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ABSTRACT
Haemorrhagic transformation of cerebral infarction is a
common and potentially serious occurrence following
acute ischaemic stroke. Though often a ‘‘natural’’
evolution, particularly in acute embolic stroke, haemor-
rhagic transformation is a prime concern with the use of
thrombolytic therapy for acute ischaemic stroke. The
severity of haemorrhage may range from a few petechiae
to a large haematoma with space occupying effect. The
pathogenesis of haemorrhagic transformation is not well
established, though ischaemia and reperfusion have been
proposed to cause disruption of the blood–brain barrier
leading to extravasation of blood. At the molecular level,
free radicals and proteolotic enzymes (metalloprotein-
ases) may cause tissue injury. Studies have identified a
number of clinical, radiological, and biochemical para-
meters that may serve as potential predictors of
increased risk for haemorrhagic transformation. The
knowledge of these factors may help in improving patient
selection for thrombolytic therapy.

Cerebral haemorrhage is the most feared complica-
tion of thrombolytic therapy for acute ischaemic
stroke. Spontaneous haemorrhagic transformation
(HT) of infarction is a frequent ‘‘natural’’ evolu-
tion, particularly in acute embolic stroke.1

However, this is often minor and usually does
not adversely affect the outcome for the patient.
Clinically relevant HT is more common with the
thrombolysis and is a major concern with this form
of treatment. Most acute stroke trials of thrombo-
lysis have included analysis of the risk of HT.
However, there is no uniformity in defining HT in
these trials, making it difficult to appraise them.
The pathophysiology of HT is not well under-
stood, but recent studies have highlighted the
significance of ischaemia and reperfusion injury in
the breakdown of permeability barriers leading to
the extravasation of blood. Attempts have been
made to identify factors that increase the risk of
HT, in order to improve patient selection for
thrombolytic therapy. In this article, the current
knowledge of classifications, pathophysiology, and
predictors of HT shall be reviewed.

CLASSIFICATIONS
A haemorrhagic infarction can be defined as an
area of bleeding within ischaemic cerebral tissue
following an acute ischaemic stroke, and consists
pathologically of a large number of red blood cells
in addition to leucocytes and macrophages. The
extent of the secondary bleed ranges from a few
petechiae to large haematomas which may cause

substantial pressure effects on the surrounding
tissues. Classification of HT can be based upon
radiological appearance, or on the presence of
associated clinical features which suggest neurolo-
gical deterioration. Clearly the most relevant
question from a clinical point relates to the long
term significance of each of these subtypes, and
shall be discussed later.

Clinical classification: symptomatic versus
asymptomatic
HT is often a natural evolution of ischaemic stroke
and is not always symptomatic. Only symptomatic
HT may be clinically relevant, though difficulty
may arise in defining this. HT is usually attributed
to thrombolysis if it occurs within 24–36 h of
treatment.

As early as the 1970s, urokinase therapy for the
treatment of ischaemic stroke was found to be
associated with sudden deterioration and death due
to cerebral haemorrhage identified on postmortem
studies.2 In the National Institute of Neurological
Disorders and Stroke (NINDS) study,3 symptomatic
haemorrhage was defined as ‘‘any CT-documented
haemorrhage that was temporally related to dete-
rioration in the patient’s condition in the judgement
of the clinical investigator’’. Haemorrhages occurring
within 36 h of drug administration were considered
to be related to treatment. In the PROACT II
(Prolyse in Acute Cerebral Thromboembolism II)
study, HT was considered symptomatic when it was
associated with an increase in National Institutes of
Health Stroke Scale (NIHSS) score of >4 points
within 36 h of treatment initiation.4 The European
Cooperative Acute Stroke Study (ECASS) included
radiological (computed tomography (CT)) features
in the definition of symptomatic HT by excluding
other CT findings which may be responsible for
deterioration, along with a worsening of NIHSS by
>4 points.5 Despite these differences in the defini-
tions, it is generally agreed that symptomatic HT is
associated with poor outcomes and mortality rates
from 45%3 to 83%.4

The general use of the term ‘‘symptomatic
haemorrhage’’ has been criticised by some authors
on the basis that the clinical deterioration could
result from causes other than HT—for example,
ischaemic cerebral oedema and mass effect and a
large bleeding into the ‘‘silent’’ areas of the brain
may be asymptomatic.6

