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ABSTRACT
Intracerebral haemorrhage (ICH) still represents the most
feared complication of thrombolysis. Our aim was to
review the literature regarding clinical, biological and
imaging predictors of ICH following thrombolysis for acute
ischaemic stroke. Relevant studies were identified
through a search in Pubmed, using the following key
words: ‘‘intracerebral’’, ‘‘haemorrhage’’, ‘‘stroke’’ and
‘‘thrombolytic’’. The query was limited to studies
published in the English literature. The reference lists of all
relevant articles were reviewed to identify additional
studies. The main predictors of clinically significant ICH
were age, clinical stroke severity, as assessed by the
National Institute of Health Stroke Scale score on
admission, high blood pressure, hyperglycaemia, early CT
changes, large baseline diffusion lesion volume and
leukoaraiosis on MRI. The contribution of biomarkers in
the prediction of the ICH risk is currently under evaluation.
Available data on patients with limited number of
microbleeds on pretreatment gradient echo MRI
sequences suggest safe use of thrombolysis. ICH after
stroke thrombolysis is a complex and heterogeneous
phenomenon, which involves numerous parameters
whose knowledge remains partial. To minimise the risk of
tissue plasminogen activator (tPA) related symptomatic
ICH, careful attention must be given to the pre-
therapeutic glycaemia value, and a strict protocol for the
control of elevated blood pressure is needed during the
first 24 h. Future research should focus on predictors of
severe intracerebral haemorrhagic complications (par-
enchymal haematomas type 2 according to the European
Cooperative Acute Stroke Study (ECASS) classification).
The input of multimodal MRI and biological predictors of
ICH deserves further investigation.

After publication of the results of the National
Institute of Neurological Disorders and Stroke
(NINDS) study,1 the application of intravenous
thrombolysis for ischaemic stroke was launched
and has now been in use for more than 10 years.
This breakthrough ended decades of therapeutic
nihilism but we have to acknowledge the fact that
despite recommendations, only 1–8% of poten-
tially eligible patients are currently being treated in
the USA or in Europe.2 Several factors explain this
situation: a therapeutic window currently limited
to 3 h, insufficient public knowledge of the stroke
warning signs, the small number of centres able to
administer thrombolysis on a 24 h basis and also
an excessive fear of haemorrhagic complications
from some physicians.3

Although it may finally be less frequent in
practice than failure of treatment to reopen the
occluded cerebral artery or early reocclusion,
intracerebral haemorrhage (ICH) remains the most

feared complication of stroke thrombolysis and an
important obstacle to the generalisation of throm-
bolytic therapy. ICH occurs in the vast majority of
cases in the core of the infarction, which suggests
that ischaemia itself plays a role.4 Symptomatic
ICHs usually occur within 24–36 h after thrombo-
lysis, and ICHs that occur after 36 h are considered
unrelated to tissue plasminogen activator (tPA).4 In
the NINDS study, 6.4% (20/312) of patients
showed a symptomatic ICH with deterioration of
the clinical status in the tPA group compared with
0.6% in the placebo group.1 The mortality rate in
cases of symptomatic ICH was 47% but the global
mortality rate was lower in the tPA group than in
the placebo group (17% vs 21%) because of a
reduction in death not related to haemorrhage.4

The other randomised studies of thrombolysis
with intravenous tPA performed within a thera-
peutic window of 5–6 h provided a symptomatic
ICH rate of 7.2% for the Alteplase Thrombolysis
for Acute Noninterventional Therapy in Ischaemic
Stroke (ATLANTIS) study5 and 8.8% for the
European Cooperative Acute Stroke Study
(ECASS) II.6 The symptomatic ICH rate was higher
in the intra-arterial thrombolysis study, Prolyse in
Acute Cerebral Thromboembolism II (PROACT II)
(10.9%) but the patients included in this study7

were more severely affected than those included in
the NINDS, ATLANTIS and ECASS II studies
(National Institute of Health Stroke Scale (NIHSS)
median score of 17 vs 14, 11 and 11, respectively).
Moreover, direct comparison of the symptomatic
ICH rates among different studies may be ham-
pered by variability in definitions.

