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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

To day, worldwide stroke is the second most com-
mon cause of death after coronary heart disease (CHD)1

and accounts for 4.38 million deaths annually with al-
most three million of those in developing countries.  Most
strokes are not fatal2 and consequently mortality data
underestimate the true global burden of stroke which is
chronic disability3.    Estimates of the incidence of stroke
come from a number of population based epidemio-
logic studies.  One of the largest studies to examine the
incidence of vascular disease including stroke is the
Oxford Vascular Study (OXVASC) in which >91,000 in-
dividuals were followed over a 3-year period in
Oxfordshire, United Kingdom (UK).   The rate per 1000
population per year of first-ever incident cerebrovascu-
lar events was 2.27 (95% CI 2.09–2.45) which was higher
than event rates in the coronary and peripheral vascular
beds4,5 (Table I). Event rates rose steeply with age with
80% of strokes occurring in the 14% of the study popula-
tion aged 65 and older.

The last two decades have witnessed promising
therapies for treating acute stroke that will be reviewed
here.  There remains though an underutilization of acute
therapies with well established evidence of efficacy e.g.
intravenous treatments such as intravenous (IV) recom-

binant tissue plasminogen activator (tPA) for acute is-
chemic stroke (AIS) patients.  Only a small number of
eligible stroke patients are treated with fibrinolytics.  For
example in Canada, it is estimated that the proportion of
ischemic stroke patients eligible for IV tPA (i.e. present-
ing within 3 hours from stroke onset) is as high as 35%5

while only 1.4% of patients receive IV tPA therapy.6  Cost,
fear of the risk of complications and a general nihilist
attitude accounts for the most common reason for the
lack of uptake for utilization of this important stroke
therapy.

Nomenclature, definitionsNomenclature, definitionsNomenclature, definitionsNomenclature, definitionsNomenclature, definitions

We can divide Stroke broadly into either ischemic
or hemorrhagic types with ischemic strokes accounting
for the majority of stroke (>80%).7  The treatment of these
stroke subtypes is dramatically different and as a result,
one of the first steps in managing stroke patients is to
evaluate patients for the presence of haemorrhage.  Clini-
cal features of hemorrhagic and ischemic stroke over-
lap and thus hyperacute CT imaging is essential to make
the correct diagnosis.

We also further sub-divide ischemic strokes
on clinical findings and the results of investigations
in subtypes.  The value of identifying stroke subtype
is that identifying the most likely mechanism of
vessel occlusion helps guide early treatment and
subsequent investigations.  The Trial of Org 10172
in Acute Stroke Treatment (TOAST) criteria is one of
the most widely employed classification systems for
ischemic stroke.8  Ischemic stroke, based on the
presumed pathophysiological mechanism of occlu-
sion are subdivided into small vessel occlusion (lacune),
large artery atherosclerosis (embolus or thrombosis)
and cardioembolic.  The TOAST criteria also recognizes
that a proportion of ischemic stroke will remain crypto-
genic in etiology or will result from some combination of
mechanisms or other causes such as dissection or a
vasculitis.
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ABSTRACT

Cerebrovascular disease is the second most common cause of death and leading cause of acquired disability.
The approach to management has in general been nihilistic. Most patients are offered supportive care and despite
evidence for the efficacy of excellent therapies that can significantly improve outcomes, very few individuals actually
benefit from such advances. This review highlights some of the recent advances in the management of acute
ischemic stroke. We also present evidence for optical supportive care that should be offered to all patients who suffer
from this devastating disease.
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MANAGEMENT OF ISCHEMIC STROKEMANAGEMENT OF ISCHEMIC STROKEMANAGEMENT OF ISCHEMIC STROKEMANAGEMENT OF ISCHEMIC STROKEMANAGEMENT OF ISCHEMIC STROKE

There are several aspects to the management of
acute ischemic stroke that can be broadly reviewed in

