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Thrombolytics have the potential to reduce dis-
ability of acute ischaemic stroke patients with-
out increasing mortality, if patients are carefully
selected.Per 1000 patients treated 110–150 less will
be disabled.

Intravenous thrombolysis with recombinant
tissue plasminogen activator (rt-PA) given within
3 hours after stroke onset has been shown to reduce
the rate of long-term-disability significantly.

The clinical benefit of intraarterial thromboly-
sis in acute stroke patients with M1 or M2 occlu-
sion of the middle cerebral artery, when performed
up to six hours of symptom onset,has recently been
proved in a randomised trial. In addition, several
case series indicate that intraarterial thrombolysis
and intravenous thrombolysis can be administered
safely in clinical practice and improve clinical out-
come when the occluded vessel is recanalised.

In acute stroke due to basilar artery occlusion
intraarterial thrombolysis is a therapeutic option at
longer time intervals in specialist stroke centres.
Several series of patients with basilar artery occlu-
sion suggest that intraarterial thrombolysis has the
potential to enhance the chances of basilar artery
recanalisation and improve clinical outcome. In
some of these studies, using various thrombolytic
agents and intervals to treatment, an association
between vessel recanalisation and clinical outcome

was described. The percentage of patients with a
favourable functional clinical outcome is more than
50% when early recanalisation of the basilar artery
can be achieved and very low when the artery re-
mains occluded.

To date, no randomised controlled trial has
compared intraarterial thrombolysis and intra-
venous thrombolysis. Intraarterial thrombolysis
has several advantages: arteriography assesses 
the complete vessel status and collateral circu-
lation.The thrombolytic medication can be applied
directly into the thrombus.Vessel recanalisation as
well as reocclusion are visualised directly, and in 
the case of rapid recanalisation, the infusion of 
the thrombolytic drug can be stopped before the
maximum dose is applied. If pharmacological
thrombolysis cannot be achieved, mechanical re-
canalisation procedures like thrombus perforation,
thrombaspiration or percutaneous transluminal
angioplasty are alternative or adjunctive strategies.
In addition, mechanical recanalisation can some-
times be timesaving and achieved within a few
minutes and faster than pharmacological reopen-
ing of the vessel.

Limitations of intraarterial thrombolysis in-
clude the potential risk of arteriography, the 
time delay due to diagnostic arteriography and 
that it can only be applied at institutions with an
experienced interventional neuroradiology team.
Bleeding represents a hazard as with intravenous
thrombolysis.

Another major advantage of intraarterial
thrombolysis is the extended time window up 6
hours compared to the 3 hours of intravenous
thrombolysis.Therefore, intraarterial thrombolysis
increases the number of patients who are eligible
for thrombolysis. Nevertheless, campaigns and
protocols for early referral to stroke centres and 
a standardised treatment algorithm are urgently
needed. Educational programs for both the physi-
cians and the public have the potential to increase
the percentage of patients admitted to stroke cen-
tres within the time window for thrombolysis.
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Introduction 

Stroke is the third leading cause of death and the
main cause of adult disability and ranks second 
as a cause of dementia in industrialised countries.
In the last decade, with the administration of
thrombolytic agents, treatment of patients with
acute ischaemic stroke has been revolutionised.
Intravenous thrombolysis with recombinant tissue
plasminogen activator (rt-PA) has been shown 
to significantly reduce the rate of long-term-dis-
ability in acute stroke patients treated within 
3 hours of symptom onset [1]. However, the
majority of stroke patients are not eligible for
intravenous thrombolysis because of the short time
window. Local intraarterial thrombolysis involves
selective administration of the fibrinolytic agent
directly in the occluded cerebral artery.The clinical
benefit of intraarterial thrombolysis in acute stroke
patients with M1 or M2 occlusion of the middle
cerebral artery within up to six hours of symptom
onset has recently been proved in a randomised
placebo-controlled trial [2].

In the light of these encouraging results, acute
stroke has become a medical emergency involving
more and more intensive care facilities.This review
will focus on the benefit and limitations of early
intraarterial reperfusion strategies and the role of
critical care in acute stroke patients.

