain is localised more towards the 
right side, most frequently at the second (maxil-
lary) and third (mandibular) divisions of trigemi-
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nal nerve [6]. Bilateral involvement is very rare 
and should raise suspicion of secondary TN.

Classically, TN was thought to be a progressive 
disease. However, recent studies have revealed that 
the intensity of pain and morphological changes do 
not increase with age or the duration of the disease. 
The duration of refractory period is unpredictable 
and could be due to partial remyelination. Certain 
specific autonomic symptoms could be associated 
with TN, such as tearing, rhinorrhoea, or sialor-
rhoea, and probably result from excessive pain-
induced trigeminovascular reflex [5].

31.3	� Epidemiology

It is difficult to estimate the incidence of TN due 
to misdiagnosis and underreporting. As a result, 
TN has been reported quite variably across stud-
ies ranging from 4.3 to 27 new cases per 100,000 
people per year [9–11]. Female gender and 
increased age are the known risk factors for 
TN. The average age of onset is 53 years for clas-
sical TN and 43  years for secondary TN.  It is 
uncommon in younger age group [11].

31.4	� Pathophysiology

Trigeminal nerve is a sensory nerve which carries 
sensation from its three branches. These sensory 
fibres are myelinated, and in TN the myelin sheath 
could be damaged either due to multiple sclerosis or 
as a result of continuous pressure at the nerve root. 

Damaged insulation leads to abnormal connectivity 
and transmission between the sensory fibres, result-
ing in barraging the brain with signals (perceived as 
TN pain). More precisely, these demyelinated sen-
sory fibres could either generate ectopic spontane-
ous impulses due to hyper-excitability or initiate 
unnatural cross-talk with the healthy ones [12, 13]. 
The compression is by a blood vessel, usually an 
artery, in the cerebellopontine cistern and is termed 
neurovascular conflict with compression. 
Morphological changes resulting from neurovascu-
lar conflict are commonly associated with 
TN. Studies have also shown that a simple contact 
between a blood vessel and the nerve, without any 
significant morphological changes, could result in 
symptoms of TN (Fig. 31.2) [14]. As a matter of 
fact, decompression in such situations had demon-
strated improvement in selected cases. A recent 
study suggests a ‘gain in function’ of the voltage-
gated sodium channel, resulting from a missense 
mutation, in TN patients [15].

31.5	� Diagnostic Criteria and Sub-
classification as per 
International Association 
for the Study of Pain (IASP)

Following are the diagnostic criteria for TN:

•	 Orofacial pain distributed within the trigemi-
nal facial or intraoral territory

•	 Paroxysmal character of pain
•	 Pain triggered by typical manoeuvres

a bFig. 31.2  (a) 
T2-weighted image 
demonstrates a vascular 
loop around the root of 
the right trigeminal 
nerve. (b) Image 
showing microvascular 
decompression surgery 
in the same patient
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TN can be sub-classified as (a) idiopathic TN, 
where there is no apparent cause; (b) classical 
TN, which is caused by vascular compression of 
the trigeminal nerve root resulting in morpho-
logical changes of the nerve root; and (c) second-
ary TN, which is caused by major neurological 
disease, e.g., a tumour of the cerebellopontine 
angle or multiple sclerosis [16].

Alternatively, the diagnosis and classification 
could be made according to the beta-version of 
the third edition of the International Classification 
of Headache Disorders (ICHD3-beta) [17].

31.6	� Differential Diagnosis of TN

The clinical diagnosis of TN is quite straightfor-
ward in most cases. However, at times clinicians 
might also consider some other clinical condi-
tions which have similar presenting features. If 
the patient has a history of skin rash resembling 
varicella zoster, then one should consider the 
diagnosis of post-herpetic neuralgia. Similarly, in 
patients with a history of tooth extraction or 
trauma in the temporo-mandibular region, post-
traumatic neuralgia should be excluded. In both 
conditions, gain and loss of function should usu-
ally coexist. Sensory abnormality in the form of 
tingling sensation is frequent. Dental conditions 
like dental caries or cracked tooth could mimic 
TN. Thus, selective aggravation of pain follow-
ing chewing of hard, cold, or sweet food should 
raise the suspicion of dental problems and should 
be referred to a dental surgeon to exclude any 
such possibilities. Glossopharyngeal neuralgia 
can present with evoked stabbing pain located at 
the back of the tongue, the pharynx, or deep in 
the ear. Trigger factors are somewhat different 
from TN and might include swallowing, cough-
ing, or sneezing. In conditions like short-lasting 
unilateral neuralgiform headache attacks with 
autonomic symptoms (SUNA) or short-lasting 
unilateral neuralgiform headache attacks with 
conjunctival injection and tearing (SUNCT), the 
affected side can change, unlike TN, and each 
pain attack is accompanied by autonomic symp-
toms such as conjunctival injection, miosis, or 
lacrimation.

31.7	� Management

The diagnosis of TN should be based on a medi-
cal history and physical examination, yet for 
classification and assessment of the vascular 
loop, an MRI scan should be advised early. MRI 
can detect or exclude conditions like MS or cer-
ebellopontine tumour (two common causes of 
secondary TN). Serum sodium, potassium, renal 
and liver function tests, and ECG should be 
assessed before initiation of pharmacotherapy 
because antiepileptic drugs can aggravate or pre-
cipitate dyselectrolytaemia, hepatic, or renal tox-
icity. Drugs like carbamazepine or oxcarbazepine 
are contraindicated in patients with atrioventricu-
lar block.

The first line of treatment for TN is pharmaco-
therapy; sodium channel blockers like carbam-
azepine or oxcarbazepine are the drugs of choice. 
Monotherapy with both the drugs is quite effec-
tive in most cases. However, sometimes due to 
their adverse effects it is challenging to reach the 
therapeutic dose of these drugs. Carbamazepine 
is discontinued more often compared to oxcar-
bazepine due to the side effects like skin rash, 
tremor, dizziness, drowsiness, somnolence, etc. 
However, the incidence of electrolyte imbalance 
is more frequent with the use of oxcarbazepine. 
Lamotrigine, baclofen, pregabalin, or gabapentin 
could be used in combination with carbamaze-
pine or oxcarbazepine if the first-line agents show 
a lack of efficacy or reduced tolerance as adverse 
effects. The second-line drugs are likely to be 
effective as monotherapy, although the evidence 
remains weak.

In medically refractory cases with neurovas-
cular conflict, microvascular decompression is 
the treatment of choice. This surgical procedure 
involves craniotomy and exploration of the pos-
terior fossa for the identification of an abnormal 
blood vessel loop pressing against the nerve root 
[18, 19]. This gives significant pain relief in 
more than 70% of the patients after 5 years: 
higher than other surgical techniques. The com-
plication is rare but may include new aches or 
burning pain, sensory loss, mild or transient cra-
nial nerve dysfunction (2–7%), major cranial 
nerve dysfunction (2%), stroke (0.3%), and 
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death [18, 19]. Therefore, it is essential to inform 
the patients regarding the possible complications 
before surgery. Other less invasive procedures 
include chemical lesioning of the trigeminal 
ganglion, glycerol blockade, mechanically by 
balloon compression, or thermally by radiofre-
quency thermo-coagulation. Stereotactically, the 
radiation beam (gamma knife) is focused to 
ablate the trigeminal ganglia. In this radio-inter-
vention, 50% patients remain pain-free, even 
after 5 years. Minor complications such as sen-
sory loss (12–50%), masticatory problems (bal-
loon compression, up to 50%), and new burning 
or aching pain (12%) are reported following 
these less invasive procedures [20].
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32Hypoxic Ischemic Encephalopathy

Masoom J. Desai, Roohi Katyal, Pratik Agrawal, 
and Gentle Sunder Shrestha

Case Scenario
A 58-year-old man with a history of hypertension 
was found unconscious at his home for an 
unknown duration of time. He was noted to have 
pulseless electrical activity (PEA) by the time of 
arrival of paramedics. Cardiopulmonary resusci-
tation (CPR) was initiated and return of sponta-
neous circulation was achieved in 12  min. 
Subsequently, he was transferred to our hospital 
for further care.

Upon arrival, the patient was afebrile, blood 
pressure was 149/95  mmHg, pulse rate ranged 
from 61 to 78 beats/min, and oxygen saturation 
was 100% while on mechanical ventilation (assist 
control/volume controlled mode, FiO2 40%, tidal 
volume 400  mL, and respiratory rate 16/min). 
Upon initial examination, performed 30 min after 
holding sedation, the patient was in a comatose 

state. There was no response to verbal and nox-
ious stimulation. Pupillary assessment showed 
5  mm pupils with minimal reactivity to light 
bilaterally. No spontaneous eye movements were 
noted. He had an absent vestibulo-ocular reflex. 
Corneal reflex was intact. There was no facial 
muscle weakness bilaterally. Cough and gag 
reflexes were absent on assessment and he was 
breathing with a ventilator. He had sudden, invol-
untary movements consistent with myoclonic 
jerks involving bilateral upper and lower 
extremities.

The patient was treated with lorazepam and 
subsequently with levetiracetam for myoclonus, 
which alleviated the myoclonic jerks. Initial lab-
oratory testing revealed normal white cell count 
of 6.73 K/mm3 (range 4–11 K/mm3), acute renal 
failure (serum creatinine 1.35 mg/dL, range 0.7–
1.1  mg/dL), and elevated creatine kinase 
476 units/L (range 37–264 units/L). Urine drug 
screen analysis was positive for cannabinoids. 
CT of the head without contrast showed adequate 
gray–white matter differentiation. Midline struc-
tures were non-displaced. The ventricles and 
basilar cisterns were of normal size and configu-
ration. Structures of the posterior fossa were 
unremarkable.

Targeted temperature management (TTM) 
was initiated with a temperature goal of 36  °C 
which was continued for 24 h. The patient under-
went slow rewarming at 0.1 °C per hour over 24 h 
after completion of TTM.  Repeat neurological 
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examination was performed post rewarming and 
after holding sedation for 2 h. The patient 
remained unresponsive to verbal or noxious stim-
uli. His pupils were dilated (7  mm) and non-
reactive to light reflex bilaterally. Vestibulo-ocular 
reflex response was absent. Corneal reflex was 
present. There was no facial muscle weakness 
bilaterally. Cough and gag reflexes were absent 
and he was breathing with a ventilator. There 
were no myoclonic jerks or any voluntary 
movement.

Video-electroencephalography (vEEG) 
showed generalized background slowing in the 
frequency range of 1–3  Hz alternating with 
periods of generalized voltage attenuation 
(Fig.  32.1a, b). MRI of the brain obtained on 
day five after presentation demonstrated exten-
sive diffusion restriction involving the entire 
cerebral cortex bilaterally extending to the sub-

cortical regions, including diffusion restriction 
in the basal ganglia and thalami bilaterally. 
This was associated with diffuse cerebral edema 
resulting in effacement of cortical sulci and 
basal cisterns. There was also mild bilateral 
uncal herniation (Fig. 32.2a–c).

vEEG did not demonstrate any change in fre-
quency and amplitude of waves in reaction to 
verbal and noxious stimulation. In the absence of 
any confounders to explain the patient’s current 
examination findings, he was diagnosed with 
hypoxic ischemic encephalopathy due to out-of-
hospital cardiac arrest (OHCA). Given the find-
ings on MRI of the brain, lack of reactivity on 
EEG, and repeat neurological examination with-
out any improvement after completion of TTM 
protocol, a family discussion was held and the 
decision was made to pursue comfort care mea-
sures only.
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a

b

Fig. 32.1  (a) This abnormal EEG is consistent with 
severe, generalized, non-specific cerebral dysfunction. 
During this period, frequent right upper extremity myo-
clonic jerks were observed without any associated EEG 
change. Sensitivity 10 μV/mm, LFF 1  Hz, HFF 70  Hz, 
notch filter: 60 Hz. (b) External noxious stimulation on 

left lower extremity at the beginning of this page was not 
associated with any EEG change, thus demonstrating a 
lack of reactivity. There was absence of both posterior 
dominant rhythm (PDR) and well-formed sleep architec-
tures throughout the study. Sensitivity 10 μV/mm, LFF 
1 Hz, HFF 70 Hz, notch filter: 60 Hz
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a b c

Fig. 32.2  (a) MRI DWI sequence demonstrating exten-
sive marked restricted diffusion involving the entire cere-
bral cortex bilaterally extending to the subcortical regions; 
(b): MRI ADC sequence demonstrating hypointense cor-
tical and subcortical regions corresponding to the DWI 

hyperintensities; (c): MRI T2-FLAIR sequence demon-
strating diffuse cortical and subcortical hyperintensities 
and associated diffuse edema, resulting in effacement of 
the cortical sulci

32.1	� Introduction

Hypoxic ischemic encephalopathy (HIE) is a 
major cause of neurologic disabilities in cardiac 
arrest patients. It is a type of brain insult that 
occurs secondary to reduced oxygen supply or 
hypoperfusion. Certain areas of the cerebral cor-
tex (especially the parietal and occipital lobes), 
the hippocampi, the basal ganglia, and the cere-
bellum are more vulnerable to hypoxic injury [1]. 
The outcome of hypoxic ischemic brain injury 
depends on age, severity, and duration of hypoxia 
and/or hypoperfusion episode [2]. Moderate ther-
apeutic hypothermia has been shown in a number 
of clinical trials to improve morbidity and mor-
tality outcomes in patients with HIE [3–5]. In this 
chapter, we discuss the pathophysiology, clinical 
manifestations of HIE, its prognostication, and 
current evidence on management strategies to 
improve neurological outcomes in such patients.

32.2	� Epidemiology

The commonest cause of hypoxic ischemic 
encephalopathy is cardiac arrest. The estimated 
annual incidence of sudden cardiac arrest 
(SCA) ranges between 180,000 and 250,000 
cases per year in the United States (total popu-
lation 300 million), while it is estimated to be 

between 4 and 5 million cases per year world-
wide (total population 6.54 billion) [6]. 
Approximately 80% of SCAs are attributed to 
coronary artery disease and its sequelae. The 
remaining 15–20% cases are associated with 
either structural or electrical abnormalities of 
the heart, such as cardiomyopathies, long QT 
syndrome, Brugada syndrome, or catechol-
aminergic polymorphic ventricular tachycardia. 
Although the prevalence of pulseless electrical 
activity as presenting rhythm of SCA is increas-
ing, ventricular tachycardia/fibrillation remains 
the predominant symptom. Owing to significant 
improvements in bystander resuscitation efforts 
in the twenty-first century, the rate of overall 
survival from cardiac arrest has increased and 
hence has resulted in increased prevalence of 
HIE in the population. Mortality after cardiac 
arrest is high. Studies have shown a mortality 
rate as high as 64% in patients with post-
hypoxic coma. Among survivors, 9% remained 
comatose while 27% regained consciousness in 
4 weeks [7]. Furthermore, long-term functional 
assessment after cardiac arrest can be carried 
out using the Cerebral Performance Category 
(CPC) scale. CPC is a five-point scale which 
includes functional and cognitive domain 
assessment and can help predict long-term sur-
vival in cardiac arrest patients when adminis-
tered at hospital discharge [8].
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32.3	� Pathophysiology

Several mechanisms have been proposed to 
explain the complex pathophysiology of HIE. As 
the brain consumes nearly 20–25% of cardiac 
output, a hypoxic event can result in neuronal 
loss within minutes after a cardiac arrest event. 
This is caused by cessation in adenosine triphos-
phate production and subsequent cytotoxic 
edema and anerobic metabolism with resultant 
cerebral lactate accumulation. This results in cell 
death, which further causes influx of Ca2+ ions, 
thus activating lytic enzymes. The calcium entry 
likely takes place via N-methyl-D-aspartate 
receptors [9]. This has been described as the pri-
mary insult after cardiac arrest.

In addition, accumulation of Ca2+ ions results 
in functional changes via mitochondrial dysfunc-
tion and overproduction of free radicals. The 
increase in intracellular calcium activates the cal-
pain system, which plays an integral role in alter-
ing the cytoskeletal structure as well as in 
apoptosis [10, 11].

Despite the return of spontaneous circulation 
(ROSC) after a hypoxic ischemic event, the pro-
cesses of cell repair continue to remain impaired. 
Given the highly metabolic state of the cerebral 
cortex, hypothalami, striatum, and thalami, 
these structures are more easily susceptible to 
reperfusion injury with the achievement of 
ROSC and a resultant increase in free radicals. 
Further damage is caused by microvascular dys-
function, cerebral edema, anemia, impaired 
autoregulation, hyperoxia, and hyperthermia at 
this stage [9].

32.4	� Clinical Manifestations

The severity of the hypoxic episode determines 
the clinical signs and symptoms of HIE [12]. In 
cases of cerebral hypoxia, the most common clin-
ical manifestation is a comatose state [13]. It is 
important to consider the effect of confounding 
factors such as sedative and paralytic medica-
tions, hypothermia or hyperthermia, and persis-
tent metabolic abnormalities, among others, 
while interpreting the presentation of a patient 
with suspected hypoxic ischemic brain injury.

Clinical presentation can range from complete 
recovery after a hypoxic event, to a persistent 
vegetative state, to a comatose state [12]. 
Impairment in memory and executive dysfunc-
tion are common with HIE [14]. Additionally, 
psychosocial difficulties have a significant impact 
on the health of patients who experience hypoxic 
brain injury [14].

Involvement of globus pallidus, cerebellum, 
and frontal lobes may result in significant loss of 
motor control and increase in extensor tone [13]. 
Such disturbances can affect posture and gait and 
can result in akinetic-rigid and dystonia syn-
dromes [15]. Patients with impaired speech and 
language function due to HIE commonly have 
expressive dysphasia, dysarthria, and speech dys-
praxia. Frontal lobe injury secondary to hypoxia 
can present with behavioral disturbances, loss of 
insight, apathy, and loss of executive function. 
Additionally, seizures, tremor, and myoclonus 
have been described [16].

