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Preface

The diseases of nervous system present with life threatening conditions that 
cannot be treated in neurology wards. Strokes, subarachnoid hemorrhages, 
CNS infections and many more, which require neurocritical care. Neurology is a 
subject in which complete recovery is not seen in a majority of cases. To add up 
the morbidity and mortality most of the patients do not receive neurocritical care. 
Resources being the most important reason behind this, as there is a worldwide 
scarcity of trained neurocritical care experts and dedicated neurocritical care 
units. 

During my neurology training I realized the need to train in neurocritical 
care, if wanted to make a difference. In my fi nal 4th year of residency, I had 
an opportunity to train in neurocritical care at a world class center, St. Luke’s 
Medical Center, Manila, Philippines. I realized that the mantra to success in 
neurocritical care lies in a trained neurocritical care nursing staff, meticulous 
patient rounds lasting for hours and a religious system based approach.

This book seeks to address the needs of trained neuroscience personals 
and is not a substitute to text books. The book outlines neurocritical care 
management as learning objectives, case vignette, relevant clinical information 
and case discussion with management in the relevant systems. To take you 
through this learning experience, I will introduce my neurocritical care mentor
Dr. Geraldine S. L. Mariano who heads the unit and was my instructor. My special 
appreciations goes to Dr. Chandril Chugh, who dedicated his precious time for 
the book review and Dr. Soundarpandayan Kartikeyan my fellow interventional 
neurologist, for his contribution in making the book presentable to you. Thanks

Dr. Samarth Singh
MD Neurology

(Jose R. Reyes Memorial Medical Center, Manila, Philippines)
Training in Neuro Critical Care

(St. Luke’s Medical Center, Manila, Philippines)
Fellowship in Interventional Neurology & Stroke

(Max Saket Hospital, New Delhi, India)
MBA Healthcare

(University of Findlay, Ohio, USA)
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Foreword

Neurocritical care is an ever changing fi eld which has seen tremendous growth in 
the last decade. Field of ischemic stroke, intracranial hemorrhage, subarachnoid 
hemorrhage and neuromuscular diseases have seen drastic changes in 
management and treatment approach. Neurocritical care has evolved from an 
offshoot of crticial care to a full-fl edged specialization with various countries 
offering dedicated training pathways. Even though the fi eld has evolved, there 
is a lack of general understanding of neurological emergencies, their diagnosis 
and management. There are very few trained neurologists and even fewer 
who are trained in neurocritical care. In the current scenario a well written and 
easy to read book is a welcome respite to prepare the ICU staff to deal with 
neurological emergencies. 

This book provides a basic framework of diagnosis and management of 
neurological emergencies. It goes over pertinent clinical and critical care 
issues in various disease states and makes it easier for the reader to grasp the 
essence of management of neurological diseases. The book serves as a quick 
and easy reference for basic neurocritical care management. It enables the 
user to understand and anticipate the dilemmas and intricacies of neurological 
diseases. Medical students, post graduate students and trained critical care 
personnel will fi nd this book useful in making day to day decisions in the ICU. 

“The worst morning in a physicians life is when he wakes up and fi nds himself 
outdated…..keep reading”

Dr. Chandril Chugh
Senior Consultant and Head Interventional Neurology

Max Saket Hospital, New Delhi
Board Certifi ed in Neurology (USA)

Board certifi ed in Neurocritical Care (USA)
Board certifi ed in Neurosonology (USA)

Fellowship in Endovascular Surgical Neuroradiology (USA)
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2D Echo Two Dimensional Echo Cardiogram

AAN Acute Autonomic Neuropathy

ADA Adenosine Deaminase

ADEM Acute Disseminated Encephalomyelitis

AED Anti Epilleptic Drug

AF Atrial Fibrillation

AICA Anterior Inferior Cerebellar Artery

AIDP Acute Infl ammatory Demyelinating Polyradiculoneuropathy

AKF Acute Kidney Failure

AKI Acute Kindey Injury

AMAN Acute Motor Axonal Neuropathy

AMSAN Acute Motor and Sensory Axonal Neuropathy

aPTT Activated Partial Thromboplastin Time

AR Aortic Regurtation

ARDS Acute Respiratory Distress Syndrome

AWMC Anterior Wall Motion Contractility

BA Basilar Artery

BBB Blood Brain Barrier

BP Blood Pressure

BRTL Bilaterally Reactive To Light

CAA Cerebral Amyloid Angiography

CABG Coronary Artery Bypass Graft

CAD Coronary Artery Disease

CAP-MR Community Acquired Pneumonia-Moderate Risk

CBC Complete Blood Count

CBF Cerebral Blood Flow

CBG Capillary Blood Glucose

CN Cranial Nerve

CPAP Continous Positive Airway Pressure

CPP Cerebral Perfusion Pressure 

Abbreviations
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CS Culture Sensivity

CSF Cerebro Spinal Fluid

CSWS Cerebral Salt Wasting Syndrome

CT Computerized Tomography

CTA Computerized Tomography Angiography

CVR Controlled Ventricular Response

CXR Chest X-Ray

DBP Diastolic Blood Pressure

DCI Delayed Cerebral Ischemia

DI Diabetes Insipidus

DSA Digital Subtraction Angiography 

DVT Deep Vein Thrombosis

DWI Diffusion Weighted Imaging

ECG Electrocardiography 

EF Ejection Fraction

EMG Electromyelogram

EOMS Extra Occular Muscles

ER Emergency 

ERTL Equally Reactive To Light

ESR Erythrocyte Sedimentation Rate

ETA Endotracheal Tube Aspirate

ETCO2 End Tidal Carbon Dioxide

EVD External Ventricular Drain

FG Fischer Grade

GBS Guillain Barre Syndrome

GCS Glasgow Coma Score 

GS Gram Stain

H&H Hunt and Hess

HAP Hospital Acquired Pneumonia

HD Hospital Days

HICH Hypertensive Intracerebral Hemorrhage

HTN Hyertension 
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ICA Internal Cerebral Artery

ICH Intra Cerebral Hemorrhage

ICHS Intra Cerebral Hemorrhage Score

ICP Intra Cranial Pressure

IJ Internal Jugular

INR International Normalized Ratio

ISMN Isosorbide Mononitrate 

IVE Intraventricular Extension

IVH Intraventricular Hemorrhage

IVIG Intravenous Immunoglobulin

IVS Interventricular Septum

K Potassium

LMWH Low Molecular Weight Heparin

LPICA Left Posterior Inferior Cerebellar Artery

LV Left Ventricle

LVA Left Vertebral Artery

LVH Left Ventricular Hypertrophy

MAP Mean Arterial Pressure

MCA Middle Cerebral Artery

MFS Miller Fisher Syndrome

MI Myocardial Infarction

MRA Magnetic Resonance Angiography

MRI Magnetic Resonance Imaging

Na Sodium

NaCl Sodium Chloride

NCCU Neuro Critical Care Unit

NCV Nerve Conduction Velocity

NGT Nasogastric Tube

NIHSS National Institutes of Health Stroke Scale

NSS Normal Saline

PCA Posterior Cerebral Artery

PCO2 Partial Pressure of Carbon Dioxide 
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PO2 Partial Pressure of Oxygen

PONV Post Operative Nausea and Vomiting

PCR Polymerase Chain Reaction

PE Pulmonary Embolism

PEEP Positive End Expiratory Pressure

PICA Posterior Inferior Cerebellar Artery

PIVH Primary Intra Ventricular Hemorrhage

PR Pulse Rate

PT Prothrombin Time

R/O Rule Out

RAS Richmond Agitation Scale

RPICA Right Posterior Inferior Cerebellar Artery

RSE Refractory Status Epilepticus

ROSC Return of Spontaneous Circulation

RV Right Ventricle

RVA Right Vertebral Artery

S/P Status Post

SAH Sub Arachnoid Hemorrhage

SIADH Syndrome of Inappropriate Anti Diuretic Hormone Secretion 

SBP Systolic Blood Pressure

SCA Superior Cerebellar Artery

SIMV Synchronized Intermittent Mechanical Ventilation 

SRL Sluggish Reaction To Light

SWFI Sterile Water For Injection

TBM Tuberculous Meningitis

TCD Trans Cranial Doppler

TR Tricuspid Regurtation 

UTI Urinary Tract Inafection

VA Vertebral Artery

VAD Vertebral Artery Dissection

VAP Ventilation Associated Pneumonia

VEEG Video Electro Encephalogram

WFNS World Federation of Neurological Surgeons
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Case Vignette

Case 1

A 53 year old male, right handed,  smoker, alcoholic, 
post CABG was seen well while going to sleep. The 
next day he was unable to get up from the bed. He 
was noted drowsy, with right sided weakness and 
slurring of speech. Patient was brought to a hospital, 
where he was lethargic, followed some commands, 
the right pupil was 3mm and the left pupil was 
6mm. The preferential gaze was to the left. The right 
nasolabial fold was shallow, quadreparesis (left 
> right) was noted and there was no Babinski’s. 
Subacute ischemic infarct of left MCA territory was 
seen (fi g 1). 2D echo revealed EF of 27% and a LV 
thrombus was seen. The patient  was given mannitol, 
atorvastatin, ivabradine, isosorbide mononitrate, 
enalapril, bisoprolol, clopidogrel, pantoprazole and 
spironolactone. A repeat scan was done after two 
days which showed acute left MCA ischemic infarct 
with rightward subfalcine herniation (fi g 2). The 
patient was transferred to NCCU.
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Fig 1: Subacute ischemic infarct of left MCA 
territory.

Fig 2: Repeat CT- acute left MCA ischemic 
infarct with rightward subfalcine herniation and 
extensive edema.

Working Diagnosis
Malignant right  MCA infarct, CAD, status post CABG, hypertension

Next Step 
Management of raised ICP and prevention of herniation.

Possible Complications  
Brain herniation, hemorrhagic transformation, seizures, arrhtyhmia, cardiac 
ischemia, MI, infections, atelectasis and DVT.

Clinical Considerations

Malignant Infarct
Malignant MCA infarction is the term used to describe rapid neurological 
deterioration due to the effects of space occupying cerebral edema following 
middle cerebral artery territory stroke. 
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Malignant edema occurs in approximately 10% of all hemispheric strokes which 
led to the term ‘malignant MCA infarction’.

Perdictors of Malignant MCA Infarction
Neruoimaging showing the early infarct size (exceeding 50% of the middle 
cerebral artery territory or perfusion defi cits >2/3 of the area) are predictors 
of herniation and poor prognosis. MRI is more sensitive than CT at defi ning 
infarction size early. A diffusion-weighted lesion exceeding 82 ml is considered a 
specifi c early predictor although lacking sensitivity. Other associated predictors 
with moderate effect size were early mass effect, involvement of other vascular 
territories, higher body temperature, ICA occlusion and patient requiring early 
mechanical ventilation.

Incidence
Malignant MCA infarcts are the most devastating form of acute stroke and lead 
to a mortality of around 80%. The incidence ranges between 10 and 20 per 
100,000 per year.

Risk Factor
Risk factors for malignant infarcts include vascular diseases such as 
hypertension, diabetes, hyperlipidemia, tobacco use, history of transient 
ischemic attacks or ischemic strokes, congestive heart failure and coronary 
artery disease. Atrial fi brillation is more frequent in patients with MCA and ICA 
territory strokes compared to the remaining stroke population. ICA dissection is 
a signifi cant cause of large territory infarctions in younger patients.

Etiology 
Large hemispheric infarctions occur as a consequence of a thrombotic or 
embolic occlusion of the distal ICA or the proximal MCA trunk without suffi cient 
collateral fl ow. Depending on the presence of suffi cient collaterals, mainly 
leptomeningeal arteries or anatomic variants the infarction may include the 
anterior and/or posterior territory as well.

Cerebral compliance
Intracranial space is a limited space and lodges brain, blood and CSF. The 
intracranial pressure is normally ≤5 mmHg in adults and pathologic intracranial 
hypertension (ICH) is present at pressures ≥20 mmHg. Monroe-Kellie principle  
is the key to understanding the physiological cerebral compliance and raised 
intracranial pressure (ICP). This theory states that the total volume in this system 
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is fi xed and the individual components must compensate if a pathologic process 
exceeds the normal quantities of any one of the components. An increase in 
brain size, blood volume or CSF must be accompanied by an equal decrease 
in one of these components or an elevation in ICP is imminent. Strategies to 
reduce ICP may be achieved by targeting one or more components of cranial 
vault. Reducing edema through the use of hyperosmolar therapies, reducing 
CSF by drainage and reducing blood volume by inducing hyperventilation or 
surgical decompressive hemicraniectomy.

CBF and CPP in raised ICP
Cerebral blood fl ow (CBF) is normally maintained at a relatively constant 
level by cerebrovascular autoregulation (fi g 3) over a wide range of cerebral 
perfusion pressure (CPP) of 50 to 150 mmHg by the process of autoregulation. 
Pathological processes such as stroke or trauma disrupts autoregulation and 
renders brain sensitive to even minor changes in CPP. Conditions associated 
with elevated ICP include malignant infarcts, mass lesions and hydrocephalus 
causing a reduction in CPP (Table 1). This can result in devastating focal or 
global ischemia. On the other hand excessive elevation of CPP can lead to 
hypertensive encephalopathy and cerebral edema due to the autoregulatory 
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faliure particularly if the CPP is >120 mmHg. A higher level of CPP is tolerated in 
patients with chronic hypertension because the autoregulatory curve is shifted 
to the right.

Clinical Presentation  
Neurological decline starts mostly within the fi rst 48hrs. The patients present 
with hemiparesis, hemiplegia, hemisensory loss, homonymous hemianopia 
contralateral to the site of infarction, partial and fi xed gaze palsy towards the 
nonaffected hemisphere and depressed level of awareness. Nondominant 
hemispheric infarctions are associated with visual, motor and sensory neglect. 
Language disturbance such as fl uent, nonfl uent and mostly global aphasia are 
typical for infarctions localized to the dominant hemisphere. The malignant 
edema progresses after the brain tissue insult and is usually prominent after 
48 hrs. The lesion behaves like a displacing mass and disrupts the balance 
between the components of the Monroe Kellie doctrine (Brain tissue, CSF and 
blood). As a result the intracranial compliance is exhausted and there is rise in 
the ICP. ICP is considered to be increased if its more than 15 mm Hg. Such 
an increase in ICP is indicator of impending herniation leading to increased 
morbidity and mortality.

Global or local reductions in CBF are responsible for the clinical manifestations 
of elevated ICP.  Global symptoms of elevated ICP include headache, depressed 
global consciousness and vomiting. Signs include CN VI palsies, papilledema 

Table 1: Causes of Raised ICP

Mass Effect
 malignant infarct, brain tumor, contusion, abcess
Generalized Brain Swelling
 ischemic - anoxic state, acute hepatic failure, hypertensive encephalopathy, 

hypercarbia
Increased Venous Pressure
 cerebral venous sinus thrombosis, congestive heart failure, superior 

mediastinal or jugular venous obstruction
CSF Pathway Obstruction or Impaired Absorption
Meningeal Diseases
Increased CSF Production
 meningitis, SAH, IVH, choroid plexus tumor, idiopathic intracranial 

hypertension

(adapted from Adams and Victor, Principles of Neurology,10E, 2014)
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secondary to impaired axonal transport and congestion, spontaneous periorbital 
bruising and cushing’s triad. Focal symptoms of elevated ICP may be caused by 
local effects of the mass lesions or by herniation syndromes. The most common 
anatomical locations affected by herniation syndromes include subfalcine, 
central transtentorial, uncal transtentorial, upward cerebellar, cerebellar 
tonsillar/foramen magnum and transcalvarial.

Diagnosis and Monitoring
Clinical examination is the basis of any suspicion of raised ICP. A combination 
of ICP monitoring, neuro imaging and clinical examination is recommended. 
National Institutes of Health Stroke Scale (NIHSS) score ≥20 for left 
hemisphere infarcts or ≥15 for right hemisphere infarcts, nausea and vomiting 
are predictors of malignant infarcts. If symptoms and signs suggest a high ICP 
then the only way to determine and monitor it is by invasive or non invasive ICP 
monitoring. The most common method employed is insertion and placement 
of a ICP monitoring device. This not only enables measurement if ICP and 
waveform analysis but also enables deduction of CPP. CPP targeted goals are 
more applicable to ensure adequate CBF.

Plain CT scan is the most widely used tool for demonstration of a MCA infarct. 
CT demonstrating >50% MCA territory hypodensity, anteroseptal shift >5 mm, 
pineal shift >2 mm and hydrocephalus have been shown to predict a fatal 
outcome. DWI volume >145 ml within 14hrs of stroke onset has 100% sensitivity, 
94% specifi city and DWI volume >82 ml within 6hrs of symptom onset has 52% 
sensitivity and 98% specifi city. Where as ADC<80% lesion volume, >82 ml 
within 6hrs of stroke onset  has 87% sensitivity and 91% specifi city. However 
a xenon enhanced estimation of CBF of 8.6ml/100g/min has strong correlation 
with herniation. Proton emission tomography applied to calculate CBF and 
ischemic core volume estimation and neuromonitoring may be benefi cial and 
requires more validation.

Management 

Neurological
Management of raised ICP encompasses a range of variables that must be 
closely monitored and targeted. Interwoven non pharmalogical, pharmacological 
and surgical approaches are applied to manage raised ICP in malignant infarct 
with hemorrhagic transformation.
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The initial CT scan revealed, subacute infarct in the left middle cerebral artery 
territory and basal ganglia with stable mass effect and midline shift, left-sided 
intracranial pressure monitor with tip within the left frontal lobe, no evidence 
of intracranial hemorrhage and atherosclerotic intracranial vessel disease. 
Neuroimaging and the anisocoric pupils were direct indicators of a high ICP and 
impending herniation. The indications of NCCU admission were ICP monitoring 
and management of malignant infarct.  

Head elevation is a common practice in NCCU. The patient was placed in head 
up at 30 degree. Head elevation may reduce ICP by promoting venous outfl ow. 

Hyperosmolar therapy and osmotic diuresis are the  mainstay of intracranial 
pressure reduction. A bolus dose of mannitol was given and 3% NaCl infusion 
@ 60 cc.hr was started. Continous coadministertion of both agents can delay 
achievement of target serum osmolarity. The target osmolarity was set at 320 
mOsm/ liter. The serum osmolarity can be used as a surrogate to measure the 
effect of therapy with either mannitol or hypertonic saline. The initial target is an 
osmolarity of 320 to 330 mOsm/ L with adjustment as the clinical circumstances 
and the intracranial pressure require. The effect of either mannitol or hypertonic 
saline can also be assessed by measuring (every 6 hours) the serum sodium 
level. A value of 145 to 150 mEq/ liter typically coincides with the desired effect. 
Hypertonic saline increases serum osmolarity directly rather than by inducing 
osmotic diuresis and has higher refl ection coeffi cient. It is used as 2%, 3% and 
23% solution. Solution with an osmolarity strength more than 2% solution should 
be given by a central line. Peripheral intravenous administrations are associated 
with skin sloughing and thrombophleblits. Mannitol is given as  20% mannitol  as 
bolus 0.25-1.0 grams/kg body weight q 2-4 hours. Higher in emergencies and 
lower doses for maintenance. Mannitol is a suitable agent for lowering raised 
ICP and should be used with caution in patients with renal ailments. The limited 
available data suggest that acute renal injury occurs mainly in patients receiving 
more than 200g of mannitol daily. Mannitol typically induces a hypokalemic, 
hypochloremic alkalosis associated with volume contraction and diuresis. These 
changes are ameliorated if normal saline is used as a replacement fl uid and a 
euvolemic hypernatremic status is maintained. Hypertonic saline, in contrast 
causes intravascular volume expansion, which may lead to congestive heart 
failure. The expected changes in the serum with hypertonic saline include mild 
acidosis, hyperchloremia and hypokalemia.
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As a result of mannitol infusion and less often after infusion of hypertonic 
saline elderly patients, diabetics and paients on glucocorticoids are at risk for 
a hyperglycaemic hyperosmolar state that causes seizures, hemiparesis or 
confusion. In a patient with a rapidly rising glucose level or an unexplained 
seizure this diagnosis should be considered and insulin should be administered.  

Extreme hyperosmolarity, as refl ected by a serum sodium concentration 
of more than 160 mEq/L or osmolarity more than 360 mOsm/L is unlikely to 
have further benefi t in reducing intracranial pressure but detrimental effects. 
This include generalized tissue shrinking and seizures. Serum Na increment 
must not exceed 10 mEq/day. Mannitol may have additional neuroprotective 
effects related to free radical scavenging, inhibition of apoptosis and increase in 
CPP. After 12 hours of 3% NaCl administration serum osmolarity of 326 mosm/
litre was achieved and the serum sodium was 148 mEq/L. The rate of infusion 
of 3% NaCl was halved to 30cc/hr and was further titrated to maintain serum 
osmolarity of 320-330 mOsm/L and Na range 140-150mEq/L.

Albumin was also administered as albumin administration is associated with 
increased oncotic pressure and retention of interstitial fl uid which may aid in 
resolution of cerebral edema.

Barbiturates are well know agents used in coma to decrease the cell metabolism 
and decrease the ICP. Pentobarbital is the barbiturate of choice however it 
limits neuro examination. Similarly thiopental can also be used and there are 
also anecdotal cases where phenobarbital was used to restirct cerebral edema. 