The influence of delay before treatment and the
impact of arterial recanalisation on the haemor-
rhagic risk after thrombolysis remain controver-
sial.8–13 The majority of open studies of
thrombolysis with intravenous tPA performed
within 3 h have confirmed the symptomatic ICH
rate observed in the NINDS study.14 The Safe
Implementation of Thrombolysis in Stroke-
Monitoring Study (SITS-MOST) has confirmed
that intravenous tPA is safe and effective in routine
clinical use within 3 h of stroke onset.15 In this
observational study of 6483 patients, the propor-
tion of patients with symptomatic ICH was 1.7%
at 24 h and the mortality rate at 3 months was
11.3%.

PATHOPHYSIOLOGY OF HAEMORRHAGIC
TRANSFORMATION
A haemorrhagic transformation can happen spon-
taneously, and sometimes from the very first
hours at the core of a cerebral infarction. This
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haemorrhagic risk is clearly increased by administration of
heparin or thrombolytic agent.

Blood extravasation towards the brain tissue requires an
alteration of the blood–brain barrier (BBB), which can occur
immediately or be delayed after the ischaemic event.16 In
experimental models of focal cerebral ischaemia, the basal
lamina of the blood vessels and the extracellular matrix are
altered and the adhesion between the microvessel cells and the
extracellular matrix is compromised. Extravasation of blood
elements can then take place. This increase in capillary
permeability comes along with an inrush of plasma components
inside the brain tissue, an inflammatory reaction with thrombin
activation, and implementation of many mediators such as
platelet activating factor, tumour necrosis factor a and
bradykinin, which contribute to increase endothelial perme-
ability.

Additional vascular lesions related to oxidative damage may
increase the haemorrhagic risk.17 On this matter, free radical
inhibitor pharmacological agents seem efficient towards the
reduction in haemorrhagic transformation in experimental
conditions.18 19

The haemorrhagic transformation also involves the metallo-
proteinases (MMP) whose activation is partly responsible for
the BBB disruption. In some animal models of focal cerebral
ischaemia, activation of MMP-9 is associated with increased
permeability of the BBB, with the formation of oedema and
haemorrhagic transformation.20 21 Some studies have suggested
the complementary role of plasmin, which is another serine
protease distinct from the MMPs and is generated by interac-
tion between tPA and the thrombus, in the disruption of the
BBB and the occurrence of ICH.22 MMPs are involved in the

genesis of tPA related haemorrhagic transformation.23 tPA
increased MMP blood levels of the extracellular matrix (MMP-
9) in a murine model of embolic cerebral ischaemia. MMPs
represent a family of proteolytic enzymes combined with zinc,
which act normally on the remodelling of the extracellular
matrix. Their inappropriate activation can induce proteolysis of
the matrix within the neurovascular unity (including the
endothelium, astrocyte and neuron). MMPs liberated by the
endothelium and the polynuclears at the inflammatory stage of
ischaemia use type IV collagen and laminin as substrates.24

MMP-2 and MMP-9 can damage the proteic vessel components,
especially type IV collagen, fibronectin and laminin, comprising
the basal lamina of the cerebral vessels. In humans, elevation of
MMP-9 is linked to the severity of the ischaemic stroke,25 and
the pre-therapeutic MMP-9 rate is an independent predictor of
the risk of haemorrhagic transformation related to thrombo-
lysis.26 27 The association of non-specific inhibitor of MMPs (BB-
94) with tPA could limit the frequency of haemorrhagic
transformation, without diminishing lytic efficiency.24 28

Other elements take part in the genesis of tPA related ICH:
factors predisposing to the microangiopathic process and to
leukoaraiosis, such as age, hypertension, diabetes mellitus or
cerebral amyloid angiopathy, as well as the intensity of the
ischaemic process itself, which is evident by the extent of early
ischaemic signs shown on brain CT scan6 29–31 or the volume of
cerebral ischaemic lesions on diffusion weighted MRI
sequence.11

CLASSIFICATION AND IMAGING METHODS OF INTRACEREBRAL
HAEMORRHAGES AFTER THROMBOLYSIS
The two most commonly used classifications are the NINDS
and ECASS; both are founded on brain CT scan data.