32.5	� Management 
and Prognostication

Supportive care remains the mainstay of manage-
ment of hypoxic ischemic injury. For patients 
who are comatose after cardiac arrest related to 
initial shockable cardiac rhythm (either pulseless 
ventricular tachycardia or ventricular fibrilla-
tion), therapeutic hypothermia (TH) has strong 
evidence in improving neurological outcome 
according to American Academy of Neurology 
(AAN) guidelines [4]. Prognostic benefit of TH 
in cardiac arrest patients with initial non-
shockable cardiac rhythm (e.g., pulseless electri-
cal activity or asystole) remains debated due to 
limited evidence (Level C) [4], although a recent 
randomized controlled trial comparing TH (33 °C 
during the first 24  h) to targeted normothermia 
(37 °C) in comatose patients after cardiac arrest 
due to non-shockable cardiac rhythm has reported 
a favorable neurologic outcome at 90 days with 
TH [5]. It is worth adding that a study by TTM 
Trial Investigators [3] showed no significant dif-
ference in all-cause mortality or composite out-
come of poor neurological function or death 
when targeted hypothermia at 33  °C was com-
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pared to 36 °C, both intended to prevent fever, in 
post-cardiac arrest patients irrespective of initial 
cardiac rhythm. Furthermore, targeted hypother-
mia did not result in decreased mortality by 
6 months compared to targeted normothermia in 
comatose individuals following an out-of-
hospital cardiac arrest [17]. Hemodynamic sta-
bility is crucial for post-resuscitation care. 
Studies have shown that a mean arterial pressure 
(MAP) of <65 mmHg is inadequate for cerebral 
perfusion. Another observational study, which 
monitored patients with near-infrared spectros-
copy, reported that a MAP between 85 and 
100 mm Hg is needed to achieve optimal cerebral 
oxygenation [18].

A systemic review of 73 studies examining 
prognostication is such patients reported low to 
very low quality of evidence along with a rela-
tively small sample size in almost all studies [19]. 
Hence, when determining prognosis after cardiac 
arrest, a multimodal approach including neuro-
logical examination, neuroimaging, electrophysi-
ological studies, and biomarkers is recommended. 
In terms of neurological examination, a Glasgow 
Coma Scale (GCS) motor score of ≤2 at 72-h 
post ROSC has been shown to have low specific-
ity but relatively high sensitivity of 70–80% in 
predicting poor neurological outcome, while 
pupillary light reflex and corneal reflex testing 
has high specificity and low sensitivity [19]. 
Evidence of hypoxic injury to other organs, for 
example acute liver injury (transaminitis), acute 
kidney injury (elevated creatinine), and cardiac 
injury (elevated troponins), may further aid in 
diagnosis and outcome prediction [20].

Certain biomarkers have been studied for 
their outcome-predicting capabilities. These 
include ubiquitin carboxyl-terminal esterase L1 
(UCH-L1), glial fibrillary acidic protein (GFAP) 
[21], and neuron-specific enolase (NSE) [22]. 
Biomarker testing with NSE has shown > 95% 
specificity and 63% sensitivity at 72  h post 
ROSC [19].

CT of the head findings may include hypoden-
sities in cortical and subcortical regions as well 
as a reduced gray-white matter ratio (GWR). 
GWR is calculated as the ratio of Hounsfield 
units (HU) between gray and white matter. With 

regard to neuro-prognostication, a GWR between 
1.16 and 1.22 on CT of the brain detected within 
24  h from ROSC predicted poor neurological 
outcome with a specificity of 100% and sensitivi-
ties ranging between 28 and 76% [19]. 
T2-weighted MRI brain images typically depict 
hyperintense signal changes in the involved 
regions and are often associated with cytotoxic 
edema resulting in compression of cisterns and 
sulci [23, 24]. A meta-analysis study has demon-
strated a specificity of 92% and sensitivity of 
77% of diffusion-weighted imaging (DWI) on 
MRI in predicting outcomes [25]. In patients 
with hypoxic ischemic injury, unfavorable out-
comes have been associated with significantly 
more signal abnormalities on MRI DWI and 
FLAIR imaging [24]. Additionally, signal 
changes found in the cortex and subcortical gray 
nuclei predicted poor outcome. A low gray-white 
matter ratio (less than 1.10 in at least 10% of the 
brain) predicted poor outcome within hours to up 
to 3 days after cardiac arrest, while ADC mea-
surements may predict outcome after 2–5 days. 
Patients with poor outcome after cardiac arrest 
have been noted to have MRI abnormalities in the 
cerebral cortex (occipital and temporal lobes par-
ticularly), the putamen, and cerebellum that 
approached a nadir between 3 and 5  days after 
cardiac arrest [26]. Poor outcome was also asso-
ciated with decreased network strengths in the 
default mode network using functional MRI 
(fMRI) [27]. In a prospective, observational 
study of 57 patients, a prognostic model based on 
diffusion tensor imaging (DTI) seemed to accu-
rately predict 1-year functional outcome after 
cardiac arrest [28]; however, the current general-
ized application of DTI for prognostication is 
lacking.

Another modality in neuro-prognostication in 
comatose post-cardiac arrest patients is electro-
encephalography (EEG), which serves as a useful 
adjunct. A continuous or reactive EEG back-
ground predicts good recovery after cardiac arrest 
compared to patients with unreactive EEG back-
ground or a burst-suppression EEG pattern [22]. 
Changes in reactivity in EEG during different 
stages of management, from therapeutic hypo-
thermia and rewarming to normothermia, may 
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help predict functional outcome [29]. EEG has a 
specificity of 100% with sensitivity of 50% in 
predicting poor neurological outcomes if there is 
presence of at least two malignant features, 
described as status epilepticus, burst suppression 
over an unreactive background, or suppressed 
background with or without periodic discharges 
[19]. Due to limitations in interrater agreement 
among electroencephalographers, prognostica-
tion in cardiac arrest can further be supported by 
quantitative EEG reactivity methods using 
machine-learning methods. In a retrospective 
study, long-term outcome prediction after cardiac 
arrest was comparable between expert assess-
ment and quantitative EEG assessment [30].

Electrophysiological study with somatosen-
sory evoked potential (SSEP) with an amplitude 
≤0.62 μV has shown 100% specificity and 57% 
sensitivity in predicting poor neurological out-
comes [19]. According to American Academy of 
Neurology (AAN) guidelines, absent cortical 
SSEPs (N20 response) bilaterally is predictive of 
poor outcome [31].

Several important questions regarding the 
management of cardiac arrest remain unanswered 
and a number of trials are underway to address 
these questions. Controversy remains regarding 
the optimal duration of TTM and its utilization in 
patients with non-shockable rhythms. A favor-
able approach to temperature management in car-
diac arrest patients who undergo extracorporeal 
life support is yet to be established [32].

Neuro-prognostication after cardiac arrest is 
complex and can be limited by several confound-
ing factors. Several tests have high specificity for 
determining poor outcome after cardiac arrest. 
These include absent pupillary light reflex at 72 h, 
bilaterally absent N20 cortical responses on 
SSEPs, and increasing NSE levels. The sensitivity 
of these tests, however, is limited. As a result, phy-
sicians must rely on integrating several pieces of 
information when prognosticating. Furthermore, 
when interpreting these test results, physicians 
must realize that cognitive biases can result in 
errors in judgment [33]. Hence, it is of paramount 
importance to be fully aware of the prognostic 
accuracy and shortcomings of each tool. It is also 
important to take into account a qualitative com-

ponent to prognostication influenced by patient 
age, established goals of care, premorbid condi-
tions, and other organ failures [34].

Returning to our case, after ensuring lack of 
confounding factors, the determination of poor 
prognosis was based on the use of a combination 
of tools (multiple neurological examinations, 
video-EEG, and neuroimaging). There is uncer-
tainty around predicting outcomes when using 
these tools individually. However, using a multi-
modal approach at an optimal time and with the 
help of a multidisciplinary team, it was felt that 
there was a low likelihood of meaningful func-
tional recovery in our patient. Hence, taking into 
consideration the patient’s previously established 
goals of care, it was decided to withdraw further 
life-sustaining measures using a shared decision-
making process.
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33Coma and Vegetative State

Krishna Kumar Oli and Aashish Shrestha

Case Scenario
A 19-year-old woman with G2P0A1 38 + 6 
weeks of gestation status had a history of pro-
longed second stage of labor, for which she pre-
sented to a local hospital, and emergency cesarean 
section was done 6 months back due to the pres-
ence of signs of fetal distress. Perioperatively, 
she went to sudden cardiac arrest without any 
known perioperative complications after the 
delivery of a healthy baby. Four cycles of cardio-
pulmonary resuscitation (CPR) were given fol-
lowing which she was revived. However, due to 
continuous unconscious state and uncontrolled 
seizure episodes, she was referred to higher.

Patient was then taken to another hospital 
where she was treated in intensive care unit (ICU) 
with the provisional diagnosis of post-CPR status 
with probable amniotic fluid embolism with 
refractory status epilepticus secondary to hypoxic 
ischemic encephalopathy. Tracheostomy was 
also done on the seventh day of admission. But 
patient’s seizure was not controlled, and her con-
scious level was not improving despite 1 and 
½ months of hospital stay. So, patient was further 
referred to our center. She was treated in the ICU, 
and a percutaneous endoscopic gastrostomy 
feeding tube was placed, and the dose of antiepi-
leptic drugs was adjusted.

During admission at our center, examinations 
showed her vitals were stable without any signifi-
cant abnormal findings on general and systemic 
examinations. Her Glasgow Coma Scale (GCS) 
was E1VTM3, which later improved to spontane-
ous but purposeless eye opening without visual 
fixation and tracking. Pupils were bilaterally 
equal and normally reacting to light. Patient had 
normal awake and sleep cycle with no evidence 
of purposeful or voluntary behavioral responses 
to external stimuli. However, random movements 
of limbs and trunk were present. Brainstem 
reflexes such as corneal reflexes, gag reflex, and 
vestibulo-ocular reflex were preserved. There 
was the presence of snout, glabellar, and palmo-
mental reflexes. The muscle bulk of all extremi-
ties was reduced, and tone was increased with 
brisk deep tendon reflexes and bilaterally upgo-
ing plantar reflexes.

The patient developed a grade II bed sore dur-
ing the hospital stay, which has healed now and 
also has a bilateral foot drop. During the hospital 
stay, the patient once developed urinary tract 
infection but well responded to tazobactam-
piperacillin. Her routine investigations, such as 
complete blood count, renal and liver function 
test, viral serology, abdominal and pelvis ultra-
sonography, were normal. 
Electroencephalography findings showed persis-
tent bilateral generalized slow waves without 
sharps and spikes. Computed tomography of the 
head, which was done after 1 week of post-CPR 
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Fig. 33.1  Plain CT head showed periventricular hypodense lesion with narrow ventricles with mild impairment of gray 
white matter interphase

event, showed features of bilateral cerebral 
edema (Fig. 33.1). Magnetic resonance imaging 
(MRI) brain was done then, which showed 
FLAIR hyperintense bilateral cerebral cortex 
and posterior putamen (Fig. 33.2). An MRI brain 

that was repeated 3 months later showed signifi-
cant cerebral atrophy with gliotic changes over 
bilateral occipital lobes and a hyperintense 
lesion on the bilateral frontal lobe and posterior 
putamen (Fig. 33.3).

K. K. Oli and A. Shrestha



289

Fig. 33.2  MRI brain T2 FLAIR showed hyperintense posterior putamen and bilateral cerebral cortex, prominent in 
occipital region

Fig. 33.3  MRI brain T2 FLAIR done 4 months later showed significant cerebral atrophy with gliotic changes over 
bilateral occipital lobes and hyperintense lesion on bilateral frontal lobe and posterior putamen

33  Coma and Vegetative State
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33.1	� Introduction

Consciousness is the state of awareness of self 
and surroundings. In contrast, coma is a state of 
absent responsiveness or prolonged unconscious-
ness in which the patient lies with the eyes closed, 
cannot be aroused, and has no awareness of self 
and surroundings. In comatose patients, noxious 
stimulation cannot produce spontaneous periods 
of wakefulness and eye opening, unlike in 
patients in vegetative state. Hence, coma is char-
acterized by the absence of arousal, awareness, 
and responsiveness to self and environment last-
ing for more than 1 h [1].

33.2	� Anatomy 
and Pathophysiological 
Basis of Coma

The anatomy and pathophysiological cause of 
coma is either a mechanical destruction of the 
cerebral cortex or brainstem (anatomic coma) or 
a global disruption of brain metabolic processes 
(metabolic coma). Coma of metabolic origin is 
produced by the interruption of energy substrate 
delivery (hypoxia, ischemia, hypoglycemia) or 
by alteration of neurophysiologic responses of 
neuronal membranes (drug or alcohol intoxica-
tion, toxic endogenous metabolites, or epilepsy) 
[1]. These endogenous metabolic toxins like ace-
tone bodies in diabetes, derivatives of amino 
acids in uremia, and ammonia in hepatic coma 
roughly correspond to the level of coma. 
Similarly, the impairment of consciousness that 
accompanies pulmonary insufficiency is related 
mainly to hypercapnia. In acute hyponatremia, 
neuronal dysfunction results from the intracellular 
movement of water, leading to neuronal swelling 
and the loss of potassium chloride from the cells. 
The coma of toxic and metabolic diseases evolves 
through the stages of drowsiness, confusion, and 
stupor.

Physiologically, arousal is the function of 
ascending reticular activating system (ARAS), 
and it constitutes a complex pathway from the 
brainstem, diencephalon, and limbic cortex to the 
cerebral cortex. This involves cholinergic, norad-

renergic, glutaminergic, aminergic, and hypo-
cretinergic neurons that project from the ARAS 
and terminate in the thalamocortical areas pro-
ducing cortical activation [2]. In addition, extra-
thalamic projections from the brainstem reticular 
neurons terminate in the posterior hypothalamus 
and the basal forebrain regions. The latter proj-
ects to the cerebral cortex (mesocortical projec-
tion) causing wakefulness. Together, these 
pathways maintain the state of alertness to the 
self and surroundings, inactivation of which may 
thus lead to an unarousable state.

Therefore, the anatomy and pathophysiologi-
cal basis of coma are either structural damage or 
toxic/metabolic disturbances of the brainstem 
ARAS and its connections.

33.3	� Etiology of Coma

Stroke is the leading cause of coma, particularly 
hemispheric or brainstem infarction, subarach-
noidal or parenchymal bleed with ventricular 
extension, or primary ventricular bleed with ven-
tricular tamponade [3]. Similarly, traumatic brain 
injury, which can lead to diffuse axonal injury, 
multiple contusions with multiple bleeds, sub-
arachnoid hemorrhage, subdural hematoma, and 
epidural hematoma, is another important cause of 
coma. Brain metastasis of tumors like choriocar-
cinoma, bronchogenic carcinoma, cholangiocar-
cinoma, and carcinomatous meningitis are also 
possible causes. Likewise, infectious encephalitis 
(Japanese encephalitis and Herpes simplex 
encephalitis), cerebral malaria, autoimmune 
encephalitis, brain abscess, and subtle forms of 
status epilepticus can lead a patient to coma. 
Further, a cardiac arrest and cardiopulmonary 
resuscitation can cause a sudden cut-off of blood 
flow and oxygen into the brain, resulting in 
edema [4]. Eventually, all structural lesions may 
lead to edema of the cerebral cortex and brain 
parenchyma, causing the brain to push down on 
the brainstem (rostrocaudal deterioration).

Common metabolic causes of coma include 
status epilepticus; endocrinopathies (e.g., myx-
edema, hypoadrenalism); systemic neuroinfec-
tion; alcohol; exposure to in-house and 
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environmental toxins; anoxic-ischemic encepha-
lopathies; overdose of medications (e.g., seda-
tives, hypnotics, SSRI); insulin overdose leading 
to hypoglycemia; and drug abuse with cocaine, 
amphetamine, and opioids. Toxic encephalopa-
thies resulting from methyl alcohol, ethylene gly-
col, dyselectrolytemia, carbon monoxide 
poisoning, and cyanide poisoning are an impor-
tant cause of coma. Additionally, substances that 
are normally found in the body could cause tox-
emia when the body fails to dispose of them 
properly. An example would be ammonia in liver 
diseases, urea in kidney failure, and carbon diox-
ide in a severe asthmatic attack resulting in 
hepatic encephalopathy, uremic encephalopathy, 
and anoxic encephalopathy respectively, all of 
which can lead to coma. Other causes include 
Wernicke’s encephalopathy, hypoglycemia, 
hypercalcemia, heat stroke, hyperosmolar nonke-
totic hyperglycemia, diabetic ketoacidosis, and 
hypercapnia. These often lead to coma via dam-
age to the RAS.

33.4	� Immediate Assessment 
of the Comatose Patients

Immediate assessment of coma requires a quick, 
sequentially structured history along with rele-
vant physical, systemic, and neurological evalua-
tion so as to discover the etiology and assess the 
severity of coma, ultimately leading to its timely 
management. A careful history from the eye wit-
ness, especially regarding the onset of coma, is of 
paramount importance. An abrupt onset with a 
sudden drop in Glasgow Coma Scale (GCS) is 
suggestive of a structural lesion, whereas a more 
insidious onset with prodromal symptoms like 
confusion and delirium preceding coma is likely 
due to toxins and derangement of metabolism.

A quick survey to evaluate notable physical 
findings of the head, neck, chest, abdomen, and 
extremities should be performed [3]. Airway, 
breathing, and circulation should be assessed and 
simultaneously managed during the first minute 
of evaluation. Similarly, the odor from the 
patient’s body will help to identify the etiology of 
coma to some extent, i.e., the odor of melena, 

spoiled fruit odor, uriniferous odor, fecal fetor, 
and fetor hepaticus may indicate gastrointestinal 
bleed, diabetic ketoacidosis, uremia, and hepatic 
encephalopathy, respectively. Similarly, inspec-
tion of the skin can offer clues toward the cause 
of coma such as spider naevi/jaundice/ascites, 
hyperpigmentation, pallor/dry/shrunken skin, 
hypodermic injection scars, cyanosis, and cuta-
neous bleeding, suggesting hepatic encephalopa-
thy, Addison’s disease, hemorrhage, 
hypoglycemic coma, cyanide/carbon monoxide 
poisoning, and bleeding disorders, respectively.

Measurement of vital signs including temper-
ature and pulse oximetry is essential to avoid 
missing complications like hypothermia, hyper-
thermia, and hypoxemia. Similarly, general, 
physical, and systemic examinations bear utmost 
significance. For instance, the presence of mur-
murs during cardiac auscultation, rhythm distur-
bances in the ECG, and carotid bruits hint toward 
thromboembolism as the cause of coma.