Hypothermia is an effective way of minimizing the ICP and mortality but the 
control of hypothermia is tricky. Effective hypothermia requires a temperature 
range of 32-34°C. At such a low temperature complications like sepsis and cardiac 
problems (esp bradycardia) are common. After withdrawal of hypothermia a 
rebound in ICP occurs. Prolonged sessions of hypothermia is required which 
involves intensive care and monitoring. There is a strong association between 
fever and a poor outcome after stroke. Consequently, moderate hypothermia 
with target temperatures between 33°C and 35°C achieved with endovascular 
catheters is a promising approach for neuroprotection in patients with large MCA 
infarctions. Hypothermia reduces the cerebral metabolic rate and stabilizes the 
blood—brain barrier. Decreasing the formation of free radicals and the release of 
excitatory neurotransmitters results in less brain edema and attenuates the post 
ischemic infl ammatory response and apoptosis. However, a number of safety 
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concerns have arisen due to documented side effects of cardiac arrhythmia 
infection, coagulopathy and rebound intracranial hypertension associated with 
re-warming. Hypothermia  is likely to exert a number of neuroprotective effects, 
and has been shown to reduce infarct size and improve outcome in a number of 
animal models. We did not induce hypothermia but a temperature of <37°C was 
maintained by using anti pyretics and cooling blanket.

Hyperventilation hyperventilation is also useful in lowering ICP. Its acts by 
induction of cerebral vasoconstriction with a subsequent decrease in cerebral 
blood volume. Hypoxia and hypercarbia are potent cerebral vasodilators and 
so hyperventilation lowers ICP by inducing hypocarbia with resultant cerebral 
vasoconstriction. Hyperventilation is associated with hypocarbia as it washes 
out CO2 and it may decrease cerebral blood fl ow to ischemic levels. Considering 
the risk-benefi t relation, it should be considered in patients with raised ICP 
under strict monitoring. However hyperventilation was not attempted as both 
pre intubation and post intubation pH and PCo2 were normal. The PCo2 was 
maintained beween 35 and 45Kpa.

Early decompressive hemicraniectomy (<48 hrs from onset of symptoms) 
has signifi cantly better survival rate. The patient’s condition required 
evaluation of a possible hemicraniectomy. Decompressive surgery is based 
on a hemicraniectomy in combination with a duraplasty. Appropriate patient 
selection is required (State Criteria) and the main aim of decompressive surgery 
is to remove part of the cranium to enable outward swelling of ischemic brain 
tissue without compromising healthy brain areas by midline shift and ventricular 
compression. After 6 weeks and up to 6 months after removal, the stored bone 
fl ap or an artifi cial replacement is used for reconstituting cranioplasty.

Early tracheostomy can also be offered simultaneously in the same setting. It is 
associated with reduced ICP and shorter hospital stay. However more studies 
are warranted on early tracheostomy in the management of raised ICP.

Seizures can occur as frank convulsions or non convulsive episode of 
electrographic changes. The diagnosis is made by VEEG. The patient also 
received leviteracetam as forced upward and right ward deviations of the eye 
was seen.

On the day two of NCCU stay. Sedatives were taken off for 45 minutes to allow 
a window of examination. Patient opened  both eyes to speech with regard for 
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STATE Criteria for immediate neurosurgical consultation for hemicraniectomy 
for malignant MCA infarction

Factor Criteria 

Score*,** NIHSS item 1a ≥1 or GCS ≤ 8, and 

NIHSS > 15 (non-dominant) or > 20 (dominant) 

Time ≤48 hr since last seen without neurological defi cits 

Age ≤60 years 

Territory Infarct lesion volume >150 cm³ (use ABC/2 criteria 
for estimating lesion volume), or >50% MCA territory 
infarction 

Expectations Life expectancy ‘reasonable’ in the opinion of the 
neurology attending or NCCU fellow. In addition, the 
health care proxy or family members understand that 
while the procedure is proven to reduce disability 
and mortality, the patient may still survive with severe 
disability.

If all the above “STATE” criteria are met, proceed to hemicraniectomy urgently 
(to OR within 4-6 hrs).

*for intubated/sedated patients, monitoring of the level of alertness can be challenging 
and the clinical judgment of the neurology attending is important in determining 
whether a patient meets this criterion.

** for patients who meet all STATE criteria except the level of drowsiness, patients 
should be triaged to the NCCU for close neuromonitoring. 

Indications for emergent hemicraniectomy: STATE criteria met above, AND 

Early Signs of Herniation Asymmetry in pupil size

Midline Shift  >10mm at septum pellucidum or >5mm at pineal gland

the examiner, obeyed simple commands, was able to elevate LUE and LLE on 
command, was able to show two fi ngers, pupils were still anisocoric left 5mm, 
right 3mm reactive, no preferential gaze, both RUE and RLE were 1/5 and both 
LUE and LLE 4/5,  DTR  were hyporefl exive on right side and normorefl exive on 
the left and there was no Babinski’s.

Persistent anisocoria warranted ICP monitoring, the patient was evaluated for 
ICP monitoring. After neurosurgical evaluation the next day an intraprenchymal 
ICP probe was inserted at the left Kocher’s point. The ICP at insertion was 6cm 
H2O. Persistent ICP of ≥ 20 cm H2O > 5 minutes was set as the threshold for 
bolus of mannitol and referral to neurosurgery team for possible craniectomy. 
Through out the NCCU stay the ICP ranged from 6-12 cm H2O. The CPP target 
was set at 50-70 mm Hg. The same day IJ cather was inserted . 
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On 5th NCCU day the patient was noted to have another episode of deviation of 
eye to the right. A two hour VEEG was done which revealed no seizure activity. 
Focal delta slowing on left frontal and parietal region was seen. Intermittent 
delta and theta slowing was also noted on the right. However, levitreacetam 
was continued.

Successive examinations were stable and improving. On 8th hospital day 
patient showed remarkable neurological improvement. The patient was awake, 
intubated, with regard, followed commands, pupils R 3mm SRL, L 2mm BRTL 
and preferential gaze was noted which crossed the midline. Repeat cranial 
scan did not show any hemorrhages or increase in subfalcine herniation but a 
subacute malignant infarct.

Renal
The patient was post CABG and had and EF of 27%. The fl uid management 
required careful monitoring based on CVP. The CVP target was set between 
6-10 cm H2O. The CVP during the NCCU stay ranged between 8-12 cm H2O,  
and the patient was maintained in euvolumeic status.

CVS
ECG showed old infarct V1-V4 (no difference compared to previous ECG). 2D 
Echo showed initial: EF27% conc LVH with akinesia of the entire ant IVS from 
base to apex. The rest of LV was severely hypokinetic. Dilated RV with AWMC. 
No visible thrombus or pulmonary embolism was noted. Mild to moderate AR, 
TR and PR was seen. The patient was also put on amidarone and ISMN. Initial 
CXR revealed mild congestion. Repeat CXR noted progressive regressions in 
the congestion. There were episodes of hypertention which was managed with 
nicardipine and later with carvedilol. MAP of 110-130 mmHg and SBP< 200 
mmHg was maintained.

Pulmonary
Through out the NCCU stay the patient did not develop any signs or radiological 
evidence of pneumonia. However due to a low EF and post CABG status the 
imminent pulmonary congestion was noted in the initial CXR. A CXR was done 
on day 7 which revealed atelectasis/consolidation. The PEEP was raised from 
3 to 7. A CXR done 3 days later was evident for discoid atelectasis. The higher 
PEEP was maintained. 
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The ventilator was set on SIMV mode on day 8 and tracheostomy was performed. 
Tracheostomy reduces the anatomical dead space and also the ICP. On Day 29 
the patient was put on T piece.

Infectious
On admission the temperature was 37.7-38.2°C. Infections occur in stroke 
patients and account for a signifi cant proportion of stroke patients. Aspiration 
pneumonia is present in as many as 22% of strokes and is more likely in patients 
with dysarthria/dysphasia, age older than 65 years, cognitive impairment, and 
a failed bedside water swallow evaluation (dysphagia screening). Urinary 
tract infections are also common in stroke patients and present in up to 24% 
of patients. Urinary tract infections occur as a result of prolonged periods of 
indwelling urinary catheters. Both pneumonia and UTI have been associated 
with poor functional outcomes in several studies.

The CXR and urine did not reval any infection. A blood GS/CS revealed no 
growth, suggesting a fever of central nature. However on third hospital day ETA 
GS/CS grew K. pneumonia and P. rettegeri. On 6th hospital day we did a  IJ 
catheter blood CS. It revealed S. epidermidis. The IJ catheter was removed. A 
repeat ETA GS/CS sample showed E. sapprophyticus. Based on senstivites 
cefepime, levofl oxacin and vancomycin were admistered. Vancomycin trough 
was done to maintain its level.

Hematological
Pulmonary embolus (PE) remains one of the most preventable medical 
complications of any stroke subtype. The incidence of deep vein thrombosis 
(DVT) and pulmonary embolus is about 3% in all stroke admissions. To prevent 
DVT compression stockings and intermittent pneumatic compressions were 
immediately started. 48 hrs post ictus LMW heparin was started subcutaneously. 
Repeated venous studies did not show any evidence of DVT.

Endocrine
Patients with stroke require a tight serum glucose control. In ischemic stroke, 
hyperglycemia occurs in 20% to 40% of patients and is associated with infarct 
expansion, worse functional outcome, longer hospital stays and mortality. It is 
probably secondary to a catecholamine surge and generalized stress response. 
Patients with higher CBG >180 and <140 have shown to have poor outcomes. 
A range of 140-180mg/dl was maintained. 
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Key Points

Suspicion of stroke should be high whenever  sudden onset of focal neurological

defi cit is encountered.

Anterior circulation strokes present with cortical symptoms where as posterior 
circulation strokes present with vertebrobasilar symptoms.

Only a few patients are able to receive thrombolytic therapy. Beyond the opportunity 
of thrombolysis neuroprotection is ensured by CPP, MAP, blood sugar and 
temperature optimization.

Malignant cerebral edema is an important cause of early neurologic decompensation 
and mortality. Early hemicraniectomy improves mortality rate and long-term 
outcome.

Hyperosmolar theray is the mainastay of medical decompression and must be 
of instituted to lower ICP in combination with hyperventilation, hypothermia and 
barbiturates.

Early tracheostomy decreases the anatomical dead space and also ICP compared 
to endotracheal ventilation.

Dextrose containing solutions should be avoided as hyperglycemia may be 
detrimental for the injured brain.

Medical complications remain an important cause of morbidity and mortality in 
ischemic stroke patients and include infection such as hospital-acquired pneumonia, 
sepsis, DVT/PE and cardiovascular diseases.

ICP monitor should be placed in all patients with evidence of intracranial mass effect.

Steroids are not recommended in cases of ischemic or hemorrhagic strokes. 

Permissive hypertension is recommended and only  BP > 220/120 mmHg should be 
treated with injectable antihypertensives.

Pain and Sedation 
Stroke patients on mechanical ventilation require adequate pain and sedation 
management to control raised intracranial pressure. For the maintainanince of 
ventilation a RAS goal of -3 to -4 was set and was achieved by using fentanyl 
and propofol. 

On the 30 hospital day the patient was transferred  out of NCCU after successful 
weaning.
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Intra Cerebral Hemorrhage

Learning Objectives

 Incidence
 Stroke type, racial variations

 Etiopathology
 Lypohylinosis, CAA, risk factors

 Clinical presentation
 Site and size dependent

 Diagnosis
 CT, multi modal MRI

 Management
 BP optimization (SBP, DBP, MAP, CPP), surgical management
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Case 2

Case Vignette

A 55 year old female, hypertensive on 
antihypertensive medicines was seen lying on 
the fl oor of the bathroom. She was noted to have 
preferential movement of the left extremities and 
slurred speech. The patient was immediately 
brought to a hospital. Upon arrival at the ER her 
BP was 250/130mmHg. A Cranial CT scan revealed 
thalamic bleed (Fig 1). The patient was transferred 
to the NCCU. On examination the patient had no eye 
opening, incomprehensible sounds and withdrawal 
response. Pupils were 2-3 mm ERTL and EOMS 
were intact.
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Working Diagnosis
Hypertensive intracerebral hemorrhage, left thalamic area with IV extension, 
ICHS-2

Next Step
Intensive BP lowering, prevention of rebleed and hydrocephalus.

Possible Complications 
Hydrocephalus and brain herniation.

Clinical Considerations

Incidence
Cases of spontaneous nontraumatic rupture of blood vessels in the brain 
parenchyma can lead to accumulation of blood within the brain substance. This 
is known as spontaneous intracerebral hemorrhage or primary intracerebral 
hemorrhage. The worldwide incidence of ICH ranges from 10–20 cases per 
100,000 population and increases with age. ICH accounts for 20% of the stroke 

Fig 1: Left thalamic hemorrhage with 
intraventricular hemorrhage. 

Fig 2: Repeat CT scan, done 2 days after 
NCCU admission.
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subtypes and the remaining 80% are ischemic strokes. Recent studies involving 
the Asian population accounts for as much as 30% of all strokes, particularly in 
Japanese and Koreans.

Etiopathology
Spontaneous ICH results from the bursting of small intracerebral arteries, 
most commonly because of increased susceptibility to rupture caused by 
chronic vasculopathy. Long-standing high blood pressure commonly leads to 
lipohyalinosis of tiny perforating arteries serving the thalamus, basal ganglia, 
and pons causing deep hemorrhages that often extend into the ventricles. In 
contrast, cerebral amyloid angiopathy (CAA) typically involves cortical perforators 
and is the leading cause of lobar hemorrhage in patients more than 70 years of 
age. Genetic alleles associated with high blood pressure and cerebral amyloid 
correlate with higher ICH risk, larger hematoma volume and poor outcome. 
Other common risk factors for spontaneous ICH include older age, history of 

Table 1: Causes of Cerebral Hemorrhage

1. HIH (hypertensive intracerebral hemorrhage)
2. Vascular Anomalies 
 ruptured saccular aneurysm, arteriovenous malformation, dural vascular 

malformations, cavernous angioma
3. Trauma
4. Hemorrhagic Disorders
 leukemia, aplastic anemia, thrombocytopenic purpura, liver disease, 

complication of anticoagulant or thrombolytic therapy, hypofi brinogenemia, 
hemophilia

5. Tumoral Bleed 
6. Infective
 septic embolism, mycotic aneurysm
7. Hemorrhagic Transformation
8. Vasculitis
9. Cerebrovascular Amyloidosis
10. Pituitary Apoplexy
11. Postprocedural (craniotomy or brain biopsy)
12. Primary Intraventricular Hemorrhage
13. Miscellaneous
 drugs, cocaine, moyamoya, herpes simplex encephalitis, meningeal 

melanomatosis, acute necrotizing hemorrhagic encephalitis (Hurst disease), 
tularemia, anthrax, etc.

(adapted from Adams and Victor, Principles of Neurology,10E, 2014)
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stroke and history of heavy alcohol use. Common sites for arterial hemorrhage 
are the putamen, caudate, pons, cerebellum, thalamus or deep white matter. 
Basal ganglia hemorrhages often extend to involve the internal capsule and 
sometimes rupture into the lateral ventricle, spreading through the ventricular 
system into the subarachnoid space and are associated with hydrocephalus 
and poor outcome (Table 1).

Clinical presentation
The clinical picture is dictated by the location and size of the hematoma. It is 
usually characterized by headache, vomiting and the evolution of focal motor 
or sensory signs over a period of minutes to hours. In cases of moderate to 
large hematomas consciousness is sometimes impaired at the start but often 
becomes a prominent feature in the fi rst 24 to 48 hours. The most common sites 
are the basal ganglia, especially the putamen and adjacent internal capsule 
50%, thalamus 15%, cerebellar hemispheres 10%, pons 10% and lobar (central 
white matter of the temporal, parietal or frontal lobes) 15%. Those in the putamen 
originates from the ascending lenticulostriate branches of the MCA, those in 
the thalamus originates from the ascending thalamogeniculate branches of the 
PCA, the pons from the paramedian branches of the basilar artery and the 
cerebellum from the penetrating branches of the PICA, AICA and SCA.

Diagnosis
Abrupt onset of focal neurological symptoms is presumed to be vascular in origin 
until proven otherwise. Vomiting, systolic BP 220 mmHg, severe headache, 
coma or decreased level of consciousness and progression over minutes or 
hours all suggest ICH, although none of these fi ndings are specifi c. CT and 
magnetic resonance imaging (MRI) are both reasonable for initial evaluation. 
CT is very sensitive for identifying acute hemorrhage and is considered the gold 
standard. Susceptibility gradient echo and T2 weighted MRI are as sensitive as 
CT for detection of acute blood and are more sensitive for identifi cation of prior 
hemorrhage. The presence of an intra-axial, hyperdense consolidated lesion 
is extremely sensitive (89%) and specifi c (100%) for acute ICH. Hematoma 
volume is easily estimated using Kothari’s method.
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Management

Neurological
Elevated blood pressure (BP) is reported in up to 90% of patients with acute 
intracerebral hemorrhage (ICH). Both excessively high and low admission 
systolic BP and diastolic BP levels are associated with early and late mortality in 
patients with acute ICH. BP elevations are often greater in early stage of stroke 
than that seen in patients with ischemic stroke. History of hypertension and 
a BP of 200/110 mm Hg are strongly suggesting a hypertensive intracerebral 
hemorrhage. Hypertension is a potential for contribution to hydrostatic 
hematoma expansion, peri-hematoma edema and rebleeding. All of which may 
contribute to adverse outcomes in ICH. In any case of intra cerebral hemorrhage 
regardless of the site high BP must be treated. Current guidelines from the 
American Heart Association (AHA) suggest that in patients with acute ICH and 
elevated BP levels (SBP 180 mm Hg or mean arterial pressure [MAP] 130 mm 
Hg), the use of intermittent or continuous IV antihypertensive treatment with a 
target of 160 mmHg SBP or 110 MAP may be considered (Table 1). We started 
nicardipine infusion  to control the BP and the target range of 140mmHg to 
160mmHg was achieved. Aggressive blood pressure reduction after ICH may 
may result in abrupt drop in cerebral perfusion pressure (CPP) and ischemia 
with further neurologic damage. No matter how high the blood pressure is, 
the MAP should not be reduced beyond 15% to 30% over the fi rst 24 hours. 
Nitroprusside is not recommended since it may exacerbate cerebral edema and 
intracranial pressure. Oral and sublingual agents are not preferred because 
of the need for immediate and precise blood pressure control.

Large ICHs can cause midline shift and give rise to a malignant scenario which 
requires decompression. The outcome of ICH depends on numerous factors 
(Table 2). However the patient did not show any signs of raised ICP.

Surgical Treatment
The decision about whether and when to surgically remove ICH remains 
controversial. The pathophysiology of brain injury surrounding the hematoma 
is due to the mechanical effects of the growing mass of blood as well as the 
subsequent toxic effects of blood in the surrounding brain tissue. Early surgery 
to limit the mechanical compression of brain and the toxic effects of blood may 
limit injury, but the surgical risks in a patient with ongoing bleeding may be 
greater. Patients with cerebellar hemorrhage larger than 3 cm in diameter or 
those with brainstem compression or hydrocephalus show good outcomes after 
removal of the hematoma. If the hemorrhage is about 3 cm in diameter and there 
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ICH Score Risk

0 0%

1 13%

2 26%

3 72%

4 97%

5 100%

6 100% (estimated)

30 Day Mortality Rate Based on ICH Score

Component ICH Score Points

GCS score

3–4 2

5–12 1

13–15 0

ICH volume, cm3

≥30 1

<30 0

IVH

Yes 1

No 0

Infratentorial origin of ICH

Yes 1

No 0

Age, years

≥80 1

<80 0

Total ICH Score 0–6

Table 2: Intra Cerebral Hemorrhage Score (ICHS)
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is no brainstem compression or hydrocephalus, reasonable outcomes may be 
achieved without surgery. There is a proven benefi t of surgical decompression 
in infratenrotial ICH.

Supratentorial ICH may benefi t from surgery. The STICH II results confi rm that 
early surgery does not increase the rate of death or disability at 6 months and 
might have a small but clinically relevant survival advantage for patients with 
spontaneous superfi cial intracerebral haemorrhage without intraventricular 
haemorrhage. Hematomas extending to within 1 cm of the cortical surface had 
a trend toward more favorable outcome with surgery within 96hrs. Patients with 
lobar hemorrhages and a GCS score of 9 to 12 also had a trend toward better 
outcome. Minimally invasive procedures have advantage of reduced operative 
time, the possibility of performance under local anesthesia, and reduced 
surgical trauma over conventional craniotomy. Some patient may require EVD. 
An ICP monitor or external ventricular drain (EVD) may be placed in all ICH 
patients (GCS of 8 or less) with the goal of maintaining ICP less than 20 mm Hg 
and CPP greater than 70 mm Hg, unless poor outcome is anticipated despite 
the intervention. Additionally intraventricular thrombolysis or endoscopic clot 
removal could also be instituted (case no. 6), however superiority of one of the 
interventions remained to be established. 