Intraarterial thrombolysis in the posterior 
circulation

Acute basilar artery occlusion is a serious condi-
tion that often leads to a severe disability or death
[3, 4]. Before the area of thrombolysis, mortality
rates of up to 90% were reported. No randomised
trials comparing conventional treatment with intra-
arterial thrombolysis have been performed until
today. However, since the late 1980s several case
series have suggested that intraarterial thrombo-
lysis has the potential to improve basilar artery
recanalisation and clinical outcome [5–7]. In some
of these studies, using various thrombolytic agents
and time intervals to treatment, an association
between vessel recanalisation and clinical outcome
was described. The percentage of patients with a
favourable functional clinical outcome varies be-
tween 20 and 35% (table 1) [5–11]. In the light of
these results, in many European centres intra-
arterial thrombolysis is the treatment of choice 
in acute stroke due to basilar artery occlusion.
However, intraarterial thrombolysis requires that
the patient is admitted to an experienced stroke
institution with access to cerebral arteriography
and interventional neuroradiology.Therefore,both
ASA and EUSI recommend that this therapeutic
option should be done only as an experimental
therapy in specialist stroke centres [12, 13].

In our series we reported 40 patients with acute
stroke following basilar artery occlusion treated
within 12 hours of symptom onset [10]. The aver-
age time from symptom onset to thrombolysis was
5 hours 30 minutes. Complete or partial recanali-
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Literature review of thrombolysis in basilar artery occlusion: recanalisation and clinical outcome.

source patients, n, maximal time partial or complete favourable outcome, survival, 
treatment window recanalisation, n (%) n (%), (measured with) n (%)
modalities

Hacke et al. [5] 43 (i.a.) >72 hours 19 (44%) 10 (23%) 14 (33%)
no, minimal or 
moderate deficit

Zeumer et al. [6] 28 (i.a.) not indicated 21 (75%) 10 (35%) 18 (64%)
(mean, 8 hours) able to walk

Becker et al. [8] 12 (i.a.) 48 hours 9 (75%) 3 (25%) 3 (25%)
minimal deficit

Brandt et al. [7] 42 (i.a.)/9 (i.v.) 48 hours 26 (51%) 10 (20%) 16 (31%)
Barthel ≥ 95

Cross et al. [9] 24 (i.a.) 82 hours not indicated 6 (25%) 9 (38%)
mRS ≤ 2

Arnold et al. [10] 40 (i.a.) 12 hours 32 (80%) 14 (35%) 23 (58%)
mRS ≤ 2

Huemer et al. [11] 16 (i.v.) 7 hours 10 (62%) 3 (19%) 5 (31%)
not fully dependent

mRS indicates modified Rankin scale Score; i.a. = intraarterial; i.v. = intravenous.

Table 1



sation of the basilar artery was achieved in 80% of
the patients. Clinical outcome after three months
was favourable (mRS ≤ 2) in 35%, 41% of the
patients died. Low baseline NIHSS (National In-
stitute of Health Stroke Scale) score on admission
and vessel recanalisation were independent pre-
dictors of a favourable outcome. Only one of 15 pa-
tients with coma and tetraplegia before intraarter-
ial thrombolysis recovered to an mRS grade 2 or
less.However, in a series of Wijdicks et al.2 patients
with locked-in syndrome during several hours
before intraarterial thrombolysis recovered fully
after successful thrombolysis [14]. Therefore, in 
our opinion, patients with coma, quadriplegia and
high NIHSS scores should not be excluded from
intraarterial thrombolysis, although a poor out-
come is more likely. The decision to give or to
withhold intraarterial thrombolysis to such pa-
tients remains a matter of debate, and in such cases
diffusion and perfusion MRI may be helpful to

decide for or against [15]. However, the benefit of
this approach has to be proven by further studies.

Figure 1 shows pre- and post-treatment angio-
grams and MRI of a successful intraarterial throm-
bolysis in a 48-year-old woman.