 INCIDENCE OF FIRST AND RECURRENT STROKE COMP INCIDENCE OF FIRST AND RECURRENT STROKE COMP INCIDENCE OF FIRST AND RECURRENT STROKE COMP INCIDENCE OF FIRST AND RECURRENT STROKE COMP INCIDENCE OF FIRST AND RECURRENT STROKE COMPARED TO ISCHEMIC HEARTARED TO ISCHEMIC HEARTARED TO ISCHEMIC HEARTARED TO ISCHEMIC HEARTARED TO ISCHEMIC HEART
DISEASE AND PERIPHERAL VASCULAR DISEASE IN OXFORD VASCULAR STUDYDISEASE AND PERIPHERAL VASCULAR DISEASE IN OXFORD VASCULAR STUDYDISEASE AND PERIPHERAL VASCULAR DISEASE IN OXFORD VASCULAR STUDYDISEASE AND PERIPHERAL VASCULAR DISEASE IN OXFORD VASCULAR STUDYDISEASE AND PERIPHERAL VASCULAR DISEASE IN OXFORD VASCULAR STUDY

POPULATION.POPULATION.POPULATION.POPULATION.POPULATION.55555 REPRODUCED FROM DONNAN AND COLLEAGUES REPRODUCED FROM DONNAN AND COLLEAGUES REPRODUCED FROM DONNAN AND COLLEAGUES REPRODUCED FROM DONNAN AND COLLEAGUES REPRODUCED FROM DONNAN AND COLLEAGUES1010101010 WITH PERMISSION WITH PERMISSION WITH PERMISSION WITH PERMISSION WITH PERMISSION

Total number* Rate† (95% CI)

Cerebrovascular Events

Ischemic stroke 550 2.01 (1.85–2.19)

Intracerebral haemorrhage 41 0.15 (0.11–0.20)

Subarachnoid haemorrhage 27 0.10 (0.07–0.14)

Transient ischemic attack 300 1.10 (0.98–1.23)

All Events 918 3.36 (3.14–3.58)

Coronary vascular Events

Sudden cardiac death 163 0.60 (0.51–0.7)

STEMI 159 0.58 (0.49–0.68)

N-STEMI 316 1.16 (1.03–1.29)

Unstable angina 218 0.80 (0.70–0.91)

All coronary events 856 3.13 (2.93–3.35)

Peripheral vascular Events

All events 188 0.69 (0.59–0.79)

STEMI=ST-segment elevation acute myocardial infarction. N-STEMI=non-ST-segment elevation acute myocar-
dial infarction. *Number of events during 3 years. †Number of events per 1000 population per year.

Table I

the context of prehospital care, emergency management
and long term care. This review will focus on issues
related to the acute care only.

PREHOSPITAL CAREPREHOSPITAL CAREPREHOSPITAL CAREPREHOSPITAL CAREPREHOSPITAL CARE

Neurological damage begins early after an arte-
rial occlusion. Thus the treatment of acute stroke is ex-
quisitely time sensitive and the speed and accuracy of
evaluating and managing patients is important of opti-
mizing patient outcomes.  The phrase “time is brain”
was adapted from the acute coronary care literature
(“time is muscle”)9 to emphasize that stroke is a treat-
able neurological emergency and that brain tissue is
rapidly and irretrievably lost as stroke progresses.  It
has been estimated based on data extrapolated from
experimental studies of ischemic stroke that with each
minute that passes there is a loss of 1.9 million neu-
rons.10 Accordingly, timely reperfusion of ischemic brain
is the goal of most acute stroke therapies.

With the development of reperfusion therapies for
acute stroke, there has been an increased focus on de-
veloping prehospital pathways to identify stroke patients
in the field, initiate appropriate prehospital therapies,

Fig. 1. Model estimating odds ratio for favourable out-
come at 3 months in rt-PA-treated patients com-
pared with controls by OTT.  Adjusted for age,
baseline glucose concentration, baseline
NIHSS measurement, baseline diastolic blood
pressure, previous hypertension, and interac-
tion between age and baseline NIHSS mea-
surement.  (From Lancet 2004;363:768-774)
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and ensure transport hospital capable of treating stroke.11

The narrow time window for the delivery of IV tPA re-
quires well-developed prehospital algorithms to ensure
that eligible patients are transported to hospital capable
of providing acute stroke care.    Presently, only about
half of patients with signs and symptoms of acute stroke
will use emergency medical services (EMS) to first ac-
cess medical care.12