The 30-day risk for seizures after ICH is approximately 8% and the risk of 
overt status epilepticus is 1% to 2%. Lobar location and small hematomas 
are independent predictors of early seizures. Continuous EEG monitoring is 
indicated in ICH patients with depressed mental status out of proportion to 
the degree of brain injury. There is no established role of prophylactic AEDs, 
however AEDs may be given for 10-14 days. It may be appealing to neurologists 
in cortical and temporal bleeds. Frank seizures and electrographic seizures 
must be treated with AEDs.

Two days later a CT scan (fi g 2) was repeated which revealed stable hematoma 
with minimal perilesional edema. There was also reduction in intraventriular 
blood volume. During the NCCU stay the patient did not require any surgical 
intervention or placement of EVD. 

Besides spontaneous intracerebral hemorrhage, drug induced intracerebral 
hemorrhage is often encountered. It results from patients on aspirin, clopidogrel, 
warfarin or heparin, as well as thrombolytic agents such as tissue plasminogen 
activator. The primary objective is emergency management of the coagulapathic 
ICH. (Table 3) 
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Scenario Intervation Dose Comments

Warfarin Discontinuation of 
warfarin (time to reversal 
5-14 days)

Fresh frozen plasma 
(time to reversal 12-32 
hrs)

15 ml/kg Usually 4 to 6 
units (200 ml) 
each are given, 
blood borne 
infection, acute 
lung injury

 or   

 Prothrombin complex 
concentrate (time to 
reversal 15 mins; 10 mins 
to 1 hr for infusion) 

15 to 30 U/kg Works faster 
than fresh frozen 
plasma, but 
prothrombotic

 and   

 Intravenous vitamin K (6-
24 hrs to correct INR)

10 mg Up to 24 hours to 
normalize INR, 
anaphylaxis

Warfarin and 
emergency 
neurosurgical 
intervention

Above plus rFVIIa 20 to 80 μg/kg Prothrombotic 

Unfractionated or 
LMWH

Protamine sulfate 1 mg per 100 
units of heparin, 
or 1 mg of 
enoxaparin

Flushing, 
bradycardia or 
hypotension, 
anticoagulation

Platelet 
dysfunction or 
thrombocytopenia

Platelet transfusion and/
or

Desmopressin

6 units

0.3μg/kg

Range 4-8 units 
based on size; 
transfuse to
>100,000μL

Single dose

Table 3: Management of Coagulapathic ICH

(adapted from Kiwoon Le, The Neuroicu Book, 2012)
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Renal
Daily kidney function tests were performed which were normal and a slightly 
hypervolemic status was maintained. Isotonic fl uids such as 0.9% saline at 
a rate of approximately 1 mL/kg per hour should be given as the standard 
intravenous replacement fl uid for patients with ICH. Hypotonic fl uids can 
exacerbate cerebral edema and increase ICP because it fl ows down its osmotic 
gradient into injured brain tissue. The serum osmolarity was maintained at 270-
280 mOsm/L. Serum osmolarity of more than 280 mOsm/L is not suggested. 
Higher osmolarity should be dealt with osmotic diuresis.

The renal function in cases of spontaneous intracerebral hemorrhage may be 
deranged due to a nephropathic process(HTN) predisposing the kidney to AKI 
or AKF, in such cases different fl uid hydration and dietary regimen needs to be 
instituted.   

Cardiac
Cardiac monitoring must be done in all cases of ICH. Most of them have ECG 
abnormalities. Some also have wall motion abnormalities. Cardiac monitoring 
of the patient was done and there was QTC prolongation. Arrhythmias, heart 
blocks, ST and T wave changes are commonly encountered in ICHs. The ECG 
and 2D ECHO of the patient revealed LVH with EF of 58%.

Respiratory
Ventilation must be ensured. The patient was intubated and serial CXR were 
done to ensure that pulmonary edema, acute respiratory distress syndrome 
(ARDS) and pneumonia did not complicate the case. PaCo2 of 35-45Kpa is 
associated with decreased incidence of raised ICP. The patient did not develop 
any other respiratory complications during the NCCU stay. The head was 
positioned at 30-degree angle to minimize ICP and reduce the risk of aspiration 
or ventilator-associated pneumonia.

GI
Despite having audible bowel sound the patient required doses of lactulose. 
NGT feeding was started on second day and 1800 Kcal/day was given.
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Infections and Fever
Fever worsens outcome in experimental models of brain injury. Even small 
degrees of hyperthermia can exacerbate ischemic brain injury as brain 
temperature elevation has been associated with hyperemia, exacerbation of 
cerebral edema and elevated ICP. The incidence of fever after basal ganglionic 
and lobar ICH is high, especially in patients with IVH. In patients surviving 
the fi rst 72 hours after hospital admission, the duration of fever is related to 
outcome and appears to be an independent prognostic factor in these patients. 
The patient did had raised temperature up to 38.1°C. The temperature target 
was set <37°C and was achieved by paracetamol and surface cooling blanket. 
The patient remained non infected during the NCCU stay.

Endocrine
Hyperglycemia is a potent predictor of 30-day mortality in both diabetic and 
nondiabetic patients with ICH. Serum glucose should be monitored and 
normoglycemia is recommended. A range of 140-180 mg/dl is advised and was 
achieved in this patient. Episodes of hypoglycemia have also been associated 
with increased mortality and worst outcomes in neurologic patients.

Hematological
The patient had normal bleeding and coagulation parameters. Patients with 
ICH are at high risk for deep vein thrombosis (DVT) and pulmonary embolism, 
they must receive prophylaxis. This involves LMW heparin and compression 
stockings with intermittent compressions. There are no clear guideline that 
specify when to start LMW heparin after ICH. Low-dose heparin (5000 U sc 
q12h) or enoxaparin (target aPTT x2 control) can be started as early as day 2 
after ICH.However we suggest an interval of 7-10 days after the ICH ictus to 
initiate LMWH.

Pain and Sedation 
Sedation should be used to minimize pain, agitation and decrease surges in 
ICP. Sedative agents and nondepolarizing neuromuscular paralytic agents that 
do not have effects on ICP such as propofol, etomidate, cis-atracurium and 
vecuronium can be used. A RAS goal of -2 was achieved with propofol and 
fentanyl. 

On day 7 the patient had spontaneous eye opening and was following complex 
commands. Her weaning was successful and she was transferred to step down 
ICU with normal BP. The stay at NCCU was uneventful.
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Key Points

Hypertension (as well as hypotension) should be immediately addressed to 
decrease hematoma expansion. 

Acute severe hypertension should be aggressively but carefully controlled with IV 
medications to reduce MAP more than 130mm Hg 15% to 30% of baseline and SBP 
of >160mm Hg.

Dextrose-containing solutions should be avoided as hyperglycemia may be 
detrimental for the injured brain.

Suspected elevations and symptomatic intracranial mass effect should be treated 
emergently with head elevation, a large dose of 20% mannitol and moderate 
hyperventilation.

ICP monitor should be placed in all patients in coma with evidence of intracranial 
mass effect.

DVT prophylaxis with LMW heparin can be started 48 hrs after the 
hemorrhage;however at least one weak from ictus is suggested.

EVD ± thrombolysis/endoscopic clot removal may be require in cases of progressive 
interventricular hematoma extension.
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Sub Arachnoid Hemorrhage

Learning Objectives

 Epidemiology
 Incidence, age and gender related preponderance, aneurysmal 

vs non aneurysmal
 Risk Factors

 Modifi able and non modifi able risk factors
 Pathology

 Location, risk of rupture, anterior Vs posterior circulation, defective 
vessel wall and turbulence

 Clinical Presentation
 Classic presentation, seizures, other fi ndings

 SAH Mimickers
 Diagnosis CT, CTA, DSA, TCD
 Management

 Triple-H, DCI/vasospasm, serial TCD, coiling
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Case 3

Case Vignette

A 45 year old female experienced sudden onset 
of nausea, dizziness, episodes of vomiting and 
headache. The headache was bifrontal and throbbing. 
The BP of the patient at that time was 200/110 mmHg. 
Patient was given clonidine and metoclopromide. 
The BP was lowered to 180/90 mmHg but the 
symptoms persisted and patient was brought to the 
ER. At the ER the BP was 150/70 mmHg. Patient was 
referred to cardiology service, telmisartan 40mg OD 
was continued and amlodipine 10mg was started. 
At the ward, she had persistent  BP spikes as high 
as SBP 170 mmHg with headache. Four hour post 
ictus the patient was noted to have sudden onset 
of seizure. It lasted for about 1min. A CT-CTA (fi g 1) 
was done which showed subarachnoid hemorrhage 
in the anterior part of interhemispheric fi ssure and 
basal cistern. A saccular anterior communicating 
artery aneurysm was also seen on CTA, it revealed 
anterior communicating artery saccular aneurysm 
(Neck = 2.0 mm Height = 4.9 mm Width = 3.4 mm). 
Patient was transferred to NCCU. At the NCCU the 
patient had spontaneous eye opening, answered 
some question and followed some commands. 
Pupils were 2-3mm ERTL, isocoric and Babinski’s 
sign was noted on the right.
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Working Diagnosis
Subarachnoid hemorrhage probably secondary to ruptured A. Com aneurysm, 
H&H score 1, FG II, WFNS grade II, hypertension.

Next Step
Control and monitor seizure, initiate Triple-H therapy and secure the aneurysm.

Possible Complications 
Rebleeding, vasospasm, delayed cerebral ischemia, hydrocephalus,
increased ICP, seizures, hyponatremia and cardiac abnormalities.

Clinical Considerations

Epidemiology
Aneurysmal subarachnoid hemorrhage (SAH) is a complex neurovascular 
syndrome  which  has well established  systemic effects, associated with high 
disability and mortality. Cerebral aneurysms are present in 2-3% of population. 
The incidence of subarachnoid hemorrhage is about 6-7 cases out of 100,000 

Fig 1: Subarachnoid hemorrhage 
with extravastation of blood in the 
interhemispheric fi ssure and basal cistern.



36

per year it tends to increase with age but half of the patients are younger than 
55; it prevails in female gender with a ratio of 1.6 compared to male. Mortality 
rate is about 50%; most deaths occur within 2 weeks; 10% of patients die before 
reaching the hospital. The rupture of an intracranial aneurysm is responsible for 
about 85% of SAHs; 10% are represented by nonaneurysmal conditions; 5% 
are represented by other medical conditions infl ammatory or non-infl ammatory.

Risk factors
Modifi able risk factors for aneurysm rupture include arterial hypertension, 
smoking, alcohol abuse and cocaine use. Genetic factors are determinants 
as demonstrated by the increased risk in fi rst degree relatives. Hereditary 
connective tissue diseases such as polycystic kidney, Ehlers Danlos (Type 
IV) syndrome, pseudoxantoma elasticum and fi bromuscular dysplasia are 
associated with intracranial aneurysms and SAH.

Pathology
The aneurysms are mostly located at the bifurcation of circle of Willis vessels 
or their branches. The risk of rupture is quite low and estimated at about 0.05% 
per year, but it can increase when diameter >10 mm or if located at posterior 
circulation. It has been reported that the cumulative risk of rupture at 5 years 
is zero for aneurysms smaller than 7 mm, 2.6% for dimensions between 7 and 
12 mm, 14.5% for dimensions between 13 and 24 mm and 40% for aneurysms 
greater than 25 mm. Those rates increase respectively at 2.5%, 14.5%, 
18.4% and 50% for aneurysms located at posterior circulation. Aneurysms are 
susceptible to rupture because of turbulent fl ow and a defective wall which is 
unable to withstand the pathological hemodynamics. 

Clinical presentation
Aneurysmal SAH classically presents with a sudden, severe headache 
classically described as the ‘worst headache of life’. The headache is lateralized 
in 30% of patients predominantly to the side of the aneurysm. The onset of the 
headache may or may not be associated with a brief loss of consciousness, 
nausea or vomiting and meningismus. Signifi cant number of  patients have an 
altered level of consciousness but coma is unusual. Seizures may occur in up 
to 20% of patients after a SAH, most commonly in the fi rst 24 hours and more 
commonly in SAH associated with intracerebral hemorrhage, hypertension, 
and middle cerebral and anterior communicating artery aneurysms. Seizures 
are more common in H&H grades III and IV (Table 1). Some patients present 
with combination of vitreous hemorrhages with SAH (Terson’s syndrome) and it 
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Table 1: Hunt & Hess Scale

The H&H scale describes the severity of subarachnoid hemorrhage, and is used 
as a predictor of survival.

  Grade 1
  • asymptomatic or minimal headache and slight neck stiffness
  • 70% survival

  Grade 2
  • moderate to severe headache; neck stiffness; no neurologic defi cit 

except cranial nerve palsy
  • 60% survival

  Grade 3
  • drowsy; minimal neurologic defi cit
  • 50% survival

  Grade 4
  • stuporous; moderate to severe hemiparesis; possibly early decerebrate 

rigidity and vegetative disturbances
  • 20% survival

  Grade 5
  • deep coma; decerebrate rigidity; moribund
  • 10% survival

Table 2: Fischer Grade (FG)

The FG is a way of grouping subarachnoid haemorrhage CT scans into four goups 
according to the amount of blood and is useful in predicting cerebral vasospasm

  Grade 1
  • no blood detected

  Grade 2
  • diffuse thin (< 1 mm) SAH with no clots

  Grade 3
  • localized clots and/or layers of blood > 1 mm in thickness

  Grade 4
  • intracerebral or intraventricular blood (± SAH)
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implies a poor prognosis. Approximately 30 to 50% of patients report a history of 
a sudden and severe headache (the sentinel headache) that precedes a major 
SAH by 6 to 20 days, these represent a minor hemorrhage or ‘warning leak’.

Mimickers
Any form of headache can mask the headache of SAH. Physicians should 
have a high index of suspicion for the classical headache of SAH despite any 
coexisting cause for headache. At the same time mimickers and the differential 
must be kept in mind as well (Table 4).

Diagnostics
Seizure prompted the suspicion of a cerebral pathology and hence a CT scan 
was done. Noncontrast head CT remains the cornerstone of diagnosis of 
SAH. The sensitivity of CT in the fi rst 3 days after a SAH remains very high 
(close to 100%). A CTA may also be considered in the workup for SAH. An 
aneurysm detected by CTA may guide the decision for securing the aneurysm 
but if CTA is inconclusive, DSA is still recommended. If CT is nonconclusive, 
it should be followed by lumbar puncture however MRI has decreased its 
use. Magnetic resonance imaging (fl uid-attenuated inversion recovery, proton 
density, diffusion-weighted imaging and gradient echo sequences) may be 
reasonable for the diagnosis of a SAH in patients with a nondiagnostic CT scan 
although a negative result may still require the former. DSA with 3-dimensional 
rotational angiography is indicated for detection of aneurysm in patients with 
a SAH. Except when the aneurysm was previously diagnosed by a CTA and 
to determine whether an aneurysm is amenable to coiling or to expedite 
microsurgery. 14% of patients may require a repeat DSA after 2 weeks to 
demonstrate the aneurysm. 

Grade GCS Motor defi cit

I 15 Absent

II 14-13 Absent

III 14-13 Present

IV 12-7 Present or Absent

V 6-3 Present or Absent

WFNS : World Federation of Neurological Surgeons
GCS : Glasgow Coma Scale Score

Table 3: WFNS SAH Grading 
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Condition Clinical features (in addition to headache)/
comments

Cerebral venous sinus thrombosis Focal or bilateral defi cits, seizures, 
papilledema

Reversible cerebral vasoconstriction 
syndrome

Focal defi cits

Craniocervical arterial dissection Posterior headache and/or neck pain, focal 
defi cits, Horner’s syndrome

Pituitary apoplexy Visual fi eld defi cits and hypopituitarism

Intraparenchymal hemorrhage; 
Caudate hemorrhage

Progressive focal defi cits, nuchal rigidity 
seizures, signs of intracranial hypertension

Subdural or epidural hematoma Progressive focal defi cits, signs of midline shift 
or herniation

Infectious or aseptic meningitis Fever, leukocytosis, meningismus, altered 
mentation

Sentinel hemorrhage Meningismus

Benign coital headache Historical setting, nonfocal examination

Migraine Aura, nausea, photo/phonophobia

Trigeminal neuralgia Characteristic distribution and time course, 
trigger points

Idiopathic intracranial hypertension Global headache, postural changes, 
papilledema, transient visual obscurations, 
visual loss

Cerebral vasculitis Premonitory symptoms, confusion, psychosis, 
depression, focal signs, hemorrhage

Pseudo subarachnoid hemorrhage Radiographic mimicker; leptomeningitis, 
intrathecal or high dose IV contrast and diffuse 
cerebral edema

Table 4: SAH Mimickers

Management

Neurological
Seizure was the primary concern as it also suggested an ongoing vasospasm. 
The patient was given the optimum dose of diazepam which controlled the 
seizures. VEEG was hooked which demonstrated bifrontal epileptogenic 
activity.The patient was treated urgently by loading valproic acid. The 
electrographic seizures were persistent and a second AED- leviteracetam was 
added. The electrographic seizures were completely controlled and 24 hours 
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later, leviteracetam was discontinued. Serum albumin and therapeutic level of 
valproic acid was maintained .

Delayed cerebral ischemia (DCI) is a frequent complication of SAH and one 
that contributes substantially to morbidity and mortality after SAH. Radiographic 
evidence of DCI occurs in 40 to 60 percent of patients with SAH. DCI is typically 
manifested by neurologic deterioration in level of consciousness or new focal 
neurologic defi cits. However, in patients with poor clinical grade DCI may remain 
clinically silent. Vasospasm causes symptomatic ischemia and infarction in 
approximately 20 to 30 percent of patients with aneurysmal SAH. The severity 
of symptoms depends upon the artery affected and the degree of collateral 
circulation. Vasospasm usually begins three days after hemorrhage reaching 
a peak at days seven to eight. It may continue upto to day 21 or more from 
the ictus. Risk factors for vasospasm include the severity of bleeding and its 
proximity to the major intracerebral blood vessels, age less than 50 years and 
hyperglycemia. Most but not all studies have found that poor clinical grade (eg, 
H&H grade 4 or 5, or Glasgow Coma Scale score <14) is associated with an 
increased risk of vasospasm. TCD is reasonable to monitor arterial vasospasm 
and a baseline TCD was done on admission which had a normal velocities and 
Lindegaard ratio (Table 5). TCD has its limitations as it is user dependent and 
it can miss vasospasm in the distal anterior cerebral artery areas. It can be 
overcome by the use of CT Angiography (CTA) and CT perfusion, with better 
reliability than the former.  

To prevent and manage the vasospasm oral/NGT nimodipine, maintenance 
of euvolemia and normal circulation are mandatory. Prophylactic hypertension 
may be helpful to manage vasospasm. The recommendations of Triple- H 
therapy (hypervolemia, hemodilution and hypertension) were instituted but not 
prophylactic hypertension, as it is contraindicated in unsecured aneurysms. 
Triple-H therapy has been used for many years to improve and maintain 
adequate brain perfusion in patients with symptomatic vasospasm. SAH patients 
frequently develop natriuresis and intravascular volume depletion. It makes 
rationale to institute adequate volume and avoid dehydration as suggested in 
Triple-H therapy. 

Vasospasm can also be treated with a number of vasodilators. It includes 
administration of papaverine, nicardipine, verapamil and milrinone intra 
arterially. The response is variable in different cases. Repeated intra arterial 
administrations may be required. Newer interventions for vasospasm control 
and prevention are under study.
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Artery Window Depth 
(mm)

Transducer 
Orientation

Flow 
Direction†

MFV (cm/sec)‡

OA Orbital 40-50 Slightly 
medial

Toward 16-26

MCA Temporal 35–60 En face Toward 46–86

ACA Temporal 60–75 Anterior Away 41–76

PCA Temporal 60–75 Posterior Toward 33–64

VA Transforaminal 45–75 Superior and 
oblique

Away 27–55

BA Transforaminal 70–120 Superior Away 30–57

Vessels are identifi ed by using information about their depth and orientation and the directionality 
of blood fl ow through the given acoustic window. The directionality of fl ow is characterized as 
toward or away from the transducer.

Protocol for TCD Measurement of the Intracranial Vasculature

Severity of Vasospasm PSV (cm/sec) MFV (cm/sec) Lindegaard Ratio

Mild 200–250 120–150 3–4.5

Moderate 250–300 150–200 4.5–6.0

Severe >300 >200 >6

Quantitative Parameters for Assessing Vasospasm of the MCA

Vessel PSV (cm/sec) MFV (cm/sec) Sloan Ratio*

PCA >120 >85 NA

ACA >120 >80 >4.0

*The Sloan ratio is calculated by dividing the MFV of the ACA by the MFV of the distal extracranial 
ICA to allow assessment of ACA vasospasm. NA = not applicable.

Quantitative Parameters for Assessing Vasospasm of the PCA and ACA

Abbreviations: ACA = anterior cerebral artery, BA = basilar artery, EDV = end-diastolic
velocity, ICA = internal carotid artery, MCA = middle cerebral artery, MFV = mean fl ow velocity, 
OA = ophthalmic artery, PCA = posterior cerebral artery, PSV = peak systolic velocity, RI = 
resistive index, VA = vertebral artery

Table 5: Transcranial Doppler Values and Interpretion
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The SBP goal was set at <180mmHg and maintained at the range by nicardipine 
infusion. Most studies suggest a SBP < than 180mmHg for unsecured 
aneurysms.

