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Stroke is an emergency
… where virtually no allowances for delay and worsening is tolerated



Message

National Institute of Neurological and Allied Sciences is dedicated to prevent paralyses 
and disabilities. We continue this tradition by presenting the Guidelines for Early 
Specifi c Management of Acute Stroke. Stroke is the second leading cause of death 
following ischemic heart disease and third leading cause of disease burden world wide. 
WHO predicts an impending epidemic of diseases of the vascular system including 
stroke by the year 2020. In Nepal about 60-65% of stroke cases entail acute ischemic 
infarcts and 30-45% are of hemorrhagic origin.  

Management of ischemic stroke, intracerebral hemorrhage and subarachnoid hemorrhage 
requires different approaches. We have outlined  step by step guidelines for early specifi c 
management of both acute ischemic and hemorrhagic strokes. Specifi c focus is given to 
thrombolysis for ischemic strokes particularly because it is the only effective treatment 
till date and the procedure requires highest degree of clinical effi ciency, speed and inter 
disciplinary approach. It is hoped that this guideline will enable a disciplined approach to  
early recognition and management of patients presenting with acute stroke. 

Dr. Samarth Singh

Prof. Upendra Devkota
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Abbreviations 

AEDs Anti epileptic drugs

aPTT Activated partial thromboplastin time

AVM Arterio venous malformation

BP Blood pressure

CBC Complete blood count

CBF Cerebral blood fl ow

CBG Capillary blood glucose

CEA Carotid endartrectomy

CMRO2 Cerebral  metabolic rate of oxygen

CPP Cerebral  perfusion pressure

CT Computerized tomographic scan

CTA Computerized tomographic angiography

CVP Central venous pressure

DBP Diastolic pressure

DSA Digital subtraction angiography

DVT Deep vein thrombosis

ECG Electrocardiogram

EEG Electroencephalogram

GCS Glasgow coma scale

IBP Invasive blood pressure

ICH Intra cerebral hemorrhage

ICP Intra cranial pressure

INR International normalized ratio

IVF  Intra venous fl uid

MAC Minimum alveolar concentration

MAP Mean arterial pressure

MCA Middle cerebral artery

MRA Magnetic resonance angiography

MRI Magnetic resonance imaging

mRS  modifi ed Rankin scale



NCCT Non contrast computerized tomographic scan

NGT Nasogastric tube

NIHSS National institutes of health stroke scale

NOACs New oral anticoagulants

NPO Nothing per os

PT Prothrombin time

RBS Random blood sugar

RSI  Rapid sequence intubation

rt-PA Recombinant tissue plasminogen activator

SAH Subarachniod hemorrhage

SpO2 Oxygen saturation in blood by pulse oxymetry

SaO2 Oxygen saturation in blood in arterial blood

SBP Systolic blood pressure

TCD Transcranial doppler

TIVA Total intravenous anesthesia

VAE Venous air embolism
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Defi nitions of Stroke Severity

Early Specifi c Management of Acute Stroke

Mild Stroke

 Alert patients with any or a combination of the following:

 1. Mild pure motor weakness of one side of the body, defi ned as: can raise arm 
above shoulder, has clumsy hand, or can ambulate without assistance.

 2. Pure sensory defi cit
 3. Slurred but intelligible speech
 4. Vertigo with incoordination (e.g., gait disturbance, unsteadiness or clumsy hand)
 5. Visual fi eld defects alone

 OR

 NIHSS score = 0 – 5

Moderate Stroke

 Awake patient with signifi cant motor and/or sensory and/or language and/or visual
defi cit.

 OR

 Disoriented, drowsy or light stupor with purposeful response to painful stimuli

 OR

 NIHSS score = 6 – 21

Severe Stroke

 Deep stupor or comatose patient with non-purposeful response, decorticate, or 
decerebrate posturing to painful stimuli. 

 OR

 Comatose patient with no response to painful stimuli

  OR

 NIHSS score > 22
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Management Priorities

  Ascertain clinical diagnosis of stroke (history and physical exam).
  • Exclude common stroke mimickers (Refer to appendix).
  Provide basic emergent supportive care (ABCs of resuscitation).
  Monitor neuro-vital signs, BP, MAP, RR, temperature, pupils and O2 saturation.
  Perform and monitor stroke scales (NIHSS, GCS).
  Provide O2 support to maintain O2 saturation > 95%.
  Monitor and manage BP; treat if MAP>130mmHg (Refer to section on blood 

pressure management  in acute stroke).
  Precautions:
  • Avoid precipitous drop in BP (not > 15% of baseline MAP). Do not use

  rapid acting sublingual agents; when needed, use easily titratable IV or oral
  antihypertensive medication. 

  Ensure adequate hydration. Recommended IVF- 0.9% NaCl 

Emergent Diagnostics

  CBC with platelet count
  CBG or RBS
  PT/PTT
  Serum Na+ and K+

  ECG
  Non-contrast CT scan of brain or MRI-DWI as soon as possible.
   If ICH, compute for hematoma volume (Kothari’s Formula)
   (Refer to section on neuroimaging in acute stroke)

Early Specifi c Treatment

 Non-cardioembolic (Thrombotic, Lacunar)
  Aspirin 75 mg/day (start as early as possible)
  Neuroprotection (Refer to section on neuroprotection) 
  Early rehabilitation once stable within 72 hours

 Cardioembolic
  Consider careful anticoagulation with IV heparin or subcutaneous low molecular-

weight heparin (LMWH) for those at high risk with early recurrence (e.g. AF with 
thrombus, valvular heart disease or MI).

Early Specifi c Management of Mild 
Acute Ischemic Stroke



3

 OR

  Aspirin 75 mg/day (if anticoagulation is not possible or contraindicated)
  Neuroprotection (Refer to section on neuro protection) 
  Early rehabilitation once stable within 72 hours
  If infective endocarditis is suspected, give antibiotics and do not anticoagulate.