Radiological classification
CT is sensitive at detecting cerebral haemorrhage.
Based on the CT appearance, the ECASS group
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classified HT into haemorrhagic infarction (HI) and parenchy-
mal haemorrhages (PH).5 Each class is divided into two types
(box 1): HI1 is defined as small petechiae along the margins of
the infarct; HI2 as confluent petechiae within the infarcted area
but no space occupying effect; PH1 as blood clots in (30% of
the infarcted area with space occupying effect; and PH2 as blood
clots in .30% of the infarcted area with space occupying effect.

In the NINDS (National Institute of Neurological Disorders
and Stroke) study,3 HT was classified into two types:
haemorrhagic cerebral infarction, and intracerebral haematoma.
Haemorrhagic cerebral infarction was defined as CT findings of
acute infarction with punctate or variable hypodensity and
hyperdensity, with an indistinct border within the vascular
territory suggested by the acute neurological signs and
symptoms. Intracerebral haematoma was 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 it, but
not necessarily limited to the territory of the presenting cerebral
infarction. Haemorrhage with an intraventricular extension was
considered an intracerebral haematoma. Clearly, there are
differences in the ECASS and NINDS classifications. Whereas
space occupying effect is a feature only of PH in the ECASS
classification, this is not specific for any of NINDS types. These
classifications have important clinical implications, as studies
showed that only PH2 (bleed .30% of the infarcted area with
space occupying effect) are associated with risk of early
neurological deterioration and higher 3 month mortality.7 8

Applying ECASS criteria, the Canadian Alteplase for Stroke
Effectiveness Study (CASES) reported that asymptomatic
haemorrhage after thrombolysis may not always be benign
and that the likelihood of a poor outcome may be proportional
to the extent of haemorrhage on CT scan.9 Accordingly, HI1
was not related to outcome, though HI2, PH1, and PH2 were all
negative predictors.

FREQUENCY OF HAEMORRHAGIC TRANSFORMATION

Haemorrhagic transformation in patients not treated with
thrombolysis
HT is a common ‘‘natural’’ evolution following cerebral
infarction, and as this is often asymptomatic, difficulty arises
in the determination of accurate incidence rates. The rates may
also vary depending on the timing of brain imaging, imaging
modality used, and prior use of antiplatelet or anticoagulation
treatment. In a comparative study of magnetic resonance
imaging (MRI) and CT, MRI with echoplanar imaging–
gradient–recalled echo sequences had a higher diagnostic

accuracy (incidence 48%) in detecting post-stroke HT than did
CT (incidence 6–43%).10

In a prospective survey by Horning et al11 using clinical and
radiological data, HT was reported in 43% of patients with
ischaemic stroke. Serial CTs demonstrated that 17% occurred in
the first week, 23% in the second week, and 3% in the third
week. HT appears to be particularly frequent following
cardioembolic stroke. Postmortem series show petechial hae-
morrhage associated with cerebral infarction in 50–70% of these
patients,12 13 and up to 95% of HT are cardioembolic in origin.14

Leonard et al reported an incidence of 20% HT within 48 h after
cardioembolic stroke,15 and in an angiographic study by
Yamaguchi et al, the incidence of HT following cardioembolism
was 37.5%.16 Though data for specific subtypes of ‘‘natural’’ HT
(for example, symptomatic vs asymptomatic and HI vs PH) are
limited, those obtained from placebo group analysis in
randomised controlled acute stroke trials may provide some
insight (table 1); however, the potential for selection and
referral bias in these groups should be noted.

Haemorrhagic transformation in patients treated with
thrombolysis
The risk of HT associated with thrombolysis therapy is well
established. The risk of symptomatic HT in a pooled analysis of
six randomised trials was 5.9% in stroke patients treated with
recombinant tissue plasminogen activator (rt-PA) compared to
1.1% in control groups.17 The rates of symptomatic HT are
similar for the younger patients and octogenarians.18–20 It should
be noted that asymptomatic petechial HT is statistically
independent of thrombolysis, and actually had a reduced
incidence in the rt-PA groups compared to controls in ECASS.5

The risk of HT is also dependent upon the dose, route of
administration, timing, and the type of thrombolytic agent
used, and this is discussed later when considering the predictors
of HT.