EMERGENCY MANAGEMENTEMERGENCY MANAGEMENTEMERGENCY MANAGEMENTEMERGENCY MANAGEMENTEMERGENCY MANAGEMENT

As patients with an acute stroke have severe dis-
ability, the initial management often occurs in the emer-
gency department (ED) of hospitals.  A number of condi-
tions can mimic stroke including seizures, tumours, in-
fection, hypoglycaemia and other metabolic abnormali-
ties.  Stroke mimics are common and 13-31% of patients
initially diagnosed with acute stroke in the emergency
room were on discharge diagnosed with other condi-
tions.13,14  In addition to clinical assessment that includes
a neurological examination, a limited number of diag-
nostic studies are recommended including: blood glu-
cose, electrolytes, complete blood count with platelet
count, prothrombin time, activated partial thromboplas-
tin time, international normalized ratio, renal function
studies and a 12-lead ECG.15

All patients require early brain imaging to help
make decisions about the emergency management.  A
non-contrast-enhanced computer tomography (NCCT)
scan is recommended to exclude nonvascular causes
of neurological symptoms and identify brain
haemorrhage.  NCCT will often show early signs of brain
ischemia and identify arterial occlusion; however the
interobserver agreement for these early infarction signs
on NCCT is generally poor (   statistic range 0.14
to 0.78).16  NCCT (performed within 14 hours of
symptom onset) will reveal brain parenchymal
abnormalities in up to 94% of ischemic stroke patients17;

however, the sensitivity decreases at earlier time
points.

The sensitivity of magnetic resonance imaging
(MRI) with diffusion weighted susceptibility images (DWI)
is greater than NCCT for the detection of acute stroke
(83% vs 26%). DWI MRI sequences measures the de-
gree of free diffusion of water molecules.  With cerebral
ischemia and subsequent cytotoxic oedema, water dif-
fusion becomes restricted and will result in abnormal
DWI signal18 that can be seen within minutes of stroke
onset.19

Early infarction signs such as extent of brain pa-
renchymal hypoattenuation and hyperattenuated within
the intracranial artery within the affected hemisphere
increase the risk of poor functional outcome but do pre-
dict response to fibrinolytic therapy.16  Other than the
identification of intracerebral haemorrhage, no finding
on NCCT should preclude treatment of AIS patients with
tPA within 3 hours of symptom onset.

General Supportive CareGeneral Supportive CareGeneral Supportive CareGeneral Supportive CareGeneral Supportive Care

There is general agreement that ventilatory assis-
tance should be provided to patients with decreased
level of consciousness or bulbar dysfunction compro-
mising the airway.  Supplemental oxygen should be pro-
vided to prevent hypoxia but in general most stroke pa-
tients do not need or benefit from routine oxygen supple-
mentation.20,21

Hyperthermia is very common in the setting of an
acute stroke. Fever in the setting of acute stroke has
been consistently associated with stroke severity, infarct
size and poor neurological outcomes22-24 and should be
treated with antipyretics such as acetaminophen.  A few
of small trials of have examined whether prophylactic
antipyretic use improves clinical outcomes.  These stud-
ies have shown a small mean decrease in body tem-

ACUTE INTERVENTION STRATEGIES OF PROVEN BENEFIT WITH SUPPORTIVEACUTE INTERVENTION STRATEGIES OF PROVEN BENEFIT WITH SUPPORTIVEACUTE INTERVENTION STRATEGIES OF PROVEN BENEFIT WITH SUPPORTIVEACUTE INTERVENTION STRATEGIES OF PROVEN BENEFIT WITH SUPPORTIVEACUTE INTERVENTION STRATEGIES OF PROVEN BENEFIT WITH SUPPORTIVE
LEVEL I EVIDENCE.LEVEL I EVIDENCE.LEVEL I EVIDENCE.LEVEL I EVIDENCE.LEVEL I EVIDENCE.

Intervention Outcome RRR ARR NNT Reference

Stroke unit Death or dependency 9% (4-14%) 5.6% 18 (98)

Thrombolysis with 3 Minimal or no disability 30% 11-13% 7-9 (52)
hours of symptom onset at 3 months
(IV tPA)

ASA Recurrent stroke 24% 0.5% 200 (90)

Decompressive Survival with favourable 68% 51% 2 (110)
hemicraniectomy for outcome
malignant MCA infarct
(within 48 hours)

Legend: RRR=relative risk reduction, ARR=absolute risk reduction, NNT=numbers needed to treat,
IV tPA=intravenous tissue plasminogen activator, ASA=acetylsalicylic acid, MCA=middle cerebral artery

Table II

K



62KMJ 2009; Vol. 1, No. 2: 59-68

CURRENT MANAGEMENT OF ACUTE ISCHEMIC STROKE: AN EVIDENCE BASED REVIEW

C
K

C
K

C
K

C
K

perature in treated patients but without any clear benefit
on clinical outcomes.  There is both experimental and
clinical evidence to suggest that more aggressive low-
ering of body temperature (induced hypothermia) can
protect the brain after cardiac arrest.25  The value of in-
duced hypothermia in stroke is not yet established but is
the focus of ongoing investigations.