 Hemorrhagic
  Early neurology and/ or neurosurgeon consult for all ICH is recommended.
  Monitor and maintain BP: Target MAP of 110 mmHg or SBP of 140-160 mmHg
  Neuroprotection (Refer to section on neuroprotection)
  Early rehabilitation once stable within 72 hours
  Give AEDs for clinical seizures and proven subclinical or electrographic seizures.
  Prophylactic AEDs are generally not recommended.
  Steroids are not recommended.
  Monitor and correct metabolic parameters. 
  Correct coagulation/bleeding abnormalities
  Follow recommendations for neurosurgical intervention.
  For aneurysmal SAH, refer to specifi c chapter

Admit to Acute Stroke Unit / Regular Room
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Management Priorities

  Ascertain clinical diagnosis of stroke (history and physical exam are very 
important)

  • Exclude common stroke mimickers (Refer to appendix)
  Basic emergent supportive care (ABCs of resuscitation)
  Neuro-vital signs, BP, MAP, RR, temperature, pupils and O2 saturation
  Perform and monitor stroke scales (NIHSS, GCS)
  Monitor and manage BP. Treat if MAP>130 mmHg (Refer to section on blood 

pressure management  in acute stroke)
  Precaution: Avoid precipitous drop in BP (not >15% of baseline MAP). Do not 

use rapid-acting sublingual agents; when needed use easily titratable IV or oral 
antihypertensive medication.

  Provide O2 support to maintain O2 saturation > 95%
  Identify comorbidities (cardiac disease, diabetes, liver disease, gastric ulcer, etc.)
  Recognize and treat early signs and symptoms of increased ICP.
  Ensure adequate hydration. Recommended IVF- 0.9% NaCl

Emergent Diagnostics

  CBC with platelet count
  CBG or RBS
  PT/PTT
  Serum Na+ and K+

  ECG
  Non-contrast CT scan of brain or MRI-DWI as soon as possible.
   If ICH, compute for hematoma volume (Kothari’s Formula)
   (Refer to section on neuroimaging in acute stroke)

Early Specifi c Treatment

 Non-cardioembolic (Thrombotic, Lacunar)
  If within 4.5 hours of stroke onset, consider IV rt-PA.
  (Refer to section on thrombolytic therapy)
  Refer to neurologist for evaluation and decision. 
  If within 8 hours of stroke onset and in specialized centers, consider intra-arterial 

(IA) thrombolysis.
  Start Asprin 75mg 24 hours after rtPA treatment.
  If rtPA ineligible, start Aspirin 75 mg/day as soon as possible.

Early Specifi c Management of Acute 
Moderate Stroke
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  Neuroprotection (Refer to section on neuroprotection)  
  Early supportive rehabilitation
  Consider early decompressive hemicraniectomy for large malignant MCA 

infarction (Refer to section on surgical management of stroke). 
  Antiplatelets (aspirin, clopidogrel, cilostazol, trifl usal, dipyridamole, extended-

release dipyridamole + aspirin combination)
  Control of risk factors
  Recommend vascular studies such as carotid ultrasound to document extracranial 

stenosis. If this reveals >70% stenosis, refer to neurologist /neurosurgeon/ 
vascular surgeon for decision making regarding CEA or stenting.

  To document intracranial stenosis, recommend either TCD or MRA or CTA.

 Cardioembolic
  If within 4.5 hours of stroke onset, consider IV rt-PA.
  (Refer to section on thrombolytic therapy)
  Refer to neurologist for evaluation and decision.
  If within 8 hours of stroke onset and in specialized centers, consider IA thrombolysis
  If rt-PA ineligible or 24 hours after rt-PA treatment, consider either careful 

anticoagulation with IV heparin or subcutaneous LMWH for those at high risk
for early recurrence or asprin 75 mg/day.

  Neuroprotection (Refer to section on neuroprotection)
  Early supportive rehabilitation
  If infective endocarditis is suspected, give antibiotics and do not anticoagulate.
  Echocardiography and/or cardiology consult
  If age < 75 years, anticoagulation with warfarin (target INR: 2-3)
  If age > 75 years, warfarin (target INR: (1.6 – 2.5)
  If anticoagulation is contraindicated, give antiplatelets (Aspirin 75 mg).

 Hemorrhagic
  Early neurology and/or neurosurgical consult for all ICH is recommended. 
  Monitor and maintain BP. Target MAP=110 mmHg or SBP <160 mmHg
  Neuroprotection (Refer to section on neuroprotection)
  Give AEDs for clinical seizures and proven subclinical or electrographic seizures.
  Prophylactic AEDs are generally not recommended.
  Steroids are not recommended.
  Monitor and correct metabolic parameters.
  Correct coagulation/bleeding abnormalities.
  Follow recommendations for neurosurgical intervention.
  Early rehabilitation once stable.
  For aneurysmal SAH, (Refer to section on subarachnoid hemorrhage)

Admit to Intensive Care Unit or Stroke Unit
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Management Priorities

  Ascertain clinical diagnosis of stroke (history and physical examination are very 
important)

  • Exclude common stroke mimickers (Refer to appendix)
  Basic emergent supportive care (ABCs of resuscitation)
  Neuro-vital signs, BP, MAP, RR, temperature, pupils, oxygen saturation
  Perform and monitor stroke scales (NIHSS, GCS)
  Monitor and manage BP. Treat if MAP > 130 mmHg (Refer to section on blood 

pressure management  in acute stroke)
  Provide O2 support to maintain O2 saturation > 95%
  Precaution: Avoid precipitous drop in BP (not > 15% of baseline MAP). Do not 

use rapid-acting sublingual agents; when needed use easily titratable IV or oral 
antihypertensive medication.