NINDS classification
Haemorrhagic transformations are classified into two radio-
logical groups: haemorrhagic cerebral infarctions and intracer-
ebral haematomas.4 Haemorrhagic cerebral infarction is defined
as CT findings of acute infarction with punctate or variable
hypodensity/hyperdensity with an indistinct border within the
vascular territory suggested by acute neurological signs and
symptoms. Intracerebral haematoma is defined as CT findings
of a typical homogeneous, hyperdense lesion with a sharp
border with or without oedema or mass effect within the brain.
This hyperdense lesion could arise at a site remote from the
vascular territory of the ischaemic stroke or within but not
necessarily limited to the territory of the presenting cerebral
infarction. Haemorrhage with an intraventricular extension is
considered an intracerebral haematoma.

ECASS classification
This classification had initially been used in the ECASS I study32

and then reapplied in the ECASS II study.6 It is a purely
radiological definition subdivided into four categories (fig 1): HI-
1, haemorrhagic infarction type 1 (small petechiae along the
margins of the infarct); HI-2, haemorrhagic infarction type 2
(confluent petechiae within the infracted area, but without
space-occupying effect); PH-1, parenchymal haematoma type 1
(a haematoma in (30% of infarcted area with some slight space
occupying effect); PH-2, parenchymal haematoma type 2 (a
dense haematoma .30% of the infarcted area with substantial
space occupying effect, or as any haemorrhagic lesion outside
the infarcted area).

Figure 1 European Cooperative Acute Stroke Study (ECASS)
classification of intracerebral haemorrhage (ICH) following thrombolysis
(from Berger and colleagues38). (A) HI-1; (B) HI-2; (C) PH-1; (D) PH-2 (see
text for details).
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Imaging methods of intracerebral haemorrhage
CT scan remains the most widely used imaging method to
exclude the presence of intracerebral haemorrhagic lesions.
However, it has been shown that MRI may be as accurate as CT
for the detection of acute haemorrhage in patients presenting
with acute focal stroke symptoms and is more accurate than CT
for the detection of chronic intracerebral haemorrhage.33 T2*
gradient echo MRI sequences are sensitive to the magnetic
susceptibility artefacts generated by the haemoglobin degrada-
tion products (deoxyhaemoglobin, methaemoglobin and hae-
mosiderin). These paramagnetic substances modify the
magnetic relaxation properties on T2 and lead to dephasing of
the signal on T2*.34

An advantage of MRI over CT is the ability of T2* sequences
to detect small (,5 mm in diameter) focal homogeneous areas
of signal loss corresponding to ‘‘microbleeds’’. These ‘‘micro-
bleeds’’ correspond to old asymptomatic microhaemorrhages; a
histopathological and MRI correlation analysis of 11 cerebral
specimens showed that these hyposignals on MRI were linked
to the presence of haemosiderin perivascular deposits.35

SYMPTOMATIC OR ASYMPTOMATIC HAEMORRHAGE?
In the NINDS study as well as in some meta-analyses,
symptomatic ICH was defined as a CT documented haemor-
rhage that was temporally related to any deterioration in the
patient’s clinical condition in the judgment of the clinical
investigator.4

However, the most common definition of symptomatic
haemorrhage in stroke thrombolytic trials is haemorrhage
associated with worsening by 4 or more points on the NIHSS
score.9 36

This definition is questionable because it does not take into
account the importance of the ICH observed on CT. The clinical
deterioration could be a consequence of aggravation of the
cerebral infarction itself coinciding with a haemorrhagic
transformation, which may only concern a small part of the
ischaemic lesion. This definition also neglects other factors, such
as the importance of the ischaemic oedema or the associated
mass effect that could be more responsible for the neurological
deterioration than the haemorrhage itself.