Intraarterial thrombolysis in the anterior 
circulation

In the early 1980s case series of intraarterial throm-
bolysis in the anterior circulation with promising
results were reported [16]. In 1999 a randomised
trial showed significant clinical benefit of intra-
arterial recombinant prourokinase in acute stroke
patients with M1 or M2 segment occlusion of the
middle cerebral artery up to 6 hours from symptom
onset [2]. Intraarterial thrombolysis restored ves-
sel patency at least partially in two thirds of the
patients with middle cerebral artery occlusion. In
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Angiography of a 48-year-old woman with basilar artery 
occlusion before (a) and after (b) successful intraarterial
thrombolysis. The basilar artery is completely recanalised 
after thrombolysis. Two days later T2-weighted MRI shows
small ischaemic right-sided cerebellar lesions (c). The patient
had no residual symptoms after 3 months.

a b

c

Figure 1



the placebo group partial or complete vessel re-
canalisation rate was only 18%. Mortality at three
months was 25% in the recombinant prourokinase
group and 27% in the control group. Symptomatic
intracerebral haemorrhage occurred in 10% of the
patients treated with intraarterial thrombolysis and
low dose heparin and in 2% given low dose heparin
and placebo. The high bleeding rate in the treat-
ment group may be explained by the fact that only
patients with M1 or M2 segment occlusion of the
middle cerebral artery mostly with severe pre-
treatment neurological deficits (median NIHSS
score 17) were included in this study. At three
months 40% of prourokinase patients and 25% of
controls had no significant disability (modified
Rankin score 2 or less; p = 0.04).To date no second
randomised trial has confirmed these results.
Therefore, intraarterial thrombolysis is not yet
FDA approved. The European Stroke Initiative
(EUSI) states that intraarterial thrombolysis of
acute middle cerebral artery occlusion with prou-
rokinase in a 6-hour time window results in im-
proved outcome (level of evidence II) [12]. How-
ever, the American Stroke Association (ASA) is
more conservative [17].The members of the stroke
council of the American Stroke Association men-
tioned in recent guidelines for the early manage-
ment of patients with ischaemic stroke that physi-
cians with expertise in endovascular therapy are
using intraarterial techniques to treat patients with
acute ischaemic stroke secondary to occlusion of
large intracranial arteries including the basilar or
middle cerebral arteries [13]. They added that
intraarterial thrombolysis is an option for treat-
ment of selected patients with major stroke of 
<6 hours’ durations due to large vessel occlusions
of the middle cerebral artery. However, they stated
that it should be recognised that intraarterial
thrombolysis is not FDA approved. Further, the
drug (recombinant prourokinase) tested in the
referenced prospective randomised trial of intra-
arterial thrombolysis is not available for clinical
use. Therefore, extrapolation to the available
thrombolytic drugs (rtPA in the USA, rtPA and
urokinase in some European countries) is based 
on consensus as supported by case series data.

From May 1992 to December 2003 289 patients
with acute stroke were treated with intraarterial
thrombolysis using urokinase at our institution.
Results of 100 patients with middle cerebral artery
occlusion, 24 patients with internal carotid artery
T-occlusion and 32 patients with basilar artery
occlusion have been published earlier [10, 18, 19].
Indirect comparisons with the results of rando-
mised trials showed favourable results in patients
with middle cerebral artery occlusion indicating

that intraarterial thrombolysis may be safe and
effective also in routine clinical practice, being
aware that differences in patient selection and
vessel territories involved limit comparison with
randomised trials. The percentage of favourable
outcome and the mortality in our patients with
middle cerebral artery occlusion treated within 
6 hours of symptom onset is similar to the NINDS
trial, despite earlier treatment (within 3 hours of
symptom onset) in NINDS and similar baseline
stroke severity. Even when the M1 or M2 segment
of the middle cerebral artery was occluded, 59% 
of the patients had no significant disability after 
3 months [18]. The partial or complete recanalisa-
tion rate of M1 or M2 occlusions was 79%, which
is higher than in PROACT II (66%) and higher
than after intravenous thrombolysis (48%) or in
the spontaneous course (24%) [20]. The higher
proportion of patients that regained functional
independence compared with the PROACT II
study might be explained by the lower median
baseline NIHSS score of our patients (14 versus 
17) and the shorter average time to treatment 
(234  versus 320 minutes). In addition, the lower 
age (59 versus 64 years) favoured our patients.
Moreover, mechanical disruption of the clot, in
addition to pharmacological thrombolysis, was
performed in some of our patients leading to a
higher recanalisation rate than in PROACT II.
These promising results have to be confirmed by
randomised trials.