  Identify comorbidities (cardiac disease, diabetes, liver disease, gastric ulcer, etc.)
  Recognize and treat early signs and symptoms of increased ICP
  Ensure adequate hydration. Recommended IVF- 0.9% NaCl

Emergent Diagnostics

  CBC with platelet count
  CBG or RBS
  PT/PTT
  Serum Na+ and K+

  ECG
  Non-contrast CT scan of brain or MRI-DWI as soon as possible.
   If ICH, compute for hematoma volume (Kothari’s Formula)
   (Refer to section on neuroimaging in acute stroke)

Early Specifi c Treatment

 Non-cardioembolic (Thrombotic, Lacunar)
  May give aspirin 75 mg/day (risk of early hemorrhagic transformation within 48 

hrs, subject of physician discretion)
  Refer the cases of posterior circulation strokes to neurologist within 12 hours of 

onset for evaluation and decision regarding thrombolytic therapy.
  Neuroprotection (Refer to section on neuroprotection)
  If cerebellar infarct, consult neurosurgeon as soon as possible.
  Early supportive rehabilitation

Early Specifi c Management of Acute 
Severe Stroke
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Cardioembolic

  May give aspirin 75 mg/day (subject of physician discretion)
  Refer cases of posterior circulation strokes to neurologist within 12 hours of onset 

for evaluation and decision regarding thrombolytic therapy.
  Neuroprotection (Refer to section on neuroprotection)
  If cerebellar infarct, consult neurosurgeon as soon as possible.
  Early supportive rehabilitation

Hemorrhagic

  Supportive treatment:
  1. Mannitol 20% 0.5-1g/kgBW q 4-6 hours for 3 -7 days
  2. Neuroprotection (Refer to section on neuroprotection)
  3. Give AEDs for clinical seizures and proven subclinical or electrographic

 seizures.
  Prophylactic AEDs are generally not recommended
  Neurosurgery consult if:
  1. Patient not herniated; Lobar bleed or located in putamen, pallidum, cerebellum;

 Family is willing to accept consequences of irreversible coma or persistent
 vegetative state. Goal is reduction of mortality.

  2. ICP monitoring is contemplated and salvage surgery is considered.
  Early supportive rehabilitation 

Admit to Intensive Care Unit
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Eligibility for IV Treatment with rt-PA

  Age
  • 18 years or older
  • 80 years or younger
  Clinical diagnosis of ischemic stroke causing a measurable neurological defi cit.
  Time of symptom onset well established to be less than 4.5 hours before treatment 

would begin.
  NIHSS score 6 to 21/moderate stroke  

Contraindications and Warnings

  Evidence of intracranial hemorrhage on pretreatment CT.
  Only minor or rapidly improving stroke symptoms.
  Clinical presentation suggestive of subarachnoid hemorrhage, even with normal 

CT.
  Active internal bleeding 
  Known bleeding diathesis, including but not limited to:
  • Platelet count < 100,000/mm
   • Patient has received heparin within 48 hours and has an elevated aPTT

 (greater than upper limit of normal for laboratory).
   • Current use of oral anticoagulants (e.g., warfarin sodium) or recent use with an

 elevated prothrombin time > 15 seconds.
  The use of rt-PA in patients receiving NOACs (e.g., direct thrombin inhibitors, 

direct factor X inhibitors) maybe harmful and is not recommended unless PT, INR, 
aPTT, and platelet counts are normal, or if the patient has not received any dose 
of these agents > 2 days (if with normal renal function).

  Abnormal blood glucose (i.e. < 50 mg/dL or > 400 mg/dL)
  On repeated measurements, the systolic blood pressure (SBP) is greater than 185 

mmHg or diastolic blood pressure (DBP) is greater than 110 mmHg at the time of 
initiation of therepy, and the patient requires aggresive treatment (3 attempts of 
lowering BP with intravenous agents) for reducing blood pressures to within these 
limits.

Relative Contraindications

  Consider risk-benefi t of IV thrombolysis carefully if any of the following is present.
  • Surgery/trauma within 14 days (Excluding head trauma)
  • Gastrointestinal, urinary tract hemorrhage within 21 days
  • Minor or rapidly improving stroke symptoms clearing spontaneously
  • Myocardial infarction within 3 months

Thrombolysis in Acute Stroke
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  • Seizure at the time of onset of stroke symptoms with postictal neurological
 impairment.

  • Pregnancy

Imaging Recommendations Before Intravenous Thrombolysis.

  Step 1: NCCT scan of brain: To exclude intracranial hemorrhage.
  Step 2: MRI Brain: If NCCT does not show intracranial hemorrhage MR imaging 

should be performed.
   • MR imaging includes FLAIR sequence, DWI at b values 0 and 1000 sec/mm2

 and MR perfusion study in the same setting + 3D TOF MR angiography (of the
 circle of Willis and Neck Vessels).

Diffusion-Perfusion mismatch can predict the ischemic area of reversibility after 4.5 hrs 
and before intravenous thrombolysis.

  Step 3: If MR perfusion imaging is unavailable then CT perfusion imaging with CT 
angiography of the circle of Willis including the neck vessels is performed.

  • CT angiography can detect stenosis or occlusion of the Vessels. CT Perfusion
 imaging can detect the infracted core and the ischemic penumbra.

Treatment

  Tenecteplase 0.25 mg/kg body wt in a bolus dose.

OR

  Alteplase 0.9 mg /kg body wt (10% as bolus in 1 minute and the remainder over 1 
hr, max 90 mg) can also be used and an alternative thrombolytic agent.

BP Management During and After Thrombolysis

  Monitor blood pressure every 15 minutes. It should be below 185/110 mmHg. If 
over 185/110 mmHg, BP may be treated with labetalol 10-20 mg, may be repated 
upto 3 times. Nicardipine infusion can alternativly used as infusion at 5 mg/hour. 
Titrate nicardipine infusion up by 2.5 mg every 5 - 15 mins interval.

  If these measures do not reduce BP below 185/110 mmHg and keep it down, the 
patient should not be treated with rt-PA.