There is evidence from a number of studies that
the blood glucose may increase after an acute ischemic
stroke26 and has been associated with poor outcomes
and increased odds of symptomatic intracerebral
haemorrhage (OR=1.75 per 100 mg/dL increase in
admission glucose, 95% CI 0.61-0.95). In all stroke
patients, monitoring of blood glucose is recommen-
ded and persistent hyperglycaemia should be trea-
ted with insulin.  Hypoglycaemia can result in brain
injury and mimic stroke symptoms and should be cor-
rected as part of the emergency management of stroke
patients.

Management of Blood Pressure in acuteManagement of Blood Pressure in acuteManagement of Blood Pressure in acuteManagement of Blood Pressure in acuteManagement of Blood Pressure in acute
ischemic strokeischemic strokeischemic strokeischemic strokeischemic stroke

An increase in systemic blood pressure is a com-
mon occurrence in the setting of an acute stroke.  The
goal of blood pressure management in acute stroke is to
maximize perfusion to the ischemic penumbra while
minimizing the risk of hemorrhagic transformation.  Both
high and low blood pressures are associated with poor
outcomes27.  Data from the IST trial, showed that early
death increased by 17.9% for every 10 mmHg of systolic
blood pressure (SBP) below 150 mmHg and by 3.8% for
every 10 mmHg SBP above 150 mmHg suggesting a “U
shaped” curve.28  The optimal blood pressure in the set-
ting of an acute stroke remains poorly defined with little
clinical trial evidence to guide decisions about blood
pressure thresholds.  Current guidelines for blood pres-
sure management are largely empirically derived.15

Targets for the treatment of hypertension depend
on whether the patient is a potential candidate for fibrin-
olytic therapy.    A systolic blood pressure >185 mm Hg
or a diastolic blood pressure >110 mm Hg is a contrain-
dication to intravenous administration of tPA, which
is based on the criteria for the NINDS trial29 rather
than experimental data.  Patients with blood pressures
above this level should be treated prior to starting lytic
therapy.

There is a theoretical basis for not being overly
aggressive blood pressure lowering in the hyperacute
phase of ischemic stroke.  Cerebral blood flow (CBF) is
directly related to cerebral perfusion pressure (CPP)
which is defined as the difference between mean arte-
rial pressure (MAP) and venous pressure (which is gen-
erally negligible if no venous obstruction is present)30.
Normally with changes in MAP, CBF remains constant
as cerebrovascular autoregulation compensates by for
changes in cerebral blood flow by modulating vascular
resistance.

Cerebral autoregulation is disrupted by acute is-
chemia and subsequent tissue acidosis which in turn
leads to maximal vasodilatation.31 As a result with vas-
cular occlusion, overly aggressive treatment of blood
pressure could reduce CBF through stenotic and collat-
eral vessels and cause tissue in the ischemic penumbra
to progress to infarction.  This theoretical presumption is
supported by a small randomized trial that measured
CBF with single photon emission computed tomogra-
phy in acute stroke patients randomized to antihyper-
tensive therapy or placebo.32    In four stroke patients
that had decreases in blood pressure of greater than
16% there was an associated reduction in CBF seen.
Based on concerns about reducing blood flow to the
ischemic penumbra in acute stroke, patients not receiv-
ing tPA therapy should be treated with antihypertensive
medications only when blood pressure exceeds 220/
120 mm Hg15.  This blood pressure upper limit corre-
sponds to around a MAP of 150 mm Hg, which the nor-
mal upper limit of cerebral autoregulation.