SAH is often associated with intraventricular extension of hematoma. The 
presence of IVH complicates the natural course of SAH as well as ICH. IVH 
is often associated with development of an acute obstructive hydrocephalus 
which is the single most worst prognosticating factor and is also associated 
with increased incidence of vasospasm. IVH is also associated with elevated 
intracranial pressure (ICP). The mass effect and cerebral edema may rapidly 
progress to herniation syndrome and death. EVD allows measurement ICP and 
therapeutic drainage of CSF which alleviate raised ICP.

On the 3rd day post ictus the patient underwent DSA which revealed a narrow 
neck A. Com aneurysm with a morphology suitable for coiling (Table 6: coiling 
Vs clipping). Successful coiling (fi g 2 & 3) was performed and hemostasis was 
achieved. The patient was transferred back to NCCU.

Fig 2&3: Intraprocedural oblique views showing completely secured aneurysm (on the right 
image)

ACom. aneurysm
Coiled aneurysm
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Factors Favoring Clipping Factors Favoring Coiling

Younger age

Middle cerebral bifurcation aneurysm

Giant aneurysm > 2 cm

Small aneurysm < 1.5-2 mm diameter

Wide neck aneurysm

Patients with residual fi lling of aneurysm 
after coiling

Elderly patient > 75 years

Poor clinical grades

Inaccessible ruptured aneurysm

Aneurysm confi guration: Dome to neck 
ratio > 2, absolute neck diameter <5mm

Posterior circulation aneurysm

Table 6: Patient Selection-Clipping Vs Coiling

At the NCCU the patient underwent a repeat TCD on 6th day post ictus which 
showed mild A1 segment vasospasm however she maintained a GCS of 15 and 
no new signs of neurological defi cit were noted until transfer out. Serial TCDs 
did not show any increments and on 6th HD the TCD was normal. 

Renal 
The patient was maintained in a slightly hypervolemic status (upto a positive 
balance of 500-1000ml) which is considered to prevent vasospasm. SAH patients 
often present with dyselectrolytemia among which hyponatremia is frequently 
encountered. The electrolytes of the patient were monitored and hyponatremia 
was encountered to be as low as 124mEq/L. Oral Na tablets were given by 
and correction was made. The patient was also noted to have hypokalemia 
which was corrected by IV infusion and NGT supplementation. Cerebral Salt 
Wasting Syndrome (CSWS) is frequently encountered in SAH. The picture of 
hyponatremia requires that Syndrome of Inappropriate Anti Diuretic Hormone 
Secretion (SAIDH) and CSWS must be distinguished. Misdiagnosing CSWS as 
SIADH and water restriction with the use of a vasopressin receptor antagonist 
would lead to profound intravascular volume depletion in the setting of ICP crisis, 
brain hypoxia, brain metabolic crisis and symptomatic vasospasm (Table 7).

Cardiac
Stroke is associated with cardiac implications, SAH being the most prominent 
one. There is a catecholamine surge in SAH which causes ‘stunned myocardium’. 
The ECG of the patient revealed symmetric T wave inversions which were 
monitored with serial ECGs and showed no change. Hypertension was 
managed by nicardipine infusion and amlodipine tablets. When the aneurysm 
was unsecured we maintained a BP range of 140-160 mmHg, however after 

(adapted from NINAS Guidelines for the early specifi c management of acute stroke, 1E, 2015)
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securing the aneurysm higher BP (upto 200 mmHg) was allowed and nicardipine 
was discontinued. Hypertension supposedly prevents vasospasm and can be 
allowed upto 220/120 mmHg after securing the aneurysm. Central venous 
pressure was monitored and a range of 10-14 cm H20 was set and achieved. 

Pulmonary
The patient did not develop any episodes of complication during ventilation.
SpO2>94, SaO2>80 and ETCO2 of 35-45mmHg was maintained. On the sixth 
day of NCCU stay the weaning process was started and extubation was done 
the next day.

GI
The bowel sounds of the patient were absent. After potassium correction on 
day 3 NGT feeding of 1600Kcal/day was started. The patient required doses of 
lactulose for bowel evacuation and no new GI complications evolved.

Hematologic
Patients of SAH must undergo bleeding and coagulation screening. Both 
were normal in the patient. DVT prophylaxis is mandatory in all cases of SAH. 
However in cases of unsecured aneurysms it should be limited to compression 
stockings and intermittent compressions. LMW heparin/ unfaractionated heparin 
was instituted 48 hrs after the aneurysm was secured.

CSWS SIADH DI

Urine output polyuria oliguria polyuria

CVP low normal/high normal/low

Serum ADH normal high low

Serum sodium low low high

Urine sodium very high high high

Serum osmolality low low low

Urine osmolality high high low

Treatment volume and Na 
replacement, 
fl udrocortisone/ 
give fl uids

volume restriction,  
Na replacement, 
conivaptan, 
demeclocyline 

drink to thirst, 
hypotonic saline, 
desmopressin 
(central), 
hydrochlorothiazide 
(nephrogenic)

Table 7: Summary-CSWS, SIADH, DI
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Key Points

Following trauma aneurysms account for the majority of cases of SAH.

SAH patients require NCCU care and regular vasospasm monitoring by TCD. 
Surgery is not advised with ongoing vasospasm. It can be relieved by endovascular 
spasmolysis.

Endovascular coiling can be performed after parent vessel spasmolysis.

Triple H therapy includes hemodilution, hypertension and hypervolemia. 

Symptomatic cerebral vasospasm continues to be a major challenge and days 7-8 
are the usual peak period. Ultra-early vasospasm has been reported, but this is 
less common.

The patients may require ICP monitoring and EVD placement for intraventricular 
extensions.

SBP target should be <180 mmHg for unsecured aneurysms and <220mmHg for 
secured aneurysms.

Patient may require EVD and medical or surgical decompression.

Fever and Infectious disease
A temperature of <37oC must be maintained. Higher temperatures are
associated with poor outcomes. The patient was given round the clock 
paracetamol and the recommended  range of temperature was maintained.

Endocrine
A normoglycemic (140-180mg/dl) status is recommended and was achieved 
in the patient. Lower and higher levels of serum glucose should be promptly 
corrected with IV glucose and insulin administration.

Pain and Sedation
Optimum pain and sedation is mandatory is patients with SAH in NCCU. The 
patient was ventilated and a RAS goal of -4 was achieved in the pre secured 
stage. After the aneurysm was secured, RAS goal of -2 was set and achieved. 
Agents administered were propofol, fentanyl and dexmedetomidine.

On 7th HD the patient was transferred to ward with a GCS 15. Medicines were 
continued and TCDs were recommended until 12th day post ictus.
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Vertebral Artery Dissection

Learning Objectives

 Vertebrobasilar Anatomy
 Different segments, pathological implications

 Incidence
 Prominent in young patients, seasonal preponderance

 Risk Factors
 Modifi able and non modifi able risk factors

 Precipitating Factors
 Manipulation and vessel pathologies

 Pathophysiology
 Intimial tear, aneurysm, pseudoaneurysm, thromboembolism, 

dissection
 Clinical Presentation

 Limited classical history, pain (carotid Vs vertebral dissection),
posterior circulation syndrome signs

 Diagnosis
 CTA, MRI, DSA, doppler

 Management
 Lateral medullary syndrome, endovascular, complications and 

other systems
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Case 4

Case Vignette

A 34 year old student smoker, occasionally alcoholic 
had sudden onset of dizziness. It was followed 
by onset of numbness and weakness of the right 
half of the body. The patient was also complaining 
of doubling of vision and diffi culty in  swallowing 
and slurring of speech. The patient was admitted 
to a hospital where a CT with CTA (fi g 1) was done 
which showed a RVA aneurysm. There was also 
diffi culty in swallowing and speech. The patient 
was referred for further management, at the ER he 
was awake and coherent. There was nystagmus of 
left eye, right sided hemiparesis and hemiasthenia. 
Cerebellar examination revealed dysmetria and 
disdiadokinesia on the right.
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Working Diagnosis 
Right vertebral artery aneurysm, lateral medullary syndrome 

Next step
Admission to NCCU for prevention of respiratory failure, management of acute 
infarct and stabilization of aneurysm.

Possible Complications 
Vascular- Aneurysm rupture, thromboembolism, restroke involving posterior 
circulation, hemorrhagic transformation, subarachnoid hemorrhagic, vertebral 
artery pseudoaneurysm, pneumonia and respiratory arrest. 

Fig 1: CTA showing fusiform aneurysm of right vertebral artery (Blue arrows).
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Clinical Considerations

Vertebro Basilar Anatomy
There are  four segments of vertebral 
artery (VA) V1, V2, V3 and V4. The 
V1 segment lies between the origin of 
vertebral artery and where it enters the 
foramen transversarium at the level of 
C6 vertebral body (fi g 2). This segment is 
embedded in soft tissue and is tortuous 
in some patients. The V2 segment 
occupies the length between the C6 
and C2 vertebral bodies. It traverses 
the passage of bony canals formed by 
the transverse processes the vertebrae. 
The V3 segment is from the foramen 
transversarium of the C2 vertebral body 
to the point where it enters the dura. 
Beyond this it continues as the intradural 
V4 segment. The V1 and V4 segments 
are the most prone to atherosclerotic 
disease, whereas the V2 and V3 
segments are more prone to dissections. 
The origin of VA is most common site 
of stenosis. The vertebral arteries are the chief arteries of the medulla. Each 
supplies the lower three-fourths of the pyramid, the medial leminiscus, all or 
nearly all of the retroolivary (lateral medullary) region, the restiform body and the 
posteroinferior part of the cerebellar hemisphere through the posterior inferior 
cerebellar arteries. Based on stroke type spontaneous VAD can be classifi ed 
into two types:1) the ischemic type, which manifests by ischemic symptoms 
and/or infarction of the vertebrobasilar circulation and 2) the hemorrhagic type 
manifesting as SAH. Ischemic manifestations are due to arterial narrowing and 
thromboembolism and the hemorrhagic type is caused by arterial narrowing 
and thromboembolism.

Incidence
Spontaneous dissections of the carotid and vertebral artery account for 
only about 2 percent of all ischemic strokes but they are an important cause 

V1

Fig 2: Four segments of vertebral 
artery
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of ischemic stroke in young and middle-aged patients and account for 10 
to 25 percent of such cases. The female-to-male ratio is 3:1. In contrast to 
atherothrombotic disease of the vertebrobasilar circulation VAD occurs in a 
much younger population. The average age is 40 years; the average age of 
a patient with CAD is closer to 47 years. However, cervical dissections are 
the underlying etiology in as many as 20% of the ischemic strokes presenting 
in younger patients aged 30-45 years. Among all extracranial cervical artery 
dissections, CAD is 3-5 times more common than VAD. The incidence of VAD 
is approximately 1-1.5 per 100,000. Spontaneous dissections of the vertebral 
arteries affect all age groups including children but there is a distinct peak in the 
fi fth decade of life. There is also evidence of higher incidence in fall suggesting 
an infectious trigger.

Risk factors
Smoking, hypertension, diabetes mellitus, hypercholesterolemia, family history 
of stroke, oral contraceptives, migraine and minor neck trauma are recognized 
risk factors for spontaneous VAD. In children an association between odontoid 
hypoplasia and other atlantoaxial dislocations, causing the vertebral arteries 
to be stretched or kinked in their course through the transverse processes of 
C1-C2.

Precipitating factors
Hyperextension or rotation of the neck may precipitate VAD. Such sudden 
neck movements may injure the artery as a result of mechanical stretching. 
Chiropractic manipulation of the neck have an association with VAD.  
Atherosclerotic lesions, compression by osteophytes, dissections and vessel 
kinking associated with head turning are more likely to cause extra cranial 
vertebral artery steno-occlusive disease. 

Pathophysiology
When an intimal tear occurs, it allows blood to fi ll into and dissect the wall 
of the blood vessel. A subintimal dissection causes formation of an intramural 
hematoma. This can cause an encroachment on the true lumen and impairment 
of blood fl ow to the brain. Sometimes, the intramural hematoma reenters the 
main circulatory fl ow through a second tear distally. This creates a ‘double 
vessel lumen’. When there is exposure of the subintima to the fl owing blood 
there is platelet activation, aggregation and the coagulation cascade, promoting 
local thrombosis. This creates conditions for embolism and occlusion. When 
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the dissection occur between the plane between the media and adventitia it 
creates an aneurysmal out pouching devoid of muscular wall, which is called 
pseudoaneurysm.

Clinical presentation
The most common clinical signs of posterior circulation ischemia include 
limb weakness, gait and limb ataxia, oculomotor palsies and oropharyngeal 
dysfunction (Table 1). It can also be accompanied by vision loss, numbness, 
dizziness, vertigo, headache, nausea and vomiting. Most frequent presentations 
are syndromic  with a variable  constellation of signs and symptoms and rarely 
just a single sign or symptom such as isolated dizziness. This patient presented 
with dizziness, hemiasthenia, hemiparesis, diplopia, dysphagia and dysphonia. 
Examination revealed nystagmus and ataxia. The patient had lateral medullary 
syndrome. Similar presentation can occur in pathology of cervical spine, stroke 
headaches and other conditions.

Diagnostics
After a suspicion of a posterior circulation stroke the next step is confi rmation of 
the lesion by neuroimaging. Various neuroimaging modalities can be employed 
to reveal the vascular anomaly.

DSA
Digital subtraction angiography (DSA) remains the gold standard but non-invasive 
imaging tests such as computed tomography angiography (CTA), magnetic 
resonance imaging (MRI), magnetic resonance angiography are (MRA) and 
doppler sonography  are preferred as initial modalities for cervical insuffi ciency. 
This is due to non invasive nature and the fact that no expertise is required 
to perform these tests. However 4 vessel angiography is the angiographic 

Asymptomatic

Pain- headache, neck pain, jaw pain

Carotid circulation- hemiparesis, hemisensory loss, aphasia, Horner’s syndrome, 
pulsatile tinnitus

Vertebro basilar syndrome- dysarthria, dysphonia, vertigo, dysmetria, ataxia, 
hemianopsia, impaired consciousness, coma, Wallenberg syndrome, quadraparesis,

Ophthalmologic- retinal infarct, amaurosis fugax

Cranial neuropathies-IX, X,XII

Table 1: Symptoms and signs of cervical dissection
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technique of choice in all patients with potential carotid artery dissection (CAD) 
or VAD. The fi ndings not only confi rm a dissection but also gives a picture of 
underlying etiopathology, good visualization of the vasculature, delayed fi lling 
of affected vessels and can differentiate hypoplasia from dissection in the 
vertebral arteries. The anatomical site, multisegmented involvement, tapering, 
occlusion or concomitant occurrence of narrowing and dilatation are suggestive 
of the diagnosis of dissection. A ‘string sign’ can be observed as the lumen 
is being compressed by the intramural hematoma and the distal fl ow may be 
entirely absent. Segmental dilatation in pseudoaneurysms is better visualized 
with DSA. Sometimes an intimal fl ap and a double lumen sign can be found. A 
luminal fi lling defect suggestive of intravascular thrombus may be infrequently 
seen on angiographic images.

CTA
CTA has good sensitivity to detect fl ow disruption. It has high sensitivity and 
specifi ty. Some series have come up with a specifi ty upto 100%. CTA has an 
underestimation rate compared to DSA. It can reveal a linear lucency within 
the vessel which corresponds to the fl ap separating the true and false lumens. 
Visualization of stenosis and aneurysmal dilatation is possible on CTA. It has a 
complementary role in the evaluation of CAD and in some instances it provides 
additional information not obtained with MRI. 

MRI-MRA and CT
MRI T1 axial sequences with fat saturation allow high resolution visualization 
of the arterial wall by suppressing high signals from the perivascular fat. A 
crescent-shaped, band-like, eccentric lesion corresponding to an intramural 
hematoma is highly suggestive of the dissection. MRA allows direct visualization 
of the hematoma and aneurysmal dilatation. It has a lower accuracy for VAD 
when compared to CAD. MRI is inferior to MRA in detecting carotid artery 
dissection (sensitivity 84%, specifi city 99%) but superior in detecting vertebral 
artery dissection (60% and 98%, respectively). The MRI sequences can identify  
the SAH however Computed Tomography (CT) scanning is useful in identifying 
patients with the complication of subarachnoid hemorrhage. Absence of 
hemorrhage as demonstrated by CT scan, is a prerequisite for instituting 
anticoagulant therapy.
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Doppler
Vascular duplex scanning – Demonstrates abnormal fl ow in 95% of patients 
with VAD, but shows signs specifi c to VAD (e.g. segmental dilation of the vessel, 
eccentric channel) in only 20%. Doppler ultrasonography is limited because 
only a segment of the extracranial portion of ICA or vertebral artery can be 
visualized. Studies report sensitivities in the range from 80%–96% in the carotid 
artery and 70%–92% in the vertebrobasilar territory for detection of dissections. 
The specifi city is 92%–94% in the carotid arteries. Echogenic intimal fl ap or 
a double lumen are infrequently detected. However low grade stenosis and 
ischemic events may go unnoticed.

Laboratory Studies
Laboratory evaluation includes prothrombin time (PT), activated partial 
thromboplastin time (aPTT), international normalized ratio (INR) and ESR. It is 
for establishment of baseline parameters for anticoagulant therapy. Elevated 
ESR is noted in vasculitis which may be involving cerebral vessels including 
the vertebral artery. Erythrocyte Sedimentation Rate (ESR), if elevated may 
suggest vasculitis involving the cerebrovascular circulation.

Management

Neurological
The patient was positioned in 30 
degree  head up position. The MAP 
was maintained between 110-
130 mmHg and the patient was 
given nicardipine infusion. Oral 
antihypertensives were stopped. 
Paracetamol and lactulose were 
also started. For the hiccups 
chlorpromazine was given. On the 
second hospital day the patient 
underwent a MRI with MRA 
(fi g 2) which showed  a recent 
infarct in right lateral medulla and 
aneurysmal dilatation of right 
vertebral artery (fi g 2) suggesting 
dissection.

Fig 2: MRA showing aneurysmal dilation of 
right vertebral artery (RVA).
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On the third hospital day the patient underwent angiography. The contrast 
revealed obstruction of RVA at the level of C1 arch with minimal blood beyond 
the obstruction. Just prior to the origin of the right posterior inferior cerebellar 
artery (RPICA) an aneurysm was noted. It was a dilatation on the medial side 
of the vessel consistent with the narrowing seen on the cross sectional CTA. 
However there was no DSA counterpart to the CTA luminal narrowing that was 
seen on the lateral part. It was suggestive of a pseudoaneurysm. The lesion 
was a potential for progression of the dissection, rupture and thromboembolism. 
Complete obstruction of the aneurysm was achieved by coiling and it was 
stabilized (fi g 3). The procedure and post operative stay at the NICCU was 
uneventful.

Endovascular treatment of CAD and VAD has low procedural morbidity and 
is associated with a low incidence of future stroke. It has largely supplanted 
surgery as the initial therapy of choice once medical therapy fails or is 
contradicated and have hypoperfusion as the cause of their symptoms and 
other potentially high risk angiographic features. Endovascular treatment 
with stent placement or stent-assisted coiling is an alternative to parent artery 
occlusion in intracranial vertebral artery dissections. Current endovascular 
treatment consists of balloon angioplasty followed by placement of one or 
more balloon-expandable or preferably self-expanding metallic, and recently 
deployment of fl ow diversion can achieve arterial reconstruction. Associated 
dissecting aneurysms may require coil embolization or the deployment of a 
covered stent. Several surgical techniques are available to treat dissections 

Fig 3: A-preprocedural image showing fusiform dilation in right vertebral artery (blue arrow), 
B-Intraprocedural image showing incomplete occlusion of the aneurysm (white arrow), C- 
Complete occlusion of the anurysm with no fl ow distal to the coils (dotted white arrow).

A B C
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of the extracranial carotid or vertebral artery. Arterial ligation can be a very 
safe and simple treatment assuming the presence of adequate collateral blood 
fl ow has been established. However, delayed ischemia because of propagation 
of thrombus or embolization is a potential threat in these patients in the early 
postoperative period. Some persistent aneurysmal dilatation may be amenable 
to intravascular coil embolization. Medical management of VAD consists of 
anticoagulant therapy/antiplatelets in those patients who are not also affected 
by the complication of subarachnoid hemorrhage. This approach is intended to 
prevent thrombogenic or embolic occlusion of the vertebrobasilar network and 
subsequent infarction of posterior CNS structures, brainstem and cerebellum.

Pulmonary 
The involvement of cranial nerves IX and X predisposed the patient to aspiration 
pneumonia which was evident on CXR. The initial assessment of respiratory 
system revealed bibasal crackles. However the patient did not require intubation 
as he was able to maintain saturation on 1-2 Lpm oxygen by nasal canula. Blood 
gasses were normal. Aggressive suction of secretions was done and the patient 
was taught to do suction himself. Sputum culture revealed Klebsiella sensitive 
to clindamycin and cefi pime. Klebsiella pneumonia is mainly nasocomial, it 
is a commensal residing in mouth and GI tract from the enterobacter family. 
The patients respiratory tract was exposed to a high aspirate load and was 
susceptible to infection. Repeat CXR showed no interval change and there 
were no clinical signs of deterioration.