33.5	� Fundoscopy in a Comatose 
Patient

Fundoscopy can be used to visualize the features 
of the retina, optic cup, optic disk, fovea, macula, 
retinal arteries, and retinal veins. Swelling of the 
optic disk is a sign of raised intracranial pressure 
or hypercarbia. Cherry red spot appearance in the 
fovea is a sign of central retinal artery occlusion. 
Retinal and subhyaloid hemorrhage is often a 
sign of subarachnoidal hemorrhage.

33.6	� Neurological Assessment 
in Coma

Neurological assessment of coma is a structured 
and concise evaluation of the comatose patient. It 
consists of the assessment of the level of con-
sciousness, brainstem reflexes, motor responses, 
posturing, appraisal of breathing patterns, menin-
geal syndrome, rostrocaudal progression due to 
supratentorial mass, and lateralizing signs, i.e., 
either deficits or hyperactive signs. Immediate 
neurological assessment and initiation of treat-
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ment enable prevention of the reversible causes 
of coma and allow timely intervention [5]. It will 
also offer the localization and the degree of neu-
rological deficit and enable the differentiation of 
structural vs. nonstructural cause of coma, 
thereby forecasting the prognosis of the coma-
tose patient.

At first, the neck should be stabilized in all 
instances if there is a history of trauma to the 
head and spine until a cervical spine fracture or 
subluxation of the cervical vertebra is ruled out. 
This is usually done using a plain x-ray of the 
cervical spine and a plain computed tomography 
of the head (CT), in order to prevent cervical cord 
injury.

Neurological examination of the comatose 
patient starts primarily with the assessment of the 
level of consciousness. It is the best measure of 
brain dysfunction, which also gives the outcome, 
the predictive value, and assists the initiation of 
appropriate therapeutic measures. Assessment of 
the arousal system can be done using the GCS, 
which is a neurological scale that assesses the 
level of consciousness or the functional status of 
the patient’s central nervous system. This scale, 
published in 1974 by Teasdale and Jennett, was 
initially developed to assess the arousal system in 
patients who had traumatic head injury but now 
has become a valuable scale in terms of localiza-
tion and prognostication of comatose patients of 
different etiologies. The score is obtained from 
three different tests assessing eye movements, 
verbal responses, and motor responses. It varies 
between 3 (deep coma or death) and 15 (fully 
awake) [6].

The most suitable time to assess the prognosis 
of a comatose patient is probably after the vitals 
are stabilized and the patient is already resusci-
tated. However, since resuscitated patients are 
often intubated as well as sedated, it would be 
difficult to assess the full scale. Motor scores 
may be useful in these situations. Presence of 
comorbidities, age of the patient, duration and 
etiology of the coma, pupillary size and reactiv-
ity, ocular responsiveness and its movement, gaze 
preference, breathing pattern, posturing, and ini-
tial neuroimaging findings help sum up the value 
to predict the outcome of comatose patients. 

There is also a good correlation between early 
GCS scores and outcome [7]. Repeated observa-
tions of the coma scale guide us to monitor the 
changes in the level of consciousness as an index 
of recovery, deterioration, or complication.

33.7	� Pupils in Comatose Patient

Pupillary size, reactivity, and symmetry should 
be assessed in all cases. Bilateral mid-position to 
large unreactive pupils may occur in midbrain 
lesions, anoxic brain injury, and overdose of anti-
cholinergic drugs. Similarly, bilateral pupillary 
dilatation and unreactive pupils may accompany 
seizures. On the other hand, fixed and dilated 
pupils appear after anoxic or ischemic stroke, in 
hypothermia, and in barbiturate intoxication.

Likewise, bilateral pinpoint and sluggishly 
reactive pupils are found in extensive pontine 
lesions (interrupting descending sympathetic 
pupillodilatator fibers), use of cholinergic eye 
drops in glaucoma, use of opiates, thalamic hem-
orrhage, and hydrocephalus. Similarly, anisoco-
ria with unreactive pupils is attributable to 
ipsilateral temporal lobe compression of the third 
cranial nerve in uncal herniation and rupture of 
the aneurysm at the junction of the posterior 
communicating artery and internal carotid artery. 
A sympathetic lesion, either intra-parenchymal 
or extra-parenchymal, causes Horner syndrome 
with miosis. Toxic and metabolic conditions can 
cause small and reactive pupil similar to that of 
thalamic lesions. On the other hand, atropine poi-
soning causes prominent bilateral fixed and 
dilated pupils.

33.8	� Ocular Movements 
in a Comatose Patient

Examination of ocular movements in a comatose 
patient along with the assessment of reflex ocular 
movements, particularly oculocephalic reflex 
(Doll’s eye phenomenon/maneuver), should not 
be performed until the stability of the neck has 
been adequately assessed. Voluntary ocular 
movement cannot be assessed in comatose 
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patients. So, the assessment can be done by inter-
preting the resting eye position and reflex eye 
movements. Normally, the eyes are in mid-
position and conjugate in movement. Therefore, 
a careful observation must be paid to the resting 
position of the eyes [8].

Voluntary ocular movements are generated in 
the brainstem but are triggered by the cerebral 
cortex. Patients in coma cannot move their eyes 
purposefully, and the diagnosis of gaze and cra-
nial nerve palsies is therefore performed by the 
Doll’s head maneuver (once cervical stability is 
ensured) and by the cold caloric test. Doll’s eye 
maneuver is tested by observing eye movements 
in response to lateral rotation of head. The eyes 
move conjugately in the opposite direction at the 
same time only in the presence of an intact reflex 
arc, i.e., cervical, vestibular, brainstem (medial 
longitudinal fasciculus, parapontine reticular for-
mation, and the efferent motor neurons of cranial 
nerves third and sixth) and eye muscles.

Cold caloric test is positive in patients with an 
intact brainstem and functioning afferent eighth 
and efferent third and sixth cranial nerves. In the 
test, the external auditory canal is irrigated with 
cold water, which results in a tonic deviation of 
both the eyes toward the side of cold irrigation in 
a conscious patient. In patients with brain death, 
however, there is no movement of eyes. Similarly, 
there is deviation of both the eyes in downward 
and upward directions on bilateral irrigation with 
cold and hot water, respectively, in a conscious 
patient with an intact reflex arc. A unilateral third 
nerve palsy causes the affected eye to be displaced 
downward and laterally, while the sixth nerve 
palsy produces an inward deviation.

Conjugate deviation of the eyes to one side 
indicates damage to the pons on the opposite side 
or a lesion on the frontal lobe on the same side. 
The eyes deviate toward the hemispheric lesion 
and away from the brainstem. Disconjugate eyes 
at rest may indicate intranuclear ophthalmoplegia 
or paresis of the individual muscles of the eyes in 
preexisting tropia or phoria. A conjugate down-
ward and inward deviation of the eyes is found in 
thalamic and subthalamic lesions. A downward 
deviation of the eyes is found in hepatic coma, 
brainstem lesion, and tectal compression, 

whereas an upward deviation hints toward 
encephalitis, seizure disorder, brainstem isch-
emia, or normal sleep. A skewed deviation of the 
eyes, i.e., a maintained deviation of one eye 
above the other is the sign of a posterior fossa 
lesion [9].

Ocular bobbing, i.e., rapid conjugate down-
ward movement and slow return to the primary 
position, is seen when the lateral movements of 
eyes are lost which is due to the destruction of the 
pontine tegmentum, transtentorial herniation, or 
toxic-metabolic effects in a comatose patient. A 
unilateral dilated unreactive pupil with the eyes 
abducted at rest and incapable of complete adduc-
tion is found in transtentorial herniation in a 
patient in coma. An unexplained disconjugate 
eye indicates raised intracranial pressure (ICP) 
due to sixth nerve palsy or brainstem lesion, and 
a downward deviation of the eyes occurs in the 
lesion of the thalamus, post-seizure in metabolic 
coma, or in barbiturate poisoning.

A repetitive excursion of the eyes from one 
side to another within 3–4 s, i.e., ping-pong gaze 
or periodic alternating gaze in a comatose patient 
is characteristic of cerebellar hemorrhage, cereb-
ellitis, or bilateral cerebral lesions with an intact 
brainstem. Similarly, ocular dipping refers to a 
slow downward movement of the eyes followed 
by a rapid return to the primary position found in 
diffuse hemispheric lesions.

33.9	� Coma and Respiration

Neural centers that control respiratory rhythm 
and depth are located in the medulla and pons. 
The medulla, which contains a pacemaker, sets 
the basic rhythm of breathing, and pontine center 
assumes the responsibility to smoothen the basic 
rhythm of inspiration and expiration set by the 
medulla. Breathing patterns may have localizing 
value in comatose patients, but they are not 
always consistent. For example, central neuro-
genic hyperventilation occurs if the lesion is 
located just ventral to the aqueduct of Sylvius or 
in the upper pons ventral to the fourth ventricle, 
either as primary lesions or as secondary to trans-
tentorial herniation. On the other hand, hyper-
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ventilation may occur in metabolic acidosis, 
shock of different origins, analgesic drugs, 
hepatic encephalopathy, or pulmonary conges-
tion and pulmonary embolism.

Kussmaul breathing is a deep and regular 
breathing found in metabolic acidosis, i.e., dia-
betic ketoacidosis, uremic, hepatic, lactic and 
alcoholic acidosis, that does not have a localizing 
value. In contrast, there are certain other breath-
ing patterns which possess a value in the localiza-
tion of the lesions like ataxic, apneustic, and 
Cheyne-Stokes breathing patterns. Ataxic breath-
ing refers to the type of breathing which is irregu-
lar in rate and rhythm. Ataxic breathing and 
gasping are signs of lower brainstem damage 
which may progress to apnea. Similarly, apneus-
tic breathing refers to a breathing pattern charac-
terized by prolonged inspiratory gap and a pause 
at full inspiration due to lesions of dorsolateral 
tegmental lesion of the middle and caudal pons. 
Cheyne-Stokes respiration, which is character-
ized by periods of hyperventilation and apnea 
alternating in a crescendo-decrescendo fashion, 
occurs in bilateral hemispheric lesion and in 
impending transtentorial herniation.

33.10	� Assessment of the Motor 
Function

Motor function is assessed by observing sponta-
neous limb movements, posturing, motor 
response to verbal commands, facial grimacing, 
and response (or lack thereof) to noxious stimuli. 
Lack of motor response to noxious stimuli is due 
to toxins, metabolic derangements, lower brain-
stem dysfunction, and cervical trauma. 
Asymmetry of the power of muscles, deep ten-
don reflexes, tone, somesthetic sensation, or 
extensor plantar response suggest coma of struc-
tural origin.

Posturing of the body is also important to 
localize the structural lesions. Decorticate pos-
turing, i.e., upper limb flexion and lower limb 
extension, is due to the lesion in the cerebral 
hemisphere, internal capsule, and thalamus. 
Similarly, decerebrate posturing, i.e., where the 

head is in an opisthotonus position, the arms are 
rotated inward, and the feet and toes are bent in 
the equinovarus position, is found in coma of 
structural origin, i.e., compression of midbrain, 
anoxic-ischemic brain injury, metabolic coma, 
and infections. Generalized and symmetrical 
posturing point toward the possibility of a toxic-
metabolic cause where diencephalic and brain-
stem ARAS are damaged [10].

Reflex activity of the limb is characterized by 
the presence of withdrawal or abnormal unilat-
eral/bilateral extension or flexion during noxious 
stimulation. If the reflex activity is asymmetrical, 
it suggests the possibility of a structural lesion. 
Likewise, changes in the position of the body and 
respiration in response to noxious stimuli are the 
signs of rostrocaudal deterioration; this should 
not be confused with seizure or movement disor-
ders like ballistic movements, choreoathetotic 
movements, or facial grimacing seen in the struc-
tural lesions of the subthalamic and basal gan-
glia. Similarly, gegenhalten or paratonia, i.e., 
resistance to passive movement that increases 
with the velocity of movement and is continuous 
through the full range of motion is attributable to 
diffuse forebrain dysfunction.

During physical or motor examination, the 
examiner, by giving the stimuli, finds out the 
level of responsiveness. If there is no clear reac-
tion to verbal commands, noxious stimuli may be 
applied to supraorbital ridge, toenail bed, or ster-
num, or by pinching the soft tissue of the upper 
arm near the axilla. To rule out the possibility of 
malingering or functional disorder, a forceful 
eyelid opening test and arm dropping test are per-
formed. In a conscious patient without motor 
deficits, there is resistance during arm dropping 
and eyelid opening.

33.11	� Rapid Management 
of the Comatose Patients

While managing a comatose patient, the neurolo-
gist must have an organized strategy so that he/
she detects reversible causes of coma, if any, and 
halts the ongoing cerebral injury by making a 
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sequential and hierarchical plan for the patient’s 
management. Early recognition of the potential 
for catastrophic deterioration is essential. 
Immediate support of the airway, breathing, and 
circulation should be performed before efforts to 
make a diagnosis or to address the specific cause 
of coma are undertaken. As mentioned earlier, if 
there is a history of trauma of cervical spine and 
head, the cervical spine should be immobilized to 
prevent spinal cord injury [11].

The principle of emerging management of the 
comatose patient is the clearance of tracheobron-
chial tree and maintenance of stable hemody-
namics [12]. The patency of the airway is an 
initial priority to provide adequate ventilation 
and oxygenation. To maintain blood pressure, 
vasopressors and inotropes are given so that the 
patient is hemodynamically stable. Intravenous 
access should be established during the first min-
ute of evaluation [11].

Laboratory work, i.e., blood gas analysis, 
basic serum chemistry, and hematological tests 
(urgent bedside blood for glucose, serum electro-
lytes, renal function test, liver function test, thy-
roid function test, complete blood count, and 
coagulation profile) should be performed within 
the first minute of coma. If the cause of coma is 
suspected to be infection, lumbar puncture should 
be done, unless contraindicated, after performing 
the CT/MRI and fundoscopic studies. The sam-
ple of the cerebrospinal fluid should be sent for 
microbiological examination [3]. Similarly, toxi-
cological screening including urine toxicology 
and serum ethanol level should be sent to identify 
the toxins. If the cause of coma is not identified 
after performing the CT scan, then an MRI should 
be obtained to rule out minute structural changes 
of the central nervous system. If ischemic stroke 
or subarachnoid hemorrhage is suspected, mag-
netic resonance angiogram should be performed 
which can provide information about regional 
perfusion and vascular patency. Oxygen therapy 
should be initiated immediately to correct 
hypoxia-induced coma. If rapid finger testing of 
glucose is not available, empirical intravenous 
50% dextrose should be administered, which will 
reverse coma secondary to hypoglycemia [13].

If a patient with chronic alcoholism in a mal-
absorptive state with a risk of nutritional defi-
ciency is suspected, thiamine 100  mg is 
commonly administered intravenously with dex-
trose to prevent the precipitation of Wernicke’s 
encephalopathy. If the coma is secondary to 
excess administration of benzodiazepine, intrave-
nous 0.25  mg flumazenil is given. If there is a 
suspicion of opioid toxicity, intravenous 0.04–
0.4 mg naloxone can be administered, which will 
rapidly reverse the respiratory depression and 
coma. The history of ingestion of acetaminophen 
warrants the use of N-acetylcysteine, an antidote. 
Similarly, physostigmine may be administered if 
anticholinergic toxicity is suspected. If there is an 
index of suspicion of ongoing status epilepticus, 
intravenous antiepileptic drugs should be initi-
ated. A history of the overdose of antipsychotic 
drugs and suspicion of neuroleptic malignant 
syndrome warrants the use of dantrolene. 
Appropriate antibiotics should be administered if 
there is suspicion of acute pyogenic meningitis 
before CT and lumbar puncture to avoid the pos-
sibility of delay in treatment.

If the comatose patient has a structural lesion, 
i.e., subarachnoid parenchymal hemorrhage with 
intraventricular extension, intra-cerebellar/cere-
bral hemorrhage with rostrocaudal deterioration, 
or primary ventricular hemorrhage with ventricu-
lar tamponade, urgent life-saving neurosurgical 
intervention might be warranted.

33.12	� Prognosis of Coma

Most of the patients who survive the initial insult 
recover from coma within 2–4 weeks. The extent 
of the recovery, however, is variable, ranging 
from full recovery to a minimally conscious or 
vegetative state. This is determined by the etiol-
ogy, the depth, and the duration of coma at pre-
sentation [14].

Some patients of traumatic brain injury 
recover from coma within the first day, some per-
manently lose all brainstem functions (become 
brain dead), whereas others progress to wakeful 
unawareness (vegetative state). The prognosis of 
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coma induced by traumatic brain injury is better 
than that caused by structural cerebral disease, 
which carries the worst prognosis, with only 7% 
of patients achieving moderate or good recovery. 
If the brain damage is severe, a comatose patient 
may be permanently disabled or never regain 
consciousness. A coma that results from drug 
poisoning has a high rate of recovery if prompt 
medical attention is provided. In contrast, patients 
in coma associated with cerebral hypoxia tend to 
have a poor outcome [15].

The depth of coma at presentation also affects 
the prognosis; the higher the GCS at presenta-
tion, the better the outcome [9]. Patients who 
receive CPR early (when needed) also tend to 
have a better outcome than those who received 
CPR late. Further, survival and outcome in coma 
are strongly correlated with the duration of coma. 
The longer a person is in coma, the worse is the 
prognosis. Those who wake up after a long dura-
tion in a coma may have significant physical, 
psychological, and psychiatric disabilities. Other 
important prognostic indicators include the age at 
cardiac arrest and presence of comorbidities. As 
expected, younger patients with lesser/no comor-
bidities have better outcomes than their older 
counterparts. Similarly, comatose patients with 
nonconvulsive status epilepticus have a better 
outcome if antiepileptic drugs are started earlier 
than in those where the drug administration is 
delayed. Prompt medical attention on noticing 
the signs of sudden raised intracranial pressure, 
hypoglycemia, and status epilepticus may lead to 
improved outcome.

