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The range of treatments available for acute ischemic stroke has
expanded considerably in recent years. In general the timing of
various therapeutic interventions is limited to the evolution of the
ischemic process. There is a great deal of emerging evidence that
may suggest that the duration of the ischemic penumbra varies
considerably from patient to patient. This may depend upon factors
such as the underlying mechanism of ischemia and the rate of
recanalization. There is evidence that the ischemic penumbra may
persist for upto 48 hrs after stroke onset, but in some cases, it
may be as short as 3 hours or less. The concept of “time is brain”
is generally a good one, regardless of the intervention planned.

EMERGENCY ROOM
I.  Recognition : Prompt and accurate diagnosis of stroke in the
emergency  is of paramount importance. The questions that need
to be answered immediately are :1.Is it a stroke?; 2. Where is the
lesion?; 3.What is the likely underlying pathogenic mechanism?
It has been demonstrated by a number of authors that the
sensitivity, specificity and accuracy for early stroke diagnosis
using clinical criteria only are low. This can be improved
considerably with the assistance of neuroimaging, particularly
CT to identify cerebral hemorrhage and MRI using diffusion –
weighted imaging (DWI) to identify the site of infarction. Stroke
patients usually present with a history of sudden or rapid onset
of focal neurological impairments common patterns of focal
neurological impairments amongst patients with acute ischemic
stroke are given in  Table –1.

Table - 1  Common patterns of neurological impairments
among patients with AIS

Left (dominant) hemisphere – major or branch cortical infarction :
· Aphasia, ·  Right Hemiparesis, ·  Right – sided sensory loss,
· Right – sided spatial neglect, ·  Right homonymous hemianopia ,
· Impaired right conjugate gaze,
Right (nondominant) hemisphere – major or branch cortical
infarction :
·   Left hemiparesis, ·  Left – sided sensory loss, ·Left – sided spatial neglect,
·  Left homonymous hemianopia, ·   Impaired left conjugate gaze,
Deep (subcortical) hemisphere or brain stem
·  Hemiparesis (pure motor stroke) or sensory loss (pure sensory stroke),·
Dysarthria, including dysarthria – clumsy hand ,· Ataxic – hemiparesis,·No
abnormalities of cognition, language or vision,

Brain stem
·   Motor or sensory loss in all 4 limbs, ·  Crossed signs (signs on same side
of face and other side of body) ,·Dysconjugate gaze,  ·   Nystagmus, ·   Ataxia
,·   Dysarthria, ·   Dysphasia,
Cerebellum  · Ipsilateral limb ataxia,  ·Gait ataxia,

Investigations : The recommended set of investigations is listed
in Table – 2.

Table - 2    Investigations for acute ischemic stroke

Minimum set
· Computed tomography (non contrast); ·  Electrocardiography;
· Full blood examination; · Electrolytes; ·  Coagulation

profile;
· Blood glucose; · Chest x – ray;
Patient – specific tests
· Magnetic resonance imaging/ angiography; ·  Extracranial
Doppler ultrasound; · Transcranial Doppler ultrasound;
· Transthoracic or transesophageal echocardiography; · Lipids;
· Cardiac enzymes; · Blood gases; · Screen for arteritis;
· Genetic tests; · Electroencephalography;

These investigations should be performed as quickly as possible
in the emergency department so that baseline, information about
the patient can be obtained. A noncontrast CT needs to be
performed as soon as possible to exclude cerebral hemorrhage. In
many centers, MRI will be performed on all pts, although CT
remains the imaging “work – horse” of stroke investigation. Further
imaging using ultrasound of extracranial carotid arteries when artery
to artery embolism is suspected as a mechanism and Transcranial
Doppler ultrasound may be useful as a screen in the posterior
circulation for large vessel disease or to confirm the hemodynamic
status of the carotid system by demonstrating the presence or
absence of cross – flow from one hemisphere to the other. Using
MRA or CTA if available, occlusion of the main vessels can be
reliably detected within a few minutes. Similarly, if embolism is a
suspected mechanism, and carotid arteries are essentially normal
transesophageal echocardiography may be indicated to determine
the presence or absence of aortic arch atheroma as a potential
embolic source. Cardiac enzymes and blood gases may provide
useful information if a cardiac source of embolism is suspected or
respiratory compromise is observed. An EEG may be indicated if
the nature of the event, particularly in the presence of a pre
existing ischemic stroke, is unclear.
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Table - 5  The Regimen for treatment of acute ischemic stroke
with IVRTPA is given below

1. Infuse 0.9 mg/ kg (maximum of 90 mg) over 60 minutes with 10%
of the dose given as a bolus dose over 1 minute).

2. Admit to an intensive care unit or stroke unit for monitoring.
3. Perform neurological assessments every 15 minutes during the

infusion of rt PA and every 30 minutes for the next 6 hours and
then every hour until 24 hours from treatment.