Cardiovascular
Carotid duplex revealed a highly resistant waveform pattern in the right vertebral 
artery suggestive of increased vascular resistance and carotid artery disease 
with <50% stenosis in the right internal carotid arteries. 2D echo of heart was 
normal. The SBP of the patient ranged from 110-170 mmHg and DBP from 
70-124 mmHg. He required nicardipine to maintain a MAP of 110-130 mmHg.

Hematologic
To prevent thromboembolic complications, anticoagulation with heparin followed 
by warfarin is recommended for all patients with acute carotid or vertebral artery 
dissections regardless of the type of symptoms unless contraindications exist.
Anticoagulation with a target international normalized ratio between 2.0 to 3.0 
is maintained for 3 to 6 months. The rationale behind this approach is the high 
recanalization rate within the fi rst 2 to 3 months following the dissection and 
the observation that following discontinuation of anticoagulation recurrence of 
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Key Points

Spontaneous carotid and vertebral dissection account of 10-25% of ischemic 
strokes in young and middle age patients.

VAD can present as ischemic or hemorrhagic stroke.

Dissection may lead to formation of pseudoaneurysm and thromboembolism.

Clinical presentation of VAD is like that of posterior circulation stroke often preceded 
by neck pain.

DSA is the investigation of choice to acess VAD.

Dissections heal spontaneously in 3 months. Unstable dissections require 
endovascular interventions like fl ow diversion coiling and balloon occlusion.

OACs or NOACs are mandatory as outpatients and a follow up study is required at 
3 months.

symptoms occasionally may occur between 3 and 6 months after the onset of 
dissection but very rarely after 6 months.

Renal
The patient was maintained in a hypervolemic status of positive 500 to 1000 ml 
and the serum Na was maintained between 140-150 mEq/L.

GI
The nutrition was maintained by NGT. NGT feeding prevented aspiration as the 
patient had incompetent swallowing mechanism. He received 1800 Kcal/day.

Pain and sedation
The patient didn’t required any sedation. RAS goal of 0 was maintained. He 
received paracetamol IV every 6 hrs.  

The patient was discharged on dabigatran and atorvastatin 4 days after 
procedure and was advised followup angiogram after three months. At the time 
of discharge there was no new onset focal neurological defi cits and the hiccups 
were controlled.
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Guillain-Barre Syndrome (AIDP)

Learning Objectives

 Defi nitions of the disease spectrum
 Epidemiology

 Variances: age and sex
 Etiology

 Post infectious
 Pathophysiology

 Molecular mimicry, ganglioside damage  
 Clinical Presentation

 Characteristic fi ndings, regional variants of AIDP subtypes, 
complications of GBS

 Diagnosis
 Hallmark clinical signs, LP, EMG-NCV, antiganglioside assay

 Management of Cardio Pulmonary and Other Complications
 IVIG Vs electrophoresis for antibody clearance
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Case 5

Case Vignette

A 53 year old female had cough and fever. Two weeks 
later she started to experience pain in proximal 
muscles and numbness of both hands. Patient 
was still able to carry out daily activities. After six 
days she started to have severe muscle pain and 
was admitted to a hospital. Patient was brought 
to ER,  where she was intubated and transferred 
to NCCU. The patient was received conscious, 
and responsive. Pupils were isocoric and 2-3 mm. 
There was no facial asymmetry, she had good gag 
and cough refl ex. There was symmetrical motor 
weakness of all extremities (lower>upper) and 
arefl exia was also noted.
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Working Diagnosis
Gullian - Barre syndrome (AIDP), rule out cervical cord extending to medullary 
area secondary to demyelinating disease Vs compression/injury. CAP-MR, 
hypertension.

Next step
Admission to NCCU for prevention of respiratory failure and monitoring for 
dysautonomia.

Possible complications 
Acute respiratory failure, dysautonomia, fatigue, pneumonia and DVT.

Clinical Considerations 
Gullian-Barre syndrome (GBS) is a group of neuropathic conditions
characterized by progressive weakness and diminished or absent refl exes. 
GBS is the most common cause of acute fl accid paralysis worldwide. 

Defi nitions
The diagnostic criteria for GBS include progressive, relatively symmetrical 
weakness with decreased or absent myotatic refl exes. Symptoms reach 
maximal intensity within four weeks of onset and other possible causes must 
be excluded. The clinical subtypes of GBS include AIDP (acute infl ammatory 
demyelinating polyneuropathy), AMAN (acute motor axonal neuropathy), 
AMSAN (acute motor and sensory axonal neuropathy), MFS (Miller Fischer 
syndrome) and AAN (acute autonomic neuropathy). (Table 1)

Table 1: Systemic and Regional Variants of GBS 

Regional System Specifi c
Fisher syndrome of ophthalmoplegia, 
ataxia and arefl exia

Generalized ataxia without dysarthria or 
nystagmus

Cervico-brachial-pharyngeal weakness, 
often with ptosis

Oculopharyngeal weakness

Predominant paraparesis

Bilateral facial or abducens weakness 
with distal paraesthesias

Pure sensory

Pure motor

Pandysautonomia

Axonal (AMAN)

Ophthalmoplegia with GQ1b 
autoantibodies

(adapted from Adams and Victor, Principles of Neurology,10E, 2014)



62

Epidemiology
The  incidence of the GBS in western countries ranges from 0.89 to 1.89 cases 
(median, 1.11) per 100,000 person-years. The incidence increases steadily 
from 0.62 per 100,000 persons in those younger than nine years to 2.66 per 
100,000 persons in those 80 to 89 years of age. The male-to-female ratio is 3:2.

Etiology
Several infections have been implicated in the development of GBS. About two-
third of cases experience respiratory or gastrointestinal symptoms within the 
three weeks before the onset of GBS symptoms. Campylobacter jejuni infection 
has strongest association with GBS. Mycoplasma pneumoniae, Haemophilus 
infl uenzae, cytomegalovirus and Epstein-Barr virus are also associated with 
the disease. Cytomegalovirus has been identifi ed in up to 10% of cases. The 
incidence of the GBS is estimated to be 0.25 to 0.65 per 1000 cases of C. jejuni 
infection and 0.6 to 2.2 per 1000 cases of primary cytomegalovirus infection. 
Immunizations lead to very little increased risk especially in older persons. 
Newly emerging post-infectious forms of Guillain-Barré syndrome, such as 
those associated with arboviruses including Zika has to be borne in mind.

Pathophysiology
Infl ammatory neuropathy in GBS is believed to be due to cross reactivity 
between neural antigens and antibodies that are formed due to infections. C. 
jejuni express lipooligosaccharides from its  bacterial wall which is similar to 
the gangliosides. The immune system is unable to discriminate this molecular 
mimicry and directs antiganglioside antibodies to attack nerves. Different  
antibodies and its target area in the nerve explains the subtypes of GBS. 
C. jejuni infections generates anti-ganglioside antibodies to the gangliosides 
GM1, GD1a, GalNac-GD1a and GD1b.These are common in patients with AMAN 
and AMSAN (GM1 antibodies can also be found in patients with demyelinating 
GBS). C. jejuni infection also generates antibodies to the ganglioside GQ1b, 
which is a component of oculomotor nerve myelin and it is associated with MFS. 

Clinical presentation
GBS is often preceded by fever, cough, sore throat and other coryzal 
symptoms. Gastrointestinal symptoms precede the acute motor or motor-
sensory symptoms, especially in cases following  C. Jejuni infections. Epstein-
Barr virus infection  manifests with milder forms of GBS. The initial symptoms  
of the GBS are numbness, paraesthesis, weakness and pain in the limbs. 
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The symptoms can be solitary or in some combination. Progressive bilateral, 
hyporefl exia or arefl exia and relatively symmetric progressive weakness of 
the limbs is characteristic. Sensory symptoms are generally mild, except for 
in those patients with the acute motor-sensory axonal neuropathy subtype. In 
most cases the weakness is maximal in about  28 days. The weakness typically 
reaches its peak by the second week, followed by a plateau of variable duration 
before resolution or stabilization with or without residual disability. Alteration of 
refl exes is characteristic in about 10% of patients refl exes are normal. Peripheral 
localization and the presence of distal paraesthesia support the diagnosis of 
GBS. In cases of normal sensory examination poliomyelitis, myasthenia gravis, 
electrolyte disturbance (hypokalemia), botulism or acute myopathy should 
be entertained. If there is sudden paralysis of limbs with urinary retention, a 
compressive lesion of spine should be considered. 

Cranial neuropathy may affect facial, oropharyngeal and oculomotor muscles. 
This is seen in regional variants of GBS. About 25% of patients who are 
hospitalized require mechanical ventilation due to involvement of respiratory 
muscles. Rapid progression of symptoms, upper limb weakness, autonomic 
dysfunction and bulbar palsy should alarm an impending respiratory failure. 

Two-thirds of GBS patients exhibit autonomic symptoms. Cardiac arrhythmias, 
orthostasis, labile BP, bladder retention and reduced gastrointestinal motility 
occur due to autonomic disturbances. About 50 to 89% of patients experience 
severe, deep, aching or cramping pain in which is worse at night. Pain can 
mislead the neurologist as an initial or prominent early symptom may delay 
diagnosis of GBS.

Diagnosis
The diagnosis  of GBS is clinical. Serial neurologic examinations demonstrates 
a classic pattern of progressive symmetrical motor weakness and diminished 
refl exes. Cerebrospinal fl uid (CSF) measurements and nerve conduction studies 
can strongly support the diagnosis. Lumbar puncture and neurophysiology 
testing is suggested in all patients with suspected GBS. Diagnostics should also 
rule out pathologies of brainstem, spinal cord, muscle, neuromuscular junction 
and polyneuropathies. Nerve conduction reveal slowing in about 80 percent of 
patients with GBS. The fi ndings depend on the subtype and severity of GBS. 
Commonly all show multifocal demyelinating polyneuropathy with secondary 
axonal degeneration followed by a recovery. Repeated electrodiagnostic studies 
is required to establish the GBS subtype and for prognostication.
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The role of lumbar puncture is to rule out infectious diseases and malignant 
conditions. Albuminocytologic dissociation is not a universal fi nding. It is 
present in only about 50% of patients with the GBS during the fi rst week of 
illness and upto to 75% in the third week. Brain tumors, spinal tumors and 
Refsum’s syndrome also cause albuminocytological disassociation. Pleocytosis 
is encountered  in immunocompromised patients with GBS. Raised protein and 
normal cell count are classic fi ndings of GBS. Protein levels in CSF are elevated 
in 90 percent of patients by the end of the second week from the ictus. 

Management

Pulmonary 
The immediate life threatening complication was respiratory insuffi ciency. The 
patient was maintained on ventilatory support. The major criteria for ventilatory 
support are hypercarbia [PaCO2 >6.4 kPa (48 mm Hg)], hypoxemia [PAO2, 
<7.5 kPa (56 mm Hg)] and a vital capacity less than 15 ml per kilogram of 
body weight. Whereas minor criteria are ineffi cient cough, impaired swallowing, 
and atelactasis. The blood gases were within normal range at admission. 
She was hooked to ventilatory support on AC mode and blood gasses were 
maintained at FiO2 of 40%. CXR revealed bilateral lower lung pneumonia, 
patient was given piperacillin-tazobactam and acetylcysteine. The patient had 
good gag. Swallowing evaluation should be performed in patients with facial 
or oropharyngeal weakness because of the risk of aspiration. The WBC of the 
patient was 16000 /cu mm.

Repeat CXR done on day 4 of admission showed resolution of the pneumonia. 
At this time she required a FiO2 of 25% to maintain her blood gasses. On 
day fi ve the patient was put on CPAP and weaning was started at the time 
of weaning the patient had normal CBC, electrolytes and the patient was 
afebrile. Respiratory problems develop rapidly and more likely in patients with 
rapid progression of symptoms, bulbar palsy and upper limb and autonomic 
symptoms. Early tracheostomy should be considered in patients who may need 
prolonged ventilator support.
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Motor Weakness
The patient presented with quadraparesis despite a classical presentation of 
GBS, a cervical cord lesion could not be totally ruled out. A cranio cervical 
MRI was done which was unremarkable. Needle EMG study showed early 
neuropathic change characterized by poor activation of motor units in distal and 
proximal muscles of the left upper and lower limbs, distal more than proximal. It 
showed evidence of a diffuse and distal predominantly segmental demyelinating 
type of sensorimotor polyneuropathy. Features of partial motor conduction block 
were noted on stimulation of the ulnar nerves. AIDP was considered. Patient was 
administered IVIG at a total dose of 2 g per kilogram of body weight for fi ve days. 
IVIG is most effective when it was started within the fi rst 2 weeks after disease 
onset in patients who were unable to walk. An electrophysiological examination 
or lumbar puncture is not always required for the initiation of immunotherapy. It 
is postulated that the mechanism of action of immune globulin is by neutralizing 
pathogenic antibodies and inhibiting autoantibody-mediated complement 
activation. The immune response is downregulated resulting in limited nerve 
injury and faster clinical improvement. After receiving the fi ve doses of IVIG the 
patient demonstrated improved motor strength. Four days later she had minimal 
weakness of extremities. No adverse events of IVIG administration occurred.

IVIG is preferred over PE. Its convenient to administer IVIG and it does not 
require any expertise. It is also widely available. IVIG is also preferred in GBS with 
dysautonomia, patients with dysautonomia should not receive plasmapharesis. 
The combination of PE plus IVIG does not yield better outcome than IVIG or 
PE alone. A second course of immune globulin, two weeks after completion 
of fi rst course can be considered in severely unresponsive patients. Neither 
prednisolone nor methylprednisolone are of any use in altering the course, 
duration or outcome of illness.

Dysautonomia
The patient was a known hypertensive, well controlled with amlodipine. All 
hospitalized GBS patients should be monitored for autonomic disturbances. 
Changes in blood pressure and pulse rate, respiration, bowel and bladder 
dysfunction are indicators of dysautonomia. Bradycardia is the most challenging  
dysautonomic complication as it can lead to asystole. In such cases temporary 
pacemaker is required. Wide BP swings often precede bradycardia. On day two 
at the NCCU there was sustained surge in the BP of the patient. It ranged from 
153-170/93-125 mmHg. Nicardipine drip was added to amlodipine and titrated 
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according to the BP. On day 6 at NCCU the patient became normotensive. 
Serious and potentially fatal dysautonimia, such as arrhythmia and extremes of 
BP occurs in 20% of patients with the GBS.  

DVT prophylaxis
All the cases of GBS in which patients are bedridden and non ambulatory DVT 
prophylaxis must be taken. It includes subcutaneous heparin and the use of 
compression stockings and intermittent pneumatic compression. Compression 
stockings were applied and intermittent pneumatic compressions were given to 
the patient. She was also given LMWH heparin subcutaneously. 

Fatigue
After securing the airway and ensuring mechanical ventilation early 
rehabilitation was started. It is recommended that patients with GBS should do 
strengthening exercises during the acute phase and rehabilitation should be 
considered started as early as possible. Severe fatigue has been reported in 
60% of patients. Persistent fatigue may respond to strengthening, aerobic and 
functional exercise. Up to 80 percent of patients experience persistent, severe 
fatigue after resolution of other symptoms. 

Bowel and Bladder
Other possible complications of GBS include urinary retention and constipation, 
which may be addressed by bladder catheterization and the use of laxatives. 
The patient was managed accordingly.

Pain and sedation
Dysesthesia or muscular, radicular, arthralgic and meningitic pain precedes 
weakness in one third of patients with the GBS. Two thirds of all patients have 
pain during the acute phase and one third a year later. Treatment with opioids, 
gabapentin and carbamazepine  is indicated. The patient was given gabapentin 
and paracetamol which alleviated the symptom. Long-term management with 
tricyclic antidepressants, tramadol, gabapentin or carbamazepine offer benefi t 
in chronic pain. For maintainence of ventilation initially dexmedetomidine was 
given. It was shifted to fentanyl to maintain RAS goal -2. Fentanyl was given 
intermittently and discontinued after the patient was put on CPAP.
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Others Systems 
Daily renal function test and CBG were performed. The patient was maintained 
in euvolemic to slightly hyper volemic status. CBG target of <150 mg/dl was 
achieved and she received 1600 KCal of nutrition per day. 

After successful weaning, on day 7 she was transferred to hospital of choice. 
Aggressive rehabilitation OT and PT, no vaccination for 1 year, no exposure 
to anesthetics for 1 year and repeat EMG-NCV after 4-6 weeks were advised.

Key Points

GBS is the most common cause of acute fl accid paralysis worldwide.

The diagnosis of GBS is clinical. Progressive relatively symmetric weakness and 
diminished or absent refl exes are diagnostic of GBS.

Campylobacter jejuni has strongest association with GBS.

About  25% of GBS inpatients require ventilation.

Dysautonomia may lead to asystole and requires temporary pacemaker.

CSF analysis and EMG–NCV aid the diagnosis of GBS but can be essentially 
normal upto about 10 days post ictus.

IVIG shortens the duration of acute illness and a second course can be administered 
two weeks from completion of the fi rst course. Alternatively plasmapharesis can be 
instituted, which is contraindicated in dysautonomia.

All the bedridden patients of GBS must receive DVT prophylaxis.

Steroids do not offer any benefi t to patients of GBS. 
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Primary Intraventricular Hemorrhage

Learning Objectives

 Primary and Secondary Variants
 Epidemiology

 Incidence
 Etiology
 Clinical Presentation

 Sensorium, focal neurological signs, false localizing signs
 Diagnosis

 CT, DSA
 Treatment 

 EVD (ICP, hydrocephalus), endoscopic clot removal, thrombolysis, 
ventriculitis
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Case 6

Case Vignette

A 79 year old female, hypertensive  had an episode 
of vomiting. She was given a tablet of esmoprazole 
and she went to sleep. In the morning she was  
found unarousable and was rushed to a hospital. 
At the hospital she was stuporous and had bilateral 
Babinski’s. Her BP was 200/100 mmHg. She was 
intubated and A CT(Fig 1) scan was done which 
revealed intraventricular hemorrhage. Intravenous 
nicardipine and mannitol was started and the patient 
was transfer to NCCU. 
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Diagnosis
Primary intraventricular hemorrhage secondary to hypertension ICHS 2

Next Step
Mechanical respiratory support, medical and surgical decompression of 
hydrocephalus.

Complications
Acute obstructuctive hydrocephalus; raised ICP, recurrent hemorrhage and 
cerebral vasospasm.

Clinical Considerations
Primary intraventricular hemorrhage (PIVH) is neurological disorder with bleeding 
confi ned to the ventricles without recognizable parenchymal or subarachnoid 
component. Intraventricular hemorrhage more commonly occurs in the setting 
of intracerebral hemorrhage or subarachnoid hemorrhage (secondary IVH) and 
account for 10% of ICH.

Epidemiology
Primary IVH is uncommon, accounting for only about 2-4 % of all spontaneous 
intracerebral hemorrhages. The median age for  PIVH  is 55 years (range 9 to 91 
years). Males and females are equally affected and hypertension is associated 
with PIVH in 50% of the cases. Secondary IVH in the setting of intracerebral 
hemorrhage or subarachnoid hemorrhage account for 10% of ICH. IVH occurs 
in about 45% of patients with spontaneous ICH and is an independent factor 
associated with poor outcome. IVH in association with ICH increases the risk of 
death from 20% to 51%.

Etiology
Vascular malformations, intraventricular tumors, intraventricular aneurysms 
developing within the distal lenticulostriate or choroidal arteries, aneurysms 
of the anterior communicating artery, posterior inferior cerebellar artery, or 
basilar tip, Moyamoya disease, coagulopathies, pituitary apoplexy, vasculitis, 
fi bromuscular dysplasia and sympathomimetic abuse have been reported 
as causes of IVH. IVH has a strong association with hypertension. About 
20-50% of cases are reported as idiopathic.
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Clinical presentation
Patients with primary IVH typically present with abrupt headache, often 
associated with nausea, vomiting and impaired consciousness. A minority of 
patients have frank loss of consciousness at the onset. Usually the presentation 
is sudden onset but quarter of patients of PIVH can present with progressive 
or fl uctuating symptoms. The degree of neurologic impairment, commonly 
measured as the Glasgow coma scale (GCS) is a reliable  prognostic indicator.

Focal neurologic fi ndings are uncommon with primary IVH and most typically 
involve cranial nerve abnormalities. Such cranial nerve palsies are generally of 
the ‘false localizing’ type due to stretching across the basilar skull surface, and 
include dysfunction of the sixth and third nerves. Seizures are not common, 
but can occur. Most patients are hypertensive on presentation and some will 
have an elevated body temperature or cardiac arrhythmias. Nuchal rigidity is 
not present in all cases.

Diagnosis
Non-contrast head CT is the test of choice to diagnose IVH. A CT scan of 
the patient revealed extensive intraventricular hemorrhage predominantly in 
posterior horns, third and fourth ventricles. Prominent opening of temporal 
horns was also noted. CT identifi es blood within the ventricular system rapidly 
and reliably. It helps to identify parenchymal ICH or SAH associated with the 
IVH, and also identifi es concurrent hydrocephalus. CT scan should be repeated 
emergently for any neurologic deterioration to identify recurrent hemorrhage or 
obstructive hydrocephalus. CT scans are also used to monitor hydrocephalus, 
particularly during attempts to clamp or remove a drain. In the absence of 
an obvious precipitant such as trauma or coagulopathy most patients with 
primary IVH should undergo further neuroimaging, typically to include magnetic 
resonance imaging and magnetic resonance angiography (MRI/MRA). However 
CTA and catheter angiography also have high yield. 