There is no established relation between cere-
bral metabolic rate of glucose or oxygen (as mea-
sured by PET scan) and patient outcome [16]. 
Comorbidities, age, duration, etiology, breathing 
patterns, posturing, neuroimaging findings, and 
EEG findings on the whole help to predict the 
outcome of comatose patients.
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34Metabolic Syndromes 
in Neurology

Anirban Ghosal

Case Scenario
A 6-year-old boy presented to the outpatient 
department for acute-onset visual disturbances. He 
was born full term with a normal birth weight and 
normal delivery out of a non-consanguineous mar-
riage. His birth and perinatal history were unevent-
ful, but he had a mild gross motor developmental 
delay. He started to have recurrent vomiting at 3 
years of age, unrelated to feeding. He happened to 
be sleepy, less interactive and lethargic most of the 
time since 4 years of age. Recently after a febrile 
episode, he developed difficulty recognising fam-
ily members though he could identify them by 
voice. His speech became slurred and had one epi-
sode of generalised tonic-clonic seizure.

MRI brain showed bilateral occipital pre-
dominant white matter signal abnormality 

with sparing of the subcortical U fibres 
(Fig. 34.1). Despite being a dark-skinned kid, 
a pigmentation was evident in perioral region, 
axilla and groin (Fig. 34.2). His 8 a.m. cortisol 
was low and plasma ACTH was markedly 
high, indicating a primary adrenal insuffi-
ciency. The diagnosis of X-linked adrenoleu-
kodystrophy was made. Elevated plasma levels 
of very long chain fatty acids confirmed the 
diagnosis.

Antiepileptics and Lorenzo’s oil were added 
from the neurology side, and hydrocortisone sup-
plementation was done after an endocrinology 
consultation. Despite all measures he continued 
to deteriorate and later developed spasticity in the 
limbs, swallowing difficulty and balance 
problems.
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Fig. 34.1  MRI brain T2-weighted axial image showing bilateral parieto-occipital white matter hyperintense signal 
change sparing subcortical U fibres. Also note the presence of the cyst of cavum vergae

Fig. 34.2  Note the dark pigmentation in perioral and 
neck region

34.1	� Introduction

Inborn errors of metabolism are underlooked, as 
individually they are rare and considered untreat-
able by most clinicians. However, they collec-
tively constitute a significant public health 
burden and directly or indirectly affect the neu-
rological system. Damage is caused by toxins, 
energy or neurotransmitter deficiency or through 

blockage of an essential metabolic or biochemi-
cal pathway [1].

In a broader way, they may be divided into 
small- and large-molecule disorders. The former 
group includes amino and organic acidopathies 
and urea cycle disorders. Neonates with these 
disorders lack the necessary enzymes to break 
the substance loads and suffer when they are 
exposed for the first time to a normal substance. 
These disorders flare up in stressful conditions.

Large-molecule disorders, in contrast, are 
slowly progressive, as the macromolecules grad-
ually accumulate inside cells. Lysosomal, peroxi-
somal and glycogen storage disorders are 
amongst them, and depending on predilections of 
accumulation and damage to particular areas of 
the nervous system, they lead to leukodystrophy 
(white matter damage) or poliodystrophy (grey 
matter damage).

Poor feeding, lethargy, recurrent vomiting on 
feed initiation, decreasing responsiveness, hypo-
tonia or movement abnormalities should arouse 
suspicion in a neonate. Parental consanguinity is 
a clue as many of these disorders are autosomal 
recessive. Previous neonatal death or stillbirth 
and recurrent worsening after exposure to a par-

A. Ghosal



299

ticular dietary substance like cow’s milk (galac-
tose) or fruit juice/honey (fructose) demand 
probing.

34.2	� Small-Molecule Disorders

	1.	 GLUT-1 deficiency syndrome: infantile sei-
zures, developmental delay, intellectual defi-
ciency, ataxia, dystonia and microcephaly are 
common clinical features. Seizures begin in 
early infancy with behavioural arrest, pallor, 
cyanosis, opsoclonus-like eye movement and 
apnoea. As they grow up, seizures change into 
atypical absence, astatic or generalised tonic-
clonic seizures.

D-glucose, an obligate fuel for brain 
metabolism, is transported through the blood 
brain barrier by GLUT-1, which normally is 
in abundance in brain capillaries, astroglial 
cells and the TBC membrane. GLUT-1 defi-
ciency is the first genetically determined 
abnormality of the blood brain barrier and 
may have autosomal recessive inheritance.

Low CSF glucose and normal-to-low nor-
mal lactate are the diagnostic clues. In 
sequencing of SCLC 2A1 gene, mutation is 
found in 90% cases. Ketogenic diet controls 
seizures in early stages but less effective for 
cognitive problem. Antiepileptics are mostly 
ineffective. Recently, anaplerotic therapy with 
triheptanoin is being studied.

	2.	 Hyperammonaemia: Hepatic urea cycle is the 
prime system for mammalian ammonia detox-
ification, and all six enzymes in this cycle can 
be defective [2].

Neonatal hyperammonaemia: Birth 
asphyxia and prematurity may lead to tran-
sient hyperammonaemia, reflecting the 
immature stage of the liver, and do not need 
treatment. Sepsis causes elevated ammonia 
level and needs exclusion. Infants with raised 
ammonia due to organic acidopathies or urea 
cycle disorders become symptomatic after 
1–3 days of protein feed. In contrast, pyruvate 
metabolism disorders (pyruvate dehydroge-
nase or pyruvate carboxylase deficiency) 
become symptomatic in early 24 h. Respiratory 

alkalosis and hyperventilation are common in 
urea cycle disorders. This distinguishes them 
from organic acidurias, where ketoacidosis 
(except in Maple syrup urine disease [MSUD]) 
occurs. All urea cycle genes are autosomal 
recessive, except ornithine carbamyl transfer-
ase, which is X-linked. Hyperammonaemic 
coma in a new born is an emergency, and 
rapid peritoneal or haemodialysis is neces-
sary. Intravenous sodium benzoate and 
sodium phenylbutyrate are other therapy 
adjuncts. Temporarily protein should be elim-
inated from the diet, and energy needs to be 
supplemented by glucose. Valproate therapy 
is a common cause of hyperammonaemia, 
especially in children with carnitine defi-
ciency and unrecognised fatty acid oxidation 
or urea cycle disorder. L-carnitine supplemen-
tation helps here.

	3.	 Aminoacidurias: Though rare, neurodegener-
ation in these diseases is preventable if early 
intervention is done.

Maple syrup urine disease, a branched-
chain amino acid metabolism disorder, pro-
duces a characteristic odour in the urine of an 
infant who develops poor feeding, abnormal 
respiration, convulsion and opisthotonos at 
the end of the first week of life. Late-onset 
form may present with growth and psychomo-
tor delay and ataxia. Lifelong dietary restric-
tion of branched-chain amino acids is needed, 
and some forms are thiamine responsive. 
Some of the methyl malonic acidurias respond 
to vitamin B12.

Type Il glutaric acidurias present with 
recurrent vomiting and hyperglycaemia in 
neonates. Structural brain abnormality and 
cardiomyopathy are noted. Carnitine and 
riboflavin supplementation helps. Neonatal 
nonketotic hyperglycinaemia present with 
opisthotonos, disconjugate eye movement, 
myoclonus and refractory seizures. CSF gly-
cine is several times higher than that in blood, 
and there is spongy degeneration of brain. It’s 
a disease where dietary protein restriction, 
high-dose sodium benzoate and dextrometho-
rphan may be helpful. Homocystinuria mani-
fests as tall stature, lens dislocation, 
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intellectual deficiency and thromboembolic 
events. Some respond to methylcobalamin.

Vitamin-responsive aminoacidurias:
	 (a)	 Pyridoxine-dependent seizures: an auto-

somal recessive disorder presenting with 
jitteriness, convulsions and excessive 
auditory startle. There is increased excre-
tion of xanthurenic acid in response tryp-
tophan load. Pyridoxine loading 
suppresses the seizures, and daily supple-
mentation allows normal 
neurodevelopment.

	 (b)	 Biopterin deficiency: hypotonia, myoclo-
nus and generalised tonic-clonic seizures 
in neonates with increased phenylalanine 
level. Here, tetrahydrobiopterin, which is 
a cofactor in phenylalanine metabolism, 
is deficient, and its supplementation 
allows seizure control.

	4.	 Organic acidurias: Propionic, isovaleric and 
methylmalonic acidurias are three classical 
forms presenting with encephalopathy, sei-
zures or movement disorders [3]. Treatment 
involved are dialysis, haemofiltration or 
dietary modifications.

Type I glutaric aciduria manifests as 
microcephaly, hypotonia and hyperkinetic 
movement disorder, which worsen in meta-
bolically stressful conditions. MRI brain 
shows widened sylvian fissures with large 
extra-axial vacant spaces over fronto-temporal 
convexities. Striatal signal change and necro-
sis occur in untreated cases. A carnitine sup-
plement before basal ganglia injury is of 
substantial benefit.

Canavan disease is a spongiform leuko-
dystrophy, where N-acetylaspartic acid accu-
mulation leads to progressive macrocephaly, 
hypotonia, seizures, spasticity and 
neuroregression.

	5.	 Disorders of purine and pyrimidine metabo-
lism: Purine and pyrimidine participate in 
nucleotide synthesis, i.e. ATP or ADP synthe-
sis. Anaemia, immune deficiency, hyperuri-
caemia leading to renal stones and even renal 
failure can occur in these diseases. 
Developmental delay, autism and sensory 
neural hearing problem are among other 
manifestations.

Lesch Nyhan syndrome is an X-linked 
recessive disorder leading to hyperuricaemia 
in blood urine and CSF. Urate crystals deposit 
in joints and kidney. Self-mutilation behav-
iour, choreoathetosis and spasticity develop in 
the second year of life. Allopurinol helps with 
hyperuricaemia, but the child needs to be 
restrained to prevent self-mutilation. Even 
therapeutic dental extraction is needed. DBS 
surgery was even tried in some cases of 
self-mutilation.

	6.	 Porphyrias: They are haem synthesis disor-
ders. Acute intermittent porphyria, the most 
common type, presents as psychosis, seizures, 
abdominal pain, autonomic neuropathy and 
painful peripheral neuropathy [4]. Fasting 
state, certain drugs and alcohol precipitate 
decompensation. Urine porphobilinogen 
assay is needed for diagnosis. Fluid and elec-
trolyte balance maintenance, treatment of 
neuropathic pain with gabapentin and avoid-
ance of offending drugs are the mainstay of 
therapy. IV heme arginate and prehematin are 
needed to block the metabolic pathway, but 
their availability is a concern.

	7.	 Disorders of metal metabolism:
Copper:
Wilson’s disease, also known as hepatolen-

ticular degeneration, is due to a defective 
transport of copper from liver to bile and 
blood. Mutation in ATP-7B gene causes accu-
mulation of copper in liver, which overflows 
to blood and then deposited in lentiform 
nuclei in brain, leading to extrapyramidal dis-
orders [5].

Chronic liver disease, haemolytic anaemia, 
thrombocytopenia, renal tubular acidosis and 
neuroregression in cognitive domain appear 
in young children usually in the first decade. 
Deteriorating scholastic performance, behav-
ioural issues, bulbar problems like dysphagia, 
dysarthria and a “vacuous smile” due to facial 
muscle dystonia guide clinicians towards 
diagnosis. A coarse wing-beating tremor in 
outstretched hands, ataxia, myoclonus and 
seizures (in 6% of cases) are seen.

The presence of KF ring in the cornea due 
to copper accumulation, increased 24  h uri-
nary copper excretion, low serum ceruloplas-
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min and genetic testing are needed for 
diagnosis.

Treatment involves penicillamine, a copper 
chelator, which is started in very low dose 
with gradual build-up. Zinc, which impairs 
copper absorption in gut, trientine and tetra-
thiomolybdate are other therapy options. 
Avoidance of copper-rich food like liver, 
chocolate, cocoa, mushrooms, nuts and shell-
fish is recommended. Liver transplant may 
stabilise the underlying metabolic problem, 
and in some cases, sustained neurological 
improvements can occur.

Menkes disease is caused by mutation in 
X-linked ATP-7A gene, leading to systemic 
copper deficiency. It’s seen exclusively in 
boys in the first 2 months of life with develop-
ment regression, hypotonia, seizures, sparse 
twisted easily breakable hair, hypoglycaemia 
and hypothermia. Due to abnormal collagen 
formation, there is metaphysical damage in 
bones and dilatation of blood vessels, which 
rupture easily, leading to intracranial haemor-
rhage. Most children do not survive beyond 
3 years. Subcutaneous copper histidine insti-
tuted before permanent damage can give some 
benefit.

Iron:
Important disorders in this group are 

NBIA-1 or PKAN and NBIA-2 or PLAN 
(PLA2G6-associated neurodegeneration).

PKAN presents in the first decade with 
intellectual disability, progressive ataxia and 
oromandibular dystonia. Supranuclear gaze 
palsy, acanthocytes in peripheral blood and 
retinal pigmentation are seen. Iron deposited 
in the globus pallidus leads to an area of 
hypointensity with a central hyperintensity in 
the MRI brain with “the eyes of the tiger” 
sign. The treatment is symptomatic. A few 
studies describe the role of deferiprone, an 
iron chelator.

PLAN or PARK 14 or NBIA-2 manifests as 
ataxia, truncal hypotonia, limb spasticity, nys-
tagmus, optic atrophy and peripheral neuropa-
thy. MRI shows cerebellar atrophy and iron in 
the globus pallidus without hyperintensity.

	8.	 Nonhereditary neurometabolic disorders:

Hypocalcaemia— a common cause of neo-
natal seizures, spasms and tetany. Fahr’s dis-
ease or familial cerebral calcinosis leads to 
basal ganglia, cerebellar dentate nuclei calci-
fication and movement disorders.

Rapid correction of hyponatraemia leads 
to central pontine and extrapontine myelinol-
ysis from osmotic demyelination in CNS.

Hypoglycaemia – premature neonates and 
neonates of diabetic mothers are mostly sus-
ceptible, leading to seizures.

	9.	 Neuro-acanthocytosis: Acanthocytes are 
irregular-shaped RBCs with spiny 
projections.

Chorea acanthocytosis presents with 
hyperkinetic movement disorder, characteris-
tic “feeding dyskinesia” and psychiatric man-
ifestations like obsession, seizures, peripheral 
neuropathy and proximal weakness [6]. 
Defect is caused by chorein, an abnormal pro-
tein leading to membrane defects in RBCs.

Abetalipoproteinaemia is caused by muta-
tion in microsomal triglyceride transfer pro-
tein, leading to diarrhoea and very low blood 
lipids. Fat-soluble vitamins are low. Vitamin 
E deficiency leads to a spinocerebellar syn-
drome with ophthalmoplegia, ataxia and pig-
mentation in retina. Vitamin K deficiency 
leads to haemorrhagic disorders.

34.3	� Large-Molecule Disorders

They include lysosomal, peroxisomal and glyco-
gen storage disorders.

Metabolic syndromes in neurology are a vast 
entity, and discussion regarding each is out of the 
scope of this chapter. We have discussed some of 
the common, though easily missed, conditions in 
brief, mainly clinically, for the help of the reader.
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Traumatic Brain Injury

Ahmed Abd Elazim and Shraddha Mainali

Case Scenario
A 31-year-old un-helmeted biker presented to our 
trauma center after a motorbike crash. Patient was 
unresponsive at the scene and got intubated by 
paramedics for airway protection. His Glasgow 
Coma Scale (GCS) at the field was 3T (Table 35.1). 
Upon arrival to the hospital, his GCS was 8T 
(opened eye to pain and localized to painful stimu-
lation with right arm). Pupils were equal and reac-
tive. Blood pressure (BP) was 137/87 mm of Hg, 
pulse was 97/min, respiratory rate was 16/min, 
temperature was 36.7  °C, and oxygen saturation 
was 100% on volume control ventilation with min-
imal settings. Past medical and surgical history 
was unremarkable. Head Computed Tomography 
scan (CTH) revealed bilateral traumatic subarach-
noid hemorrhage (SAH), bilateral extra-axial 
hematomas, left occipital contusion, evidence of 
diffuse axonal injury (DAI), as well as commi-
nuted bilateral parietal and occipital bone fractures 
with underlying pneumocephalus (Fig. 35.1a, b, c, 
and d). In addition, he had ruptured right tympanic 
membrane. CT angiography of head and neck was 
unremarkable. CT chest showed non-displaced 

fracture of posterior tenth rib, but no other signifi-
cant body trauma was found. Lab parameters on 
presentation were within normal limits. The 
patient was admitted to the neurocritical care unit, 
where a right-sided intraparenchymal intracranial 
pressure (ICP) monitor was placed. Initial ICP 
recording was 32 mmHg. At the time, mean arte-
rial pressure (MAP) was 84 mmHg with cerebral 
perfusion pressure (CPP) of 52 mmHg (goal CPP 
60–70 mmHg). Head of bed was elevated to 45°, 
and he was transiently hyperventilated with PaCO2 
goal of 30–35 mm Hg. After initial propofol bolus 
of 20  mg, propofol and fentanyl were started. 
Intravenous mannitol 20% at the dose of 1 g/kg 
was administered, and 3% hypertonic saline was 
started at 100  cc/h. Combined acute measures 
improved ICP to 20 mmHg initially. However, the 
patient had multiple ICP crises in the first 2 weeks, 
requiring multiple sedatives including pentobarbi-
tal coma, recurrent boluses of hyperosmolar ther-
apy, and paralytics. Cerebral blood flow (CBF) 
and partial pressure of brain tissue oxygenation 
(PbtO2) were closely monitored using intraparen-
chymal devices and optimized as needed with a 
goal CBF of 20–40  mL/100 g/min and a goal 
PbtO2 of 25–35 mmHg. Left-sided external ven-
tricular drain (EVD) was also placed. Patient 
remained intermittently on pressors while requir-
ing heavy sedation for ICP management. Video 
EEG (vEEG) was placed to evaluate for non-
convulsive status epilepticus (NCSE) and was 
negative for seizures. Daily transcranial doppler 
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Table 35.1  Glasgow Coma Scale

Best eye response Best motor response Best verbal response
4 Eye opening spontaneously 6 Obeys commands 5 Oriented
3 Eye opening to commands 5 Localizes to painful stimulation 4 Confused
2 Eye opening to pain 4 Withdraws to painful stimuli 3 Inappropriate words
1 No response 3 Flexion to painful stimuli (decortication) 2 Incomprehensible sounds

2 Extension to painful stimuli (decerebration) 1 No response
1 No response

a b

c d

Fig. 35.1  Initial CTH 
showing scalp 
hematoma, bilateral 
extra-axial hematomas, 
and left parietal 
contusion (a), SAH and 
multiple contusions (b), 
multiple skull fractures 
(c and d) with associated 
pneumocephalus (arrow)

Table 35.2  Glasgow Outcome Scale

Glasgow 
outcome 
score Functional status
1 Death
2 Persistent vegetative state. Minimal 

responsiveness
3 Severe disability. Conscious but 

disabled. Dependent on others for 
activities of daily living

4 Moderate disability. Disabled but 
independent. Able to work in sheltered 
settings

5 Good recovery. Able to resume normal 
life despite minor deficits

was performed to monitor for vasospasm. On day 
11, tracheostomy and percutaneous gastrostomy 
tubes were placed. During the ICU stay, patient 
had multiple episodes of paroxysmal sympathetic 
hyperactivity, and ICU course was further compli-
cated by hospital-acquired pneumonia and grade 3 
decubitus ulcer. He was finally discharged to reha-
bilitation facility after 38 days of hospitalization 
with a Glasgow Outcome Scale of 13 (Table 35.2). 
At the time of discharge, he was able to tolerate 
dysphagia diet with thin consistency. Tracheostomy 
tube was successfully removed on day 45. He con-
tinued to receive aggressive physical, occupa-
tional, speech, cognitive, and psychological 
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therapy for 2 weeks in the inpatient rehabilitation 
facility. He was discharged and sent home with his 
family and continued outpatient therapy. After 
4  months of injury, patient had regained full 
strength with good cognition (GCS 15) and was 
able to return to work.