In acute stroke, the need to permit elevated blood
pressures in order to maintain CBF (“permissive hyper-
tension”) needs to be balanced with the potentially harm-
ful effects of severe hypertension.  Acute blood pressure
elevation in stroke is thought to increase the risk of ICH
and may worsen cerebral oedema.  The benefits of early
BP reduction though have yet to be confirmed in large
clinical trials.  Only five trials and a total of 218 patients
were identified in a recent systematic review of blood
pressure alterations in acute stroke and the conclusion
was that data was too limited to assess the effect of BP
modulation on clinical outcomes.33

TTTTTreatment with intravenous Thrombolysisreatment with intravenous Thrombolysisreatment with intravenous Thrombolysisreatment with intravenous Thrombolysisreatment with intravenous Thrombolysis

Treatment with tissue plasminogen activator (tPA)
is the most significant advance in the management of
acute stroke during the last 15 years. Early vessel reca-
nalization and cerebral reperfusion is goal of most acute
stroke therapies and as it is the most effective means to
salvage penumbral tissue and improve clinical out-
comes.  A meta-analysis of pooled data from 53 studies
of acute stroke therapies that reported recanalization
rates, found that good functional outcomes at 3 months
were more frequent in recanalized vs non-recanalized
patients (odd ratio 0.24, 95% CI 0.16-0.35) with no dif-
ference in symptomatic haemorrhage.34

Currently the only approved and recommended
reperfusion therapy for acute ischemic stroke (AIS) is
thrombolysis with intravenous tPA administered within 3
hours of symptom onset.  Intravenous tPA was approved
for use in AIS by the US Food and Drug Administration in
1996 based partly on the National Institute of Neuro-
logic Disease and Stroke (NINDS) tPA Stroke Study.29 In
the study, 624 patients with ischemic stroke were treated
with placebo or tPA (0.9 mg/kg IV, maximum 90 mg; 10%
given as a bolus with the remainder given over 1 hour)
within 3 hours of symptom, onset and almost half of pa-
tients were treated within 90 minutes.  The NINDS study
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was conducted in two parts.  The primary endpoint in
part I, being neurological improvement in 24 hours as
indexed by an improvement of >4 points on the Na-
tional Institutes of Health stroke scale (NIHSS) or com-
plete neurological recovery.  Part II of the study used a
global test statistic to assess clinical outcome at three
months, with favourable outcome defined as a complete
or nearly complete neurological recovery.  The trial
showed no group difference in percentages of patients
with neurologic improvement at 24 hours.  At three
months, however, tPA treatment result in a 32% relative
(12% absolute) increase the proportion of patients with
minimal or no disability.29  The major risk of treatment
with tPA is symptomatic haemorrhage, which in the
NINDS trial occurred in the 6.4% of treated patients com-
pared to 0.6% in the placebo group.  Despite the in-
creased haemorrhage risk, there was no difference in
the three-month mortality between the tPA treated and
placebo groups (17% vs 20%, respectively).

The NINDS study has been criticized over con-
cerns that baseline imbalance in the randomization of
stroke severity between the tPA and placebo groups
might explain the benefit of tPA therapy rather than a
true effect of the drug.29  Subgroup analyses of the NINDS
Stroke trials have adjusted for baseline group differ-
ences and confirmed a beneficial treatment effect of IV
tPA.35,36 Post-hoc analyses of the NINDS data have shown
that while mild to moderate stroke (NIHSS < 20) and
patients younger than 75 year old had the best progno-
sis although these clinical features did negate the ben-
efit of tPA therapy when given within three hours of on-
set.37 The ECASS III trial recently showed that the win-
dow of time in which tPA can safely be offered to stroke
patients may in fact be as long as 4.5 hours.38 It is how-
ever important to know that the treatment is most effec-
tive if offered very early after onset of symptoms.

Intra-Arterial ThrombolysisIntra-Arterial ThrombolysisIntra-Arterial ThrombolysisIntra-Arterial ThrombolysisIntra-Arterial Thrombolysis

Endovascular methods of achieving vessel reca-
nalization in AIS include mechanical and pharmaco-
logic approaches.39  Intra-arterial (IA) delivery of fibrin-
olytic agents offers the potential advantage of more rapid
removal of thrombus compared to intravenous ap-
proaches as agents are infused at high concentration in
close proximity to site of occlusions with a microcatheter
system.  IA therapies, at least in theory, may expand the
time window for reperfusion therapy by reducing or elimi-
nating systemic exposure to fibrinolytic agents.