In patients with carotid T-occlusion the prog-
nosis is usually poor, even when intraarterial
thrombolysis is performed. The results of the most
important case series are summarised in table 2 [19,
21–26]. Of our 24 patients with carotid T-occlusion
only 4 patients (17%) had a favorable outcome
(mRS ≤ 2) after three months and 10 patients (42%)
died. Sufficient collaterals and age <60 years were
the only predictors of favourable clinical outcome
[19].

Advantages and limitations of intraarterial
thrombolysis

Until today, no randomised controlled trial com-
paring intraarterial thrombolysis with intravenous
thrombolysis has been performed. The benefit of
intravenous thrombolysis was proven in a large
randomised trial with rt-PA administered within 
3 hours of symptom onset [1].Furthermore,a meta-
analysis including the NINDS trial and the two
large European thrombolysis studies (ECASS I,
ECASS II) showed a clear benefit of intravenous
thrombolysis during a maximal time window of 
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3 hours [27]. Per 1000 patients treated 110–150 less
will be disabled. Based on these results rt-PA was
approved by the US Food and Drug Administra-
tion (FDA) and the European Medicines Evalua-
tion Agency (EMEA) for the treatment of acute
ischaemic stroke within 3 hours of symptom onset.
Some patients may benefit from intravenous
thrombolysis even after 3 hours of symptom onset,
however, American and European agencies have
not approved this use of rt-PA [28]. Therefore, the
narrow time window is a limitation for the use of
intravenous thrombolysis in clinical practice [29].
Intraarterial thrombolysis can be administered
with a time interval from symptom onset to treat-
ment of up to 6 hours in patients with M1 or M2
segment middle cerebral artery occlusions. In our
institution 20% of all acute stroke patients were
treated with intraarterial thrombolysis. In addition,
intraarterial thrombolysis has several advantages.
Arteriography gives information on the vessel
status and collateral circulation; the thrombolytic
medication can be applied directly into the throm-
bus; vessel recanalisation as well as reocclusion is
visualised; and in the case of rapid complete re-
canalisation, the infusion of the thrombolytic 
drug can be stopped before the maximum dose is
applied. If pharmacological thrombolysis cannot
be achieved,mechanical recanalisation procedures
like thrombus perforation, thrombaspiration and
percutaneous transluminal angioplasty are possi-
ble alternative or adjunctive strategies.

Limitations of intraarterial thrombolysis are the
potential risk of arteriography, the time delay due
to diagnostic arteriography and that it can only be

applied at institutions with an experienced inter-
ventional neuroradiology service. However, the
acute management by organised stroke teams has
the potential to improve door-to-needle times [30].

Another potential approach is combined intra-
venous/intraarterial thrombolysis [31,32].The idea
of this treatment is to give a part of the thrombo-
lytic drug immediately after CT scan and then to
proceed to intraarterial thrombolysis with injection
of the remaining thrombolytic drug directly into
the clot. However, further trials are required 
to prove the clinical benefit of this combined
approach.

Indications and contraindications for intra-
arterial thrombolysis 

Most stroke centres with experience in intraarterial
thrombolysis use indications and contraindications
similar to the PROACT II protocol [2]. Because
recombinant prourokinase is neither available on
the US nor the European market, agents used
include urokinase and rt-PA in Europe and rt-PA
in the USA.