4. If the patient develops severe headache, acute hypertension, nausea
or vomitings, discontinue the infusion (if agent is still being
administered) and obtain a CT scan of brain on an emergent basis.

5. Measure blood pressure every 15 minutes for the first 2 hours,
every 30 mins for the next 6 hrs & then every hour until 24 hour
from treatment.

6. Increase the frequency of blood pressure measurements if a systolic
blood pressure ³ 180 mmHg or diastolic pressure of ³ 105 mm Hg
is recorded. Administer antihypertensive medications to maintain
blood pressure at or below these levels.

7. If diastolic BP 105 – 120 mmHg or systolic BP is 180 – 230
mmHg, Intravenously administer 10 mg labetalol over 1 – 2 minutes.
May repeat or double the dosage or labetalol every 10 to 20
minutes to a maximum dose of 300 mg. As an alternative, can start
with the initial bolus dose of labetalol and then follow with a
continuous labetalol infusion given at a rate of 2 – 8 mg/min.

8. If diastolic BP 121-140 mm Hg or systolic blood pressure >
230mm Hg. Intravenously administer 10 mg labetalol over 1-2
minutes. May repeat or double labetalol every 10 minutes to a
maximum dose of 300 mg. As an alternative, can start with the
initial bolus dose of labetalol and then follow with a continuous
labetalol infusion given at a rate of 2 – 8 mg/ min. if the blood
pressure is not controlled, consider starting infusion of sodium
nitroprusside.

9. If diastolic blood pressure > 140 mmHg, start infusion of sodium
nitroprusside at a rate of 0.5 mg/kg/min.

10. Delay placement of Nasogastric tubes, indwelling bladder catheters,
or intra – arterial pressure catheters.

Intravenous rtPA (0.9 mg/kg, maximum dose of 90 mg) is strongly
recommended for carefully selected patients who can be treated
within 3 hours of onset of ischemic stroke and carries a Grade A
recommendation. Intravenous administration of rtPA is currently
the only FDA – approved therapy for treatment of patients with
acute ischemic stroke. Earlier treatment (i.e; with in 90 minutes)
may be more likely to result in a favorable outcome. Treatment
with rtPA is associated with symptomatic intracranial hemorrhage,
which can be fatal (Level I). Management of intracranial
hemorrhage following treatment with rtPA is problematic. The
best methods for preventing bleeding complications are careful
selection of patients and scrupulous ancillary care. Close
observation and monitoring of the patient and early management
of arterial hypertension are critical. The use of anticoagulants and
antiplatelet agents should be delayed for 24 hours after treatment.
The decision for treatment with rtPA is based on several features.
The physician should review each of the criteria to determine the
patient’s eligibility. The safety and efficacy of rtPA for treatment

Specific Treatments : The current status of specific treatments
for acute ischemic stroke is given in Table - 3.

Table - 3 Specific treatment of acute ischemic stoke
Yes a

1. Tissue plasminogen activator within 3h; 2.Aspirin within 48h;
3. Management in stroke care unit;
May be
1. Neuroprotectants ;
No?
1. Heparin, heparanoids; 2. Hemodilution ; 3. Steroids ;
a  Level 1 evidence of efficacy in improving outcomes

There is Level evidence for use of tissue plasminogen activator
(rtPA) if it is given with in 3 hours of onset of acute ischemic
stroke in carefully selected patients; administration of oral aspirin
with in 48 hours of ischemic stroke onset and management with
in a stroke unit. Neuro protectants are still being evaluated,
although a large number of trials have reported negative results.
Approaches that have been subjected to clinical trials in an adequate
manner without any evidence of efficacy include the use of heparin
or heparinoids; hemodilution and steroids.
HYPER ACUTE THROMBOLYSIS WITH
RECOMBINANT TISSUE PLASMINOGEN
ACTIVATOR
Because rtPA must be administered within 3 hours of stroke onset,
based on current evidence, this usually is done more often in the
emergency department. The evidence for efficacy is strong and
fulfills the level I criteria. The hyperacute thrombolysis regimen
must follow the NINDS – rtPA protocol, given in Table – 4 & 5.