Of course not all post-thrombolysis ICHs have the same
clinical significance. The post-thrombolysis ICH spectrum
ranges from frequent benign haemorrhagic petechiae, some of
which are associated with early reperfusion,37 to rare large
parenchymal haematomas with severe mass effect. A post hoc
analysis from the ECASS II study showed that only the PH-2
type parenchymal haematomas (homogeneous haematomas
with mass effect occupying .30% of the ischaemic lesion
volume) were independently associated with clinical deteriora-
tion and poor prognosis.38 The ECASS I study had already
shown that the risks of early neurological deterioration and
death within 3 months were severely increased in cases where
PH-2-type haematomas appeared (odds ratio (OR) 32.3 (95%
confidence interval (CI) 13.4 to 77.7) and 18 (95% CI 8.05 to
40.1), respectively), this type of haematoma being the only one
likely to aggravate the clinical status.32

CLINICAL, BIOLOGICAL, AND IMAGING PREDICTORS OF ICH

Timing of thrombolysis
Longer stroke onset to treatment times may be associated with
higher rates of symptomatic ICH.39 However, the vast majority
of studies have not identified time to onset of thrombolytic
treatment as an independent risk factor of symptomatic ICH in

multivariate analysis, and the pooled analysis of the NINDS,
ECASS and ATLANTIS trials showed no independent associa-
tion between timing of tPA administration and risk of
parenchymal haematoma.40

Lytic dose
The early pilot trials of tPA have provided good evidence that
higher doses of lytic agents lead to higher rates of symptomatic
ICH.41 The high rates of symptomatic bleeding observed in the
streptokinase acute stroke trials may be caused in part by the
use of the full cardiac dose of streptokinase.8 Dose escalation
studies of the newer generation fibrinolytic agents, desmote-
plase and tenecteplase, also show increased rates of cerebral
bleeding with higher lytic doses.42 43

Age
Several studies4 11 30 31 have shown that age is a predictive factor
of tPA related ICH. In the ECASS I study, it is the only
independent predictive factor of parenchymal haematomas,
with an OR of 1.3 for every 10 year increment in age increase.30

This increase in the haemorrhagic risk could be linked to a
particularly high frequency of microangiopathic processes,
especially the cerebral amyloid angiopathy in elderly patients.44

This angiopathy is a well known risk factor for tPA related
parenchymal haematomas.45

In some European countries, tPA is not recommended for the
treatment of cerebral infarction in subjects over the age of
80 years, which can lead to exclusion of up to 30% of ischaemic
stroke patients. The prospective multicentre Canadian Alteplase
for Stroke Effectiveness Study (CASES), recently completed in
Canada, shows that the benefit–risk ratio of intravenous tPA
can be favourable in carefully selected elderly stroke patients
who are treated within 3 h.46 The symptomatic ICH rate was
4.4% in the group of 270 patients aged 80 years or older
included in this study. The Stroke Survey Group tPA analysis,
which included a small number of aged patients treated by
intravenous tPA within 3 h, also concluded that it was not
justified to systematically contraindicate thrombolysis for
patients aged 80 years or older.47 Data from randomised studies
performed in elderly patients are not currently available and
these favourable results from open studies could be altered by
selection bias.

Clinical stroke severity
Many studies have shown the importance of the initial clinical
stroke severity in the haemorrhagic risk after thrombo-
lysis.4 8 11 31 48 49 In the NINDS study, patients with an NIHSS
score of .20 at admission were 11 times more likely to endure a
symptomatic ICH than patients with an NIHSS score (5.4 The
Multicentre tPA Acute Stroke Survey study also showed that
the NIHSS score was an independent marker of ICH, with an
OR of 1.38 for a 1 point raise in the NIHSS score.49 In some
countries, a NIHSS score .25 represents a contraindication for
intravenous tPA.

Blood pressure
In our experience, hypertension during the first 24 h after
ischaemic stroke is an independent predictive factor of any ICH
following tPA administration.11 This factor has already been
emphasised in other thrombolysis studies conducted for cerebral
infarction4 31 49 or myocardial infarction.50 These data underline
the importance of a close watch of blood pressure ((185/
110 mm Hg) during the first 24 h and the benefit of applying a
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strict therapeutic protocol for the control of elevated blood
pressure, similar to the one used by the NINDS study,1 in order
to limit the haemorrhagic risk.