According to the PROACT II protocol intra-
arterial thrombolysis can be performed if (1) new
focal signs in the middle cerebral artery distribu-
tion allowing initiation of intraarterial thrombo-
lysis within 6 hours of symptom onset are pre-
sent; (2) baseline NIHSS score is >4 points, except
for isolated heminanopia and aphasia; (3) age is 
18 to 85 years; (4) occlusion of the M1 or M2
segment of the middle cerebral artery is visualised
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Literature review of thrombolysis in carotid T-occlusion: recanalisation and clinical outcome.

source patients, n, partial complete favourable outcome
treatment recanalisation, recanalisation, or survival, n (%), 
modalities n (%) n (%) (measured with)

Zeumer et al. [21] 14 (i.a.) 13 (93%) not indicated 2 (14%)
able to walk

Sasaki et al. [22] 2 (i.a.)/8 (i.v.) 6 (60%) 2 (20%) 2 (20%)
clinical improvement

Bollaert et al. [23] 5 (i.a.) 1 (20%) 1 (20%) 1 (20%)
Barthel >60

Jansen et al. [24] 16 (i.a.)/16 (i.v.) not indicated 4 (12.5%) 4 (12.5%)
mRS ≤ 3

Urbach et al. [25] 12 (i.a.) 1 (8%) 4 (33%) 4 (33%)
Barthel >90

Kucinski et al. [26] 19 (i.a.) 6 (32%) 1 (5%) 10 (55%)
survival

Arnold et al. [19] 24 (i.a.) 15 (63%) 0 (0%) 4 (17%)
mRS ≤ 2

mRS indicates modified Rankin scale Score; i.a. = intraarterial; i.v. = intravenous.

Table 2



on arteriography. The most important exclusion
criteria of the PROACT II protocol were as 
follows: (1) NIHSS score >30; (2) spontaneous
rapidly improving neurological signs; (3) history 
of stroke within the previous 6 weeks; (4) seizure
at symptom onset; (5) clinical presentation sugges-
tive of subarachnoidal haemorrhage; (6) previous
history of intracranial haemorrhage; (7) neoplasm;
(8) subarachnoidal haemorrhage; (9) septic embo-
lism; (10) suspected lacunar stroke; (11) surgery,
biopsy of a parenchymal organ, trauma with inter-
nal injuries or lumbar puncture within 30 days;
(12) head trauma within 30 days; (13) active or
recent haemorrhage within 30 days; (14) known
hemorrhagic diathesis; (15) baseline international
normalised ration (INR) >1.7 or activated partial
thromboplastin time more than 1.5 times normal or
platelet count less than 100 � 109/L (100 � 103/µL);
(16) known contrast sensitivity; (17) uncontrolled
hypertension (>180 mm Hg systolic or >100 mm Hg
diastolic); (18) intracranial tumours on CT scan
except small meningioma; (19) haemorrhage on 
CT scan; (20) significant mass effect with midline
shift and early CT signs of ischaemia in more than
one third of the middle cerebral artery territory 
on CT scan.

The role of intensive care medicine in acute
stroke patients

Patient selection

The main reason for admission of stroke patients
to the intensive care units are post interventional
treatment after pharmacological or mechanical
thrombolysis, clinical deterioration, disturbance 
of consciousness, requirement of intubation and
mechanical ventilation,seizures,myocardial infarc-
tion and cardiac arrhythmia.

In our stroke centre intensive care facilities play
an important role in the management of body tem-
perature, ventilation, blood pressure, infections,
increased intracranial pressure and seizures.

Body temperature

Increased body temperature is a predictor of poor
outcome in acute stroke patients [33]. A recent
meta-analysis indicated that elevated body tem-
perature is associated with an increase in disability
and mortality [34]. It is recommended to treat fever
with antipyretic agents and/or physical measures.
Acetaminophen was shown to lower body tempe-
rature in acute stroke patients by 0.3 to 0.4°C in 

two small randomised phase II clinical trials 
[35, 36].Whether this therapeutic approach results
in a clinical benefit remains open.

Data from animal studies indicate that systemic
cooling has the potential to reduce the ischaemic
brain damage [37].

The feasibility of systemic or endovascular
moderate cooling to 32 to 33°C in humans has 
been shown in small uncontrolled trials [38, 39].
However, aggressive cooling has many potential
side effects. The occurrence of complications like
blood pressure instability, infections, coagulation
disorders and cardiac arrhythmia may limit a
potential benefit of this therapeutic approach in
clinical practice.