Other tests that are important to include are blood clotting studies (PT, PTT, 
and platelet count). A toxicology screen should also be considered. Because 
electrolyte imbalances can complicate IVH, these should be measured at 
baseline and followed regularly.
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Management

Neurological
The treatment of IVH focuses on cessation of bleeding, relieving hydrocephalus, 
and controlling intracranial pressure (ICP). The management of the patient 
began by placing the head of the patient in 30 degree position. It decreases ICP 
and also decreases the chances of developing aspiration pneumonia.

Hydrocephalus in this patient was resultant from blood in third and fourth 
ventricle. Intraventricular hemorrhage is the single most important factor that  
can lead to increased mortality rates. Bifrontal EVDs were placed to drain the 
ventricles off blood and control hydrocephalus (Fig 1). At insertion the ICP was 
17 cm H20, CSF samples were obtained from and no evidence of ventriculitis 
was seen. Mannitol was started to manage the raised ICP that resulted from the 
expanded ventricles.

Fig 1: CT showing IVH with bilateral EVDs 
and increased ventricular sized (right > left).

Fig 2: Repeat CT scan showed resolution of 
clot and decrease in ventricular size.
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The blood in the ventricles can be negotiated in a variety of ways. EVD only 
ameliorates a deterioration of ICP hence additional interventions are  required  
to lyse the clot, EVD use alone may be ineffective. Thus, there has been 
recent interest in the use of thrombolytic agents and endoscopic interventions 
as adjuncts. Compared to EVD, endoscopic surgery was found to have 
signifi cantly lower shunt-dependent hydrocephalus and shorter NCCU stay. 
The patient underwent a successful endoscopic clot removal. Repeat CT scan 
after 3 days showed resolution of clot and decrease in ventricular size (Fig 2). 
Alternative to endoscopic clot removal is thrombolyis which does not require 
expertise and can be done through the EVD. Emerging results of minimally 
invasive thrombolytic evacuation of ICH and IVH in MISTIE and CLEAR studies 
have very encouraging trends. The clot resolution rates are higher with less 
complications. Long term outcomes are more in mRS 0-3 group. The placement 
of EVD does not immediately clear the IVH, as the catheter may be obstructed 
by blood or effect slow clearance of recalcitrant intraventricular blood cast. Blood 
clot resolution in CSF follows fi rst-order kinetics and the injection of thrombolytic 
agents into the ventricular space could increase the rate of clot resolution. It 
may also decrease incidence of EVD associated ventriculitis. The EVD was 
removed on 6th NCCU day.

Cardiovascular  
Blood pressure control  is a part of IVH management. There are no guidelines 
for the BP management in IVH and it was treated as HICH. We maintained the 
BP at 140-160 mmHg. Nicardipine drip was required to achieve the target. The 
patient also received amlodipine. Cardiac status was evaluated by ECG and 
2D Echo. Chronic AF in CVR was noted on ECG. Hypertensive changes were 
noted on ECHO and  metoprolol was also given.

Respiratory System
Initial CXR of the patient revealed bibasal infl ammatory infi ltrates. However 
the patient did develop VAP during the NCCU stay. Subsequent CXR showed 
interval progression of the infi ltrates. ETA GS CS showed no growth and the 
patient received levofl oxacin, ceftriaxone and cefi pime for the CAP-MR.  

Renal
A euvolmic to slightly hyervolemic status was maintained and electrolytes were 
routinely estiamated. The initial creatinine was 1.7 mg/dl, which decreased to 1 
after two days of adequate hydration.
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GI
The nutrition was maintained by NGT, started feeding on the 2nd NCCU day and 
1600 Kcal/day was given. The bowel remained soft with normal bowel sounds.

Infectious
The patient was treated for CAP with above antibiotics. Fever was noted in 
the patient which peaked upto 103oC. Fever can worsen cases of raised ICP.  
Round the clock paracetamol was administered intravenously and the fever 
was controlled. Cooling blankets were not required.

DVT prophylaxis
The duplex scan of extremities was negative and DVT prophylaxis was 
administered by use of compression stockings and intermittent pneumatic 
compression. Two days after endoscopic clot removal LMWH heparin was 
started and continued for 2 weeks. Daily coagulation profi le was monitored.

Pain and Sedation
The patient received dexmedetomidine and fentanyl to maintain RAS goal of -2.   

After successful weaning, on day 8 partial eye opening, isocoric pupils 3 mm, 
good gag and cough refl ex was noted. Right upper extremity was localizing and 
other extremities exibited withdrawal response. The patient was transferred to 
the ward.

Key Points

Hypertensive intracerebral hemorrhages accounts for 10% of Intraventricular 
hemorrhages.

Intraventricular blood can lead to raised ICP and brain herniation. Intraventricular 
hematoma, primary or secondary is associated with higher rates of mortality.

Plain cranial CT scan is  the choice of investigation for intraventricular hemorrhage. 
Serial CT scans are required to monitor progression and treatment response.

Treatment of PIVH is based on cessation of bleeding, relieving hydrocephalus and 
controlling raised ICP.

Endoscopic clot removal or intraventricular thrombolysis can be performed for 
effective clot disruption. 
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Tuberculous Meningitis

Learning Objectives

 Clinical Manifestations
  Constitutional and CNS symptoms, subcute presentation

 Diagnosis 
  CSF, PCR, CT, MRI

 Management
  Antimicrobials, hydrocephalus, dyselectrolytemia, sepsis, AKI and 

seizures
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Case 7

Case Vignette

A 59 year old female started to have low grade 
fever. The fever was persistent for 2 months. It was 
associated with malaise and occasional bodyache. 
Then she developed high grade fever with 
generalized weakness and anorexia, this prompted 
consult. She was treated as Klebsiella urinary 
tract infection with ceftriaxone. Three days after 
discharge intermittent febrile episodes set in again 
and she was prescribed nitrofurantoin. Regardless, 
the fever persisted and the patient was admitted 
again. Lumbar puncture revealed lymphocytic 
predominance and slightly raised protein. Cranial 
MRI showed enhancement of dural, ventricular and 
parenchymal areas and mild hydrocephalus. Anti 
tuberculosis medicines were started. On day two 
she was noted to have seizures and was transferred 
to NCCU after intubation. On examination she was 
stuporous with no spontaneous eye opening and no 
Doll’s eye refl ex. The extremities were hyperrefl exive 
and toes exhibited extensor response.
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Working Diagnosis
TB meningitis (Grade 3) with communicating hydrocephalus, seizure secondary

Next Step
Seizure control and ventilation, medical and surgical decompression of 
hydrocephalus.

Possible Complications 
Brain herniation, vasculitic infarct and seizure/non convulsive seizure. 

Clinical considerations
Tuberculous meningitis (TBM) is the most common form of central nervous 
system infection (TBM) and has very high morbidity and mortality. CNS disease 
accounts for only 5% of all cases of extra-pulmonary tuberculosis and peak 
incidence is in children under 4 years of age. TBM is typically a subacute 
disease with symptoms that may persist for weeks before diagnosis. Other form 
of meningitis are bacterial viral and fungal infections are which are also life 
threatening conditions. 

Clinical Manifestation
A prodromal phase of low-grade fever, malaise, headache, dizziness, vomiting, 
and personality changes may persist for a few weeks to months. However TBM 
can have an acute presentation. In the later phase the patients may present 
with severe headache, altered mental status, stroke, hydrocephalus, cranial 
neuropathies and seizures (Table 2). Classic signs of meningitis may not be 
present in all cases. The clinical presentation of the meningeal involvement 
depends on pathological stage of the meningeal reaction (Table 1).

Diagnosis
Seizures are more commonly seen in bacterial meningitis and in children with 
TBM. It may also be seen in adults with TBM. Before arriving at the NCCU the 
patient received optimum dose of diazepam. Phenobarbital was loaded and 
an immediate VEEG was performed which revealed generalized epileptiform 
discharges, diffuse slowing and loss of sleep architecture. The electrographic 
seizures remained refractory to diazepam. Subsequently phenobarbital and  
valproic acid were given to the patient. The electrographic seizure activity 
persisted and the event was recognized as RSE. Leviteracetam and phenytoin 
were added and therapeutic levels were maintained. 48 hrs after cessation 
of electrographic seizure leviteracetam, phenytoin and phenobarbital were 
discontinued.
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Table 1:  Patho-Clinical Correlations in Meningeal Reactions 

1. In acute meningeal infl ammation:
 a. Pure pia-arachnoiditis: headache, stiff neck, Kernig’s and Brudzinski’s 

signs.
 b. Subpial encephalopathy: confusion, stupor, coma and convulsions. Cerebral 

infarction because of cortical vein thrombosis may underlie these symptoms 
in some cases.

 c. Infl ammation; or vascular involvement of cranial nerve roots: ocular palsies, 
facial weakness, and deafness are the main signs. Deafness may also be 
caused by middle ear infection, by extension of meningeal infection to the 
inner ear or by toxic effects of antimicrobial agents.

 d. Thrombosis of meningeal veins: focal seizures, focal cerebral defects such 
as hemiparesis, aphasia (rarely prominent), most often after the fi rst week.

 e. Ependymitis, choroidal plexitis: it is doubtful if there are any recognizable 
clinical effects.

 f. Cerebellar or cerebral/ hemisphere herniation: caused by swelling causing 
upper cervical cord compression with quadriplegia or signs of midbrain-
third-nerve compression.

2. In subacute and chronic forms of meningitis:
 a. Hydrocephalus: at fi rst caused by purulent exudate around the base of the 

brain, later by meningeal fi brosis and rarely by aqueductal stenosis.
 b. Subdural effusion: impaired alertness in a child, refusal to eat, vomiting, 

immobility, bulging fontanelle and persistence of fever despite clearing of 
CSF.

 c. Venous or arterial infarction: unilateral or bilateral hemiplegia, decorticate 
or decerebrate rigidity, cortical blindness, stupor or coma with or without 
seizures. Deep infarcts may occur from an infectious vasculitis at the base 
of the brain.

3. Late effects or sequelae:
 a. Meningeal fi brosis around optic nerves or around spinal cord and roots: 

blindness and optic atrophy, spastic paraparesis with sensory loss in 
the lower segments of the body (opticochiasmatic arachnoiditis and 
meningomyelitis, respectively).

 b. Chronic meningoencephalitis with hydrocephalus: dementia, stupor or coma 
and paralysis (e.g. general paralysis of the insane). If lumbosacral posterior 
roots are chronically damaged, a tabetic syndrome results. Deep infarcts.

 c. Persistent hydrocephalus in the child: blindness, arrest of mental activity, 
bilateral spastic hemiplegia.

(adapted from Adams and Victor, Principles of Neurology,10E, 2014)
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Parameter Normal Bacterial 
Meningitis

Viral 
Meningitis

Fungal 
Meningitis

Tuberculous 
Meningitis

Opening 
Pressure 
(mm H2O)

<180 200-500 NA >250 
(cryptococcus sp)

NA

WBC count  
(mm3)

0-5 100-20,000 
(mean 800)

5-500
(mean 80)

20-2,000
(mean 100)

5-2,000
(mean 200)

WBC 
differential

No
predominance

>80% PMN >50% L,
<20% PMN

>50% L >80% L

Protein
(mg/dL)

15-50 100-500 30-150 40-150 >50

Glucose
(mg/dL)

45-100
(2/3 of serum)

≤40
(<40% of 
serum)

30-70 30-70- <40

Gram stain 
(% +)

NA 60-90 - - 37-87 (AFB 
smear)

Table 3: Typical CSF Findings in Patients with Meningitis

+: Positive; –: negative; AFB: acid-fact bacilli; CSF: cerebrospinal fl uid; L: lymphocyus; NA: not 
applicable; PMN: polymorphonuchear cells; WBC: white blood cells.

Table 2 : Clinical features of tuberculous meningitis in children and adults

Symptoms Clinical fi ndings

Children Early symptoms are non-specifi c 
and include fever, cough, vomiting, 
malaise and weight loss. Seizures 
more common in children than in 
adults

Apathy, irritability, meningitis, reduced 
level of consciousness, bulging 
anterior frontanelle (infants), VI cranial 
nerve palsy, optic atrophy, abnormal 
movements and focal neurological 
signs, e.g. hemiplegia

Adults Prodromal period with low-grade 
fever, malaise, weight loss followed 
by gradual onset of headache (1–2 
weeks), worsening headache, 
vomiting, confusion, coma

Neck stiffness, confusion, coma

Cranial nerve palsies - VI, III, IV. Focal 
neurological signs, e.g. monoplegia, 
hemiplegia, paraplegia, urinary  retention

Cerebrospinal fl uid (CSF) fi ndings of TBM are characteristic (Table 3). 
Lymphocytic-predominance, pleocytosis, elevated protein and low glucose 
are common fi ndings. CSF acid-fast smear and culture have relatively low 
sensitivity but yield is increased with multiple and large volume samples. 
Nucleic acid amplifi cation of the CSF by PCR is highly specifi c but suboptimal 

(adapted from Adams and Victor, Principles of Neurology,10E ,2014)

(adapted from Adams and Victor, Principles of Neurology,10E, 2014)
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sensitivity precludes ruling out TBM with a negative test. Classic neuroradiologic 
features of TBM are basal meningeal enhancement and hydrocephalus. 
Signs of ischemia, infarct, cerebral edema and nodular enhancing lesions are 
often seen. Magnetic resonance imaging (MRI) is the imaging test of choice 
for visualizing abnormalities associated with TBM however, CT is adequate 
for urgent evaluation of TBM-associated hydrocephalus for possible surgical 
intervention.

Management
Antimicrobial therapy remains the mainstay of treatment of TBM (tuberculous 
meningitis) but seldom treatment is limited only to these medicines. (Table 
4) Patient present with a range of complications such as infarcts, seizures, 
dyselectrolytemia, raised ICP, cranial nerve palsies, sepsis  and acute kidney 
injury. During the hospital stay the patients are vulnerable to HAP, VAP and 
DVT. The patient had weeks of fever which helped the diagnosis despite a 
non conclusive CSF analysis. The immediate goal was to control seizure and 
manage the ICP. 

Neurological
Three pathological processes account for the commonly observed neurological 
defi cits. The exudate may obstruct CSF fl ow resulting in hydrocephalus; 
granulomas can coalesce to form tuberculomas or abscesses resulting in focal 
neurological signs and an obliterative vasculitis can cause infarction and stroke 
syndromes. Many patients with CNS infections, particularly those with stupor 
and coma have raised ICP. This is result of direct cellular injury (cytotoxic) and 
disruption of BBB (vasogenic). The opening pressure of CSF was not raised 
on initial LP however the neuro imaging revealed opening of temporal horns 
and periventricular seepage of CSF. The patients head was elevated to 30 
degrees. Head elevation reduces ICP and the risk of VAP. Midazolam drip was 
given to the patient to ensure adequate sedation. Some patients may require 
analgesia. A restless patient and pain elevate the ICP. The treatment of ICP also 
entails ensuring normothermia. Fever may not only raise ICP but also worsen 
secondary brain injury. At temperature goal of 37oC was set and achieved by 
giving IV acetaminophen and cooling blanket. If conventional methods fail to 
maintain normothermia, a variety of novel endovascular and surface cooling 
methods may be deployed. Induced hypothermia has shown promise in 
reducing infl ammation in animal studies of bacterial meningitis. Barbiturates 
and hyperventilation may also be tried  to reduce ICP. Corticosteroids have 
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no established role in lowering ICP but they are recommended to prevent 
the infl ammatory damage that occurs following administration of antibiotics. 
Dexamethasone was started and some patients may need daily doses up to 6 
weeks. We recommend that all patient receive dexamethasone 10 minutes 
before administration of antituberculor medicines. CSF drainage is an 
effective way of managing raised ICP. It enables therapeutic drainage of CSF 
resulting in prompt lowering of ICP. Long term management of hydrocephalus 
requires VP (ventriculo peritoneal shunt) shunting which may be performed after 
the CSF cultures are negative. Follow up CT scan did not show any increase 
in the venticular sizes or interruption of 3rd and 4th ventricles hence EVD was 
not introduced. The patient was started on fi rst line antituberculor medicines 
(Table 4).

Pulmonary
The patient was received intubated. He was hooked to mechanical ventilator. A 
CXR was done which showed right middle lung zone infi ltrates. The patient was 
treated for aspiration pneumonia with ceftizidime and clindamycin. Tuberculosis 
was not seen. ETCO2 was maintain between 35-45mmHg after eight days 
patient was put on SIMV mode and subsequently weaned.

Cardiovascular
The BP of the patient fl uctuated and was maintained by isotonic saline, 
ionotropes were not required. There were episodes of tachycardia owing to 
febrile episode.

Infectious
As the CXR did not reveal any tuberculous focus, montuox test TB PCR and 
CSF ADA were estimated. The montuox test was negative however TB PCR 
was positive and CSF ADA was suggesting a tuberculous pathology.

Renal 
TBM can also cause metabolic complications the commonest of which, 
hyponatraemia affects >50% of patients with the disease. A ‘cerebral salt-
wasting syndrome’ associated with TBM and attributed to a renal tubular defect.
The discovery of a syndrome of inappropriate antidiuretic hormone as a cause 
of hyponatraemia led to speculation of a similar mechanism causing TBM 
associated hyponatraemia. The laboratory results revealed normal electrolytes 
and the above conditions were not entertained. The patient was maintained 
in a positive balance of 500-1000 ml. Subsequent laboratory results revealed 
normal renal functions he maintained optimum urinary output.
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Hematological
DVT  and sepsis are commonly encountered with TBM. The patient was put on 
LMW heparin. A duplex scan of all extremities was done on 7th HD, which was 
negative. TBM patients have altered hemodynamics that make them susceptible 
to ischemic vasculitic infarcts and venous infarcts. Careful anticoagulation may 
be required in such cases.

Gastrointestinal
The patient was fed through NGT from day 2, he received 1800 KCal/day. The 
bowels remained soft with normal bowels sounds.

Pain and Sedation
For maintainence of mechanical ventilation and to prevent rise in ICP the patient 
required sedatives and pain management. He received fentanyl and propofol. 
Initially RAS goal of -4 was achieved with subsequent lighter RAS goals. 
 
On day 10 the patient was extubated and he was noted yawning and obtunded. On 
day 11 the patient was transferred to ward with partial eye opening.

Refer to table 5 and 6 for the treatment of bacterial meningitis.
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Drug Dose in children Dose in adults Duration Common side 
effects

Rifampicin 10-20 mg/kg/day 
(maximum 600mg/
day)

450 mg (weight 
<50 kg)

600 mg (weight 
<50 kg)

12 
months

Orange 
discoloration 
of bodily fl uids, 
hepatoxocity, 
gastrointestinal 
symptoms,
headache, 
drowsiness

Isoniazid 10–20 mg/kg/day 
(maximum 500 
mg/day)

300 mg 12 
months

Hepatotoxicity, 
peripheral 
neuropathy (with 
high doses), 
optic neuropathy, 
gastrointestinal 
symptoms

Pyrazinamide 15–30 mg/kg/day 
(maximum 2 g/
day)

1.5 g (weight 
<50 kg)

2 g (weight <50 
kg)

2 months Hepatoxicity

Ethambutol 15–20 mg/kg/day 
(maximum 1 g/
day) 

15 mg/kg 2 months Optic neuritis, 
red/green colour

blindness, 
peripheral 
neuritis

Table 4: First line anti TB medicines for TBM

(adapted from Adams and Victor, Principles of Neurology,10E, 2014)
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Table 5: Specifi c Antimicrobial Therapy for Acute TBM

Microorganism Standard Therapy Alternative Therapies

Haemophilus infl uenza

Beta-lactamase-negative

Beta-lactamase-positive

Neisseia meningitidis

Ampicillin

Third-generation 
cephalosporin1

Penicillin G or third-
generation cephalosporin

Third-generation 
cephalosporin1; 
chloramphenicol

Chloramphenicol; 
cefepime

Chloramphenicol

Streptococcus 
pneumoniae

Penicillin MIC <0.1ug/mL 
(sensitive)

Penicillin G or ampicillin Third-generation 
cephalosporin1; 
chloramphenicol; 
vancomycin plus rifampin

Penicillin MIC 0.1-1.0 ug/
mL
(intermediate sensitivity)

Third-generation 
cephalosporin1

Vancomycin; meropenem

Penicillin MIC >2.0 ug/mL 
(highly resistant)

Vancomycin plus third-
generation cephalosporin

Meropenem

Enterobacteriaceae Third-generation 
cephalosporin

Meropenem; 
fl uoroquinolone2; 
trimethoprim-
sulfamethoxazole or 
cefepime

Pseudomonas aeruginosa Ceftazidime or cefepime2 Meropenem; 
fl uoroquinolone; 
piperacillin

Listeraia monocytogenes Ampicillin or penicillin G2 Trimethoprim-
sulfamethoxazole

Streplococcus agalactiae Ampicillin or penicillin G2 Third-generation 
cephalosporin1; 
Vancomycin

Staphylococcus aureus

Methicillin-sensitive Nafcillin or oxacillin 
plus third-generation 
cephalosporin

Vancomycin

Methicillin-resistant4 Vancomycin3 plus third-
generation cephalosporin

Linezolid, quinupristin-
dalfopristin, tigecycline

staphylococcus 
epidermidis

Vancomycin3 Linezolid, tigecycline

MIC, minimal inhibitory concentration.
1 Cefotaxime or ceftriaxone.
2 Addition of an aminoglycoside should be considered.
3 Addition of rifampin should be cosidered
4 Linezolid, quinupristin-dalfopristin and daptomycin are newer alternatives for 

methicillin-resistant Staphylococcus, but few cases have been studied. 
(adapted from Adams and Victor, Principles of Neurology,10E, 2014)
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Table 6: Empiric Therapy of Bacterial Meningitis

Age of Patient Antimicrobial Therapya

0-4 wk Cefotaxime plus ampicillin

4-12 wk Third-generation cephalosporin plus 
ampicillin (plus dexamethasone)

3 mo-18 y Third-generation cephalosporin plus 
vancomycin (± ampicillin)

18-50 y Third-generation cephalosporin plus 
vancomycin (± ampicillin )

>50 y Third-generation cephalosporin plus 
vancomycin plus ampicillin

lmmunocompromised state Vancomycin plus ampicillin and 
ceftazidime

Basilar skull fracture Third-generation cephalosporin plus 
vancomycin

Head trauma; neurosurgery Vancomycin plus ceftazidime

CSF shunt Vancomycin plus ceftazidime

‘For all ages from 3 months onward, an alternative treatment is meropenem plus vancomycin 
(does not provide coverage for Listeria). For severe penicillin allergy, consider vancomycin and 
chloramphenicol (for meningococcus) and trimethoprim-sulfamethoxazole (for Listeria). A high 
failure rate has been reported with chloramphenicol in patients with drug-resistance.