Hyperglycaemia
Several studies have shown the influence of pre-therapeutic
glycaemia on the risk of ICH after stroke thrombo-
lysis.10 11 49 51 52 In a study performed in 138 consecutive patients
with ischaemic stroke, those with a glycaemia value of
.200 mg/dl (11.11 mmol/l) on admission showed a sympto-
matic haematoma rate of 25% after treatment by tPA.51 In the
PROACT II study, there was also an increased risk of
symptomatic ICH in patients with a pre-therapeutic glycaemia
value of .200 mg/dl.9

There are numerous animal experimental proofs that
hyperglycaemia provokes microvascular lesions as well as some
BBB damage, leading to haemorrhagic transformation of the
cerebral infarction.53 Administration of tPA leads to upregula-
tion of MMPs which aggravate the ischaemic damage of the
basal lamina, leading to loss of the integrity of the vessel wall
and to ICH.53 This deleterious effect of tPA is emphasised in
cases of hyperglycaemia. Careful attention must be given to the
pre-therapeutic glycaemia value. A glycaemia value above
400 mg/dl (22.22 mmol/l) represents a contraindication to
cerebral thrombolysis by intravenous tPA.

MMP-9, PAI-1, TAFI and cFN: new biomarkers of the
haemorrhagic risk?
The roles of different biomarkers in the post-thrombolysis ICH
risk still need to be clarified. One study showed that increased
MMP-9 levels prior to administration of tPA increase the risk of
parenchymal haemorrhage.26 The importance of plasma levels of
MMP-9 has to be clarified to determine if measurement of
pretreatment MMP-9 levels is likely to improve the benefit–risk
ratio of tPA administration for stroke in routine use.27 The
relationship between elevation in MMP-9 plasma levels and
modifications of BBB permeability on MRI has not been
established in humans at the acute stage of cerebral ischaemia.
Demonstration of a causal link between MMP-9 plasma levels
and tPA related ICH risk is likely to generate a preventive
approach by neutralisation of MMP-9 activity in clinical
practice. Administration of an MMP inhibitor decreased the
rate of haemorrhagic transformation following tPA administra-
tion in a rabbit stroke model.28

Some believe that the plasma elevation of cellular fibronectin
(cFN), a substance synthesised by endothelial cells that reflects
microvascular damage, would be a more specific marker than
MMP-9 concentration of tPA related ICH.54

Preliminary studies have also suggested that there are several
other biomarkers that may help predict the risk of ICH.
Pretreatment levels of endogenous fibrinolysis inhibitors (plas-
minogen activator inhibitor (PAI-1) and thrombin activated
fibrinolysis inhibitor (TAFI)) could predict tPA related sympto-
matic ICH.55 One pilot study demonstrated an independent
association between low levels of PAI-1 and tPA related
symptomatic ICH,55 whereas another recent study found no
such association.39

Brain CT scan

Early Ischaemic changes
The significance of early ischaemic changes (EIC) on baseline
brain CT scan remains controversial.56 57 The ECASS I and ECASS
II studies have shown that the presence of EIC occupying more

than one-third of the middle cerebral artery (MCA) territory
before thrombolysis by intravenous tPA is accompanied by an
increase in the hemorrhagic transformation risk (especially of PH-
2 type in the ECASS II study) and poor clinical outcome.6 29–31 39

The multicentre analysis of 1205 patients routinely treated by
intravenous tPA within 3 h shows that the symptomatic ICH rate
is multiplied by more than 4 in patients carrying EIC occupying
more than one-third of the MCA territory.49 In the MAST-E
study, the presence of EIC was also a strong predictor of
haemorrhagic transformation and symptomatic ICH.8 In con-
trast, other thrombolysis studies have shown that the presence of
EIC was related to stroke severity but was not independently
associated with the occurrence of side effects.58 59 The ASK
(Australian Streptokinase Trial) study, evaluating treatment with
intravenous streptokinase within the first 4 h of ischaemic stroke,
did not show a significant association between the presence of
EIC and the occurrence of a major ICH.60