Oxygen

Routine use of oxygen has not shown any clinical
benefit in stroke patients until today. However,
based on pathophysiological considerations sup-
plemental oxygen is recommended in the case 
of hypoxaemia. The EUSI recommends a minimal
target O2 saturation ≥ 92%, the ASA a minimal 
O2 saturation ≥ 95% [12, 13].

Blood pressure management

Optimal blood pressure management in acute
stroke remains controversial. According to the
guidelines of the American Stroke Association
(ASA) and the European Stroke Initiative (EUSI)
antihypertensive agents should only be given if 
the systolic blood pressure is >220 mm Hg or the
diastolic blood pressure is >120 mm Hg [12, 13].
Before and during the first 24 hours after thrombo-
lyis systolic blood pressure values >185 or diastolic
blood pressures >110 mm Hg should be avoided.

Rapid lowering of blood pressure may be
hazardous in acute stroke patients. When anti-
hypertensive agents are used, it should be done
cautiously. Recommended first-line agents include
intravenous labetalol and orally administered
nicardipin and captopril. In the case of severe dias-
tolic hypertension intravenous infusion of nitro-
prussid may be preferred.

In patients with hypotension correction of
hypovolaemia and optimising cardiac function 
are essential.

In a recent study induced hypertension using
norepinephrine has been associated with a signifi-
cant rise in blood flow velocity in the middle cere-
bral artery measured by transcranial ultrasound
and cerebral perfusion pressure [40]. The safety
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and feasibility of norepinephrine-induced arterial
hypertension in acute ischaemic stroke has been
shown in a recent case series. Mean arterial pres-
sure could be elevated by 10 to 20%. Maximal vari-
ability of systolic blood pressure was within 15% 
of the target values. Complications such as cardiac
arrhythmia or intracerebral haemorrhage were
rare [41]. However, the clinical benefit of this
therapeutic approach has not yet been proven. In
clinical practice we use vasopressor agents espe-
cially in patients with clinical deterioration asso-
ciated with low blood pressure and a markedly
reduced blood flow velocity of the middle cerebral
artery measured by transcranial ultrasound.

Hyperglycaemia

Hyperglycaemia is associated with increased risk 
of mortality and poor functional recovery in non-
diabetic stroke patients [42, 43]. However, this may
be at least partly due to diabetic comorbidity or
increased initial stroke severity.

Possible explanations for a worse outcome in
patients with hyperglycaemia include increased
blood-brain-barrier permeability and tissue aci-
dosis. Therefore, lowering of high blood glucose
concentration with insulin is recommended. The
recommended target blood glucose levels vary be-
tween <11 mmol/L (European Stroke Initiative)
and <16.6 mmol/L (American Stroke Association)
[12, 13].

Increased intracranial pressure and brain oedema

Large infarctions in the middle cerebral artery ter-
ritory with space-occupying brain oedema leading
to elevated intracranial pressure and herniation
usually within 2 to 5 days are called malignant
middle cerebral artery infarctions. Clinical signs of
malignant middle cerebral artery infarction are
signs of brainstem herniation and deterioration of
consciousness. The malignant, space-occupying
middle cerebral artery infarction is associated with
a mortality rate of up to 80% when only conven-
tional treatment modalities are used [44].

Possible conservative treatment modalities 
of elevated intracranial pressure include cortico-
steroids, hyperventilation, osmotherapy (glycerol,
mannitol, hypertonic saline solution,Tris-hydroxy-
methyl-aminomethane) and barbiturates. Cortico-
steroids have not proven any beneficial effects 
in acute stroke patients [45, 46]. Corticosteroids 
may even be harmful, because infections are more
common in patients with corticosteroid therapy.

Therefore,corticosteroids are not recommended in
the management of cerebral oedema following
acute ischaemic stroke [17].

Hyperventilation with induced hypocarbia has
not proven any benefit in acute stroke patients
either [47]. Induced hypocarbia may even be harm-
ful by reducing the perfusion of the penumbra.

The goal of osmotherapy is to reduce brain
volume by fluid shift by increasing serum osmo-
larity to about 315 to 320 mOsm/L [48, 49]. We use
mannitol 20% solution every 4 hours as first-line
agent. However, the efficacy of this therapeutic
approach has not been ascertained yet. In general,
all these conservative treatment modalities are
effective only over a short time and fail to prevent
herniation. In some cases rebound intracranial
hypertension has been described.