The only randomized trial to assess the efficacy
and safety of IA fibrinolytic therapy was the Prolyse in
Acute Cerebral Thromboembolism Trial (PROACT-II).40

In PROACT-II, 180 patients with acute stroke of less than
6 hours and angiographically confirmed occlusion of
the MCA were randomized to receive IA recombinant
prourokinase (r-proUK) plus heparin or heparin alone.
The primary outcome was the proportion of patients with
mild or no neurologic disability at 90 days.  Based on an

intention to treat analysis, 40% of r-proUK treated pa-
tients had good outcomes, which was significantly bet-
ter than the 25% of control patients.  Rates of partial or
full recanalization were also markedly higher in the r-
proUK group than controls (66% versus 18%).  Mortality
rates were around 25% for both groups.  Symptomatic
haemorrhage rates were however higher in the r-proUK
patients compared to controls (10% vs 2% respectively).

The results of the PROACT II trial were considered
insufficient to obtain US Food and Drug Administration
approval and a confirmatory phase III trial was never
completed.  The results of the PROACT II trial have been
extrapolated to support the intra-arterial use of tPA and
to urokinase (UK) which is similar in structure to the r-
proUK prodrug.  The only other randomized trial data of
IA fibrinolytics comes from the recently published MELT
trial.41  In this study, conducted in Japan prior to the
availability of IV tPA, ischemic stroke patients present-
ing within 6 hours were randomized to IA UK or placebo.
The trial was halted prematurely largely over ethical
concerns about the randomization once IV tPA was ap-
proved for use in Japan.

In addition to pharmacologic approaches to reca-
nalization there has been a number of endovascular
approaches to treat intracranial or extracranial occlu-
sions that do not involve the delivery of fibrinolytics (see
Molina and Saver42 for review).  Mechanical approaches
include emergency angioplasty and stenting, mechani-
cal disruption and extraction of the clot.  At present, the
only FDA approved devices approved for the
revascularization of patients with AIS secondary to large
vessel occlusive disease are the Merci Retriever device
(Concentric Medical) and the Penumbra System (Pen-
umbra Inc) aspiration catheter.   While these devices
have been shown to achieve high rates of recanaliza-
tion when used in AIS, randomized controlled trials show-
ing that these devices improve clinical outcomes have
not yet been completed.  As a result, at present the use
of these mechanical devices while promising are prima-
rily limited to the setting of clinical trials.

The treatment of acute stroke with endovascular
therapies suffers a number of important limitations that
prevent their widespread adoption. Endovascular pro-
cedures requires substantially more infrastructure sup-
port, skilled neurointerventionalists are not widely avail-
able, treatment is limited to more proximal vessel occlu-
sions, and time to initiate therapy is longer than IV fibrin-
olysis.  From 1999-2001 in the US the number of acute
stroke patients receiving IV fibrinolytics was approxi-
mately 10 times that of patients treated with IA therapies
(0.6% and 0.07%, respectively).43  Current guidelines
recognize the value of IA fibrinolysis as a treatment op-
tion for patients with major anterior circulation stroke
within 6 hours of symptom onset and up to 24 hours for
vertebrobasilar occlusion.  IA treatments should not take
precedence over the administration of IV tPA to eligible
patients.
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AnticoagulantsAnticoagulantsAnticoagulantsAnticoagulantsAnticoagulants

Anticoagulation therapy is used very frequently
after an acute ischemic stroke. There is however, no
evidence that anticoagulation with either unfractionated
or low molecular weight heparin (LMWH) reduces the
rate of recurrent stroke, improves neurological outcomes,
or can be either along with or in place of IV tPA.  The
largest study of anticoagulation in AIS was the Interna-
tional Stroke Trial (IST).44  This trial was a randomized,
open-label trial, which compared the safety and efficacy
of ASA and subcutaneous heparin (5000 or 12,500 IU)
in 19,435 patients.  Neither heparin regimen offered any
clinical advantage over ASA.  The higher dose of hep-
arin was associated with an excess of morbidity and
mortality.  Post hoc analysis of the IST data examined
stroke patients with atrial fibrillation and presumed car-
diac embolism.  Even in this subgroup of patients, the
absolute risk of recurrent stroke in the first 14 days was
relatively low (3.9%) and that there was no net benefit to
use of heparin.45  Other trials have similarly found no
benefit emergent anticoagulation for AIS outside of pre-
vention of deep vein thrombosis and pulmonary embo-
lism.46