(adapted from Adams and Victor, Principles of Neurology,10E, 2014)
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Key Points

TBM is the most common form of CNS infection associated with high mortality and 
morbidity.

TBM is typically  a subacute disease with symptoms that may persist for weeks 
before diagnosis.

Hydrocephalus and seizure are most severe presentations, the patient may present 
with severe headache, altered sensorium, stroke and craniopathies.

Diagnosis is by CSF analysis showing predominant lmyphocytosis. TB PCR is 
highly specifi c.

Immediate and serial neuroimaging is required for managing  hydrocephalus.

ATT is the treatment of TBM. The duration of treatment is 12 to 18 months.

Dexamethasone should be given 10 minutes before fi rst dose of ATT and is 
recommended for at least 6 weeks. Similarly a shorter duration of dexamethasone 
is suggested in cased of bacterial meningitis.



89

References

1. Török ME. Tuberculous meningitis: advances in diagnosis and treatment. British medical 
bulletin. 2015 Mar 1;113(1):117-31.

2. Thwaites G, Fisher M, Hemingway C,  Scott G, Solomon T, Innes J. British Infection Society 
guidelines for the diagnosis and treatment of tuberculosis of the central nervous system in 
adults and children Journal of Infection (2009) 59, 167e187 

3. Rooper AH, Samuels M, Klein J.Adam’s and Victor’s, Principles of Neurology, 10 e, Chapter 
32. Mc Graw and Hill, NY 2014





91

Appendix



92

Score Term Description

+4 Combative Overtly combative or violent; immediate danger to staff

+3 Very agitated Pulls on or removes tube(s) or catheter(s) or has 
aggressive behavior toward staff

+2 Agitated Frequent nonpurposeful movement or patient–ventilator 
dyssynchrony

+1 Restless Anxious or apprehensive but movements not aggressive 
or vigorous

0 Alert and calm Spontaneously pays attention to caregiver

-1 Drowsy Not fully alert, but has sustained (more than 10 seconds) 
awakening, with eye contact, to voice

-2 Light sedation Briefl y (less than 10 seconds) awakens with eye contact 
to voice

-3 Moderate 
sedation

Any movement (but no eye contact) to voice

-4 Deep sedation No response to voice, but any movement to physical 
stimulation

-5 Unarousable No response to voice or physical stimulation

Richmond Agitation–Sedation Scale (RAS)

To facilitate weaning from positive pressure ventilation in acute respiratory failure or 
prolonged ventilation. 
To secure and clear an airway in the upper respiratory tract where obstruction is a 
risk. 
To facilitate the removal of respiratory secretions. 
To protect/minimise risk of aspiration in the patient with poor or absent cough refl ex. 
To obtain an airway in patients with injuries or surgery to the head and neck area.

Indications of Tracheostomy



93

Eye response
4= eyes open spontaneously
3= eyes open to verbal command
2= eyes open to pain
1= no eyes opening

Motor response
6= obeys commands
5= localizing pain
4= withdrawal from pain
3= fl exion response to pain
2= extension response to pain
1= no more response

Verbal response
5= oriented
4= confused
3= inappropriate words
2= incomprehensible sounds
1= no verbal response

Glasgow Coma Scale

Inability to protect airway

Glasgow Coma Scale Score ≤8

Intracranial pressure management

Hypoxemia and impaired ventilation (respiratory failure)

Increased work of breathing

Need to safely complete a diagnostic test (compute tomography, magnetic 
resonance imaging, lumbar puncture)

Indications for Intubation

Age older than 60 years.

Change in mental status with depressed GCS ≤12.

Clinical or radiographic evidence of brain edema and midline shift or hydrocephalus.

New focal neurologic defi cit or deterioration despite appropriate treatment.

Seizures or metabolic complication.

Septic shock and/or respiratory failure with need for mechanical ventilation. 

Indications for ICU Admission
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Commonly Used Intravenous Drugs in NCCU
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Adenosine (mg) - Antiarrhythmic.
Dose/Administration:
PSVT:  (IV- 1-2sec). Initial: 6mg. Give another 12mg after 1-2min if w/o conversion. 
Flush with 20mL NSS after each dose. Give 3mg if on Carbamazepine or 
Dypiridamole, if on Central Line or w/ heart transplant.
MAX Dose: 12mg single dose (can only be given twice).
Storage/Stability: 15-300C (do not Onset: Rapid.
Ref. crystallization may occur) t½: <10sec.
(dissolves in room temp). Stock Dose: 6mg/2mL.
CI: 2nd or 3rd AV block, sick sinus syndrome, symptomatic bradycardia (except 
if w/ functioning pacemaker (  AV node conduction); Wolff-Parkinson-White 
(WPW) syndrome, asthma. Avoid in irregular or polymorphic wide-complex 
tachycardia (may lead to V-Fib).

Alteplase (mg/kg) - Thrombolytic.
Dose/Administration: 
Acute Ischemic Stroke (AIS): 0.9 mg/kg (up to 90 mg) IV over 60 minutes with 
10% of the total dose administered as an initial IV bolus over the fi rst minute.
MAX. Dose: 90mg.
NOTE: no anti-coagulant/platelet w/in 24h Alteplase; 
SC heparin (≤10,000units) or LMWH equivalent dose 24hr post-Alteplase for 
DVT – causes no (  ) in intracerebral haemorrhage. 

Use within 4.5h from AIS onset only.

Do not give Alteplase in Acute HPN in Acute Ischemic Stroke if BP remains 
>185/110mm Hg.
Concentration: (mg/mL) 1/1; 0.5/1

mg/mL Ratio (mg/mL)

50/50 1:1

50/100 0.5:1

25/250 0.1:1

50/250 0.2:1

Diluent= wt x 0.81

Desired Ratio
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Storage/Stability: ≤30oC, Ref; 8h.
Do not shake.
Excretion/Duration: Hepatic >50% present in plasma cleared ~5min after IV 
termination; ~80% cleared w/in 10min.
Stock Dose: 50mg/50mL.

Amiodarone - Antiarrhythmic
Dose/MAX Dose: Lower doses are preferable in women & low-weight patients.
 AF: (IV) Initial: 5-7mg/kg over 30-60 min, then 1.2-1.8 g/day as IV or PO in 

divided doses until 10g total. (PO) 1.2-1.8g/day in divided dose until 10 g total.
Maintenance: 200-400mg/day. 
Or (PO) 400mg TID 5-7d, then 400mg OD x 1mo, then 200mg OD.
Or (PO) 10mg/kg/d x 14d, then 300mg OD x 4wk, then 200mg OD.
 VF/Pulseless VT: Initial (IV push/IO): 300 mg rapid bolus (in 20-30mL)             

another 150mg if VT/VF continues; Upon ROSC, IV 1mg/min x 6h, then 0.5mg/
min x 18h.
 Stable VT/SVT: 1st 24h- 1050 mg:

After 24h, 0.5 mg/min: (Conc. 1-6mg/mL). 
MAX. Dose: 2.1 g/day; (>) 2.1g/day    hypotension.
Concentration:

Stock Dose: 300mg/3mL.
Stability: 24h (in polyolefi n/glass); 2h (in PVC).
Metabolism/ Excretion/t 1/2: Hepatic; Urine; 26-107d.

mg/mL Duration IR (mL/h)

150/100 X 10 min 60

360/200 X 6 h 60

540/300 X 18 h 30

mg/mL Ratio Remark

720/500 1.44:1

900/500 1.8:1

≤ 2/1 ≤ 2:1 >1 h inf. unless central.
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Atropine (mg) - Anticholinergic
Dose/MAX Dose:
Bradycardia: (IV) 0.5-1mg q3-5min.
MAX Dose: 3mg or 0.04mg/kg.
Stock Dose: 500mcg/mL.
Metabolism/Excretion/t 1/2: Hepatic; Urine; 2-3h (65-75y/0- 10h).

Calcium Gluconate - Electrolyte
Dose/MAX Dose: 
Cardiac arrest / Cardiotoxicity w/ hyperkalemia, hypocalcemia, 
hypomagnesemia: (IV) 1.5-3 g over 2-5 min. 
Routine use in cardiac arrest is not recommended due to lack of improved 
survival.

Doses expressed as Ca+ gluconate.

Concentration: ≤1.5g = 100mL; 1.6- 4g = 250mL
Stock Dose: 1g/10mL (10%).
Administration: (IV) Do not exceed 200 mg/min except in emergency; inject in 
a large vein using a small needle.
1g Ca+ gluconate = 93 mg elemental Ca+ = 4.65 mEq.

Cerebrolysin - Neuroprotectant.
Dose/MAX Dose:
(10-20 days)
 Metabolic and Neurodegenerative Brain Dysfunction: 5-30mL daily.
 Post-stroke Complication, Head Trauma: 10-50mL daily.

Administration: 5mL (IM); undiluted 10mL (IV) 10-50mL (diluted, over 15-
60min).
Concentration/Stock Dose: 215.2mg/mL x 10mL
Stability: 24h.
Contraindication: Renal impairment, epilepsy

Colistimethate
150mg Colistin base= 360mg Colistimethate
1M units Colomycin®= 80mg Colistimethate
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Diazepam - Anxiolytic
Dose:
 Acute Ethanol Withdrawal: (IV) Initial: 10mg then 5-10mg q3-4h PRN; (PO) 

10mg q3-4h / q6-8h during 1st 24h, then 5mg q6-8h PRN.
 Anxiety: (PO): 2-10mg q6-12h (IV- q3-4h) PRN. MAX: 30mg/8h
 Muscle Spasm: (IV) Initial: 5-10mg, then q3-4h PRN (larger doses needed if 

w/ tetanus). (PO) 2-10mg q6-12h PRN
 ICU Sedation: (IV) Loading: 5-10mg; Maintenance: 0.03-0.1mg/kg q30min-

q6h 
 Seizure: (PO) 2-10mg q6-12h as adjunct 
 Skeletal Muscle Relaxant: (PO) 2-10mg q6-8h
 Status Epilepticus: (IV) 5-10mg q5-15min given over ≤ 5mg/min (MAX: 

30mg)
Stock Dose: 10mg/2mL; 5mg, 10mg tab
Metabolism: Hepatic; Hepatic impairment, decrease maintenance dose to 50%

Digoxin (mg) - Antiarrhythmic
Dose/MAX Dose: 
Dose   by 20-25% when shifting to IV
 AF: Loading (IV): 0.25mg q2h. MAX Dose: 1.5mg/24h. Maintenance: (IV/PO) 

0.125-.0375mg OD 
 SVT: Initial: ½ of TDD as initial, then give the other half in 2doses at q6-8h 

interval.
Total Digitalizing Dose (TDD): (PO) 0.75-1.5mg; (IV/IM) 0.5-1mg
Maintenance: (PO) 0.125-0.5mg OD; (IV/IM): 0.1-0.4mg OD
Stock Dose: 500mcg/2mL; 250mcg/tab
Administration: IM site not preferred due to severe pain
Onset/Duration/Excretion: (PO) 1-2h, (IV) 5-60min; 3-4d; Urine

Fentanyl (mcg/h) - Analgesic
Dose/MAX Dose:
 Usual/Intubation:  Initial: Bolus 1-2mcg/kg or 25-100mcg/dose;

Infusion: 1-2mcg/kg/h or 25-200mcg/h
 Severe pain / Critically-ill / mechanically Vent: 0.35-0.5mcg/kg q30-60min 

PRN or more frequent if persistent and no adverse effect.
Infusion: 50-700mcg/h or 0.7-10 mcg/kg/h
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APTT x ctrl Loading (units/kg) Maintenance

(units/kg/h)

<1.2 50   by 4

1.2-1.3 25   by 3

1.3-1.4 NONE   by 2

1.5-2.5 NONE No change

2.6-2.9 NONE   by 2

3.4 1h hold   by 3

> 2h hold   by 4

Concentration: (10mcg/mL); 500mcg/50mL, 1000mcg/100mL, 2500mcg/ 
250mL
Stock Dose: (mcg/mL) 1000 /20; 500/10; 100/2
Stability: 2 days.
Onset/Duration/Excretion: Immediate; 0.5-1h; Urine (75%); Prolonged t ½ if 
IV
MEC: 0.23-0.99ng/mL16; 0.3-1.5ng/mL (Opioid naive)

Heparin (units/kg/h) - Anticoagulant
Dose /MAX Dose:

Concentration:

Stock Dose: (units/mL) 1,000/5; 5,000/5
Stability: 24-72h
Onset/Excretion: Immediate; 1-2h; Urine (> renal excretion on high doses)

Units/ml Ratio (units/mL)

25,000/500 50:1

10,000/250 40:1

10,000/100 100:1
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2% NaCl 1L 3% NaCl 1L 6% Sodium Lactate 250mL

Content 20g 30g 14.125g

Na in Solution 7.866g 11.79g 2.875g

Na mEq 342mEq 513mEq 126mEq

% Na 0.8% 1.18% 1.15%

Osmolarity 684 mOsm/L 1027mOsm/L 1020mOsm/L

Na Level 2%NaCl 3%NaCl 6% Na Lactate

<135   by 20mL/h   by 10mL/h   by 5mL/h

135-144   by 10mL/h   by 5mL/h   by 2.5mL/h

145-150 Maintain Rate Maintain Rate Maintain Rate

151-153   by 10mL/h   by 5mL/h   by 2.5mL/h

154-157   by 20mL/h, 
Renals Q4h.

  by 10mL/h, 
Renals Q4h.

  by 5mL/h,
Renals q4h.

158-159 Hold for 1h, then 
resume at ½ of 
previous rate.

Hold for 1h, then 
resume at ½ of 
previous rate.

Hold for 1h, then 
resume at ½ of 
previous rate.

160-162 Shift to Plain 
0.45%NaCl at 
80mL/h.

Shift to Plain 
0.45%NaCl at 
80mL/h.

Shift to Plain 
0.45%NaCl at 
80mL/h.

>162 Refer Refer Refer

Goal Serum Na: 145-155 mEq/L

Hypertonic Saline Protocol - Electrolyte
Dose/Administration:
 2% Hypertonic Saline: Initial: 60mL/h + 60mL/h PNSS or 1-2mL/kg/h. 250mL 

bolus over 30min may be administered for aggressive therapy. MAX: 1mEq/
kg/h or 2.9mL/kg/h
 3% Hypertonic Saline: (Central Line) Initial: 30mL/h + PNSS to equal desired 

fl uid intake/day or 1-2mL/kg/h. 250mL bolus over 30min may be administered 
for aggressive therapy. MAX: 1mEq/kg/h or 1.9mL/kg/h
 Hypertonic Sodium Lactate: (Central Line) Initial: Start at 15mL/h + PNSS 

to equal desired fl uid intake/day or load 3-5mL/kg over 15-30min. MAX: 10mL/
kg in 12h or 0.83mL/kg/h. Repeat Na, K Q6h. Contraindication: Hypernatremia, 
metabolic alkalosis, renal failure w/ anuria
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mg/mL Ratio mcg/mL

250/500 (1:2) 500

250/250 (1:1) 1000

500/250 (2:1) 2000

1000/250 (4:1) 4000

mg/mL Ratio mcg/mL

200/250 (1:1) 800

400/250 (2:1) 1600

800/250 (4:1) 3200

Inotropes
1) Dobutamine (mcg/kg/min)
Dose: 2.5-20mcg/kg/min
Sepsis/Septic Shock: 20mcg/kg/min
MAX. DOSE: 40mcg/kg/min
Concentration:

Stock Dose: 250mg/20mL; 250mg/250mL; 500mg/250mL
Stability: 24h
Excretion: 1-10min; 2min; Urine

2) Dopamine (mcg/kg/min)
Dose: 1-20mcg/kg/min;    by 1-4 every 10-30min
Low/Renal Dose (1-5mcg/kg/min):   renal blood fl ow & UO
Intermediate/Cardiac Dose (5-15mcg/kg/min):   renal blood fl ow, HR, cardiac 
contractility, & cardiac output
High/Vasopressor Dose (>15mcg/kg/min): -adrenergic predominates 
(vasoconstriction,   BP)

MAX DOSE: 50mcg/kg/min
Doses >20 mcg/kg/minute may not have a benefi cial effect on BP and   risk of 
tachyarrhythmias.
If dose >20-30 is required, may need a more Direct-Acting Vasopressor 
(Norepinphrine/Epinephrine).

Concentration:
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Stock Dose: 200mg/5mL; 200mg/250mL; 400mg/250mL
Stability: 24h
Onset/Duration/Excretion: 5min; 10min; Urine

3) Epinephrine (mcg/kg/min)
Dose:
 Asystole/Pulseless VT/Shock Refractory VF: IV/IO: 1mg q3-5min until 

ROSC. MAX Dose: 0.2mg/kg. ET: 2-2.5mg every 3-5min diluted in 5-10mL 
NSS/Sterile H20.
 Symptomatic Bradycardia: IV Infusion: 0.1-0.5 mcg/kg/min or 2-10mcg/min.

Concentration: 1-5mg/250mL
Stock Dose: 1mg/mL
Stability: 24h
Excretion: Urine

4) Norepinephrine (mcg/kg/min)
Dose: 
Post Cardiac Arrest: 0.1-0.5mcg/kg/min
Sepsis / Septic Shock: 0.1-3mcg/kg/min
MAX DOSE: 3mcg/kg/min
Concentration:

Stock Dose: 4mg/4mL
Stability: 24h
Onset/Excretion: Immediate; Urine

mg/mL Ratio mcg/mL

4/250 1:1 16

8/250 2:1 32

16/250 4:1 64

32/250 8:1 128

64/250 16:1 (Central) 256
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mg/mL mcg/mL

10/250 40

50/250 200

40/100 400

5) Phenylephrine (mcg/kg/min)
Dose/MAX Dose:
Hypotension/Shock: IV Bolus: 100-500 mcg/dose every 10-15min
INF: Initial- 0.5mcg/kg/min; Dose Range: 0.4-9.1mcg/kg/min
PSVT (not for routine): IV: 250-500mcg/dose in 20-30sec
Concentration:

Stock Dose: 10mg/mL
Stability: 2 days
Onset/Duration/Excretion: Immediate; 15-20min; Urine

Isosorbide Dinitrate (mg/h) (Anti-angina)
Dose: IV: 1-12 mg/h. MAX Dose: 20mg/h
 Intra-coronary: 1mg bolus prior balloon infl ation.

MAX dose: 5mg/30min
Concentration: 10mg/100mL (1:1) up to 50mg/100mL (5:1)
Stock Dose: 10mg/10mL
Stability: 24h
If used undiluted: constant cardiac monitor; check for crystallization.
Onset/Duration/Excretion: (PO) ~1h; 8h; Urine

Lidocaine - Anti-arrhythmic
Dose: 
50% of adult dose for reduced hepatic function, heart failure, >70 y/o
 VF / PVT (after defi b, CPR & vasopressor & Amiodarone is unavailable). 