PATHOPHYSIOLOGY
The pathophysiology of HT is not fully established and appears
to be a complex and dynamic process associated with vascular
injury, reperfusion and altered permeability (fig 1). The
permeability barriers consist of endothelial cell tight junctions
which regulate substrate transfer (the blood–brain barrier), the
basal lamina consisting of extracellular matrix proteins that
prevents extravasation of cellular blood elements, and perivas-
cular astrocytes which constitute the parenchymal part of the
microvasculature.21 Disruption of the blood–brain permeability
barrier with blood extravasation then leads to parenchymal
injury through mechanical compression, ischaemia, and toxicity
of blood components.22 It is hypothesised that the loss of
microvascular integrity is a prerequisite for the development of
HT in focal ischaemia, with or without reperfusion.21 In the
experimental conditions, focal cerebral ischaemia has been
shown to cause disruption of microvascular permeability
barriers.23 After occlusion of the middle cerebral artery in
primates, alterations in the integrins (adhesion receptors that
connect endothelial cells to the components of the underlying
basal lamina) and gradual loss of the microvascular basal lamina
antigens collagen IV, laminin, and fibronectin have been
reported.23 24

Fisher and Adams in 195114 suggested a role of reperfusion
injury. They reported a high incidence of HT following embolic
stroke in postmortem studies, and proposed a hypothesis
suggesting that HT occurs when an embolus fragments and

Box 1: European Cooperative Acute Stroke Study (ECASS)
classification of haemorrhagic transformation5

c HI: Petechial infarction without space occupying effect
– HI1: small petechiae along the margins
– HI2: confluent petechiae

c PH: Blood clot with space occupying effect
– PH1: (30% of the infarcted area with space occupying

effect
– PH2: .30% of the infarcted area with space occupying

effect
HI, haemorrhagic infarction; PH, parenchymal haemorrhages

Review

362 Postgrad Med J 2008;84:361–367. doi:10.1136/pgmj.2007.067058

group.bmj.com on September 18, 2016 - Published by http://pmj.bmj.com/Downloaded from 

http://pmj.bmj.com/
http://group.bmj.com


re-opens a previously occluded vessel, exposing the disrupted
endothelium in the infarcted area to reperfusion injury and
extravasation of blood. This relationship between re-opening of
the occluded vessel and HT is strongly supported by both
radiographic and pathologic data.12 16

Some patients develop HT without opening of the occluded
vessels, and persistent proximal occlusions have been found in
11–17% of HT associated with cardioembolic stroke.12 16 This
has led to a second theory suggesting the role of collateral
circulation reperfusion injury. Ogata et al25 indicated that HT
may occur with persisting occlusion when infarcted areas are
exposed to sufficient perfusion pressure from the leptomenin-
geal collaterals on the surface of the brain, the mechanism of
which has also been demonstrated more recently in animal
models.26

The role of thrombolysis induced early fibrinogen degradation
coagulopathy has been suggested, particularly in the PH types
of HT.27 The early increase in the fibrin degradation products
(FDP) has been shown to be a factor contributing to cerebral
haemorrhage in thrombolysis for acute myocardial infarction28

and to the increased risk of PH following thrombolysis with rt-
PA in acute ischaemic stroke.29

The relative contributions of ischaemic vasculopathy, reper-
fusion injury, and coagulopathy in various subtypes of HT is
unknown, though ischaemia and early reperfusion may be more
important in HI whereas ischaemia, coagulopathy, and late
reperfusion may be more important in PH types.27

Biochemically, there is some evidence that free radical
production and activation of matrix metalloproteinases
(MMPs) during ischaemia and reperfusion may contribute to
the development of HT, and high MMP-9 values have been
shown to independently predict HT in patients with and
without thrombolysis.30 31 Though reported to be a promising
neuroprotectant in animal models of acute ischaemic stroke, the
free radical trapping agent NXY-059 failed to show beneficial
effects in terms of mortality and the prevention of alteplase
associated haemorrhage in a randomised, placebo controlled,
double blind trial.32

RISK FACTORS FOR HAEMORRHAGIC TRANSFORMATION
Thrombolysis is the single most effective treatment for acute
ischaemic stroke in suitable patients, and it is therefore
important to recognise factors which increase the risk of HT
in order to improve patient selection and provide appropriate
counselling. Factors identified as potential predictors for
thrombolysis related HT can be categorised as clinical,
biochemical, and radiological features, and these are outlined
in table 2.