Moreover, the sensitivity and reproducibility of EIC detection
are poor and depend on the quality of the CT scanner used and
on the experience of the reader.61 More specifically, appreciation
of the presence of EIC occupying more than one-third of the
MCA territory is dependent on the operator and is not
reproducible.62 Interobserver reproducibility can be improved
by a standardised reading of the EIC according to the ASPECTS
score (Alberta Stroke Program Early CT Score).63

Hyperdense middle cerebral artery sign
We have shown that the presence of an arterial hyperdensity on
the pre-therapeutic brain CT scan is an independent predictive
factor of any tPA related ICH.11 It was previously demonstrated
that this sign was frequently observed in patients developing an
asymptomatic ICH after thrombolysis by intravenous tPA
within the first 3 h.49 However, the low sensitivity (30%) of
the hyperdense MCA sign may limit its usefulness in the
prediction of outcome.64 In our series, the presence of an arterial
hyperdensity on brain CT scan is associated with MCA or
internal carotid artery occlusion in most cases and with a
specific MRI pattern consisting of a large pretreatment diffusion
and perfusion abnormality volume.11 The presence of a proximal
arterial hyperdensity, as the severity of perfusion reduction
suggests, is probably associated with a limited collateral blood
supply. The maximal haemodynamic consequence lies in the
territory of the perforating lenticulo-striate arteries and the
severity of the ischaemic injury in this territory probably helps
the haemorrhagic transformation.16

Value of MRI data
Data concerning the input of pre-therapeutic multimodal MRI
sequences in the prediction of ICH risk are limited, and usually
based only on analysis of diffusion and T2* sequences.11 65–69

Identification of MRI predictors of ICH could improve the
selection of candidates for stroke thrombolysis and lead to a
safer use of tPA after 3 h.

Apparent diffusion coefficient
Recent studies have suggested that diffusion weighted imaging
(DWI) sequences could help in identifying patients at risk of
ICH.65–67 We observed a significant influence of the pre-
therapeutic values of the apparent diffusion coefficient (ADC)
on ICH risk after thrombolysis by intravenous tPA.11 A greater
percentage of pixels had a low ADC coefficient
(,40061026 mm2/s) in patients who had bled compared with
patients who had not bled. Tong et al also studied the influence
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of ADC values on hemorrhagic risk.65 In this retrospective study
of 17 patients with ischaemic stroke who had DWI sequences
within the first 8 h, 11 had been treated with intravenous or
intra-arterial tPA. A significantly greater percentage of pixels
had low ADC values in the ischaemic lesions subject to bleeding
in comparison with the ischaemic lesions not subject to
bleeding. The authors suggested that a (55061026 mm2/s
threshold allowed them to distinguish the ischaemic lesions
subject to bleeding. Selim et al also showed that the absolute
volume of ischaemic tissue on DWI sequences with ADC values
(55061026 mm2/s was significantly associated with ICH risk
after intravenous tPA.67

The feasibility of the emergency analysis of ADC values will
have to be prospectively evaluated in the future. However, a
pre-therapeutic evaluation of the severity of the ischaemic
injury based on the precise analysis of the ADC values could be
useful if thrombolysis is considered beyond the first 3 h.

Diffusion weighted imaging and perfusion weighted imaging
Alsop et al sought to define characteristics of haemodynamic
MRI that best predict haemorrhage.70 Bolus contrast and
diffusion MRI were performed before intravenous tPA therapy
in 20 patients presenting with acute stroke symptoms within
the first 6 h after symptom onset. Of the 20 patients studied,
five had detectable haemorrhage on follow-up scans. Blood
volume maps demonstrated virtually no signal within much of
the haemorrhagic region, indicating that contrast did not arrive
by the end of the imaging series.

Recently, a prospective, multicentre study (Diffusion and
Perfusion Imaging Evaluation For Understanding Stroke
Evolution (DEFUSE) study) was performed in 74 consecutive
stroke patients admitted to academic stroke centres in North
America and Europe.71 An MRI scan was obtained immediately
before and 3–6 h after treatment with intravenous tPA, 3–6 h
after symptom onset. Early reperfusion was associated with
fatal ICH in patients with the ‘‘malignant profile’’ (baseline
DWI volume >100 ml and/or perfusion weighted imaging
deficit >100 ml with 8 s or longer of Tmax delay). Patients
with large baseline DWI lesion volumes who achieve early
reperfusion appear to be at greatest risk of tPA related
symptomatic ICH.72 DEFUSE is the first study that directly
established a strong relationship between MRI haemodynamic
and tissue parameters and symptomatic tPA related ICH.