Antiplatelet AgentsAntiplatelet AgentsAntiplatelet AgentsAntiplatelet AgentsAntiplatelet Agents

ASA has been evaluated for the treatment of AIS
in two large randomized controlled trials (CAST and IST)
and one smaller trial (MAST).47,44,48 In the CAST trial per-
formed in China, 21106 patients with acute ischemic
stroke were randomized within 48 hours to ASA or pla-
cebo. There was a small but significant reduction in
mortality amongst ASA allocated patients (RRR=14%,
ARR=0.6%) and patients treated with ASA had signifi-
cantly fewer recurrent strokes than patients in the pla-
cebo arm (1.6% vs 2.1%, respectively). ASA was associ-
ated with slightly more (0.2%) recurrent hemorrhagic
strokes but this did not affect overall mortality as ASA
patients were less likely to be dead or dependant at
discharge (11.4 fewer per 1000). These data when
pooled with the IST and MAST trials show that for every
1000 acute stroke patients treated, ASA causes about
two hemorrhagic strokes but prevents about 11 other
strokes or deaths in hospital.49  Based on these results,
ASA is recommended within 24 hours to 48 hours of
stroke onset provided there are no strong
contraindications, and hemorrhagic stroke has been ex-
cluded.  In patients treated with fibrinolytic therapy, ASA
should not be given in the first 24 hours.  ASA should
also not be considered a substitute other acute inter-
ventions for stroke as the benefit of IV tPA given within 3
hours of symptom onset is an order of magnitude greater
than of ASA.  The numbers needed to treat (NNT) to
achieve a one better outcome is approximately 3.1 with
IV tPA compared to >100 for ASA.50

NeuroprotectionNeuroprotectionNeuroprotectionNeuroprotectionNeuroprotection

The development of neuroprotective therapies that
attenuate the cascade of pathophysiological events that

occur with ischemia in acute stroke has been disap-
pointing.  A large number of neuroprotective agents have
been developed based on animal models of focal is-
chemia all have failed in the translation to clinical prac-
tice.51  Most recently, the results of a large trial using
NXY-059 were reported.  NXY-059 is a free radical trap-
ping agent that was extensively tested in animal models
of focal ischemic stroke.52   The initial clinical trial sug-
gested the drug was safe and effective in improving stroke
outcomes53 but a subsequent phase III trials found no
evidence of efficacy.54  Currently there is no effective
neuroprotective therapy but several clinical trials are
testing new agents.

Preventing Early ComplicationsPreventing Early ComplicationsPreventing Early ComplicationsPreventing Early ComplicationsPreventing Early Complications

Stroke Care UnitsStroke Care UnitsStroke Care UnitsStroke Care UnitsStroke Care Units

The intervention that perhaps has the greatest
potential to improve outcomes of stroke patients is the
establishment of specialized stroke care units (SCU). A
recent Cochrane analysis pooled data from 31 trials and
a total of 6936 patients examining the benefits of routine
management of stroke patients in SCUs.55  Stroke pa-
tients that received organized care in a SCU had signifi-
cantly lower odds of being dead or dependant at followup
(OR= 0.79, 95% CI 0.71 to 0.88) than patients receiving
care on general medical wards.  Subgroup analysis
showed that stroke patients benefit regardless of sex,
age, or stroke severity.56  Stroke units, while not as po-
tent an intervention as tPA therapy, can have a much
larger impact on a population level as almost all stroke
patients can benefit.  Based data extrapolated from a
community based epidemiological study, it is estimated
that the establishment of SCUs has the potential to pre-
vent death and disability for 50 patients per 1000 strokes
compared to six per 1000 for tPA treatment and four per
1000 with ASA therapy.57

The precise components of an SCU that account
for the benefit in functional outcomes are not well delin-
eated.  It is established that SCUs that occupy a sepa-
rate physical space are associated with better outcomes
than care provided by mobile stroke teams in general
wards.58 Likely interventions that are important for im-
proved outcomes include early mobilization, better blood
pressure control, and prevention of complications such
as deep venous thrombosis through closer adherence
to current evidence based guidelines.  All stroke pa-
tients should be admitted to SCUs.  Stroke units ideally
should be geographically distinct, with well-defined pro-
tocols that address common problems such as early
mobilization, screening for dysphagia, treatment of in-
fections with antibiotics, and subcutaneous administra-
tion of anticoagulants for DVT prophylaxis.