Clinical predictors
Thrombolytic therapy was associated with a greater risk of PH
and symptomatic HT than the placebo treatment in all major
acute stroke trials.17 Symptomatic HT occurs in only 0.6% of
patients with ischaemic stroke treated with supportive care,

whereas the incidence is higher in those treated with
intravenous rt-PA (6%), mechanical embolectomy (8%), and
intra-arterial fibrinolytics.33–35

Compared with supportive treatment, rt-PA is associated
with a greater frequency of PH types than HI types,7 which may
reflect conversion of HI into PH by the thrombolytic agent in a
number of cases. Thrombolytic agents may differ in their
potential to cause HT. Streptokinase is associated with a
significantly greater risk of HT and poor outcome and is not
licensed for thrombolysis in acute stroke.36–38 The increased risk
of HT and poor outcome with streptokinase could be related to
the prolonged fibrinogen depletion and frequent occurrence of
hypotension with this agent.

Currently, rt-PA is the only licensed thrombolytic agent for
acute stroke, though newer agents are being evaluated in the
research trials. Table 3 compares the rates of HT in patients
treated with rt-PA, desmoteplase, and intra-arterial r-prouroki-
nase in acute stroke trials; however, there are no data directly
comparing these agents. Comparison of data from different
trials is complicated by differences in the size and type of study
samples, methodology, definitions of HT, dose, and route of
administration. Desmoteplase is a novel, highly fibrin specific
thrombolytic agent which was expected to provide better
results than rt-PA in acute stroke trials. However, a recently
conducted phase IIb/III trial using desmoteplase failed to show
any benefit over placebo, and higher doses were associated with
a greater frequency of HT and mortality rates.39 Tenecteplase
(TNK) is a modified form of rt-PA, with a longer half-life and
greater fibrin specificity, and in doses of 0.1–0.4 mg/kg was
found to be safe in a pilot study.40 Trials are needed to compare
the effect of TNK on neurological outcome and safety. Higher
doses of lytic agents were associated with an increased risk of
HT in DIAS and pilot studies with rt-PA.41 42 Symptomatic HT
occurs at a greater frequency with intra-arterial thrombolysis
(10% in PROACT II) than with the intravenous route (6.4% in
NINDS), though the baseline median NIHSS score was higher
in PROACT II than in NINDS. Rates of HT may be higher for
revascularisation with the mechanical devices.43

In the pooled analysis of data from six randomised placebo
controlled trials of intravenous rt-PA, the time to start of
treatment was not associated with an increased risk of HT.17 In
most of the thrombolysis trials, rt-PA was generally given
within 3 h of the onset of stroke. In the NINDS trial, there was
no difference in the rates of symptomatic HT in patients treated
within 90 min and 180 min.3 However, in the Canadian
Alteplase for Stroke Effectiveness Study (CASES), more patients

Table 1 Rates of haemorrhagic transformation (HT)
among placebo groups in randomised controlled trials

NINDS34 ECASS I7 ECASS II17

Patients, n 312 305 386

Asymptomatic HT 2.9% 29.9% 36.8%

Symptomatic HT 0.6% 6.8% 3.4%

ECASS, European Cooperative Acute Stroke Study; NINDS, National
Institute of Neurological Disorders and Stroke.