Blood–brain barrier disruption
BBB disruption helping haemorrhagic transformation after
thrombolysis is currently being evaluated with MRI. MRI
assessments of BBB permeability include hyperintense acute
reperfusion marker, a delayed gadolinium enhancement of the
CSF space on fluid attenuated inversion recovery imaging, and
permeability imaging.73 74

Abnormal visibility of transcerebral veins
Some preliminary data suggest that abnormal visibility of the
transcerebral veins among the ischaemic zone on the pre-
therapeutic T2* gradient echo MRI sequence could be a
predictor of ICH after thrombolysis of internal carotid artery
territory stroke.75 This abnormal visibility of the transcerebral
veins is related to a more severe neurological deficit, as assessed
by the NIHSS score, a proximal site of arterial occlusion, a larger
lesion volume on the DWI and perfusion weighted imaging
sequences, and a delay in the mean transit time among the
perfusion abnormality.

This association between abnormal visibility of the trans-
cerebral veins and post-thrombolysis ICH was later supported
by angiographic data.76 Ohta et al prospectively studied 104
patients who underwent superselective local angiography before
and during intra-arterial reperfusion therapy for acute MCA
occlusion. There was a significant correlation between early
venous filling and massive haematoma in both the deep and
superficial MCA territories. None of the 31 ischaemic areas with
early venous filling could escape cerebral infarction. Appearance
of early venous filling may indicate irreversible brain damage
and may be a predictive sign for parenchymal haematoma.

Leukoaraiosis
A recent retrospective multicentre study evaluated whether
leukoaraiosis is a risk factor for symptomatic ICH in 449 patients
treated with thrombolysis for anterior circulation stroke less than
,6 h after symptom onset.77 All patients had received MRI
evaluation before thrombolysis, including a high quality T2
weighted sequence. For the analysis, leukoaraiosis in the deep
white matter was dichotomised into absent or mild versus
moderate or severe. The rate of symptomatic ICH was
significantly higher in patients with moderate to severe leukoar-
aiosis of the deep white matter (n = 12 of 114; 10.5%) than in
patients without relevant leukoaraiosis (n = 13 of 335; 3.8%),
corresponding to an OR of 2.9 (95% CI 1.29 to 6.59; p = 0.015). In
a logistic regression analysis (including age, NIHSS score on
admission and type of thrombolytic treatment), leukoaraiosis
remained an independent risk factor (OR 2.9; p = 0.03).

Presence of microbleeds
The risk of ICH after thrombolysis in ischaemic stroke patients
carrying old asymptomatic microbleeds remains a controversial
subject.78–80 The presence of microbleeds represents a marker of
microangiopathy and may indicate an increased risk of
haemorrhagic transformation after ischaemic stroke.68 78

However, data concerning the safety of thrombolysis in patients
carrying microbleeds remain limited.68 81–83

Few thrombolysis studies have performed pre-therapeutic T2*
MRI sequences to evaluate the influence of the presence of
microbleeds on ICH risk. Kidwell et al have reported the case of
a patient who had a symptomatic haematoma inside a
microbleed after treatment by intra-arterial thrombolysis of a
cerebral infarction contralateral to the bleeding.68 In our series,
eight (18%) of the 44 acute ischaemic stroke patients included in
a thrombolysis protocol showed some microbleeds on the pre-
therapeutic T2* MRI sequence.81 A similar rate of 16% of
patients carrying microbleeds before thrombolysis has recently
been reported.82 In our study, none of the eight patients carrying
microbleeds had a haemorrhage at the site of a microbleed and
none showed signs of a symptomatic ICH at day 1. No cerebral
haemorrhage occurred outside the infarction core.81 These data
underline the role of the ischaemic injury in the genesis of
haemorrhagic transformation following tPA administration. In
the NINDS study, only four symptomatic ICHs occurred
outside the area of the cerebral infarction among patients
treated with tPA (ie, 1.3% of all patients treated by tPA).4