  Monitor blood pressure for the fi rst 24 hours after starting treatment
  • Every 15 minutes for 2 hours after starting the infusion, then
  • Every 30 minutes for 6 hours, then
  • Every hour for 18 hours 



11

  If systolic BP > 230 mmHg and/or diastolic BP is 121-140 mmHg, give labetalol  
20 mg intravenously over 1 to 2 minutes. The dose may be repeated and/or 
doubled every 10 minutes, up to 150 mg. Alternatively either an intravenous 
infusion of 2 to 8 mg/min labetalol may be initiated after the fi rst bolus of labetalol 
or nicardipine infusion 5 mg / hr infusion is started and titrated up by 2.5 mg / hr 
every 5 – 15 mins interval until the desired BP is reached.

  If systolic BP is 180 to 230 mmHg and/or diastolic BP is 105 to 120 mmHg on 
two readings 5 to 10 minutes apart, give labetalol 10 mg intravenously over 1 to 2 
minutes. The dose may be repeated or doubled every 10 to 20 minutes, up to 150 
mg.

  Alternatively, following the fi rst bolus of labetalol, an intravenous infusion of 2 to 8 
mg/min labetalol may be initiated and continued until the desired blood pressure 
is reached.

  Monitor blood pressure every 15 minutes during the antihypertensive therapy. 
Observe for hypotension. 

  If an intracranial hemorrhage is suspected, the administration of rt-PA should be 
discontinued and an emergency CT scan or other diagnostic imaging method 
sensitive for the presence of intracranial hemorrhage should be obtained.

Management of ICH Following Thrombolytic Therapy

  Discontinue rt-PA infusion unless other causes of neurological deterioration are 
apparent.

  Immediate CT scan or other diagnostic imaging method sensitive for the presence 
of hemorrhage.

  Draw blood for PT, aPTT, platelet count, fi brinogen, and type and cross.
  Prepare for administration of 6 to 8 units of cryoprecipitate containing factor VIII. 

Alternatively 6-8 units of FFP can be infused.
  Prepare for administration of 6 to 8 units of platelets 
  • Obtain fi brinogen results.
  • Consider administering cryoprecipitate or platelets if needed.
  • Consider alerting and consulting a hematologist or neurosurgeon.
  • Consider decision regarding further medical and/or surgical therapy.
  • Consider second CT to assess progression of intracranial hemorrhage.
  Neurosurgery consultation 
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Expansion of IV rTPA Treatment Time Window up to 4.5 Hours

The eligibility criteria for thrombolysis beyond 3 hrs is same with following relative 
exclusion criteria.
  Patients older than 80 years old
  Patients on oral anticoagulants, regardless of INR level
  Patients with NIHSS > 25
  Patients with stroke and diabetes 
  Patients can be thrombolysed intravenously beyond 4.5 hrs depending on 

perfusion diffusion mismatch. 

A combined intravenous and endovascular intervention may be performed upto 12 hrs.
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Members of Acute Stroke Team (AST)

1. NEUROSURGERY : AS-NS
2. NEUROLOGY: AS-NM
3. RADIOLOGY : AS-R
4. ANAESTHESIOLOGY: AS-A
5. LABORATORY STAFF 
6. EMERGENCY STAFF: AS-N, AS-MO
7. OTHERS:
 a. Administrative Offi cer on Duty
 b. Pharmacist on-duty
 c. House-keeping on duty
 d. Receptionist on duty

Acute Stroke Team and Time Based 
Approach to Thrombolysis

REMEMBER .....
‘TIME IS BRAIN’
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Activity Responsibility Time target Checklist 

√ (00:00)

Assess “FAST”. Notify AS-MO on-duty 
and Registrar on-duty. 

Nurse on-duty Within 1 minute of 
arrival

SET ACUTE STROKE CLOCK IN ER TO 00:00 (Time-Keeper: Acute Stroke Admin-on Duty)

Open IV Line (18G) with NS Check GRBS, 
Do ECG and send Stroke Package

Nurse on-duty Within 10 minutes 
of arrival

Evaluate patient: Fill stroke Proforma 
Check: Indication and CI for 
thrombolysis

AS-MO
[AS-NS to help and 
approve for correct 
complete entry]

Within 10 minutes 
of arrival

Transfer patient to CT room AS-MO, AS-N, 
AS-NS

Within 20 minutes 
of arrival

Notify Reception about AST :
If Ischemic Stroke <2/3rd of MCA territory  
“OR” VBS and Transfer to MRI

AS-MO
Receptionist 
(Name Lists by 
departments to 
be informed and 
General Hospital 
announcement)

Within 25 minutes 
of arrival

Time from notifi cation of AST to 
response of team member by phone, or 
at patient bedside to assess patient as 
appropriate

Within 20 minutes 
of being called

Time from completion of MRI scan to 
interpretation

AS-R, AS-NS, 
AS-NM

Within 45 minutes 
of arrival

If “IA” Thrombolysis planned, Transfer 
the patient to Cath-Lab 

AS-R, AS-NS, 
AS-NM

Within 50 minutes 
of arrival

Time from order of chest X-Ray, if 
indicated, to performance through 
completion of chest X-Ray and 
interpretation

AS-NS, AS-MO Within 50 minutes 
of arrival

Time from order of Lab-Stroke 
pack-A Tests through completion and 
interpretation

AS-NS, AS-MO Within 50 minutes 
of arrival

Time from notifi cation to drug availability Pharmacist, AS-NS Within 50 minutes 
of arrival

ED door-to-needle time for IV 
thrombolytic (t-PA or TNK) treatment

AS-NS, AS-NM, 
AS-MO, AS-N

Within 60 minutes 
of patient arrival 
in ED

Neurosurgical intervention As needed urgently

* Checklist for time: Stroke Admin-on Duty [Please tick and note time]
* AS-MO should be with the patient and Acute Stroke Team till the patient is stabilized
* AS-MO should arrange and collect all the reports and verify at the end of the procedure and hand over to 
NS-R for FINAL VERIFICATION.