35.1	� Introduction

Traumatic brain injury (TBI) is defined as a path-
ological insult to the brain caused by an external 
force as a result of a direct blow to the head or 
impact elsewhere in the body with the transmis-
sion of mechanical forces to the brain [1]. Below, 
we will discuss the epidemiology, pathophysiol-
ogy, classification, types of injury, management, 
and outcomes of TBI.

35.2	� Epidemiology

Traumatic brain injury is a global health problem, 
especially among young population. The World 
Health Organization (WHO) predicts that TBI 
will transcend several other major causes of death 
and disability by year 2020, as industrialization 
and motorization continue to increase globally. It 
is estimated that TBI affects about ten million 
people worldwide, leading to either hospitaliza-
tion or death. Motor vehicle accidents, falls, and 
violence are the most common causes of TBI 
globally. Men are significantly more prone to 
TBI than women worldwide. Overall, the inci-
dence of TBI varies across the world based on 
urbanization, road traffic conditions, social struc-
ture, prevalence of violence, proportion of young 
population, etc. Outcomes are known to be worse 
in the low- and middle-income countries due to 
lack of access to health care as well as lack of 
advanced management strategies [2–4].

35.3	� Pathophysiology

Brain injury in TBI occurs through primary and 
secondary mechanisms. The primary brain injury 
is the injury that occurs at the moment of impact. 

Common mechanisms of injury include direct 
impact, rapid acceleration/deceleration injury, 
penetrating injury, and blast waves. Despite the 
varied nature of injury, they all result in mechani-
cal forces leading to tissue injury and can present 
as a combination of scalp injury, skull fracture, 
surface contusion, penetrating wounds, intracra-
nial hemorrhage, diffuse vascular injury, diffuse 
axonal injury, cranial nerve (CN) injury, or injury 
to deep structures like the pituitary stalk. The ini-
tial impact causes compression, stretching, dis-
tortion, and displacement of brain tissue, leading 
to cellular injury. Furthermore, mechanical forces 
can cause axonal damage, leading to impaired 
neuronal conduction.

Secondary brain injury is triggered by 
mechanical and biochemical changes that start at 
the time of injury and continue for hours to days. 
These changes result in the initiation of a cascade 
of molecular mechanisms leading to cell injury. 
Each type of head injury might trigger different 
pathophysiological mechanisms of secondary 
injury with variable duration. Mechanistic path-
ways involved in secondary injury include:

	1.	 Neurotransmitter-mediated injury: biome-
chanical injury triggers ionic flux leading to 
glutamate release. Energy-dependent ionic 
pumps attempt to restore ionic balance creat-
ing high metabolic demand and energy crisis.

	2.	 Calcium-mediated cytoskeletal damage and 
mitochondrial dysfunction: calcium ions 
accumulate intracellularly, causing cytoskele-
tal damage, and are sequestered in the mito-
chondria, resulting in the failure of oxidative 
metabolism. This mismatch in energy supply 
and demand worsens energy crisis and poses 
risk for secondary cellular injury.

	3.	 Free-radical generation: alteration of intracel-
lular redox state leads to free-radical 
generation.

	4.	 Initiation of inflammatory cascade.
	5.	 Gene activation and initiation of apoptotic 

cascade.

Various systemic and intracranial factors also 
worsen secondary brain injury. Such systemic 
factors include hypoxemia, hypotension or severe 
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hypertension, severe hypocapnia or hypercapnia, 
hypoglycemia or hyperglycemia, coagulopathy 
or hypercoagulability, severe anemia, acidosis, 
severe electrolyte imbalances, fever, and super-
imposed infections. Intracranial factors 
contributing to secondary brain injury include 
high intracranial pressure (ICP), hematoma 
expansion, cerebral edema, hydrocephalus, sei-
zures, vasospasm, delayed ischemia, brain com-
pression, and brain herniation. The goal of TBI 
management is to prevent or minimize the effects 
of secondary brain injury [5–7].

35.4	� Classification

Historically, TBI has been classified into three 
main groups based on clinical severity. Mild, 
moderate, and severe TBI are briefly discussed 
below [8–12].

35.4.1	� Mild TBI/Concussion

Mild TBI is defined as a brief neurological 
impairment with spontaneous resolution of 
symptoms. Criteria for mild TBI include 
GCS ≥  13, normal CTH, loss of consciousness 
(LOC) <30  min following the injury, and post-
traumatic amnesia (PTA) of <24 h following the 
injury. Clinically, patients may present with (1) 
physical symptoms (headache, nausea, vomiting, 
dizziness, visual changes, fatigue, photophobia, 
or phonophobia), (2) emotional symptoms (irrita-
bility, nervousness, labile mood, etc.), (3) cogni-
tive issues (mental fogginess, memory problems, 
attention deficit, delayed response, etc.), and (4) 
sleep-related problems (insomnia, excessive 
sleepiness, increase sleep latency, etc.). 
Systematic serial evaluation is important to deter-
mine safety regarding return to school, work, or 
sports and identify individuals with persistent 
symptoms needing further management.

•	 Post-concussion syndrome (PCS): It com-
prises constellations of concussion symptoms 
that may persist up to 6 weeks. Predisposing 
factors for PCS include prior concussion, 
headaches, attention deficit hyperactivity dis-
order, and other neuropsychiatric conditions.

•	 Chronic traumatic encephalopathy (CTE): It 
is a neurodegenerative condition as a result of 
repeated trauma to the brain. 
Histopathologically, abnormal deposition of 
Tau protein is seen. Clinically, patients present 
with confusion, impulse control issues, 
aggression, depression, and progressive mem-
ory loss.

35.4.2	� Moderate and Severe TBI

Patients are classified as moderate TBI if initial 
GCS is 9–12 and as severe TBI if initial GCS is 
≤8  in the presence of abnormal brain imaging. 
Patients with moderate and severe TBI have LOC 
>30  minutes and PTA >24  hours following the 
injury.

Although this classification system has been 
validated, there are several confounding factors 
leading to false classification of severity of 
TBI. For example, intoxication or sedation pro-
vided by paramedics en route to the hospital can 
alter the GCS on presentation. Furthermore, the 
systemic or psychological shock and organ fail-
ure with polytrauma can alter GCS and extend 
the period of post-traumatic amnesia. Brain 
imaging is not always obtained especially in 
cases of apparent mild symptoms. Moreover, the 
initial GCS or length of post-traumatic amnesia 
is not consistently documented. Given the unreli-
ability of some of the TBI severity indicators and 
frequency of missed documentation, Malec et al. 
have developed a classification system called the 
“Mayo TBI Severity Classification System” 
based on positive evidence available in the medi-
cal record (Table 35.3).
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Table 35.3  Mayo TBI severity classification system

A. �Classify as Moderate-Severe (Definite) TBI if one 
or more of the following criteria apply:

1. Death due to this Traumatic brain Injury (TBI)
2. Loss of consciousness of 30 minutes or more
3. �Post-traumatic anterograde amnesia of 24 hours or 

more
4. �Worst Glasgow Coma Scale full score in first 24 

hours <13 (unless invalidated upon review, e.g., 
attributable to intoxication, sedation, systemic 
shock)

5. One or more of the following present:
 �� •  Intracerebral hematoma
 �� •  Subdural hematoma
 �� •  Epidural hematoma
 �� •  Cerebral contusion
 �� •  Hemorrhagic contusion
 �� •  Penetrating TBI (dura penetrated)
 �� •  Subarachnoid hemorrhage
 �� •  Brain Stem Injury
B. �If none of Criteria A apply, classify as Mild 

(Probable) TBI if one or more of the following 
criteria apply:

1. �Loss of consciousness of momentary to less than 30 
minutes

2. �Post-traumatic anterograde amnesia of momentary 
to less than 24 hours

3. �Depressed, basilar or linear skull fracture (dura 
intact)

C. �If none of Criteria A or B apply, classify as 
Symptomatic (Possible) TBI if one or more of the 
following symptoms are present:

1. Blurred vision
2. Confusion (mental state changes)
3. Dazed
4. Dizziness
5. Focal neurologic symptoms
6. Headache
7. Nausea

Table 35.4  Marshall CT scoring system

Grade Description
Diffuse 
injury I

No visible pathology on CT

Diffuse 
injury II

Presence of lesion on CT with midline 
shift 0–5 mm. Cisterns are present. No 
high- or mixed-density lesion >25 cm3 
including bone fragments or foreign 
bodies

Diffuse 
injury III

Abnormal CT with obliteration of 
cisterns, midline shift 0–5 mm. No 
high- or mixed-density lesion >25 cm3

Diffuse 
injury IV

Midline shift >5 mm, no high- or 
mixed-density lesion >25 cm3

Diffuse 
injury V

Any surgically evacuated lesion

Diffuse 
injury VI

Non-evacuated mass lesion, high- or 
mixed-density lesion >25 cm3

35.5	� Types of Injury

Traumatic brain injury can lead to various types 
of injuries, most of which can be found on neuro-
imaging. Marshall Scale is a widely used 
CT-based grading scale that helps to classify 
injuries in six different categories (Table 35.4). It 
has value in accurately predicting the risk of 
increased intracranial pressure and outcomes in 
adults but lacks reproducibility in patients with 
multiple types of brain injury. Different types of 
head injury sustained in TBI are discussed below:

	1.	 Skull Fracture
Fractures can occur in the Vault or base of 

the skull. Vault fractures are often linear. It 
can be open or closed where open fractures 
communicate with the outside environment 
and closed fractures don’t. It can be simple 
(only one bone fragment present) or com-
pound (two or more bone fragments present). 
It can be depressed (inward displacement of 
the fragments) or non-depressed. Fractures 
can involve sinuses and are often associated 
with underlying hematomas. Basilar skull 
fractures are usually caused by dissipated 
force and can often result in cranial nerve 
injury and may present with CSF otorrhea or 
rhinorrhea. Hematomas may occur around the 
eye (raccoon sign), behind the ear (battle sign) 
or behind the ear drum (hemotympanum).

	2.	 Epidural Hematoma (EDH)
EDH occurs in the potential space between 

the skull and the dura. It crosses dural attach-
ments but does not cross suture lines. 
Characteristically, it has a lens-shaped appear-
ance. Over 85% of EDH occurs due to arterial 
injury. It occurs commonly in the middle cra-
nial fossa due to tear of middle meningeal 
artery but can occur in anterior cranial fossa 
due to rupture of anterior meningeal artery or 
rupture of dural venous sinuses. In ~15% of 
cases, it can occur due to tear of dural sinuses 
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or confluence of sinuses in the posterior fossa. 
EDH can rapidly enlarge, causing a mass 
effect. Patients can present with varied clini-
cal symptoms from brief LOC to coma. Some 
patients manifest “triple phase” with initial 
LOC followed by lucid interval and subse-
quent worsening of symptoms as hematoma 
continues to expand. Acute symptomatic EDH 
is a neurologic emergency that often requires 
surgical decompression to prevent irreversible 
brain injury and death caused by hematoma 
expansion, elevated ICP, and brain herniation. 
Surgical evacuation is recommended in 
patients with hematoma volume > 30 cc and 
in patients with GCS ≤ 8 with anisocoria. Few 
clinically stable patients may be managed 
non-operatively. However, close monitoring 
and follow-up brain imaging are required to 
ensure the stability of the hematoma.

	3.	 Subdural Hematomas (SDH)
Acute SDH is usually caused by rupture of 

the bridging veins that drain the cortical sur-
faces to the dural sinuses. Hematoma forms 
between the dura and the arachnoid mem-
branes. Slow venous bleeding commonly 
stops due to the effect of the rising ICP or by 
direct compression of the vein by the hema-
toma. In 20–30% patients, SDH results from 
the rupture of small cortical arteries. SDH can 
cross suture lines but is limited by dural 
attachments and typically appears as a 
crescent-shaped extra-axial collection. 
Similar to EDH, most patients need surgical 
evacuation. Surgical evacuation is recom-
mended in SDH with a thickness > 10 mm and 
a midline shift >5 mm, regardless of the GCS 
score. In addition, surgery is recommended if 
GCS ≤8, if GCS has decreased by ≥2 points 
from initiate assessment, in case of asymmet-
ric and dilated pupil and persistent high ICP 
>20. Those with small hematomas (<1  cm) 
and stable clinical symptoms may be man-
aged non-operatively with close monitoring.

	4.	 Contusions and Intraparenchymal 
Hemorrhage

Patients commonly present with focal 
cerebral contusions. It is often seen in the 
basal frontal and temporal areas that are sus-

ceptible to direct impact in acceleration/
deceleration injuries. More severe head injury 
can lead to disruption of intraparenchymal 
blood vessels causing intraparenchymal 
hematomas. Posterior fossa hemorrhage with 
mass effect should be evacuated emergently. 
For hemispheric frontal and temporal ICH, 
surgical evacuation is recommended if hema-
toma volume is >50 cc. Surgery is also recom-
mended for hematoma volume  >  20  cc in 
patients with GCS 6–8 and midline shift 
≥5 mm or effacement of basal cisterns.

	5.	 Subarachnoid Hemorrhage (SAH)
It can occur with disruption of small pial 

vessels and commonly occurs in the cortices, 
sylvian fissures, and interpeduncular cisterns. 
SAH can also occur by extension of intraven-
tricular hemorrhage or cortical hemorrhage. 
Isolated subarachnoid hemorrhage in the set-
ting of mild TBI typically has a benign neuro-
logical outcome.

	6.	 Intraventricular Hemorrhage (IVH)
It results from the tearing of subependymal 

veins or by extension from adjacent intrapa-
renchymal or subarachnoid hemorrhage. It is 
more commonly seen in severe TBI and leads 
to the development of hydrocephalus. External 
ventricular drainage is often needed to avoid 
worsening hydrocephalus.

	7.	 Diffuse Axonal Injury (DAI)
It is characterized by diffuse injury to the 

white matter tracts. This shearing injury is 
caused by rotational movements of the paren-
chyma within the skull and stretching and 
bending of fibers at the craniospinal junction. 
High-velocity acceleration/deceleration of the 
brain tissue during lateral motions of the head 
also results in shearing forces, especially 
against the falx and tentorium, resulting in 
DAI. MRI is more sensitive than CTH for the 
detection of DAI and can be seen as multiple 
small foci of white matter hemorrhages, typi-
cally in the cortical gray-white junction, cor-
pus callosum, and midbrain.

	8.	 Coup and Contrecoup Injury
Coup injury occurs at the site of impact, 

while contrecoup injury occurs opposite to the 
site of impact. Neuropathological studies sug-
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gest that the contrecoup injury is frequently 
more severe than the coup injury. Various 
theories have been proposed to describe the 
mechanism of coup-contrecoup injury. Some 
more popular theories include positive pres-
sure theory, negative pressure or cavitation 
theory, rotational shear-stress theory, and 
angular acceleration theory. Discussions of 
the mechanistic theories are beyond the scope 
of this chapter. However, readers are encour-
aged to refer to the review article by Post et al. 
for details [11].

	9.	 Brain Herniation
Brain herniation is a result of pressure dif-

ferential between the intracranial 
compartments. It leads to brain injury by com-
pression or traction on neural and vascular 
structures. Below we discuss some common 
types of herniation syndromes.

•	 Subfalcine herniation  – This occur in the 
setting of frontal mass effect where the cin-
gulate gyrus is pushed under the falx cere-
bri. This can lead to compression of 
anterior cerebral arteries causing infarction 
of frontal and parietal lobes.

•	 Transtentorial herniation – It results from 
downward displacement of supratentorial 
brain tissue into the infratentorial compart-
ment and is a result of supratentorial mass 
lesions, edema, or hydrocephalus. This 
leads to compression of the ipsilateral third 
CN, stretching of the contralateral third 
CN, compression of the upper brainstem 
and the cerebral peduncles, as well as trac-
tion of the superior portion of the basilar 
artery and the posterior cerebral arteries, 
leading to occipital lobe infarction. Uncal 
herniation is the most common type of 
transtentorial herniation, where the medial 
edge of the uncus and hippocampal gyrus 
displaces over the ipsilateral edge of the 
tentorium.

•	 Cerebellar herniation – The cerebellar ton-
sils are pushed through the foramen mag-
num, causing medullary and cervical spinal 
cord compression, which can lead to bra-
dycardia and respiratory arrest.