Figure 1 Schema of the pathogenesis of haemorrhagic transformation.
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with protocol violations treated after 3 h had symptomatic
intracranial haemorrhage compared to those treated within
guidelines (7.8% vs 3.9%).44 Interestingly, early successful
recanalisation has been associated with thrombolysis related
HI (HI1-HI2), reduced infarct size and improved clinical
outcome,45 whereas delayed spontaneous recanalisation occur-
ring more than 6 h after acute cardioembolic stroke is an
independent predictor of PH and adverse outcome.46

Age was found to be an independent risk factor for
symptomatic HT in some studies,17 47 but not in others.3 7 18 20 48

This discrepancy may be the result of differences in sample size,
statistical methods used for analysis, and the differences in the
definitions of symptomatic HT. The risk of symptomatic HT in
the very old (.80 years of age) is not well studied due to
exclusion or under-representation of these patients in most of
the studies. In a systematic analysis of six studies of intravenous
thrombolysis with rt-PA, Engelter et al19 reported a higher
3 month mortality for patients .80 years of age compared to
those ,80 years, but the rates of symptomatic HT were similar
in both groups. In a study of intra-arterial thrombolysis in
ischaemic stroke patients aged >80 years and their younger
counterparts, the rates for HT and recanalisation were similar in
both groups although outcomes at 90 days showed lower rates
of excellent functional outcome (mRS (1, 26% vs 40%) and
survival (57% vs 80%) among the very old.49 Therefore, risk of
HT should not in itself be a reason to exclude older patients
from thrombolysis therapy.

Stroke severity has been shown to be a risk factor for HT.3 5 50

Severity as assessed by NIHSS correlates well with early
ischaemic changes on CT51 and infarction volume on MRI,52

factors that are also known to be associated with a greater risk
of HT.53 54 The frequency was higher (8.3%) for PH2 than for
PH1 (4.2%) in patients with parenchymal hypoattenuation in
.33% of the middle cerebral artery territory on baseline CT
scan.47 Conceivably, larger infarcts provide a greater substrate
(ischaemic vasculopathy) for HT.

Blood glucose values and history of diabetes at the time of
admission have been recognised as independent risk factors for
HT.4 44 48 Hyperglycaemia and diabetes can cause damage to the
microvasculature leading to leakage of oedema fluid and red
blood cells.48

An acute elevation of blood pressure has been recognised as a
risk factor for HT in experimental studies of thrombolysis.55

Elevated baseline diastolic blood pressure was recognised as a
risk factor for HT in the pilot phases of the NINDS rt-PA
study.56 57 High blood pressure has also been associated with
increased risk of intracerebral haemorrhage following thrombo-
lysis for myocardial infarction.58 However, in a systematic
review of studies using multivariate analyses to identify
independent risk factors for symptomatic HT with thrombo-
lysis, Lansberg et al59 recognised only one study60 that reported
blood pressure as an independent risk factor. As blood pressure
levels above certain levels are considered exclusion criteria for
thrombolysis, the precise role of hypertension as a predictor for
HT may never be established.

Prior use of aspirin has been associated with an increased risk of
HT in patients treated with thrombolysis.42 47 61 In the secondary
analysis of the ECASS-II, the odds ratios for PH were 3.6 for rt-PA,
1.26 for aspirin, and 4.99 for rt-PA plus aspirin.47 Negative
interaction of aspirin has also been noted with streptokinase
therapy in acute stroke,62 though aspirin was not associated with
greater risk of HT in ECASS and NINDS trials.3 5

In the secondary analysis of ECASS data, a history of cardiac
failure (but not atrial fibrillation or myocardial infarction) was
associated with an increased risk (odds ratio 2.57) of PH.47 The
authors consider ventricular thrombus as a potential mechan-
ism of cerebral embolism in these patients, though this
association has not been studied elsewhere. History of
hyperlipidaemia and weight were risk factors in univariate but
not in multivariate analysis of predictors for HT.63

Laboratory predictors
The association of blood glucose values and HT has already
been alluded to.

Thrombocytopenia is a risk factor for HT following
thrombolysis for ischaemic stroke. Platelet counts lower than
100 000/ml are therefore a contraindication for thrombolysis
therapy. The lower baseline platelet counts have been reported
as independent risk factors for HT,48 though this has not been
confirmed in other studies.4 47

Thrombolysis induced early fibrinogen degradation coagulo-
pathy has been shown to predict risk of PH types of HT.27 The

Table 2 Risk factors for haemorrhagic transformation in acute ischaemic stroke following thrombolysis
therapy

Clinical factors Biochemical markers Radiological factors

Thrombolytic agent (dose, route of

administration, time of onset to

thrombolysis, type of agent)