Kakuda et al have also treated 11 stroke patients carrying
microbleeds by intravenous tPA within 3–6 h after symptom
onset.82 None of the patients experienced symptomatic or
asymptomatic ICH at the site of a microbleed. In a recent
pooled analysis of 570 patients, the presence of microbleeds
(detected in 86 patients) was not predictive of symptomatic
ICH after thrombolysis.83
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The limited data currently available do not allow for
exclusion of stroke patients carrying a few microbleeds (,5)
on pre-therapeutic T2* sequences from thrombolysis with
intravenous tPA.68 81–83 Additional data are needed to evaluate
the safety of tPA in patients carrying numerous microbleeds.
The data extracted from international collaborative multicentre
studies will assist in clarifying this issue.

CONCLUSION
ICH after stroke thrombolysis is a complex and heterogeneous
phenomenon, which involves multiple demographic, clinical,
biological and haemodynamic parameters, whose knowledge
remains partial. In order to minimise the risk of tPA related
symptomatic ICH, careful attention must be given to the pre-
therapeutic glycaemia value,49 51 and a strict protocol for the
control of elevated blood pressure is needed during the first 24 h
following thrombolysis.1 49

Multicentre studies will bring useful information on the
predictors of symptomatic ICH, which is the most important
type of haemorrhagic transformation after stroke thrombolysis
from a clinician’s point of view. Some authors have suggested
that the differences between symptomatic and asymptomatic
ICHs are more linked to the intensity of the bleeding than to
physiopathological differences.16 For other authors, haemorrha-
gic infarctions and parenchymal haematomas (according to the
ECASS classification) after tPA have a different clinical,
aetiological and biological significance.12 84 Benign haemorrhagic
infarctions could be associated with the natural evolution of
cerebral infarction while parenchymal haematomas, especially
the PH-2 type, severe by their immediate or delayed sympto-
matic character, could be linked to the tPA itself and
particularly to its impact on haemostasis (elevation of fibrin
degradation products (FDP) after treatment).85

Adherence to the inclusion criteria of the NINDS study
remains the key to a favourable benefit–risk ratio in the routine
use of tPA for stroke. However, these inclusion criteria are now
more than 10 years old and can appear obsolete as they do not
take into account the diagnostic and prognostic input of pre-
therapeutic MRI. The input of multimodal MRI sequences and
of the new biomarkers (MMP-9, PAI-1, TAFI and cFN) of ICH
risk in the appreciation of the benefit–risk ratio will have to be
clarified in the future. If some MRI patterns (‘‘malignant
profile’’ with baseline DWI volume >100 ml) associated with
an increased risk of severe ICH or with the absence of
‘‘salvageable’’ brain tissue represent real contraindications to
stroke thrombolysis, the safety of tPA could be significantly
improved. A recent multicentre study compared the clinical
evolution of patients selected on the basis of MRI and treated
by intravenous tPA within the first 6 h to that of patients
selected on the basis of brain CT scan and included in the
ATLANTIS, ECASS and NINDS studies.86 The decision to treat
between 3 and 6 h was based on the judgment of the clinician
after analysis of the MRI data. Generally, patients without
significant perfusion–diffusion mismatch and patients with an
extended lesion on the diffusion sequence (.50% of the MCA
territory) were not treated with thrombolysis. The rate of
symptomatic ICH was significantly lower (3% vs 8%; p = 0.01)
and the rate of favourable clinical outcome was significantly
higher (48% vs 40%; p = 0.05) in the group of patients selected
on the basis of MRI. These results are in agreement with those
of a recent cohort study evaluating MRI versus CT based
thrombolysis treatment within and beyond the 3 h time
window after stroke onset.87 MRI selected patients overall had
a significantly lower risk than CT selected patients for

symptomatic ICH (3% vs 9%; p = 0.013) and mortality (12%
vs 21%; p = 0.021). Considering the usual reserves related to the
absence of randomisation and the potential bias inherent in this
type of study, these data suggest the superiority of an
individualised therapeutic decision based on MRI.
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