35.6	� Management of TBI

	1.	 Prehospital Management
Triage of trauma victims is the process of 

rapidly and accurately evaluating patients to 
determine the extent of their injuries and the 
appropriate level of medical care required. 
Besides the implementation of basic life sup-
port measures and triage, the main goals of 
prehospital management should be focused 
on preventing hypoxia (PaO2  <  60  mm Hg) 
and hypotension (systolic blood pres-
sure < 90). Brain is more vulnerable to these 
insults in the setting of an acute TBI, and 
hypotension and hypoxia are known to be 
associated with poor outcomes. Endotracheal 
intubation at the scene can be performed in 
the presence of a highly trained paramedic in 
patients with GCS ≤8. Fluid resuscitation 
should be started using isotonic crystalloids to 
avoid hypotension. Rapid transport to the hos-
pital should be the priority, and prehospital 
providers must do all they can to minimize the 
amount of time spent on the scene. Patients 
with TBI are at high risk for concomitant 
spine injury; hence, appropriate spine stabili-
zation measures should be taken during trans-
port [13].

	2.	 Emergency Department Management
Upon arrival to the emergency department 

(ED), it is important to re-assess the vitals and 
send basic labs, including a toxicology screen. 
A neurological assessment should be per-
formed, and GCS should be documented. 
Systemic survey should be performed to 
assess the extent and severity of injury. 
Noncontrast CT brain should be performed 
urgently in patients with GCS ≤ 14. CT cervi-
cal spine should be performed to evaluate for 
neck injuries. Signs of elevated ICP should be 
recognized and treated emergently. Glucose 
should be optimized and coagulopathy 
reversed. Neurosurgical consultation is 
required in patients with abnormal CTH with 
mass effects and surgical indications, as dis-
cussed above [14–16].

In the case of depressed skull fracture, sur-
gery with segment elevation and debridement 
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are recommended for open skull fractures that 
are depressed greater than the thickness of the 
cranium or if there is dural injury with ICH, 
frontal sinus involvement, wound contamina-
tion, pneumocephalus, or cosmetic deformity. 
For penetrating skull injuries, superficial 
debridement and dural closure are indicated to 
prevent CSF leaks. Small entry wounds 
should be treated with simple closure. 
Prophylactic broad-spectrum antibiotic is 
indicated in the setting of a penetrating injury.

	3.	 Management in the Critical Care Unit
The goal of critical care management for 

moderate-severe TBI is to prevent further 
brain injury and provide optimal condition for 
recovery. Control of factors that can potentiate 
secondary brain injury is important. Critical 
care management strategies are focused on 
ICP management (goal ICP <22 mmHg), ven-
tilator management and avoidance of hypoxia 
(goal PaO2 > 60), maintenance of optimal BP 
(goal systolic BP ≥100  mmHg for patients 
50–69  years and  ≥  110  mmHg for patients 
15–49 or > 70 years), sedation and pain con-
trol, management of coagulopathy, nutritional 
support, glucose control (100 mg/dL–160 mg/
dL), correction of acid-base and electrolytes 
abnormalities, fever management, treatment of 
infections and management of seizures, etc. 
[17, 18].

35.6.1	� ICP Monitoring 
and Management

Indications for ICP monitoring in TBI include 
GCS ≤8 and an abnormal CTH showing evidence 
of mass effect from brain hemorrhage or brain 
edema. ICP monitoring is also warranted in 
patients with normal CTH in patients of 
age > 40 years, motor posturing, and systolic BP 
<90 mmHg. Treatment of ICP >22 mmHg is nec-
essary as higher ICP levels are associated with 
high mortality. In patients with EVD, controlled 
CSF drainage helps lower ICP.  Other measures 
for acute ICP management include head eleva-
tion at 30°, optimization of venous drainage by 

keeping head in optimum position, and hyper-
ventilation. Hyperventilation if performed should 
be temporary with a goal of PaCO2 in the 
30–35  mmHg range, and hyperventilation with 
PaCO2  <  25  mmHg should be avoided. Due to 
concern for vasoconstriction, hypoventilation 
should be avoided in the first 24 h when cerebral 
blood flow is critically low. Hyperosmolar ther-
apy using mannitol boluses at the dose of 0.25–1 
g/kg every 4–6h can be used while monitoring 
serum osmolality (maintain <320) and osmolar 
gap (maintain <20). Continuous or bolus doses of 
hypertonic saline at various concentrations can 
also be successfully used for ICP control while 
closely monitoring serum sodium and serum 
osmolality. Sedatives like propofol, benzodiaze-
pines, opioids, and barbiturates, as well as para-
lytics should be used for refractory ICP.  It is 
important to note that the rate of propofol infu-
sion syndrome is relatively high in TBI patients, 
and hence proper clinical assessment and lab 
monitoring are necessary. For patients who fail to 
achieve ICP control despite maximum medical 
management, a wide frontotemporoparietal 
decompressive craniectomy should be consid-
ered as clinically appropriate [19–23].

35.6.2	� Cerebral Perfusion Pressure

Optimization of cerebral blood flow is one of the 
primary goals of TBI management. Normally, 
cerebral autoregulation allows maintenance of 
adequate cerebral blood flow (CBF) across a 
wide range (50–150  mmHg) of mean arterial 
blood pressures (MAP). Normal autoregulation 
is commonly disrupted in patients with moderate-
to-severe TBI. CPP (MAP-ICP) can be used as a 
surrogate marker for cerebral blood flow in 
TBI. Goal CPP should be maintained between 60 
and 70 mmHg [24].

35.6.3	� Post-traumatic Seizures

The incidence of post-traumatic seizures ranges 
from 6 to 30%. Since seizures can worsen sec-
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ondary brain injury, prophylactic antiepileptic 
medication is recommended for 7  days post 
TBI.  Phenytoin is commonly used for seizure 
prophylaxis, but levetiracetam has been used 
alternatively with reported success. About 
15–25% of patients with moderate-to-severe TBI 
are reported to have subclinical seizures; hence, 
continuous electroencephalographic monitoring 
is indicated to detect subclinical seizures 
[25–27].

In additional to routine ICP measurement 
using parenchymal or external ventricular drain-
age system, various advanced monitoring tech-
niques have been developed which allow 
measurement of cerebral oxygenation, cerebral 
blood flow, and cerebral microdialysis. It is 
important to understand that no monitoring tech-
nique can improve outcome unless the data 
acquired is used to drive appropriate intervention. 
Some of the monitoring techniques are discussed 
below.

•	 Jugular venous oximetry (SjVO2)
This can be achieved by the use of internal 

jugular (IJ) cannulation in a cephalad manner, 
which allows monitoring of oxygen saturation 
in the IJ as it exits the brain. Normal SjVO2 is 
around 60%. Values <50% are found to be 
associated with worse outcome.

•	 Brain tissue oxygen tension (PbtO2): PbtO2 
can be obtained with the use of intraparenchy-
mal monitor place in the white matter of the 
brain. PbtO2 > 20 mmHg is considered normal 
and < 15 mmHg suggests tissue ischemia.

•	 Cerebral microdialysis: With the help of intra-
parenchymal probe, this allows measurement 
of extracellular glucose, lactate, pyruvate, and 
glutamate. A lactate:pyruvate ratio  >  40 is 
suggestive of anaerobic metabolism and can 
worsen secondary brain injury.

•	 Thermal diffusion flowmetry: This intraparen-
chymal probe allows continuous measurement 
of CBF. The optimum range of CBF to prevent 
secondary brain injury remains to be deter-
mined. However, values between 20 and 
40  mL/100 g/min appear to be a reasonable 
goal in most patients.

35.6.4	� Nutrition

Feeding should be initiated at least by the fifth 
day and at most by the seventh day post-injury. 
Transgastric jejunal feeding is preferred to reduce 
the rate of ventilator-associated pneumonia.

35.7	� Rehabilitation and Outcome

Outcome of TBI is dependent on multiple factors 
including severity of TBI, extent of secondary 
brain injury, type of intracranial lesions, presence 
of bleeding diathesis, medical comorbidities, and 
hospital-related complications, including 
hospital-acquired infections. In general moderate-
to-severe TBI is associated with high morbidity, 
and mortality has been reported to be somewhere 
between 30 and 80%. Of the survivors of severe 
TBI, approximately 25% regain functional inde-
pendence. Rehabilitation in the form of physical, 
occupational, cognitive, and speech therapy 
improves outcome and helps patient obtain func-
tional independence [28].

In addition to physical and cognitive impair-
ments, patients with TBI suffer from psychiatric 
conditions. Major depressive disorder is a com-
mon psychiatric condition in patients with 
TBI. Patients suffer from poor cognition, anxiety, 
aggression, and remain at high risk for suicide. 
Assessment, management, and proper follow-up 
care for psychological disorders are important for 
survivors of TBI.
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36Spinal Cord Injury

Indranil Ghosh and Subhajit Guha

Case Scenario
A 24-year-old male residing at Barrackpore, 
West Bengal, had a history of injury of neck fol-
lowing diving in shallow water around 15 h back 
before he presented to our hospital. Following the 
injury of the neck, he had lost his consciousness 
for 10–15 s and developed weakness in all four 
limbs. The patient was managed conservatively 
at another hospital outside where MRI of the cer-
vical spine was done which revealed cervical 
spine injury (C4–C5 subluxation and displaced 
fracture) associated with haematoma and cord 
compression (Fig. 36.1).

After the patient was brought to our hospital, 
primary survey was done, which revealed a 
clear airway and a cervical spine injury. The 
patient was breathing on his own in a regular, 
normal pattern, with a respiratory rate of 16/
min, at room air, and his oxygen saturation was 
98%. The patient had stable haemodynamics 
with a blood pressure of 120/60 mmHg and a 
pulse rate of 88  bpm. Disability noted was 
quadriplegia. No other injuries were noted dur-
ing exposure. On secondary survey, there was 
no head injury, and cervical spine was tender. 
There was no sensation beyond fifth inter-cos-
tal space with no tenderness in chest region. 

There were no visible injuries in abdomen and 
limbs, and power in all four limbs was 0/5. 
Focused assessment with sonography in trauma 
was negative. There was no pelvic, thoracic or 
limb injury on X-ray.

After admission, the patient was advised to 
wear a Philadelphia hard cervical collar; deep 
vein thrombolysis prophylaxis was done by 
mechanical and drug therapy. Supportive care 
and medications such as gabapentin, intravenous 
paracetamol, methylcobalamine and amitripty-
line were used. The day after admission, anterior 
cervical discectomy and fusion surgery were 
done along with tracheostomy. The patient was 
given general anaesthesia following awake fibre-
optic intubation. After surgery the patient was 
mechanically ventilated overnight and gradually 
weaned off and put on a T-piece on oxygen 
support.

Eight days after the surgery, the patient was 
put on ventilator as he developed acute respira-
tory distress syndrome (ARDS), and gradually he 
became fully ventilator dependent. On about 50th 
day of admission, patient had sudden cardiac 
arrest, cardio-pulmonary resuscitation initiated 
as per advanced cardiac life support protocol but 
was unsuccessful, and the patient expired.
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Table 36.1  Aetiology of traumatic spinal cord injury [3]

Cause Percentage of cases (%)
Motor vehicle collision 41.3
Falls 27.3
Violence 15.0
Sports-related injuries 7.9
Others/unknown 8.5

Fig. 36.1  Sagittal 
section of the cervical 
spine shows fracture 
with misalignment of 
the C4–C5 vertebral 
bodies and impingement 
of the C5 vertebral body 
into the spinal canal, 
causing canal stenosis, 
cord compression with 
surrounding oedema and 
haematoma

36.1	� Introduction

In the US, the incidence of nonfatal spinal cord 
injury (SCI) per year is approximately 12,000 
[1]. The most common (55%) being cervical 
spinal column injuries. Almost 15% patients 
suffer from injury involving the thoracolumbar 
junction [2]. Motor vehicle accidents, fall inju-
ries, gunshot wounds and sporting accidents 
constitute almost 50% of the SCI (Table 36.1). 
Tumours, vascular disorder, infections, 
arthropathy, etc., are the non-traumatic causes 
of SCIs.

Adequate assessment of the patient, along 
with appropriate timely decision making, is most 
important in spine trauma patients. The treatment 
may vary from patients requiring no intervention 
at one end to life-threatening spinal column inju-
ries on the other end. All patients with a history 
of trauma should be assumed to have a cervical 
spine injury, unless proven otherwise. This is 
according to Advanced Trauma Life Support 
(ATLS) protocols.

In this chapter the following points will be dis-
cussed: Focused assessment of a patient with spi-
nal cord injury; classification of the skeletal and 
spinal cord injury; prioritization and decision 
making; surgical strategy including indication, 

schedule, approach, technique and post-operative 
care; and the principles of rehabilitation.

36.1.1	� Classification

Spinal cord injury is divided into two stages: 
Initial or primary injury, and later, secondary 
injury [4–6]. The initial traumatic insult causes 
the primary injury. The bony fragments (e.g., ver-
tebral body), joint dislocation (e.g., facet joints, 
intervertebral joints) or arthropathy (spondylosis, 
spondylolisthesis), ligamentous tears or hernia-
tion of intervertebral discs are the sources of the 
mechanical force [7]. Within minutes following 
the initial injury the secondary injury starts, and 
it can evolve over several hours. The pathophysi-
ology mechanisms involved in secondary injury 
are neuronal ischaemic injury, hypoxia, inflam-
mation, excitotoxicity, lipid peroxidation and 
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Fig. 36.2  Stabilization of cervical spine before 
clearance

apoptosis. Ultimately, it leads to further cord 
oedema, which reaches its severity in about 4 and 
6 days post-injury [8, 9].

36.1.2	� Initial Stabilization

The patient should be splinted using a cervical 
spine collar, two sandbags and a forehead tape 
assuming to have cervical spine injury during the 
resuscitation and initial assessment phase. A 
spine board is used for transferring the patient to 
stabilize the thoracolumbar spine and then on a 
flat trolley, allowing log rolling with in-line stabi-
lization at the neck only (Fig. 36.2).

36.1.3	� Evaluation

The main principles of evaluation are:

	1.	 Assessing and classifying the skeletal injury
	2.	 Assessing and classifying the neurological 

injury
	3.	 Assessing associated spinal injuries
	4.	 Identifying associated non-spinal injuries
	5.	 Establishing treatment priorities during the 

assessment phase

36.1.4	� Instability

Instability has been defined as ‘the loss of the 
ability of the spine under physiological loads to 
maintain its pattern of displacement so that there 

is no initial or additional neurological deficit, no 
major deformity and no incapacitating pain’. A 
definitive management and the surgical approach 
are based on the presence of instability and its 
grading. Identification of instability aids in the 
decision making process and also helps to initiate 
early treatment process and future 
prognostication.

36.1.5	� Neurological Classification

A thorough neurological examination is needed 
after initial general stabilization. The American 
Spinal Injury Association (ASIA) standard is 
used for prognostication. It also has a role in ini-
tial assessment and follow-up [10]. The ASIA 
scale has a sensory and a motor component: 28 
dermatomes (from C2 to S4–5) on the right and 
left sides are tested to assess the sensory compo-
nent, which includes light touch and pinprick 
sensation also. A three-point scale, ranging from 
0 (absent) to 2 (normal or intact) is used to score 
each modality separately. Muscle functions cor-
responding to ten paired myotomes (C5-T1 and 
L2-S1) are used to assess the motor component. 
External anal sphincter should also be tested for 
voluntary contraction. The Medical Research 
Council grading system (0–5 score) is used to 
assess the muscle strength.

ASIA Impairment Scale should be determined 
as follows:

A = complete. No sensory or motor functions in 
sacral segments S4–S5.

B = sensory incomplete. Sensory but not motor 
function is preserved below the neurological 
level of injury, including S4–S5, and no motor 
function is preserved more than three levels 
below the motor level on each side of the 
body.

C = motor complete. Motor function is preserved 
below the neurological level, and more than 
half of the muscles below the neurological 
level of injury have a muscle grade less than 3.

D  =  motor incomplete. Motor function is pre-
served below the neurological level, and at 
least half of the muscles below the neurologi-
cal level of injury have a muscle grade > 3.
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E = Normal. Sensation and motor functions are 
normal in all segments tested [11].

ASIA Impairment Scale score has a prognos-
tic value. ASIA-A patients will not regain func-
tion in 80% of cases. Out of these patients only 
15% have a chance to improve; a further lesser 
number of patients have a chance to regain useful 
motor function. More than half (54%) of the 
ASIA-B patients and the majority (86%) of ASIA 
C–D patients have a chance to regain their sen-
sory and motor functions [12].

36.1.6	� Imaging

Trauma patients who have complaints of neck 
pain, spinal tenderness, symptoms or signs of a 
neurological deficit related to the spine and 
patients who cannot be clearly assessed (the ones 
who are unconscious, uncooperative, incoherent 
or intoxicated) need radiographic study of the 
spinal cord [10].

To identify the patients at low risk for cervical 
fracture/subluxation/dislocation, the National 
Emergency X-Radiography Utilization Study 
(NEXUS) protocol was designed. It consists of 
five criteria:

	1.	 No posterior midline cervical tenderness
	2.	 No intoxication
	3.	 Normal mental status
	4.	 No other painful injuries
	5.	 No neurological deficit

NEXUS protocol has a sensitivity of 99% and 
a negative predictive value of 99.9% for cervical 
spinal cord injuries [13]. Imaging of the neck or 
the spinal cord is not needed in the patients at low 
risk.

Canadian C-Spine Rule is another protocol to 
assess the need for radiographic study of spinal 
cord. It consists of:

	1.	 The presence of a high-risk factor that man-
dates radiography (age > 65 years, dangerous 
mechanism of trauma, or paraesthesia in 
extremities).

	2.	 The presence of low-risk factors allowing for 
a safe assessment of the range of motion.

	3.	 The ability to actively rotate the neck 45° to 
the left and right.

The Canadian C-Spine Rule protocol resulted 
in 100% sensitivity and 42.5% specificity for cer-
vical spinal injury [14].

Computed tomography (CT) is the first choice 
among the imaging modalities. A three-view 
spine X-ray is recommended (anteroposterior, 
odontoid and lateral views) if CT scan is not 
available, which can be supplemented later by a 
CT scan [10]. Lesions can be detected by MRI 
even if the CT scan is normal; thus MRI should 
be done within the first 48  h after the trauma. 
Presence of haemorrhage, extent of oedema and 
severity of the initial compression can be detected 
by MRI, and thereby outcome can be predicted. 
Intraspinal haemorrhages (>1 cm long) as well as 
longitudinal T2 signal changes >3 cm are the pre-
dictors of poor prognosis [15].