Elevated blood glucose Established radiological factors

Thrombocytopenia Early ischaemic change on CT

Elevated matrix metalloproteinase Large volume of infarct

Stroke severity Elevated calcium binding proteins oedema or mass effect on the baseline CT

Advancing age Early fibrinogen degradation coagulopathy Possible radiological factors

History of diabetes Elevated red cell count Hyperdense artery sign on pre-treatment CT

Elevated blood pressure Presence of lacunes

Prior use of antithrombotic agents Reduced blood volume on PWI

History of cardiac failure Breakdown of blood–brain barrier

History of hyperlipidaemia Presence of microbleeds on MRI

Increased weight Leukoariosis on MRI

CT, computed tomography, MRI, magnetic resonance imaging; PWI, perfusion weighted imaging.

Table 3 Rates of haemorrhagic transformation (HT) in
patients treated with thrombolytic agents in the acute
stroke trials

NINDS
(rt-PA)

DIAS (low dose
desmoteplase)

PROACT II)
(r-ProUK)

Patients, n 312 45 108

Asymptomatic HT 4.5% 31.1% 25%

Symptomatic HT 6.5% 2.2% 10%
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risk of HT is higher in patients on anticoagulation therapy and
the risk increases with the dose.64 In patients who are not on
anticoagulants, the baseline procoagulant or profibrinolytic
states may influence the risk of HI with thrombolysis. Low
level of plasminogen activator inhibitor (PAI-I) is found to be a
risk factor for HT in one65 but not in another study.50 Elevated
red cell count has also been suggested as a risk factor for HT in
one study.63

The levels of matrix metalloproteinases (MMPs), a family of
zinc binding proteolytic enzymes that normally remodel the
extracellular matrix, relate to blood–brain barrier disruption
after cerebral ischaemia.31 High pre-treatment levels of MMP-9
have been associated with an increased risk of PH.31 Elevated
values of a calcium binding protein, S100B (a marker of
disruption of the blood–brain barrier), has been shown to be
an independent risk factor for HT.66 In a multicentre study of rt-
PA, none of the haemostatic markers (fibrinogen, prothrombin
fragments, factor VII, factor XIII, antiplasmins, and PAI-I) were
associated with an increased risk of HT.50

Radiological predictors
Early ischaemic changes on CT have been associated with an
increased risk of HT in several studies.3 48 53 67 These changes
include hypodensity of brain parenchyma, loss of grey–white
differentiation, effacement of sulci, and compression of ven-
tricles. The extent of change tends to correlate with the risk of
HT. A threefold increase in the risk of symptomatic HT was
noted in patients with early infarct size of less than a third of
the middle cerebral artery (MCA) territory, and the risk
increased by sixfold in those with changes affecting more than
a third.48 Similar results were noted in ECASS I.68 Evidence of
oedema or mass effect on the baseline CT was significantly
associated with an increased risk of symptomatic HT during the
first 36 h after start of treatment in NINDS.3

Recently, there has been increasing interest in the use of MRI,
with a particular hope of extending the time of onset to
thrombolysis beyond the usual 3 h window. Presence of lacunes
on MRI was noted to predict HT.63 A large volume of infarct on
the diffusion weighted scan is shown to be an independent risk
factor for HT.69 This was confirmed in a recent multicentre
study of symptomatic HT with thrombolysis.49 The patients
were categorised according to the pre-treatment DWI lesion
size into three pre-specified groups: small ((10 ml), moderate
(10–100 ml), and large (.100 ml) DWI lesions.49 The incidence
of symptomatic HT significantly differed between subgroups:

2.8%, 7.8%, and 16.1% in patients with small, moderate, and
large DWI lesions, respectively. Patients with a pre-treatment
hyperdense middle cerebral artery sign on CT showed larger
volume lesions on perfusion and diffusion weighted MRI and
were associated with an increased risk of HT and death.63 Other
putative predictors of increased risk include low cerebral blood
volume on perfusion weighted imaging,70 hyperintense acute
reperfusion marker (HARM) as evidenced by a delayed
gadolinium enhancement of cerebrospinal fluid space on
FLAIR sequences,71 and evidence of disruption of the blood–
brain barrier in the form of enhancement on post-contrast T-1
weighted images.72 The initial suggestion of cerebral microbleeds
as detected on pre-treatment gradient echo MRI as predictors of
HT has not been confirmed in recent studies.73–75 Presence of
leukoariosis on MRI is considered to be an important risk factor
for HT.76