Table - 4  Characteristics of patients with ischemic stroke
who could be treated with RT-PA

· Diagnosis of Ischemic stroke causing neurological deficit
· The neurological signs should not be clearing spontaneously
· The neurological signs should not be minor and isolated
· Caution should be exercised in treating major deficits
· The symptoms of stroke should not be suggestive of subarachnoid hemorrhage
· Onset of symptoms < 3 hours before beginning treatment
· No head trauma or prior stroke in previous 3 months
· No myocardial infarction in the previous 3 months
· No G.I. or urinary tract hemorrhage in previous 21 days
· No major surgery in the previous 14 days
· No arterial puncture at a noncompressible site in previous 7 days
· No history of previous intracranial hemorrhage
· Blood pressure not elevated (systolic < 185 mmHg and diastolic <

110mmHg)
· No active bleeding or acute trauma (fracture) on examination
· No anti coagulant if INR is > 1.5
· If receiving heparin in previous 48 hours, aPTT must be in normal

range Platelet Count ³ 100 000 mm3

· Blood glucose concentration ³ 50 mg/ dL (2.7 mmol/L)
· No seizure with postictal residual neurological impairments
· CT does not show a multilobar infarction (hypodensity > 1/3

cerebral hemisphere)
· The patient or family understand the potential risks and benefits

from treatment
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of pediatric patients are not established. Patients with major
stroke (NIHSS score > 22) have a very poor prognosis whether
or not they are treated with rtPA.  Because of this, and because of
the risk of hemorrhage is considerable among this population,
caution should be exercised. However, they may still benefit from
treatment. A patient with a seizure at the time of onset of stroke
might be eligible for treatment as long as the clinician is convinced
that the residual impairments are due to stroke and not the seizure.
To date no other thrombolytic agent has been established as a safe
and effective alternative to rtPA. Currently available data do not
support the clinical use of either streptokinase or ancrod (Grade A).

Aspirin
There is equally strong evidence that the administration of aspirin
within 48 hours of onset of acute ischemic stroke improves
outcome. Again, the general principle that “time is brain” should
be adhered to and aspirin administered in the emergency department
rather than waiting until the patient is transferred to the stroke
unit. Overall, the benefit is somewhat small; for every 1000
patients treated only about 9 or 10 are saved from death or
disability. Where as, for every 7 or 8 patients treated with i.v
rtPA, one is saved from death or major disability. However,
because, it is widely available, and is associated with modest risk
(an increase of two intracranial hemorrhages per 1000 patients
treated), the approach is worthwhile and now is a part of standard
stroke management practice.

MANAGEMENT IN A STROKE UNIT
Stroke units vary in type ranging from high – dependency/ intensive
care models that are common in Germany and the USA to a lower
– impact ward – based model. Evidence from accumulated trails
suggest that the overall risk reduction in mortality is about 20%
compared to management on a general medical ward. There is
some evidence that a geographically discrete unit within one ward
is associated with better outcomes than either management at
home or by a mobile stroke service team visiting general wards.
The reasons for this improved outcome are not clear but probably
are related to better and more aggressive management of general
medical complication.
Better management of blood pressure and earlier mobilization may be
important. Because establishing a stroke unit in many instances involves
merely reorganizing existing resources, more countries should be encouraged
to increase the availability of these facilities.
GENERAL TREATMENT
RECOMMENDATIONS
There is general agreement to strongly recommend airway support
and ventilatory assistance in the treatment of patients with acute
stroke who have depressed levels of consciousness or airway
compromise.
Supplemental oxygen to hypoxic patients is also recommended.
Non hypoxic patients with acute ischemic stroke do not need
supplemental oxygen therapy. There are insufficient data about
the utility of hyperbaric oxygen to recommend this therapy for
most patients with stroke. Treatment of sources of fever and the
use of antipyretics to control elevated temperatures in the setting
of acute stroke are recommended. Induced hypothermia in acute