Emergency Department Process Measure Assessment Tool
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  The 5H Principle
   AVOID Hypotension, Hypoxemia, Hyperglycemia, Hypoglycemia, and

 Hyperthermia during acute stroke in an effort to salvage the ischemic
 penumbra. 

  Neuroprotective Interventions
   1. Avoid hypotension and allow permissive hypertension during the fi rst week.

  (Refer to section on blood pressure management in acute stroke)
   2. Avoid hypoxemia and maintain SaO2 > 94% and monitor oxygenation by

  pulse oximetry ± arterial blood gases (ABG).
   3. Avoid hyperglycemia and hypoglycemia. Maintain glucose targets of 140

  to 180 mg/dl.
   4. Avoid hyperthermia. Maintain normothermia for all stroke patients.

  Treat fever with antipyretics and cooling blankets. Investigate the cause
  of fever.

  Neuroprotective and Neurorestorative Drugs.
  Prescribing neuroprotective and neurorestorative drugs in acute stroke is a 

subject of physcian discretion.
   1.  Cerebrolysin (Post hoc analysis shows favorable trend towards the more

  severe stroke, NIHSS > 12)
   2. Neuroaid (Neuroaid treatment was associated with signifi cant reduction in

  the risk of recurrent vascular events)
   3. Citicholine (It appears to be more benefi cial in patients aged > 70 years,

  patients with moderate stroke NIHSS < 14 and patients not treated with
  rt-PA) 

Neuroprotection
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Selection of Patients for Surgical and Non Surgical Management of ICH

Candidates for Immediate Surgery

  Patients with Age < 70 years
  For > 70 years: No major surgery involving hematoma evacuation; surgery is 

limited to shunt diversion procedures only.

Lobar Hematomas

 Infratentorial: Removal of hematoma is indicated if 
  a. hematoma volume > 10 ml
  b. presence of hydrocephalus
  c. IVth ventricular distortion
  d. GCS > 5

 Supratentorial: Removal of hematoma is indicated if 
  a. Temporal bleed is > 20ml 
  b. Lobar  hematoma  > 30 ml
  c. Ganglionic hematomas: Removal if hematoma volume > 50ml
   (For ganglionic hematomas, direct surgical evacuation is 

required and in selected cases, only shunt diversion procedure 
should be performed. In the later, serial CT scan is required. 
Any evidence of hematoma warrants immediate hematoma 
evacuation)

  d. Especially a young patient deteriorating from hemorrhage 
(reduction in baseline GCS >1 with biochemical parameters 
excluded)

  e. GCS > 5

 Primary/Secondary Intraventricular Hemorrhage with moderate to severe 
hydrocephalus requires EVD

  Thrombolysis is indicated if one of the lateral ventricles is fi lled with hematoma, 
or both halves of ventricles are fi lled with hematoma or if both ventricles are fi lled 
with hematoma.  

  May administer Ateplase 1-mg every 8 hours to a maximum of 4 days, each 
administration is followed by locking the EVD drainage for one hour. Serial 
neuroimaging is required to monitor the resolution. Tenecteplase may also be 
used as alternative thrombolysing agent.

  Endoscopic clot removal is an alternative to intraventricular thrombolysis

Surgical Management of Acute Stroke
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  Neurosurgery should be considered in patients with a structural lesion (AVM, 
cavernous angioma) if there is chance for good outcome and the vascular lesion 
is surgically negotiable.

Non Surgical Candidates

  Patients with small hemorrhages or minimal neurological defi cits
  GCS < 5, except in cerebellar hemorrhage with brainstem compression

Criteria for Patient Selection for Hemicraniectomy

Patients presenting with severe hemispheric stroke syndrome/hemiplegia, forced eye 
deviation and ipsilateral head deviation, contralateral negelect and progressive decline 
in level of consciousness usually within 48 hrs.

  Infarct volume > 50% of MCA territory/ 145 cu cm
  Patients 65 years and below
  GCS > 5 or NIHSS > 15 (non dominant) and > 20 (dominant)
  Premorbid mRS < 3

Exclusion Criteria

  Terminal illness
  Signifi cant comorbidities (cardiac, pulmonary, renal, hematological, etc)

Emergency Hemicraniectomy is indicated for those who meet above criteria and with 
early signs of herniation (asymmetry in pupil size) midline shift (> 10 mm at septum 
pallicidum and > 5mm of pineal shift).

Early Hemicraniectomy (within 48 hrs) has better survival and morbidity rates.

Pre-Surgical and Surgical Management

  If hemicraniectomy is offered, withhold anti-coagulants and anti-platelets until 
deemed safe post-procedure.

  For adequate external decompression, the size of the bone fl ap removed should 
ideally be 12 cm (anterior-posterior) by 9 cm (superior-inferior), combined with 
duraplasty.

  Temporal lobectomy may be considered during the procedure, at the 
neurosurgeon’s discretion. If performed, tissue should be submitted for 
neuropathological examination.

  The bone fl ap should be placed in a subcutaneous abdominal pouch or stored in 
the bone bank.
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Post-Surgical Management

  Admit the patient to an intensive care unit, preferably the neuro ICU.
  Once appropriate, a protective helmet should be worn until the bone fl ap is 

replaced.
  The bone fl ap should be replaced as soon as the patient can tolerate the surgery, 

preferably within 12 weeks, unless the patient develops intercurrent infections or 
other complications requiring delay.

Adjunctive Therapy

  General management: raised intracranial pressure require special attention 
to pain relief, avoidance of noxious stimuli, proper head positioning, adequate 
oxygenation, maintenance of normothermia, and prevention of DVT. Avoid oral or 
gastric feedings if the patient is likely to go to surgery imminently.

  Hyperventilation: a temporary measure to reduce ICP if signs of brain herniation 
develop. Should be avoided unless other measures are exhausted and there is a 
plan to proceed immediately to surgery.