PROGNOSIS
Parenchymal haemorrhage after thrombolysis is associated with
a higher mortality and worse outcome in surviving patients.8 47

However, asymptomatic HT is common and thought to be a
natural evolution of reperfusion into ischaemic tissue without
any clinical impact.6 77 HI defined by ECASS criteria has no
significant impact on the outcome at 3 months in ECASS 1 and
ECASS 2 studies.7 47 HI is statistically independent of rt-PA
treatment, and actually has a lower incidence in rt-PA groups
than control groups in ECASS 1 and ECASS 2.5 47

Symptomatic HT was associated with mortality rates of 45%
in NINDS,34 and 83% in PROACT-2.33 In NINDS part 2,
mortality associated with symptomatic haemorrhage was
increased by a 10-fold factor in the rt-PA group (47%) when
compared with the placebo group (4.7%).3 34 However, the
overall mortality was decreased in the rt-PA group (17% vs 21%)
because of the reduction in non-haemorrhagic deaths, and even
subgroups at the highest risk for HT show a net benefit of rt-PA
treatment within 3 h.

SUMMARY
Thrombolytic therapy in acute ischaemic stroke is associated
with a significant risk of HT and there has been an increasing
interest in identifying factors that may predict this risk. Not all
forms of HT have an adverse effect on patient outcomes and
the efforts should be directed towards identifying subtypes of
HT that are clinically relevant. Though clinical and radiological

Box 2: Some of the questions for future research in stroke
thrombolysis

c What is the relative significance of ischaemia, reperfusion, and
early fibrin degradation coagulopathy in the pathogenesis of
subtypes of haemorrhagic transformation (HT)?

c Is fibrin specificity the major discriminant for the potential to
cause HT among the thrombolytic agents?

c What is the role of biochemical markers such as matrix
metalloproteases and calcium binding protein S100B in
predicting risk of HT?

c What is the precise role of newly recognised magnetic
resonance imaging markers, such as decreased cerebral blood
volume on perfusion weighted imaging, hyperintense acute
reperfusion marker (HARM), and evidence of the disruption of
the blood–brain barrier in predicting HT risk?

Key points

c Haemorrhagic transformation (HT) of cerebral infarction is a
common and potentially serious occurrence following acute
ischaemic stroke.

c HT is frequently seen as a ‘‘natural’’ evolution in ischaemic
infarction but is often asymptomatic.

c Compared to placebo treatment, thrombolytic therapy greatly
increases the risk of symptomatic HT.

c The main predictors of clinically significant HT are age, clinical
stroke severity, high blood pressure, hyperglycaemia, early
computed tomography changes, and large baseline diffusion
lesion volume on magnetic resonance imaging.

c The pathogenesis of haemorrhagic transformation is not well
understood, though ischaemia and reperfusion have been
implicated in the disruption of the blood–brain barrier leading
to extravasation of blood.
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classifications serve as a useful guide to the severity of HT,
both have limitations. The pathogenesis of HT is becoming
increasingly clear with improved understanding of the
mechanisms involved with the breakdown of permeability
barriers at a molecular level. In a recently published study,
early disruption of barrier caused by focal cerebral ischaemia in
human stroke was assessed by the presence of gadolinium
enhancement of cerebrospinal fluid, termed ‘‘hyperintense
acute injury marker’’ (HARM).78 This was found to be an
independent predictor of HT.

Most of the current research in stroke thrombolysis exploits
advances in brain imaging in the hope of identifying better
predictors of HT, and extending the window for thrombolysis.
Despite these advances, several questions remain unanswered
(box 2). The search for an ideal thrombolytic agent continues,
though it should be remembered that thrombolysis is the single
most effective treatment for acute ischaemic stroke, and even
patients at high risk for HT based on factors identified so far
show an overall net benefit due to the reduction in non-
haemorrhagic deaths. Future studies may reveal additional
information in this area so that patient selection for thrombo-
lysis can be further improved, and potential complications of
thrombolytic therapy minimised.

Competing interests: None declared.
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