Decompressive surgery is likely to reduce mor-
tality in these patients with some individuals
achieving functional improvement [50]. Hemi-
craniectomy allows the swollen brain to expand 
and may prevent compression of the brainstem 
and preserve leptomeningeal collateral circulation.
However, the effect on disability has to be proven
in a randomised trial. Case series suggest that early
craniectomy may be more effective than later
decompressive surgery [51]. It has been recom-
mended that the diameter of the craniectomy has
to be at least 12 cm [51]. The identification of pre-
dictors of space-occupying oedema may be helpful
to select patients for early craniectomy. Thomalla
et al. showed that quantitative analysis of early
DWI and PWI parameters can be helpful to predict
malignant middle cerebral artery infarction; in
addition, an NIHSS score ≥ 19 was highly sensitive
in predicting malignant infarction [52]. Other
possible predictors for malignant infarction include
coma on admission, nausea, vomiting, elevated
systolic blood pressure, history of hypertension,
history of heart failure, CT signs of early ischaemia
affecting more than 50% of the middle cerebral
artery territory, hyperdense middle cerebral artery
sign on CT, local brain swelling or midline shift on
CT, or carotid T-occlusion on arteriography [26,
53–56]. Possible complications of surgery include
epidural or subdural haematoma, hygroma and
infections [51]. In patients with severe ischaemic
stroke, decompressive surgery resulted in lower
mortality and lower complication rates compared
with moderate hypothermia [57]. Both treatment
modalities, however, were associated with a pro-
longed stay in the neurological intensive care unit.
Because of the lack of randomised trials and clear
selection criteria, there is no consensus on indi-
cations and contraindications of early decompres-
sive craniectomy in patients with space-occupying
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middle cerebral artery infarction. Prospective ran-
domised trials (HeADFIRST [Hemicraniectomy
and Durotomy upon Deterioration for Massive
Hemispheric Infarction Related Swelling Trial] 
and HAMLET [Hemicraniectomy After MCA
infarction with Life-threatening Edema Trial]) are
ongoing and will hopefully provide more informa-
tion on this controversial subject. At the moment,
the decision has to be taken individually in each
patient considering ethical and medical aspects.

Also in space-occupying cerebellar infarction
compressing the brainstem and leading to hydro-
cephalus, surgery can be life saving often with
favourable functional clinical outcome [58].

Seizures

Seizures occur in about 5% of acute stroke patients
within the first weeks and are more frequent in
infarcts involving the cerebral cortex than in lacu-
nar infarcts. Prophylactic use of anticonvulsants 
in patients with acute stroke who have not had
seizures is not recommended.There is no consensus
whether to start anticonvulsant treatment after a
first seizure and which drug should be given. How-
ever, recurrent seizures after stroke should be
treated with antiepileptic drugs as with any other
condition [17, 59].

Outlook for the future

At present, in clinical practice only a limited num-
ber of patients are eligible for thrombolysis [60].
Protocols for early referral to stroke centres and 
a standardised treatment algorithm are urgently
needed. Educational programs for both the physi-
cians and the public have the potential to increase
the percentage of patients admitted to stroke cen-
tres within the time window for thrombolysis [61].
In addition, further trials to prove the efficacy 
of intraarterial thrombolysis and compare it with
intravenous thrombolysis are urgently needed.

The identification of patient subgroups most
likely to benefit from thrombolyis even within a
longer time window, by means of perfusion CT,
perfusion and diffusion MRI and MR angiography
are subjects of current studies. New agents with
neuroprotective effects have not yet proven to be
beneficial in acute stroke. However, earlier admi-
nistration of neuroprotective agents in combina-
tion with thrombolytic therapy may be successful
in further trials. The efficacy of promising more
invasive treatment strategies, including mechanical
thrombus perforation, thrombaspiration, angio-

plasty, stent implantation, ultrasound-assisted
thrombolysis or laser-induced thrombolysis have 
to be evaluated in larger trials [62–65].
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