36.1.7	� Airway Management

Respiratory complications are common (36–83% 
incidence rate) during the acute phase of 
SCI. Reduced vital capacity, retention of secre-
tions, autonomic dysfunction, atelectasis, pneu-
monia or respiratory failure that require 
mechanical ventilation are the common compli-
cations [16].

The level of injury and the ASIA classification 
are the two most important predictors of endotra-
cheal intubation in spinal cord injury patients. 
Almost all lesiond above C5 require fibre optic 
intubation preferably in awake condition. 
Alternatively intubation can be done electively 
with manual in-line stabilization, avoiding hyper-
extension, rotation and other movements of the 
neck [16].

Patients with cervical spine injury at a lower 
level or incomplete lesions may be managed con-
servatively with close monitoring of lung function 
parameters like vital capacity, maximum inspira-
tory pressure and carbon dioxide partial pressure 
levels [16]. Weaning from the ventilator and extu-
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bation with lesions above C4 are possible in less 
than half of the patient population. Patients with 
ASIA-A lesions, a history of smoking and previ-
ous lung disease will require tracheostomy at 
some point in time. Early tracheostomy (within 
10 days) may give benefit to reduce the days of 
mechanical ventilation and ICU stay [17].

36.1.8	� Cardiovascular Management

Direct cervical or thoracic spinal trauma leading 
to neurogenic shock causes hypotension, or it 
may be due to polytrauma. Disruption in supra-
spinal control results in a loss of sympathetic 
tone, and the parasympathetic tone via the vagus 
nerve remains intact; this causes an imbalance in 
autonomic control and neurogenic shock. The 
end result is a loss of peripheral vascular tone and 
bradycardia [18].

Hypotension leads to a reduction in spinal 
cord flow and perfusion, and this contributes to 
secondary injury after acute SCI. Thus, the cur-
rent recommendation suggests to maintain mean 
arterial pressure (MAP) at 85–90  mmHg for 
7  days after injury (level III evidence) [10]. In 
order to achieve that goal euvolemic status should 
be maintained by infusion of crystalloids in asso-
ciation with vasopressors if needed, the mainstay 
of treatment is to maintain Euvolemic status 
should be maintained by infusion of crystalloids, 
if needed in association with vasopressors [19]. 
Invasive blood pressure monitoring is safer in 
these patients. Patients with high cervical spine 
injury and those with complete lesions may need 
resuscitation. These lesions are poor predictors of 
cardiovascular status [20]. In 7–10  days post-
injury the cardiovascular instability can be either 
transient and episodic or recurrent. In SCI, deter-
mining which vasopressor is better, what the 
optimal therapy duration is and what the MAP 
level is below which vasopressor support should 
be initiated is inconclusive [21].

The choice of vasopressor depends on the 
level of the SCI and the patient’s haemodynamic 
status. A drug with chronotropic and inotropic 

effects as well as a vasoconstrictor like noradren-
aline (or, alternatively, dopamine) could be a 
good option in cervical or high thoracic lesions 
with both hypotension and bradycardia. A pure 
vasopressor drug such as phenylephrine could be 
appropriate for low thoracic lesions, where hypo-
tension is usually the result of peripheral vasodi-
lation [22].

Majority of patients (up to 70%) experience at 
least one of the following: tachycardia, bradycar-
dia, elevated troponin, new-onset atrial fibrilla-
tion, atrial flutter or electrocardiogram ST 
changes consistent with ischaemia after the use 
of vasoactive drugs. Side effects are more com-
mon with the use of dopamine compared to nor-
adrenaline and phenylephrine. Older population 
(55–60 years) are more prone to side effects [23–
25]. Recently, Altaf et  al. concluded that nor-
adrenaline is superior to dopamine to maintain 
MAP with a lower intrathecal pressure and cor-
respondingly higher spinal cord perfusion pres-
sure [26].

36.2	� Decompressive Surgery

The main aim of surgical decompression is to 
reduce secondary hypoxia and ischaemia by 
relieving the progressive pressure on the micro-
circulation due to oedema and haemorrhage [19]. 
Surgery is indicated in the case of (1) progressive 
neurological impairment due to significant cord 
compression and (2) a fracture where close 
reduction is not effective or not amenable, such 
as unstable vertebral fractures.

36.3	� The Surgical Timing

Early surgery (within 24  h) after acute spinal 
cord injury is more than twice as likely to have a 
two-grade ASIA Impairment Scale improvement 
and a similar complication rate compared to 
patients with late surgery (after 24 h) [27]. The 
present recommendation is surgical decompres-
sion in the first 24 h [10].
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36.3.1	� Intravenous 
Methylprednisolone

Since 1984, various clinical trials have been done 
to demonstrate the beneficial role of methylpred-
nisolone (MP) in humans with SCI.  This syn-
thetic corticosteroid exerts its beneficial effect by 
upregulating anti-inflammatory factors as well as 
decreasing oxidative stress. In animal model of 
SCI, this drug enhances endogenous cell sur-
vival. It also reduces oedema, prevents intracel-
lular potassium depletion and inhibits lipid 
peroxidation [28].

In the National Spinal Cord Injury Study I 
(1984), one group received 1000 mg bolus MP, 
followed by the same dose daily for 10 days, and 
the second group received 100 mg bolus and then 
daily. A difference in motor or sensory neurologi-
cal recovery was observed between groups, and 
wound infections were more prevalent in the 
high-dose group [29].

The National Spinal Cord Injury Study II 
(1990) compared MP 30  mg/kg intravenously, 
followed by 5.4 mg/kg/h over 23 h, to naloxone 
and placebo. At the end of 1 year, no significant 
difference was noted in neurological function 
among the groups. Though modest improvement 
in motor recovery was found in the subset of 
patients who received the corticosteroid within 
8 h, in MP patients wound infections were more 
frequent [30].

In the National Spinal Cord Injury Study III 
(1997), three treatment groups were compared: 
MP for 48 h, the same drug administered for 24 h 
and tirilazad mesylate. The treatment was given 
within 8  h of SCI.  The results showed that in 
patients treated between 3 to 8 h after trauma, the 
48-h regimen was associated with a greater motor 
but not functional recovery. In addition, more 
severe sepsis and pneumonia were noted in 
patients who had received a longer duration of 
treatment [31].

Meta-analysis and systematic review do not 
support the use of methylprednisolone in acute 
SCI, as evidence from multiple randomized con-
trolled trials and observational studies has shown 
no long-term benefits. Moreover, MP also 
increases gastrointestinal haemorrhage [32].

36.3.2	� Neuroprotection

Multiple approaches using neuroprotective drugs 
have been studied, and many drugs are currently 
under investigation to reduce secondary damage 
after an SCI. Gangliosides are present in neuro-
nal membranes. These glycolipid molecules can 
enhance axonal regeneration. They have a variety 
of neuroprotective effects, such as prevention of 
apoptosis and anti-excitotoxic activity. However, 
this drug is no longer recommended in SCI, as 
randomized controlled trials reported no differ-
ence in neurological recovery after 6 months [33, 
34].

Naloxone (an opioid antagonist) was com-
pared with MP and placebo in the National Spinal 
Cord Injury Study II trial, where drugs were 
given within 12 h in 487 patients with SCI. The 
result showed no differences in motor scores 
between groups [30].

Nimodipine (an L-type calcium channel 
blocker) acts by preventing calcium-dependent 
apoptotic enzymes and by blocking the release of 
glutamate from the presynaptic nerve terminal. It 
has shown no difference in neurological status at 
1  year in comparison with placebo in patients 
with SCI.

Tirilazad mesylate is a drug that attenuates 
peroxidation of neuronal membranes. The drug 
was compared with MP in the National Spinal 
Cord Injury Study III trial. The study showed no 
difference between groups [31].

Hypothermia has shown multiple benefits in 
patients with SCI in animal studies. It has shown 
improvement in patients with SCI by decreasing 
basal metabolic rate in the central nervous sys-
tem, reduction in inflammation, apoptosis, exci-
totoxicity, oedema, gliosis and increased 
angiogenesis [35]. One pilot study in which spi-
nal cord-injured humans were exposed to hypo-
thermia showed a neurological recovery trend 
(43% vs. 21%) and no difference in complication 
rates [36]. In another study, out of 35 ASIA-A 
hypothermic (33 °C for 48 h) patients who started 
within 6  h post-injury, 4 patients converted to 
ASIA-B in the next 24 h, while 35.5% showed an 
improvement of at least one grade on the ASIA 
scale at the latest follow-up [37]. Riluzole, a 
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sodium-channel blocker, reduces secondary 
injury by blocking pathological activation of 
sodium channels and reducing the release of glu-
tamate in preclinical models of SCI. A phase I/II 
trial demonstrated a benefit in motor scores in 
patients treated with the drug [38]. A phase II/III 
trial, the Riluzole in Spinal Cord Injury Study, 
has shown favourable results [39].

Minocycline is an antibiotic with anti-
inflammatory properties, including inhibition of 
tumour necrosis factor alpha, interleukin-1 beta, 
cyclooxygenase-2 and nitric oxide synthase. In a 
phase II study, the ASIA motor score improved in 
patients treated with minocycline (p = 0.05) [40]. 
This led to a phase III trial, the Minocycline in 
Acute Spinal Cord Injury, which has shown 
improvement in neurological and histological 
outcomes [41].

In animal model of SCI, fibroblast growth 
factor has been shown to protect against excito-
toxicity and to reduce free radical production. 
A fibroblast growth factor analogue called SUN 
13837 was evaluated in a phase I/II trial com-
pleted in 2015 and showed improved functional 
recovery [42]. The cytokine granulocyte 
colony-stimulating factor is neuroprotective in 
SCI by promoting cell survival and inhibiting 
tumour necrosis factor alpha and interleukin-1 
beta. The benefits are demonstrated in two 
small, non-randomized studies that demon-
strated improvements in ASIA motor scores 
with drug use [43, 44].

36.3.3	� Neurodegeneration

SCI patients have demonstrated promising results 
when subjected to cell-based therapies. A wide 
number of cell types—embryonic stem cells, 
induced pluripotent stem cells, olfactory 
ensheathing cells, Schwann cells, mesenchymal 
cells and activated autologous macrophages—are 
being evaluated. Cellular transplantation alone, 
or in combination with other therapies, demon-
strated neurological recovery, but no one type 
was superior to the other. This observation is true 
for human studies also, with no major adverse 
events. However, a lot of patients undergo some 

spontaneous recovery in the next 6 months after 
injury without any active intervention [28].

Embryonic and induced pluripotent stem cells 
are capable of multiple functions in the form of 
regeneration, axon remyelination, anti-
inflammation and so forth. Schwann cells also 
behave in a similar fashion and have got injury-
healing capabilities. Olfactory ensheathing cells 
and mesenchymal cells are capable of modulat-
ing inflammatory response at various levels. 
Although they decrease inflammatory cell infil-
tration, increase pro-survival trophic factor levels 
and promote tissue sparing [19, 28], these thera-
pies are still in the experimental stage.
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37Alzheimer’s Disease

Krishna Dhungana

Case Scenario
A 72-year-old male who had completed his edu-
cation up to bachelor level presented to Neurology 
outpatient clinic with a 2-year history of progres-
sive memory decline. His memory deficit was 
more noticeable when he was asked to recall 
recent events than events in the remote past. He 
had no problems in finding his way back home. 
His attention, language, and judgment were nor-
mal. The patient did not have a family history of 
dementia. On examination, Mini-Mental Score 
Examination (MMSE) score was 22. He had 
problems with the recollection of recent events 
and poor performance on categorical fluency. His 
delayed recall was impaired. His language and 
visuospatial skills were normal.

Complete blood count, random blood sugar, 
renal function test, and liver function test were 
within normal limits. Calcium and magnesium 
levels were normal. Serological tests including 
HIV and VDRL were non-reactive. Thyroid func-
tion test was normal, and vitamin B12 level was 
525. MRI of brain revealed global cerebral atro-
phy with predominant involvement of bilateral 
medial temporal lobe and hippocampus. The 
patient was started on donepezil 5 mg once a day 
and increased to 10 mg per day over a period of 
2  months. The family was counseled regarding 

the nature of disease and the precautions to be 
taken. On follow-up after 6 months, his MMSE 
score was 24 out of 30.

37.1	� Introduction

Alzheimer’s disease (AD) is the most common 
cause of dementia. It is a neurodegenerative dis-
ease characterized by progressive cognitive 
decline as well as behavioral changes and is asso-
ciated with amyloid and tau deposition in the 
brain. It is the leading cause of mortality and 
morbidity in older age groups. Cognitive dys-
function includes deficits in short-term memory, 
executive function, visuospatial function, and 
praxis.

37.2	� Epidemiology

Alzheimer’s disease (AD) is the most common 
neurodegenerative disorder and the sixth most 
common cause of death in the United States [1]. 
The onset is usually after the age of 65 years. It 
is increasingly prevalent with advancing age. 
Major risk factors for the development of 
Alzheimer’s disease are the presence of apolipo-
protein gene E4 alleles (APOE4), low educa-
tional status, family history of AD, traumatic 
brain injuries, and cardiovascular risk factors 
such as diabetes, hypertension, and dyslipid-
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emia. Around two-thirds of patients diagnosed 
with AD are women [2].

37.3	� Clinical Features

AD usually occurs in older age, but can also 
occur before the age of 60 [3]. With increasing 
age, the incidence and prevalence of AD increase 
exponentially. The most common initial symp-
tom of AD is memory impairment [4]. Recent 
episodic memories are affected early in the 
disease. Memories from the distant past and 
immediate memories are usually spared. The hip-
pocampus, entorhinal cortex, and related struc-
tures in the medial temporal lobe are responsible 
for memory of recent events [5]. Memory deficits 
increase insidiously, later in the disease process, 
further involving deficits of semantic memory 
and immediate recall. In patients with AD, there 
is impaired ability to recall objects with selective 
cues [6].

Later in the disease process, deficits in lan-
guage often manifest. In the early stage of the 
disease, subtle decline in visuospatial skills is 
seen. An impairment in executive function may 
be mild or prominent in the early stages of the 
disease. Occasionally, all these three domains—
language, visuospatial skills, and executive func-
tions—may be present as the prominent initial 
symptom [7].

In the middle and late stages of the disease, 
neuropsychiatric symptoms are common. 
However, these symptoms can present earlier as 
abnormal behavior, anosognosia, apathy, anxiety, 
and irritability. Other neuropsychiatric manifes-
tations such as psychosis and agitation are often 
difficult to manage. Early in the disease, mild-to-
moderate depressive symptoms are also fre-
quently present. Later in the disease, disturbances 
of appetite and sleep, disinhibition, and altera-
tions in perception or thought commonly occur. 
Insight is often absent in the early stages of the 
disease, which is also difficult to manage.

Apraxia usually occurs later in the disease 
course, usually after involvement of memory and 
language [8]. Apraxia can be elicited by asking 
the patient to perform ideomotor tasks. Due to 

apraxia, patient has difficulty with dressing, 
using utensils, and doing household tasks. 
Hyposmia is common in patients with AD.  In 
AD, sleep disturbances are common in which 
patients have decreased sleep time with frag-
mented pattern [9]. In the later stages of disease, 
seizures can occur in 10–20% of patients with 
AD, and the predominant seizure type is focal 
dyscognitive seizure.

In the early stages of the disease, patients have 
a normal neurologic examination. Parkinsonian 
symptoms, such as bradykinesia and rigidity, can 
be seen in the later stages of AD. Pyramidal signs 
and myoclonus are also seen in the later stage of 
AD [10]. Similarly, pathologic reflexes such as 
grasp, root, and suck reflexes may be prominent 
in the late course. Patients are ultimately mute, 
incontinent, and bedridden in the advanced stage 
of the disease. Ultimately, multiple complica-
tions arise, such as choking, malnutrition, bed-
sores, deep venous thrombosis, and urinary tract 
infections, in the advanced stage. These compli-
cations are also the major cause of mortality in 
patients with AD.

37.3.1	� Diagnostic Criteria

The Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5), is currently 
the diagnostic standard for dementia, which is 
categorized as neurocognitive disorder (NCD) 
[11]. NCD is further subdivided into major and 
minor NCD. The diagnosis of major (loss of abil-
ity to do daily activities) and minor (independent 
and able to do daily activities) neurocognitive 
impairment requires objective cognitive decline, 
which is not caused by delirium or another neuro-
logic, medical, or psychiatric disorder.

37.3.2	� Role of Biomarkers 
in the Diagnosis of AD

The most established AD fluid biomarkers are 
CSF Aβ and tau protein levels. In the early stage, 
pathologic Aβ deposition occurs in the brain and 
is associated with reduction in CSF Aβ [12]. The 
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levels of CSF total and phosphorylated tau levels 
increase in AD [13–16]. The CSF tau changes 
occur in the late course and are linked with cog-
nitive impairment in patients with AD [17–20].

37.4	� Genetics

The major genetic risk factor for sporadic AD is 
APOE4 gene variant. One copy of APOE4 gene 
variant increases the odds for developing AD 3 
times, and two copies increase the odds 15-fold 
[21]. Autosomal dominant variants of AD have 
also been reported. In this variant, first symptoms 
are usually noticed in patients of age group 
30–40  years. In cases of autosomal dominant 
AD, genetic mutations in amyloid precursor pro-
tein (APP), presenilin 1(PSEN1), and presenilin 
2 (PSEN2) genes are seen. Early-onset autosomal 
dominant AD accounts for less than 2% of all 
patients with AD.

37.4.1	� Pathology

There are both overproduction and reduced clear-
ance of amyloid in AD. The downstream events 
are tau hyperphosphorylation and neuronal toxic-
ity. There are regional neuronal and synaptic loss, 
extracellular β-amyloid deposition in the form of 
neuritic plaques, and intraneuronal tau protein 
deposition in the form of intraneuronal neurofi-
brillary tangles causing brain atrophy. β-Amyloid 
deposition is also seen in the cerebral blood ves-
sels, which range from small amounts to major 
deposits, causing varieties of distortion in cere-
bral arteries.