  Osmotic therapy 
  Invasive ICP monitoring (subarachnoid screw or bolt) is not required to 

determine suitability for decompressive surgery. An external ventricular drain 
should be considered if brain imaging shows evidence of acute hydrocephalus. 
It may be useful to monitor the ICP post-operatively if there is concern that the 
decompression was insuffi cient.
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Neurodiagnostic Examinations

  NCCT scan should be done and interpreted immediately. Hyperdense blood in 
the basal cisterns is usually diagnostic, but parenchymal clot in the temporal or 
basal frontal, and intraventricular hemorrhage are also suggestive of a ruptured 
aneurysm. Sensitivity of CT scan depends on the timing of imaging in relation to 
ictus from hemorrhage.

  Cerebral angiography is the gold standard in determining the cause of SAH. 
Early catheter angiography should be performed in good and poor grade cases of 
SAH. If the initial angiogram is negative, a repeat cerebral angiogram should be 
performed after 2 weeks.

  Good quality Computerized Tomographic Angiography (CTA) or Magnetic 
Resonance Angiography (MRA) are acceptable options to catheter angiography 
in the following situations: 

  • poor grade patients, 
  • when angiogram cannot be performed in a timely fashion or
  • as follow up when initial angiogram is negative.
   (Refer to section on neuroimaging in acute stroke)
  Lumbar tap with CSF analysis in the absence of focal neurological signs is 

strongly recommended if cranial CT scan is negative or is unavailable. Multiple 
specimens (at least 3 tubes) should be collected to rule out traumatic tap. Opening 
pressures should be measured. CSF spectroscopy is diagnostic.

SAH Grading (refer to appendix)

General Symptomatic Treatment

  Absolute bed rest in a quiet, comfortable environment is recommended. Limit 
visitors until aneurysm has been secured.

  Monitor neurovital signs closely, including cardiac and pulmonary status.
  Start soft diet for alert patients, nasogastric tube (NGT) feedings if with impaired 

consciousness, but keep on nothing per orem (NPO), if there is planned immediate 
intervention.

  Give analgesics for headache. Avoid aspirin and other NSAIDS.
  Give gastrointestinal prophylaxis for stress gastritis. Use proton pump inhibitors 

or H2 blockers.
  Give anti-emetics for nausea and vomiting.
  Maintain euthermia. May give antipyretics and use cooling blankets.
  Maintain euglycemic status.
  Give sedatives for restlessness or agitation.
  Give stool softeners.

Subarachnoid Hemorrhage
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  Start DVT prophylaxis using pneumatic compression devices, if available, or thigh 
high anti-embolic stockings for unsecured aneurysms.

(Withhold subcutaneous LMWH or unfractionated heparin until aneurysm has been 
secured.)

Early Specifi c Treatment

  Calcium Channel Blockers:
  Nimodipine 60mg every 4 hours by mouth or via NGT for 21 days is recommended. 
  AEDs: Prophylactic AEDs may be considered in the immediate post-hemorrhagic 

period. Long term AEDs are generally not recommended but may be considered 
in patients at higher seizure risk such as: patients with prior seizures, parenchymal 
hematoma, infarct, or middle cerebral artery aneurysms.

  Anti-fi brinolytic agents are not recommended. Although they reduce the risk of 
rebleeding, they are associated with higher rate of cerebral ischemia.

  Managed increased ICP. Ensure proper patient positioning with 30 degree head 
of bed position to facilitate adequate venous outfl ow.

  BP Management: Use IV nicardipine to a target SBP of < 150 mmHg in the 
preoperative phase (unsecured aneurysms).

  Avoid using large amounts of hypotonic fl uids. Maintain euvolemic to slightly 
hypervolemic status.

  Manage hyponatremia.
  Steroids: Corticosteroids have no proven role and are not recommended for use 

in SAH.

Prevention and Management of Vasospasm

  Monitoring: Serial transcranial doppler (TCD) study is recommended for the 
diagnosis and management of vasospasm. Other newer modalities such as 
CT and MRI perfusion studies are helpful in the detection and management of 
ischemia.

  Triple-H Therapy (hypervolemia, induction of hypertension, and hemodilution) 
is a reasonable approach for the management of symptomatic vasospasm after 
aneurysm has been secured although a universal treatment protocol is still 
lacking.

  Treatment with intravenous magnesium sulfate and statins (simvastatin and 
pravastatin) is safe and can help reduce cerebral vasospasm based on preliminary 
studies.

  Endovascular angioplasty (chemical ± mechanical) is an effective way of 
managing vasospasm. Intervention has to be performed early before clinical 
signs suggesting irreversible infarction are noted.
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Treatment of SAH

Obliteration of the aneurysm as soon as possible is the treatment. This can be achieved 
through surgical clipping or endovascular coiling.

Timing of surgery
  Early surgery is ideally performed within 72 hours from ictus and late surgery 

usually ≥ 10-14 days post SAH.

  (perfrom late surgery only if there is no vaso spasm on TCD and the patient is 
neurologically stable)

  Indications:
 • Early, immediate surgery is recommended for good to moderate grade 
  (Hunt and Hess or WFNS grades I-III) aneurysmal SAH patients to minimize
  the chance of a devastating rebleed.
 • For poor grade patients (Hunt and Hess or WFNS Grades IV-V), early surgery
  is recommended in the presence of:
    Hematoma
    Hydrocephalus
 • Surgery may be delayed in the presence of:
    Ischemia or infarction
    Severe angiographic / TCD vasospasm
 • Advanced age (elderly) is not a contraindication for early surgical management
  in the absence of organ failure.

Coiling

  Can be performed early in both good and poor grade patients.
  Reduces the rate of rebleeding for poor grade patients who would otherwise be 

treated conservatively.
  Vasospasm is not a contraindication and can be dealt with endovascular coiling 

and administration of drugs.
  Can be performed under local anesthesia if needed.