VVVVVenous Thromboembolismenous Thromboembolismenous Thromboembolismenous Thromboembolismenous Thromboembolism

Venous thromboembolism is an important cause
of morbidity in stroke patients.  The risk of venous throm-
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boembolism in patients with AIS approaches that of sur-
gical patients and without thromboprophylaxis, about
20% of patients will develop pulmonary embolus (PE)
and 1-2% stroke patients will have a fatal PE.
Unfractionated heparin is associated with an 81% re-
duction in deep vein thrombosis and 58% reduction in
PE with a small increased risk of hemorrhagic transfor-
mation of the infarct.59 The recently completed PREVAIL
trial showed that thromboprophylaxis with low molecu-
lar weight heparin may further reduce the risk of venous
thromboembolism by 43% compared to unfractionated
heparin; however, most (95%) of the DVT detected in the
trial were asymptomatic.60  Current guidelines recom-
mend thromboprophylaxis for all ischemic stroke pa-
tients with anticoagulants although there is still contro-
versy about whether low molecular weight heparin or
unfractionated heparin is superior.

Acute Neurologic ComplicationsAcute Neurologic ComplicationsAcute Neurologic ComplicationsAcute Neurologic ComplicationsAcute Neurologic Complications

Many patients with ischemic stroke will worsen
during the first 24-48 hours after stroke onset.  The main
neurologic causes of early worsening are the develop-
ment of intracerebral haemorrhage, development of
space occupying cerebral oedema, and less commonly
seizures.  The risk of hemorrhagic transformation of is-
chemic stroke is increased with fibrinolytic drugs, anti-
coagulation or antiplatelet agents.  Haemorrhage after
ischemic stroke can be petechial which is often asymp-
tomatic or result in hematoma formation that increases
intracranial pressure and results in neurological decline.
There are currently no proven therapies for the treat-
ment of hemorrhagic transformation.  Seizures occur in
about 3% of stroke patients within the first 24 hours.61

Prophylactic anticonvulsant therapy is not recom-
mended.

One to ten percent of patients with supratentorial
infarction will develop life-threatening, space occupy-
ing brain oedema (“malignant infarction”) usually in the
second to fifth day after stroke.62  The prognosis of pa-
tients with malignant middle cerebral artery (MCA) terri-
tory infarctions is poor with mortality rates of around
80%63 and no effective medical therapy. There is an ac-
cumulating evidence from three European randomized
trials (DECIMAL, DESTINY and HAMLET) that suggests
that decompressive surgery improves functional out-
comes in patients with malignant MCA infarction.64-66

Pooled data from these 3 trials showed that patients in
the decompressive surgery group (treated within 48
hours, mean age 45) were more likely than controls to
have favourable outcomes (75% vs 24%; pooled abso-
lute risk reduction 51% [95% CI 34–69]) and survived
their stroke (78% vs 29%; 50% [CI 33–67]).67  Favourable
outcome in these trials was defined as moderate to mod-
erately severe disability. Surgery in these trials was per-
formed within 48 hours of stroke onset and the NNT for
survival with a moderate deficit was four. These results
highlight that decompressive hemicraniectomy in-
creases survival but at a cost of more survivors with at

least moderate deficits.  The timing of surgery and the
clinical characteristics of patients’ most likely to benefit
are stil l not well established.  Decompressive
hemicraniectomy is usually reserved for younger pa-
tients and after discussion about the potential outcomes,
including survival with moderate to severe disability.

The only other clear indication for surgery in acute
stroke is for space occupying cerebellar infarction. In
about 11-25% of cerebellar stroke the oedema becomes
space occupying within the posterior fossa and brain
stem compression and acute obstructive hydrocephalus
results.68  The indications for surgical intervention in
cerebellar strokes are a decreased level of conscious-
ness and/or clinical signs of brainstem compression.
The management involves the insertion of an external
ventricular drain (EVD) and/or suboccipital decompres-
sive craniectomy; however the optimal procedure is con-
troversial.69  While the efficacy is not supported by clini-
cal trials, case series have established decompressive
surgical evacuation of space-occupying cerebellar inf-
arction as a potentially life-saving procedure.
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