37.4.2	� Differential Diagnosis

Vascular dementia, dementia with Lewy body, 
and frontotemporal dementia should be consid-
ered as the various differential diagnoses of 
AD.  Ischemic stroke, hemorrhagic stroke, and 
small vessel disease can lead to vascular demen-
tia. Dementia with Lewy body is characterized 
by the presence of visual hallucinations, parkin-

sonism, autonomic dysfunction, sleep disorders, 
cognitive fluctuations, and neuroleptic hypersen-
sitivity. In frontotemporal dementia, there are 
manifestations such as personality changes, 
social and emotional behavior abnormalities, and 
impairment of executive functioning in the 
behavioral variant. In the primary progressive 
form of frontotemporal dementia, there is gradual 
progressive language impairment.

37.4.3	� Treatment

Patients with AD have reduced cerebral content 
of choline acetyltransferase, which leads to a 
decrease in acetylcholine synthesis. The medica-
tions that have been approved for use in AD are 
the acetylcholinesterase inhibitors (AChEIs) and 
the N-methyl-d-aspartate (NMDA) receptor 
antagonist memantine. Use of AChEIs should be 
considered in patients with mild-to-moderate AD 
[22]. AChEIs inhibit cholinesterase at the synap-
tic cleft and increase cholinergic transmission 
(Table 37.1).

The AChEIs that are currently approved for 
use in AD are donepezil, rivastigmine, and galan-
tamine. These agents show some improvement in 
cognitive domains, including memory and con-
centration, as well as global and functional out-
come measures. However, their therapeutic 
cognitive and functional effects seem to be mod-
est and purely symptomatic. The most common 
side effects are nausea, vomiting, and diarrhea, 
and gradual dose escalation may be needed. 
Patient may also develop bradycardia or hypoten-
sion with these agents. One AChEI can be substi-
tuted with another if side effect occurs with one 
of the agents. If a patient is not benefiting or 
develops significant side effects, the therapy 
should be stopped.

Memantine is an NMDA receptor antagonist 
with low-to-moderate affinity. It is used as an 
add-on to ongoing AChEI therapy. Memantine 
has a beneficial effect on cognitive function, 
behavior, global function, and activities of daily 
living [23]. Memantine can be used for moderate-
to-severe AD in combination with other AChEIs 
or even as monotherapy. Confusion and dizziness 
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Table 37.1  The commonly used drugs, mechanisms of action, and common side effects

Drug Target dosage Class Mechanism of action Common side effects
Donepezil 10 mg/day Cholinesterase 

inhibitor
Prevents the breakdown of 
acetylcholine in the brain

Nausea, vomiting, 
diarrhea
Anorexia, weight loss, 
bradycardia

Rivastigmine 6 mg twice daily Cholinesterase 
inhibitor

Prevents the breakdown of 
acetylcholine in the brain

Galantamine 12 mg twice daily Cholinesterase 
inhibitor

Prevents the breakdown of 
acetylcholine in the brain

Memantine 10 mg twice daily NMDA receptor 
antagonist

Inhibits stimulation at the 
NMDA receptor

Dizziness, confusion

are the common adverse effects but occur less 
frequently.

Aducanumab is a recombinant monoclonal 
antibody directed against amyloid beta. Using the 
accelerated approval pathway, the US Food and 
Drug Administration has approved aducanumab 
for the treatment of mild AD. Post-approval trials 
are required to verify the clinical benefit.

Initially non-pharmacologic techniques are 
employed for the behavioral symptoms of AD. A 
quiet, familiar environment should be provided. 
Doors should be labeled, and sufficient lighting 
should be provided in all rooms. Positive and 
clear language should be used to reassure and 
distract the patient to address aggressive behav-
ior. Selective serotonin reuptake inhibitors 
(SSRIs) are used to treat depression, which also 
alleviates agitation, anxiety, and irritability. 
Atypical neuroleptics are used to treat agitation 
or disruptive behavior. However, they should be 
used cautiously to avoid the toxicity at higher 
doses.
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38Intracranial Hypertension

Gentle Sunder Shrestha and Saurabh Pradhan

Intracranial hypertension (ICH) occurs when 
there is an increase in intracranial pressure (ICP) 
and is a common pathway for all acute neurologi-
cal insults. ICH is the leading cause of morbidity 
and mortality in such patients [1, 2], with a clear 
association between the severity of ICH and poor 
outcomes [3]. ICH may be caused by a primary 
disorder of the central nervous system or may be 
secondary to other systemic disorders.

38.1	� Pathophysiology 
of Intracranial Hypertension

The brain resides in an enclosed space protected 
by a bony vault called the cranium. The pressure 
within, or intracranial pressure (ICP), is normally 
less than 10–15  mmHg, with minor variations 
with age, position, and certain actions such as 
coughing and straining (Table 38.1).

The intracranial space is occupied by the brain 
parenchyma (80%), blood (12%), and cerebro-
spinal fluid (CSF) (8%) (Fig. 38.1). The cranium, 
being a relatively rigid structure, provides excel-
lent protection to these contents but allows very 

little room for expansion. Therefore, an increase 
in volume of any one of the components needs to 
be compensated by a decrease in another so that 
the ICP remains within the normal limits.

This has been described by Monro-Kellie 
hypothesis, which states that “the sum of the 
intracranial volumes of blood, brain and CSF is 
constant, and that an increase in any one of these 
must be offset by an equal decrease in another, or 
else pressure increases” (Table 38.2).

Compensatory mechanisms involved in main-
taining ICP include displacement of CSF, an 
increase in the absorption of CSF, a decrease in 
the production of CSF, and a reduction in total 
cerebral blood volume (CBV). Once these mech-
anisms fail to compensate for the increases in 
intracranial volume, precipitous rises in ICP 
occur, as can be described by the intracranial 
compliance curve, which is not linear. The dan-
gerous increase in ICP can cause a decrease in 
cerebral blood flow as well as brain distortion, 
which, if not controlled, will lead to cerebral 
ischemia and herniation of the brain.

Cerebral perfusion depends upon cerebral per-
fusion pressure, which is a pressure gradient 
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Table 38.1  Normal ICP in various age groups

Age group ICP (mmHg)
Adults <10–15
Children 3–7
Infants 1.5–6
Newborns Subatmospheric
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Components of intracranial volume (1450ml)

Parenchyma (80%, 1300ml)

Cells
Intra/

extracellular 
fluid

Blood
(12%-110ml)

Venous & 
arterial

CSF(8%-65ml)

Ventricular, 
subarachnoid, 

interstitial

Fig. 38.1  Components of intracranial contents

Table 38.2  Causes of raised ICP

Parenchyma Blood CSF
Cellular
 �� •  Tumors
 �� •  Abscess
 �� • � Contusions/hematomas
Intra/intercellular fluid
 �� • � Cerebral edema-

vasogenic or cytotoxic

Venous
Venous obstruction secondary to
 �� •  PEEP
 �� •  coughing, straining
 �� •  CHF
 �� •  venous sinus thrombosis
 �� •  head-down tilt, tight neck ties
Arterial
Arterial dilatation secondary to
 �� •  ↓PaO2, ↑PaCO2

 �� •  Drugs: anesthetic/vasodilators
 �� •  Fever/seizures
 �� •  hypertension

Decreased drainage
 �� •  Obstructive hydrocephalus
Increased production
 �� •  Meningeal diseases
 �� •  Choroid plexus tumors

between the mean arterial blood pressure (MAP) 
and ICP that drives the blood flow.

	 CPP MAP ICP� � 	

However, despite the large variations in 
MAP and ICP, cerebral blood flow remains rel-
atively constant as a consequence of the altera-
tion of cerebral vascular resistance. This 
phenomenon is called cerebral auto-regulation, 
and this relation can be depicted by the mathe-
matical equation:

	 CBF CPP CVR= / 	

where CVR is cerebral vascular resistance and 
CBF is cerebral blood flow.

However, during disease process, auto-
regulation becomes disrupted, and any change in 
MAP or ICP is directly translated to cerebral per-
fusion. Therefore, any rise in ICP above its com-
pensatory limits can severely compromise CBF.

Another danger of raised ICP is the develop-
ment of herniation syndromes. The intracranial 
vault is compartmentalized. The tentorium cere-
belli divides it into supratentorial and infratento-
rial spaces, whereas the falx cerebri creates a 
partial division of supratentorial space into two. 
When pressure gradients overcome the resistance 
of brain tissue, intracranial contents tend to shift 
from one compartment to another and in the pro-
cess compressing the adjacent brain 
parenchyma.
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38.2	� Clinical Features

Patients may present with a variety of clinical 
features that may be directly related to intracra-
nial hypertension or to the primary disease caus-
ing it. Headache, nausea and vomiting, blurred 
vision, and somnolence are common. A further 
rise in ICP may be associated with a gradual 
decrease in the level of consciousness, ultimately 
leading to coma. Unilateral pupillary changes 
and the Cushing reflex, which is hypertension 
associated with bradycardia and abnormal breath-
ing, herald impending herniation. Fundoscopy 
may reveal papilledema. However, these clinical 
features can be observer dependent and are nei-
ther sensitive nor specific to raised ICP [4].

38.3	� Monitoring of ICP

As the clinical signs and symptoms are not reli-
able, other modalities are required to monitor 
ICP.  Imaging such as computed tomography 
(CT) scan or magnetic resonance imaging (MRI) 
may show the underlying primary disease (e.g., 
hemorrhage, infarct) along with midline shift, 
obliteration of basal cisterns, loss of sulci, ven-
tricular effacement, or enlarged ventricles in the 
event of hydrocephalus and cerebral edema. 
However, imaging, especially MRI, is costly, 
time consuming, and carries the risks of 

transportation of an unstable critically ill patient 
[5]. So, repeated imaging is also not possible.

ICP can be monitored invasively by inserting 
catheters subdurally, intraparenchymally, and in 
the subarachnoid space (Fig. 38.2). However, the 
gold standard method is measurement using an 
intraventricular catheter, through which CSF 
drainage can also be performed in order to reduce 
ICP. Due to the invasiveness of these catheters, 
they are associated with various complications 
such as infection, hemorrhage, catheter-
associated problems like obstruction, malposi-
tion, malfunction, air leakage into the ventricle or 
subarachnoid space, and CSF leakage. This has 
also led to the development and acceptance of 
ultrasonic measurement of optic nerve sheath 
diameter, which is non-invasive, can be done at 
the bedside, and is relatively accurate [6].

The Brain Trauma Foundation guidelines rec-
ommend monitoring ICP in all salvageable 
patients with a severe traumatic brain injury 
(TBI) and an abnormal CT scan (hematomas, 
contusions, swelling, herniation, or compressed 
basal cisterns) [7]. Even in patients with severe 
TBI and a normal CT scan, ICP monitoring may 
be indicated if two or more of the factors are 
present, which include age over 40 years, unilat-
eral or bilateral motor posturing, and systolic 
blood pressure < 90 mmHg [6]. Indications for 
ICP monitoring are less established for other 
neurological emergencies.

• Lesser risk of infection

• Technically more difficult; �risk of bleeding
Epidural catheter

• Tip passes through the incised dura

• Technically easier

• Preferred in severe coagulopathy

Subdural/ subarachnoid 
bolt

• Inserted within the cortical gray matter

• Direct measurement of brain tissue pressure

• Easier to insert with lesser risk of infection

Fiberoptic
intraparenchymal

catheter

• Gold standard techique

• Can also be therapeutic 
Ventriculostomy

Fig. 38.2  Various 
modalities for 
monitoring ICP
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38.4	� Management of Raised ICP

The definitive therapy for ICH is the treatment of 
the primary neurological condition. However, 
more detrimental are the secondary changes that 
occur because of raised ICP, and regardless of the 
cause, certain principles are generally applicable. 
Several methods have been described and stud-
ied, with some having better evidence than oth-
ers, and these treatment strategies can be stratified 
into tiers (Table 38.3).

From a pathophysiological point of view, 
raised ICP can be managed by targeting each of 
the intracranial components, that is, parenchyma, 
cerebral blood volume (CBV), and CSF 
(Table 38.4). There are few interventions that are 
helpful in lowering the tissue and CSF compart-
ment apart from surgical removal of intracranial 
tissue or CSF drainage by ventriculostomy. 
However, CBV can be reduced by a vast number 
of ways, principally by either enhancing venous 
drainage or decreasing arterial blood flow.

Venous drainage can be enhanced by using 
maneuvers such as maintaining certain postures 

like head-up and neutral neck positioning, avoid-
ing circumferential neck pressure (e.g., 
Philadelphia collars, endotracheal tube ties), and 
avoiding increases in central venous pressure by 
minimizing coughing or bucking, keeping posi-
tive end-expiratory pressure as low as necessary, 
and managing cardiac failure or tension pneumo-
thorax. These interventions, although are simple, 
are often overlooked.

Decreasing arterial blood flow mainly consists 
of decreasing cerebral metabolic rate of oxygen 
consumption (CMRO2), as arterial blood flow to 
the brain is tightly coupled to CMRO2. Sedation 
and analgesia in a patient with ICH exert specific 
cerebral protective effects primarily by reducing 
CMRO2 and secondarily by preventing rises in 
blood pressure, coughing, and bucking. Sedation 
and analgesia are also particularly helpful during 
targeted temperature management [8], manage-
ment of refractory status epilepticus [9], and par-
oxysmal sympathetic activity [10].

Seizures can occur in 15–20% of patients with 
severe TBI [11] and can cause extreme rises in 
CMRO2. Thus, seizure prophylaxis for such 

Table 38.3  A proposed treatment strategy with different tiers of intervention for the management of raised ICP and 
their inherent pitfalls

Tiers Treatment Pitfalls
1. Maintain airway, ventilation, circulation, head 

end elevation of at least 30°
Coughing, ventilator asynchrony, ventilator-
associated pneumonia

2. Sedation and analgesia, prevent fever, seizure 
prophylaxis

Hypotension

3. CSF drainage from ventricles Ventriculostomy-related infection
4. Hyperosmolar therapy Negative fluid balance, acute kidney injury, 

hypernatremia
5. Hyperventilation Excessive vasoconstriction and cerebral ischemia
6. Hypothermia Fluid and electrolyte disturbance, infection
7. Metabolic suppression (barbiturates) Hypotension, infection
8. Decompressive craniectomy Infection, poor Glasgow Outcome Scale

Table 38.4  A summary of the various interventions that can be applied to control raised ICP

Parenchyma Blood volume CSF
Cellular
 �� • � Removal of tumor, abscess, 

decompressive craniectomy
Fluid
 �� •  Steroids
 �� •  Diuretics
 �� •  Hypertonic saline
 �� •  Fluid mx

Venous:
 �� • � Avoiding causes of high central 

venous pressure
Arterial
 �� • � Avoid/treat causes increasing 

cerebral blood flow

Increase drainage
 �� •  External drain
 �� •  Internal shunting
Decrease production
 �� •  Acetazolamide
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patients for the first 7 days after injury is crucial 
[12]. Treatment beyond 7 days should be reserved 
for patients who develop late seizures [6].

CMRO2 has shown a decrease of 6–7% per 
degree Celsius in temperature reduction, with 
temperatures in the range of 18–20  °C causing 
complete suppression of the EEG [13]. Increases 
in temperature can thus cause increases in CBV 
and is associated with poor neurologic outcome 
[14]. Therefore, fever should be strictly con-
trolled with methods such as cooling and anti-
pyretics while also targeting its cause. However, 
evidences supporting prophylactic induction of 
hypothermia are lacking and therefore are not 
recommended [6].

Hypocapnia causes cerebral vasoconstriction 
and decreases CBV. CBF changes approximately 
by 3% for each mmHg in PaCO2 [15]. However, 
as CSF pH rapidly equilibrates to the new PaCO2 
level, its effect on ICP is time limited, and as 
such, prolonged periods of hyperventilation are 
unsuccessful. Furthermore, it carries a risk of 
brain ischemia, and hence it is avoided in the 
first 24 hours after TBI.  For these reasons, the 
use of hyperventilation has been limited to situa-
tions where herniation is imminent, and if used, 
jugular venous oxygen saturation or brain tissue 
oxygen partial pressure monitoring should be 
done [6].

High doses of barbiturates have been used to 
control CMRO2 and even target a complete sup-
pression of EEG, referred to as barbiturate coma. 
However, it should only be considered for 
patients with refractory ICH because of the seri-
ous complications associated with it. These 
include hypotension, hypokalemia, respiratory 
complications, infectious complications, hepatic 
dysfunction, and renal dysfunction [16]. A load-
ing dose of 10  mg/kg of pentobarbital over 
30 min, then 5 mg/kg every hour for three doses, 
followed by a maintenance dose of 1 mg/kg/h is a 
commonly used regimen [17].

Apart from controlling CBV, the interstitial 
fluid portion of the brain parenchyma is also 
amenable to therapy. Brain volume is highly 
responsive to changes in water content, and as 
such, hyperosmolar agents have remained one of 
the most effective therapies for reducing ICP, 

with their use dating back as early as 1919 [18]. 
Various substances, including urea, glycerol, sor-
bitol, mannitol, and, more recently, hypertonic 
saline formulations, have been investigated. 
Urea, glycerol, and sorbitol are not commonly 
used due to their moderate efficacy or high side-
effect profile. They also have low reflection coef-
ficients, raising concern about their accumulation 
inside the brain [19]. Hypertonic saline, however, 
has the highest reflection co-efficient, and several 
studies have shown it to be equal or even more 
efficacious than mannitol [20–25]. Nevertheless, 
due to a lack of large randomized trials, and the 
long history of its use, mannitol is still recom-
mended by international guidelines [6].

The typical dose of mannitol is 0.25–1.0 g/kg 
body weight. Major concern with mannitol use is 
the development of acute renal failure [26]. 
Therefore, monitoring serum osmolarity, or even 
better, the osmolar gap (the difference between 
the calculated serum osmolarity and the mea-
sured serum osmolarity), is important during its 
use. A serum osmolarity of less than 320 mOsm/
kg or an osmolar gap less than <55 mOsmol/kg 
should be maintained to avoid renal toxicity [27].

For ICH refractory to medical therapy, surgi-
cal decompression can be performed. This is 
done by removing a large area of the skull or 
decompressive craniectomy. This increases the 
potential volume of the cranial cavity and allows 
tissue to expand outside the cranium, normaliz-
ing ICP and preventing secondary tissue damage. 
There has always been much controversy regard-
ing the indication and the outcome after surgery, 
but it is still commonly performed to effectively 
control ICP. What can be inferred from various 
evidence is that there is definite mortality benefit, 
but a favorable neurological outcome depends on 
various factors [28–31].
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