Where to Admit

SAH patients should be admitted at the Acute Stroke Unit or Intensive Care Unit. In the 
absence of an ASU/ICU, patients may be placed in a quiet, regular room with very close 
monitoring.
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Indications of Clipping vs Coiling

  Factors Favoring Clipping 
  • 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

  Factors Favoring 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
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Hyperacute or Acute Ischemic Stroke

  Step 1: NCCT scan of head (To exclude intracranial hemorrhage)
  If no intracranial hemorrhage is present, assess for early signs of ischemia:
  • Early signs of ischemia:
    Hyperdense MCA sign
    Obscuration of lentiform nucleus
    Sulcal effacement with loss of grey white differentiation
    Insular ribbon sign
    Hypoattenuating brain tissue
  Step 2: MRI Brain: Includes T1, T2, FLAIR, DWI, T2*W sequences (includes 

GRE/SWI sequences) + 3D TOF MRA (including the circle of Willis and the Neck 
vessels).

Note: DW images are very sensitive and specifi c for the detection of hyperacute and 
acute infarctions, with a sensitivity of 99% and a specifi city of 92%

  Step 3: CT perfusion/ MR perfusion study.
  • Imaging should not delay administration of IV thrombolysis, in patients who

 are potential candidates for IV thrombolysis as “time is brain”. If NCCT does
 not show signs of intracranial hemorrhage and the candidate is potential for
 intravenous thrombolysis then MR perfusion study is done in the same setting.
 If MR perfusion study is not available then CT Perfusion is done to assess for
 the ischemia and infarction.

  • CT Angiography of the circle of Willis and the neck vessels is performed
 in  the same setting with CT perfusion study to detect any vascular stenosis or
 occlusion present. 

Intracerebral Hemorrhage

  Step 1: CT can accurately document the location of the hemorrhage and the 
presence of mass effect, ventricular extension and hydrocephalus. 

  In hypertensive ICH, a repeat NCCT scan after 24 hours of ictus is recommended 
especially in cases showing clinical deterioration to document hematoma 
enlargement and/or development of hydrocephalus.

  Computation of hematoma volume (modifi ed Khotari method) that is fairly 
demonstrable

  CT scan and MRI T2 appear to have equal effi cacy documenting acute intracranial 
hemorrhage (ICH).

  Step 2: In suspected cases of AVM, aneurysm or tumor bleed, a contrast CT and 
or CTA or MRI/MRA of the head may be warranted.

Neuroimaging in Acute Stroke
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Subarachnoid Hemorrhage

  Step 1: NCCT of the head is strongly recommended as the initial procedure for 
diagnosis.

  The diagnostic yield of CT goes down from 92% within the fi rst 24 hours to 50% 
within 7 days of onset.

  Step 2: CT scan should be followed by CT angiography.
   DSA is the gold standard to study cerebral vessels. Its is recommended if CT 

angiography is negative. A negative DSA should be followed up by repeat DSA 
after 2 weeks.
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Following BP goals should be achieved and maintained in acute stroke:

Primary Intracerebral Hemorrhage

  Monitor and maintain SBP of about 140-160 mmHg or MAP of about 110 mmHg

Unsecured Aneurysmal SAH

  SBP < 150 mmHg in the pre operative (unsecured aneurysm) phase seems to be 
reasonable. 

  SBP of < 220 mmHg in post operative (secured aneurysm) phase can be 
maintained if there is ongoing vasospasm.

Acute Ischemic Stroke

  Allow ‘permissive hypertension’ during the fi rst week to ensure adequate CPP but 
ascertain cardiac and renal protection.

  Treat if SBP > 220 mmHg or DBP > 120 mmHg or MAP>130 mmHg.
  Defer emergency BP therapy if MAP is within 110-130 or SBP=185-220 mmHg or 

DBP=105-120 mmHg, unless in the presence of acute MI, congestive heart failure, 
aortic dissection, acute pulmonary edema, acute renal failure and hypertensive   
encephalopathy.

  Treat with small doses of IV antihypertensives patients who are potential 
candidates for rtPA therapy who have persistent elevations in SBP > 185 mmHg 
or DBP > 110 mmHg. Maintain BP just below these limits.

  Use intravenous anti-hypertensives in acute stroke (Refer to table: Intravenous 
Antihypertensive Drugs, Pg: 32)

Recommendations for ICP Monitoring in Raised ICP

  Maintain CPP 50-70 mmHg 
  Treat ICP > 25 mmHg 

Recommendations for Arterial hypotension in Acute ischemic stroke

  Baseline SBP < 100 mmHg or DBP < 70 mmHg is associated with higher rates of 
neurological worsening, poor neurological outcomes and death.

  Cause of arterial hypotension should be sought (aortic dissection, volume 
depletion, blood loss, and decreased cardiac output  or arrhythmia)  

  Correct hypovolemia with normal saline and treat arrhythmias to optimize cardiac 
output

  Available vasopressor agents include dopamine, dobutamine and 
phenylepinephrine and adrenaline.

Blood Pressure Management in Acute Stroke
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  Goals-optimize CBF, CPP and CMRO2
  Prevent brain edema/ ICP increment 
  Patient with history of stroke frequently have co-existing vascular disease and 

multiple vessel involvement including coronary arteries.
  Other co-morbidities: hypertension, diabetes, alcoholic, under haemostatic 

medications.
  Chronic hypertension shifts the cerebral autoregulation curve to the right.
  CPP should be maintained above 50 mmHg to prevent celebral ischemia.
  Target hemodynamic goals
  • IBP
  • CVP
  • CPP
  (Refer to section of BP management in acute stroke)
  Airway control : RSI technique with sellick's maneuver
  Anaesthetic agents
  • Induction agents - propofol, thiopental, midazolam (avoid ketamine)
  • Volatile agents - sevofl urane > isofl urane > desfl urane (<1 MAC)
  • Muscle relaxants - atracurium, vecuronium, rocuronium (avoid suxamethonium)
  To blunt the sympathetic surge : lignocaine, esmolol, dexmedetomidine
  • Optimal positioning to decrease ICP and brain swelling :
  • reverse trendelenburg 15-20o

  • supine > prone
  • sitting position - risk of VAE and paradoxical embolism
  • avoid extreme neck fl exion
  Pressure points padding
  Monitoring :
  • ECG
  • CVP
  • IBP
  • EEG
  • ICP
  • Core temperature
  Maintenance of anaesthesia : TIVA > inhalation technique
  Avoid N2o
  Emergence - systemic HTN, pain, nausea/vomiting to be managed.
  Postoperative ICU care and mechanical ventilation.