Initial (IV, IO): 1-1.5 mg/kg 
Refractory VF / PVT: repeat w/ 0.5-0.75 mg/kg bolus q5-10 min (Max 3mg/kg), 
then, IV 1-4 mg/min after return of perfusion. 
Arrhythmia recurrence during IV, give 0.5 mg/kg bolus.
Via endotracheal (loading dose only): 2-3.75 mg/kg in 5-10 mL SWFI or NSS 
Note: better absorption & <PaO2 impairment w/ SWFI
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 Hemodynamically stable monomorphic VT: (IV) 0.5-1.5 mg/kg. Repeat w/ 
0.5-0.75 mg/kg q5-10 min (Max. 3 mg/kg); then IV 1-4 mg/min (14-57 mcg/kg/
min); if w/ CHF, shock, hepatic disease: initial IV at 10mcg/kg/min (MAX: 1.5mg/
min or 20mcg/kg/min)
Renal Impairment dosing: Hypomagnesemia-   by 50%; 
Pre-eclampsia/Eclampsia- MAX: 20g/48h
Concentration: 1g/250mL (4mg/mL) up to 2g/250mL (8mg/mL)
Stock Dose: 2% x 10 mL; 50 mL
Stability: 24 h
Onset/Duration: 40sec (2sec-5min); 15min (5-30min)

Magnesium Sulfate - Electrolyte, asthma, eclampsia, arrhythmia
Dose / MAX Dose:
 Torsade de pointes / VF / Pulseless VT with Torsade de pointes: (IV/IO) 

1-2 g in 10mL over 15min (w/ cardiac arrest / hypomagnesemia 1-2min)
Concentration: (IV) ≤20%; (IM) 25-50%

Administration: 
 ≤150 mg/min. MAX IR: 2 g/h (emergency: 4g/h)
Rapid IV in non-cardiac arrest may cause hypotension & asystole
Stock Dose: 250 mg/mL x 10 mL (25%)
1g MgSO4 = 98.6 mg elemental Mg = 8.12 mEq elemental Mg
Onset/Excretion: Immediate; Urine

Levetiracetam - Anticonvulsant
Dose/MAX Dose:
 Seizures: (PO/IV) Initial: 500mg Q12,   every 2wks by 500mg/dose. MAX 

Dose: 1500mg Q12. Effi cacy of doses other than 3000 mg/day has not been 
established.
 Status Epilepticus: (IV): 1000-3000mg over 15min

g/mL mEq/mL IR

1/50 0.1624 30 min

3/100 0.2436 2 h

4/250 0.13 3 h
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ECC DOSE

>80mL/min 500-1500mg Q12

50-80mL/min 500-1000mg Q12

30-50mL/min 250-750mg Q12

<30mL/min 250-500mg Q12

Renal Dosing:

Concentration/Administration: Dilute in 100mL infused over 15min 
Stability: 24h
Absorption: (PO) Rapid and almost complete
Time to Peak: (IR) 1h; (ER) 4h
Protein Binding: <10%
t1/2:   in renal dysfunction; 6-8h, (ER) 7h
Excretion: Urine (66%)
Stock Dose: (IV) 500mg/5mL; 100mg/mL, (PO) 250mg, 500mg, 1g

Midazolam (mg/kg/hr) - Sedative; Anti-epileptic
Dose / MAX DOSE:
Consider reducing dose by 20%-50% in elderly, chronically ill, or debilitated 
patients and those receiving opioids or other CNS depressants.
 Sedation w/ mech. Vent:

Initial: 0.01-0.05mg/kg; repeat 5-15min
Maintenance: 0.02-0.1mg/kg/h
 Status Epilepticus: 0.15-0.3 mg/kg 10-15 min PRN, then 0.2 mg/kg bolus, 

then INF 0.05-0.6 mg/kg/h (MAX: 2mg/kg/h).
 Conscious sedation: 

Initial: 1-2.5mg over 2min. Additional dose after 2min. (MAX: 5mg) 
Maintenance: 25% of used dose 
 10mg once (Pre-hospital treatment for convulsion >5 min/convulsions after 

intermittent seizures w/o regained consciousness >5 min)

Concentration: 

mg/mL Ratio Amps. (mg/mL)

50/50 1:1 3 (15/3) + 1 (5)

25/50 0.5:1 1 (15/3) + 2 (5)
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Administration: SIVP 2-5 min w/ conc. 1-5mg/mL 
Stock Dose: (mg/mL) 15/3; 5/5; 5
Stability: 24 hrs. (0.5 mg/mL); 1mg/mL (10 days)
Onset/Duration/Excretion: (IV) 3-5min, (PO) 10-20min; 2h (single dose), 6h 
(cirrhosis); Urine

Nicardipine (mg/hr) - Anti-hypertensive
Dose: 
Initial: 5mg/h
Rapid titration:   2.5 every 5min 
Gradual Titration: every 15min
MAX DOSE: 15mg/h
Concentration: 10mg/100mL (1:1); 20mg/100mL (2:1); 40mg/100mL (4:1)
Stock Dose: 10mg/10mL; 2mg/2mL
Stability: 24h
Onset/Duration/Excretion: 10min; ≤8h; Urine (49-60%)

Nimodipine (mg/hr) - Spasmolytic
Dose / MAX Dose:
1 mg/h fi rst 2h; if no severe   BP,   to 2 mg/h.
<70 kg w/ unstable BP: 0.5 mg/h
Aneurysmal Subarachnoid haemorrhage: 5-14 days
Cirrhosis dosing: 30mg q4h
Concentration/ Stock Dose: 10mg/50mL
Stability: 10 h
Do not use PVC IV tubings.
INF w/ co-infusion w/ rate at least 40mL/h
Change IV-tubing q24h
Shifting from IV to oral: start oral 4h after INF
Peak Time/t ½; excretion: ~1h; 1-2h; Urine (<1%)

Phenobarbital (mg/kg) - Anti-epileptic
Dose/MAX DOSE: 
 Status Epilepticus/Seizure:

Loading Dose: 10-20mg/kg
May repeat dose in 20-min intervals PRN (Max Total Dose: 30 mg/kg)
Maintenance (PO/IV): 1-3 mg/kg/day in 2-3 divided doses
Dosage adjustments are made after 2wks of therapy to achieve Css of 20-
40mcg/mL for adults, 15-30mcg/mL for infants/children



107

 Sedation: (IV) 100-320mg (MAX: 600mg daily); (PO) 30-120 mg/day (MAX: 
400mg) 4 in 2-3 divided doses
Renal dosing: ECC <10mL/min q12-16h. HD: (20-50% dialyzable), admin 
dose prior HD and 50% post HD. Peritoneal HD: 50% normal dose. CRRT: 
normal dose w/ monitoring
Sampling: Peak: 4-12h after dose; Trough:  2-4wks prior to next dose
Css: 2-4wks
Target Level: 10-40mcg/mL
Vd = 0.5-1L/kg (0.6L/kg)
Concentration: ≤100mg in 50mL; >100mg in 100mL
Administration: Adult ≤60mg/min; Children ≤30mg/min; 5mL/site (IM); No 
intra-arterial/SQ
Onset: (PO) 20-60min, (IV) ~5min
t ½: 53-140h mean 79h=3.3d12 (PO Ave. 5.1d=122.4h)
Clearance: ≥12y/o= 4mL/kg/h(~0.1L/kg/d); ≤12y/o= 8mL/kg/h. (~0.2L/kg/d)
Protein Binding: 20-45%
Excretion: Urine (20-50%)
Stock Dose: (IV) 130mg/mL; (PO): 15mg (Gr ¼); 30mg (Gr ½); 60mg (Gr 1); 
90 mg (Gr 1 ½)

Phenytoin - Anticonvulsant
Dose/MAX Dose:
Geriatric dosing should be 20% lower
Only extended release forms are recommended for OD dosing
Consider prior serum concentrations/doses
Dose should not be increased by not more than 50-100mg increments (dose 
has no proportional relation to serum level)
 Status Epilepticus: 

Loading (IV): 10-20mg/kg (15-20mg/kg is generally recommended)
Maintenance: (IV/PO): 100mg Q6-8h
 Anticonvulsant: Loading (PO): 15-20mg/kg in 3 divided doses Q2-4h (to   GI 

AE, for complete absorption). Maintenance: (Initial) 300mg in 3 divided doses 
(1-2 doses for ER). Usual dose: 300-600mg/day
 Obese dose: Loading: mg/kg ABW

Maintenance: mg/kg IBW
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Serum Concentration Dose Adjustment

<7mcg/mL 100mg/day

7-12mcg/mL 50mg/day

>12mcg/mL 30mg/day

>16mcg/mL Any change may result in signifi cant

Dose Adjustment Rough Guide:

Sampling: Peak: (IV) 2-4h post dose; (PO) 3-24h9, 14 post dose. Trough: 
2-3days post 1st dose 30min before AM dose, then Q5-8days. 
Css: 3-4d
Target Level: 10-20mcg/mL
Vd = 0.6-0.7L/kg
Concentration/Administration: 1-10mg/mL; MAX Rate: 50mg/min (Geriatric: 
25mg/min). MAX single PO dose: 400mg
Stability: 2h
Onset: (IV) ~0.5-1h (PO- slow)
t ½: 7-42h (Ave. 24h)
Time to Peak: (PO ER) 4-12h, (PO IR) 2-3h
Clearance: 
Protein Binding: 90-95%.
Excretion: Urine (   clearance,   serum conc. if febrile)
Stock Dose: (PO) 100mg, 30mg/5mL, 125mg/5mL; (IV) 100mg/2mL 
92 mg phenytoin based = 100 mg phenytoin Na

Potassium Chloride (mEq/h) - Electrolyte
Dose/MAX Dose:

Stock Dose: 40mEq/20mL
Stability: 24h

Serum K+(mEq/L) Max IR (mEq/h) Max Conc.(mEq/L) Max/Day (mEq)

2.5-4 10 40 200

<2.5 40 80 (Peripheral)

150 (Central)

400

Fluid-restricted 40 200 (Central) 400
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Propofol (mcg/kg/min) - Sedative, Anti-epileptic
Dose/MAX Dose: Wait at least 3-5min prior to adjustment
 Intubation: (IV): 1-2.5mg/kg (MAX: 3mg/kg). Geria /Debilitated: 1-1.5mg/kg 
 Sedation: Initial: 5mcg/kg/min;   by 5-10mcg/kg/min every 5-10 min 

Maintenance: 5-75mcg/kg/min (Geria / Debilitated: 4-60mcg/kg/min)
 PONV: 20 mg
 Refractory Status Epilepticus: 1-2mg/kg bolus (optional), then 33-167mcg/

kg/min
Concentration: 10mg/mL (no dilution)
Administration: Avoid bolus. Adult: 40mg/10sec
Geria/Debilitated: 20mg/10sec
Stock Dose: 20 mL; 50 mL
Stability: Vial (12h); Aspirated (6h)
Dose >83mcg/kg/min, usage >48h may   risk of hypotension and Propofol-
related infusion syndrome (PRIS)

Sodium Bicarbonate
Hyperkalemia, acidosis, cardiac arrest, contrast nephropathy
Dose/Max Dose: 
 Cardiac arrest: Initial: (IV) 1mEq/kg/dose. Repeat should be guided by ABG. 
 Metabolic acidosis:

 HCO3(mEq)=0.5 x wt(kg)x [24-Serum HCO3 (mEq/L)]  or
 HCO3(mEq)=0.5 x wt(kg)x Desired HCO3 (mEq/L)
(Initial) ½ dose, then ½ dose x 24h. Target pH ≈7.2, serum; HCO3 ~10 mEq/L 
to prevent alkalosis. 
 Hyperkalemia: IV 50 mEq in 5 min
 Contrast-induced nephropathy: 154 mEq/L: (IV INF) 3mL/kg/h x 1h before 

contrast injection, then 1mL/kg/h during contrast exposure & 6h after procedure. 
Concentration: 50mEq/250mL (12-24h); 150mEq/1L (24h) 
Stock Dose: 50mEq/50mL
1 mEq = 84 mg = 1 mL
Stability: 24h
Vd = 0.6-0.7L/kg

Succinylcholine - Muscle relaxant
Dose:
 Intubation: 0.6mg/kg (Range: 0.3-1.1mg/kg)
 Rapid Sequence Intubation: 1-1.5mg/kg
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Valproic Acid - Anti-epileptic
Dose/MAX Dose: 
IV Dose = Oral dose, same frequency
Conversion to Divalproic ER from plain Divalproic: increase daily dose by 8-20%
 Seizures: (PO/IV) Switch to oral ASAP.

Simple and Complex: (Initial): 15 mg/kg/day; increase by 5-10 mg/kg/day weekly 
until therapeutic level is reached. (MAX: 60 mg/kg/day) 
Complex Partial seizure: (Initial) 10-15 mg/kg/day; Increase 5-10 mg/kg/day 
weekly. 
 Status Epilepticus (unlabelled): (IV) Loading: 15-20 mg/kg at 20 mg/min or 

25-30 mg/kg (MAX: 45 mg/kg); Maintenance: 1-5 mg/kg/h
 Mania: (PO) Max Dose: 60mg/kg/day

Plain: Initial of 750mg/day in divided dose
ER: Initial of 25mg/kg/day OD
 Migraine: (PO)

Plain: 250mg BID; MAX Dose: 1g/day
ER: 500mg x 7 days, then 1gh/day
Sampling:  Peak: (PO) IR:  2-4h, ER: 4-17h; (IV) 1-3h18; Trough: 2-4d post 1st 
dose – ER/IV: 30min before next dose, IR: 30min before AM dose.
CSS: 2-4d
Target: Epilepsy: 50-100mcg/mL; Mania: 50-125mcg/mL
Vd = 0.22L/kg
IV Concentration: Dilute in 50mL
Administration: 1h (≤20mg/min) or 1.5-6mg/kg/min quicker therapeutic conc. 
achievement.
Stability: 24h
Onset:
t ½: 9-19h
Clearance: 0.56L/h/1.73m (total valproate)
Protein Binding: 80-90%
Metabolism: Hepatic
Stock Dose: 500mg/5mL (IV); 250mg/5mL (PO)
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Vasopressin (units/min) - Anti-Diuretic Hormone
Dose:
 Pulseless Arrest: (IO, IV, ET) 40units to replace 1st or 2nd Epinephrine only.

ET site (in 10mL NSS) - not ACLS-recommended
 Vasodilatory /Septic Shock: (IV INF- Central Line) 0.01-0.03units/min

Can be added to Norepinephrine to reach target MAP. 
>0.03units/min has    cardiovascular effect thus reserved only on failure to reach 
target MAP with other vasopressors.
Slow tapering by 0.01units/min q30min
Concentration: 100units/100mL (0.1-1units/mL)
Stock Dose: 20units/mL

With Skin Test Without Skin Test

Penicillin & derivatives Macrolides

Cephalosporins Vancomycin

Carbapenems Aminoglycosides

Ketorolac Quinolones

Skin Testing

Child-Pugh Scoring Dose Adjustment For Drugs ≥60% Hepatically 
Metabolized

Child-Pugh Score Adjustment

8-9   by 25%

≥10   by 50%
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Parameter Normal Value

pH 7.35-7.45

pCO2 35-45mm Hg

pO2 80-100mm Hg (>60y/o = 80)

HCO3 22-26mEq/L

BE +/- 3

SaO2 95-100%

O2 Content 20mL/dL

Assessment Value Signs / Symptoms/ Causes

Resp. Acidosis   pH,   CO2

Compensated (   HCO3)

Confusion; Restless;   HR; 
Neuromuscular weakness; 
Intrinsic lung dse.

Resp. Alkalosis   pH,   CO2

Compensated (   HCO3)

Hyperventilation; Anxiety; 
Pain

Met. Acidosis   pH,   HCO3

Compensated (   pCO2)

Dehydration; Kidney dse; 
Ketoacidosis; Shock; 
Infection

Met. Alkalosis   pH,   HCO3

Compensated (   pCO2)

Hyperventilation; Cushing’s 
dse; Long-term Steroid 
use; Vomiting; Burns; 
Base ingestion; Diarrhea; 
Addison’s disease

Arterial Blood Gas



113

Energy Conversions
1g Amino Acid = 4 kCal
1g Dextrose = 3.4 kCal
1g Lipid = 9 kCal

Drug-Food Interactions

1) Diet Modifi cation
a) Allopurinol h) Furosemide
b) Antacids i) Isoniazid
c) Cilostazol j) Levodopa/Carbidopa
d) Corticosteroids k) Linezolid
e) Cyclosporin l) Moclobamide
f) Digoxin m) Theophylline
g) Furazolidone n) Warfarin

2) Empty Stomach
a) ACE Inhibitor i) Mycophenolate
b) Alendronate j) Phenytoin
c) Domperidone k) PPI’s
d) Erythromycin l) Quinolones
e) Furosemide m) Sucralfate
f) H2-Blocker n) Tegaserod
g) Iron-Containing o) Tetracycline
h) Metoclopramide p) Thyroid Preparations

3) Full Stomach
a) Acarbose
b) Itraconazole
c) Metformin
d) NSAID’s
e) Nitrofurantoin
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Formulas

Adjusted Body Weight:
 AdjustedBW={(ABW-IBW)×1.33}+IBW

Hypertonic Saline Protocol:
 Serum Osmolarity=Serum Osmolality = (2 x (Na + K)) + (BUN / 2.8) + 
(glucose / 18)

Insulin Rate Adjustment (units/h):
 Rate=(CBG-160)/20

Inverse Proportion:
 (Stock (mL))/(Desired (mL))=(Desired (%))/(Stock (%))

Loading Adjustment:
 Sheiner-Tozer =(Actual Assay (mcg/mL))/((0.2 × Albumin)+0.1)
 If ECC ≤ 10mL/min, multiply albumin by 0.1 instead.
 Reload=(Desired-Actual)× Vd × wt.
 CSS=Dose(mg/kg/d)/Cl(L/kg/d) 
 Loading Dose=V_(d ) (L/kg)×wt(kg)×CSS_target
 Maintenance dose=Cl×CSS_Ave
 t 1⁄2=0.693(V_d×wt)/(Cl×wt)
 Cl: Clearance.

Michaelis-Menten Kinetics for Phenytoin:
 Daily Dose(mg)=((Vmax×Css))/(S×F×(Km+Css) )
 t90%= (Km×Vd)/(Vmax-DD)2 [(2.3×Vmax)-(0.9×DD)]
 Css=[Km×S×F×DD]/[Vmax-(S×F×DD) ] 
 Km=((Vmax×Css)/DD)-Css

(One Css available, assume Km=4mg/L):
 Vmax=DD×(Km/(Css+1))

(Two Css available):
 Vmax=DD+((Km×DD)/Css)
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DD: Daily dose in mg.
Vmax: MAX rate of drug met (Ave. 6-8mg/kg/d).
Km: Conc. At which drug met. Rate is 50% of Vmax (Ave. 4-6.8mg/L).
S: Salt form factor (0.92 for capsules & injection, 1 for elixir).
F: Bioavailability factor (0.95 for PO, 1 for IV).
Css: Desired conc. at steady state.
t90%: Time to reach steady state.
Vd: Volume of distribution.

Milliequivalence
 mEq=(Weight(mg)×Valence)/(Molecular Weight(mg/millimole))
 Equivalent Weight=(Molecular Weight(g))/Valence
 1mEq=1millimole
 1mole=1000millimole

Potassium Correction
 Kdefi cit (mmol)= (Knormal lower limit - Kmeasured) x kg body weight x 0.4

Sodium Correction
 Expected change in Na= (infusate Na concentration - serum Na 
 concentration)/(total body water + 1)
 Total body water = weight (kg) x correction factor
 (The correction factor is 0.6 for men, 0.5 for women and elderly men and 0.45 for elderly women)

Kothari’s Method
 Calculating Volume=abc/2
 a- largest cross-sectional diameter identifi ed on CT or MRI
 b- a second diameter drawn at right angles to the fi rst
 c- number and thickness of slices in which the hemorrhage is visible.



116

References

1. Available from: www.nlm.nih.gov/medlineplus/ency/article/003430.htm

2. Available from: www.emedicine.medscape.com/article/109739-overview#aw2aab6b6

3. Available from: www.ncbi.nlm.nih.gov/pubmed/665679

4. Available from: www.drugs.com

5. Available from: www.faculty.ksu.edu.sa/hisham/Documents /Research%20Docs/

 Phenytoin%20dosing%20guidelines.doc

6. Available from: http://www.vhpharmsci.com/vhformulary/tools/phenytoin-kinetic-monitoring.htm

7. Available from: https://wiki.umms.med.umich.edu/pages/viewpage.action? pageId=90736163

8. Available from: http://www.globalrph.com/index_dilution_orig.htm

9. Available from: http://www.mayomedicallaboratories.com

10. Available from: accesspharmacy.com/Content.
aspx?searchStr=portal+hypertension+and+cirrhosis&aid=3517660

11. Available from: www.drugbank.ca/drugs/DB01174

12. Available from: labmed.ucsf.edu/labmanual/db/resource/Drug_level_monitoring_card.pdf

13. Available from: online.lexi.com

14. Dipiro, Joseph T. et. al. (2008). Pharmacotherapy- A Pathophysiologic Approach (7th Ed). USA. 
The McGraw-Hill Co., Inc.

15. Available from: www.ncbi.nlm.nih.gov/pubmed/10834780

16. Available from: www.janssen.com.au/fi les/Products/Durogesic_PI.pdf

17. Available from: Available from: www.beckmancoulter.com

18. Available from: www.reference.medscpae.com

19. Available from: Training, Devt & Education ACLS





Dr. Samarth Singh
2018

Neurocritical Care
A Case Based Approach