ischemic stroke is being investigated. Cardiac monitoring during
the initial evaluation of patients with acute ischemic stroke is
also recommended to detect artrial fibrillation and potentially
life – threatening cardiac arrhythmias.
A cautious approach is recommended towards the treatment of
arterial hypertension in the acute setting. Although the level of
arterial hypertension that mandates treatment is not known,
there is consensus that antihypertensive agents should be avoided
unless the systolic blood pressure is >220 mm Hg or the diastolic
blood pressure is  >120 mm Hg. Agents that have a short duration
of action and little effect on cerebral blood vessels are preferred.
Because some patients can have neurological worsening with
rapid lowering of the blood pressure, the use of sublingual
nifedipine and other antihypertensive agents causing precipitous
reductions in blood pressure should be avoided. Patients with
elevated blood pressure and who are otherwise eligible for
treatment with rt PA can have their blood pressure lowered
cautiously so that their systolic blood pressure is £ 185 mmHg
and their diastolic blood pressure is £ 110 mmHg. Because the
maximum interval from stroke onset until treatment of stroke is
short, most patients with sustained hypertension above
recommended levels cannot be treated with intravenous rt PA.
Hyperglycemia or hypoglycemia following stroke need to treated.
Until further data becomes available, a judicious approach to
management of hyperglycemia is recommended. By consensus,
a reasonable goal would be to lower markedly elevated glucose
levels to < 300 mg/ dL. Management of an elevated blood glucose
level following stroke should be similar to that given to treatment
of other acutely ill patients, who have hyperglycemia. Blood
glucose concentrations should be monitored. Intravenous
administration of glucose – containing solutions be avoided.
However, fluids and insulin should be administered if the blood
glucose concentrations are markedly elevated. Overly aggressive
therapy should be avoided because it can result in fluid shifts,
electrolyte abnormalities, amd hypoglycemia, all of which can be
detrimental to the brain.
TREATMENT OF BRAIN EDEMA &
INCREASED INTRACARNIAL PRESSURE
Brain edema and increased intracranial pressure largely occur
with occlusions of major intracranial arteries. Brain edema usually
peaks at 3 to 5 days after stroke. It usually is not a problem
within the first 24 hours of the ictus except among patients with
large cerebellar infarctions. Less than 10 % to 20 % patients
develop clinically significant edema that could warrant medical
intervention. Increased intracranial pressure also can result from
acute hydrocephalus secondary to obstruction of cerebrospinal
fluid pathways by a large cerebellar lesion.
The goals of management of brain edema are to :
1. reduce intra cranial pressure
2. maintain adequate cerebral perfusion to avoid worsening of

the brain ischemia, and
3. prevent secondary brain injury from herniation.
Initial care includes mild restriction of fluids. Hypo – osmolar fluids,
such as 5 % dextrose in water, may worsen edema. Factors that
exacerbrate raised intracranial pressure (eg, hypoxia, hypercarbia,



127 JIMSA April-June 2006 Vol. 19 No. 2

and hyperthermia) should be treated. The head of the bed can be
elevated by 20 to 30 degrees in an attempt to help venous drainage. An
elevation of the arterial blood pressure may be a compensatory response
to maintain adequate cerebral perfusion pressure in a patient with a
markedly elevated intracranial pressure. Antihypertensive agents,
particularly, should be avoided in this setting.  Patients with raised
intracranial pressure whose neurological condition is deteriorating can be
treated with hyperventilation, osmotic diuretics, drainage of CSF, or surgery.
The value of continuous intra cranial pressure monitoring in this population
has not been established.
Hyperventilation is an emergency measure that acts almost immediately:
a reduction of the PCO2 by 5 to 10 mm Hg can lower intra cranial pressure
by 25 % to 30 %. Hyper ventilation is a temporizing measure and should
be supplemented by another intervention to definitely control brain edema.
Conventional or large doses of corticosteroids have been tested in clinical
trials, but no improvement of outcomes after stroke was found. Although
furosemide or mannitol often are prescribed to treat cerebral edema after
stroke, no trials of these agents prove their value in improving outcomes
after stroke. An acute intravenous bolus of 40 mg of furosemide has been
used as an adjunct in the care of patients whose condition is rapidly
deteriorating, but it is not used in long – term care. Mannitol (0.25 to 0.5
g/kg) intravenously administered over 20 minutes lowers intracranial
pressure and can be given every 6 hours.
Hemicraniectomy has been advocated for malignant MCA infarction.
Ventriculostomy and suboccipital craniectomy especially in concert with
aggressive medical therapies, appear to be effective in relieving
hydrocephalus and brain stem compression caused by large cerebellar
infarctions.
The management of patients with acute ischemic stroke is multifaceted
and indications for specific therapies vary among patients. There is strong
evidence that outcomes after stroke can be improved and that death or
disability from stroke can be reduced with appropriate treatment.
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