Neuroanaesthetic Concerns

For Intracranial Hematoma Evacuation and 
Decompressive Hemicraniectomy



36

References

1. Ramani, Ramachandran. “Neuroanesthesia update.” Current Opinion in Anesthesiology 25.5 
(2012): 513-515.

2. Hirsch, Nick. “Advances in neuroanaesthesia.” Anaesthesia 58.12 (2003): 1162-1165.

3. Davies, Rhys, and Mary McLoone. “Anaesthesia for neurosurgery.”Anaesthesia & Intensive 
Care Medicine 8.10 (2007): 427-430.



APPENDIX



38

The presence of any of the following should alert the physician to consider 
conditions other than stroke

 1. Pure hemifacial weakness including forehead (Bell’s palsy)
 2. Gradual progressive course and insidious onset
 3. Weakness with atrophy
 4. Isolated dizziness or vertigo
 5. Recurrent seizures
 6. Fever prior to onset of symptoms
 7. No vascular risk factor
 8. Recurrent headaches (migraine, tension-type headache)
 9. Trauma
  
Conditions that can mimic stroke in the emergency department or clinics

 1. Seizures
 2. Brain tumor
 3. Subdural hematoma
 4. Hypertensive encephalopathy
 5. Dementia
 6. Positional vertigo
 7. Toxic-metabolic
 8. Cardiac
 9. Syncope
 10. Systemic infection
 11. Demyelinating disease
 12. Parkinsonism
 13. Myasthenia gravis
 14. Trauma
 15. Herpes encephalitis
 16. Transient global amnesia
 17. Conversion disorder
 18. Cervical spine fracture

Stroke Mimickers
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Glasgow Coma Scale (GCS)

modifi ed Rankin Score (mRS)

The scale runs from 0-6, running from perfect health without symptoms to death.

  0 - No symptoms.
  1 - No signifi cant disability. Able to carry out all usual activities, despite some 

symptoms.
  2 - Slight disability. Able to look after own affairs without assistance, but unable to 

carry out all previous activities.
  3 - Moderate disability. Requires some help, but able to walk unassisted.
  4 - Moderately severe disability. Unable to attend to own bodily needs without 

assistance, and unable to walk unassisted.
  5 - Severe disability. Requires constant nursing care and attention, bedridden, 

incontinent.
  6 - Dead.

Commonly Used Scales in Management of 
Acute Stroke

1 2 3 4 5 6

Eye Does not 
open eyes

Opens eyes 
in response to 
painful stimuli

Opens eyes 
in response 
to voice

Opens eyes 
spontaneously

N/A N/A

Verbal Makes no 
sounds

Incomprehensible 
sounds

Utters 
inappropriate 
words

Confused, 
disoriented

Oriented, 
converses 
normally

N/A

Motor Makes no 
movements

Extension to 
painful stimuli 
(decerebrate 
response)

Abnormal 
fl exion to 
painful 
stimuli 
(decorticate 
response)

Flexion/
Withdrawal to 
painful stimuli

Localizes 
painful 
stimuli

Obeys 
commands
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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

ICH Score Risk

0 0%

1 13%

2 26%

3 72%

4 97%

5 100%

6 100% (estimated)

GCS score indicates GCS score on initial presentation (or after resuscitation); ICH 
volume, volume on initial CT calculated using ABC/2 method; and IVH, presence of any 
IVH on initial CT.

30 Day Mortality Rate Based on ICH Score

Intra Cerebral Hemorrhage Score (ICHS)
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Hunt and Hess (H&H)

The H&H scale describes the severity of subarachnoid haemorrhage, 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

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
  • localised clots and/or layers of blood > 1 mm in thickness

  Grade 4
  • intracerebral or intraventricular blood (± SAH)
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World Federation of Neurosurgical Societies (WFNS)

The WFNS grading system uses the Glasgow Coma Scale and presence of focal 
neurological defi cits to grade the severity of subarachnoid haemorrhage. 

Grading

  Grade 1
  • GCS 15

  Grade 2
  • GCS 13-14 without defi cit

  Grade 3
  • GCS 13-14 with focal neurological defi cit

  Grade 4
  • GCS 7-12 

  Grade 5
  • GCS <7

The presence or absence of a focal neurological defi cit is used to distinguish between 
grades 2 and 3. The scale refl ects that the biggest determinant of mortality is conscious 
state, whilst the predictor of morbidity is the presence of hemiparesis or aphasia 

NIHSS

The National Institutes of Health Stroke Scale, or NIH Stroke Scale (NIHSS) is a tool 
used by healthcare providers to objectively quantify the impairment caused by a stroke. 
The NIHSS is composed of 11 items, each of which scores a specifi c ability between a 
0 and 4. For each item, a score of 0 typically indicates normal function in that specifi c 
ability, while a higher score is indicative of some level of impairment. The individual 
scores from each item are summed in order to calculate a patient’s total NIHSS score. 
The maximum possible score is 42, with the minimum score being a 0.
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NIH Stroke Scale
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Fig. 1: Aphasia

Fig. 2: Dysarthria

Ask the patient to describe what is
happening on the picture and name items.

Ask the patient to read or repeat words 
from the list.

MAMA
TIP – TOP
FIFTY – FIFTY
THANKS
HUCKLEBERRY
BASEBALL PLAYER
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