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Purpose—Symptomatic intracranial hemorrhage (sICH) is the most feared complication of intravenous thrombolytic therapy in
acute ischemic stroke. Treatment of sICH is based on expert opinion and small case series, with the efficacy of such treatments
not well established. This document aims to provide an overview of sICH with a focus on pathophysiology and treatment.
Methods—A literature review was performed for randomized trials, prospective and retrospective studies, opinion papers, case
series, and case reports on the definitions, epidemiology, risk factors, pathophysiology, treatment, and outcome of sICH.
The document sections were divided among writing group members who performed the literature review, summarized the
literature, and provided suggestions on the diagnosis and treatment of patients with sICH caused by systemic thrombolysis
with alteplase. Several drafts were circulated among writing group members until a consensus was achieved.
Results—sICH is an uncommon but severe complication of systemic thrombolysis in acute ischemic stroke. Prompt diagnosis and
early correction of the coagulopathy after alteplase have remained the mainstay of treatment. Further research is required to
establish treatments aimed at maintaining integrity of the blood-brain barrier in acute ischemic stroke based on inhibition
of the underlying biochemical processes.   (Stroke. 2017;48:e343–e361. DOI: 10.1161/STR.0000000000000152.)
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I

ntravenous alteplase improves outcome in selected patients
with acute ischemic stroke when given within 4.5 hours
from onset.1,2 Despite its efficacy, the use of alteplase is limited by the risk of hemorrhagic complications, particularly

symptomatic intracranial hemorrhage (sICH). The risk of
sICH varies on the basis of patient population and the definition of sICH used but generally ranges from 2% to 7%.3
Treatment of alteplase-associated sICH is based on expert
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opinion and small case series, and the efficacy of such treatments is not well established. In this scientific statement, we
aim to provide an overview of sICH with a focus on pathophysiology and treatment.

Definitions of sICH
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Classification of sICH after thrombolytic therapy is typically
based on 2 main factors: the radiographic appearance of the
hemorrhage and the presence of associated neurological deterioration. Radiographic classification of postthrombolytic
intracranial hemorrhage (ICH) has traditionally distinguished
between hemorrhagic infarction, which represents petechial
hemorrhage into the area of infarction, and parenchymal
hematoma, representing a sharply defined area of hemorrhage with or without mass effect (Figure 1).4 Limitations of
this radiological categorization scheme include the lack of
explicit distinction between parenchymal hematomas within
as opposed to remote from the area of infarction and the lack
of clear criteria to categorize subarachnoid, subdural, or intraventricular hemorrhage. To address these issues, an expanded
radiographic classification system, the Heidelberg Bleeding
Classification, has recently been proposed (Table 1).5 The
integration of ICH and clinical neurological deterioration in
the setting of alteplase is challenging given that variable definitions of neurological deterioration may be used and deterioration may occur for reasons other than ICH. A number
of definitions of sICH have been used or proposed for use in
clinical trials of thrombolytic therapy (Table 2). The choice
of sICH definition has a dramatic impact on the reported
sICH rate (see Incidence)2; therefore, comparison of sICH
rates across studies must carefully consider the specific sICH

definition used. In addition, the interrater agreement for different definitions of sICH varies significantly, as does the correlation with clinical outcomes such as mortality.11 Although
the ECASS (European Cooperative Acute Stroke Study) II
definition appears to have the highest interrater agreement,3,11
the SITS-MOST (Safe Implementation of Thrombolysis in
Stroke: Monitoring Study) definition correlates most strongly
with mortality.3,11,12
In summary, the definitions of sICH used are widely variable, depending on the radiological classification of hemorrhage and degree of neurological deterioration, and this
should be taken into account in the reporting and interpretation of sICH rates. To allow proper comparisons with clinical
trial benchmarks, stroke centers should classify the appearance of hemorrhagic transformation according to radiographic
criteria (hemorrhagic infarction [HI] type 1, HI-2, parenchymal hematoma [PH] type 1, PH-2, or remote ICH), assess the
degree of neurological worsening by National Institutes of
Health Stroke Scale (NIHSS) point change, and provide an
attribution of causality for the worsening.

Epidemiology of sICH
Incidence
Early-phase randomized trials of fibrinolytic therapy in acute
myocardial infarction required dose reduction of concurrent
intravenous heparin because of excessive risk of sICH (pooled
rate, 1.56%; range, 0.92%–2.80%). Rates of sICH in the 7
major published randomized trials of patients with acute myocardial infarction treated with alteplase and low-dose heparin
ranged from 0.64% to 0.94%.13 Because of this feared complication, acute stroke clinical trials were designed to minimize

Figure 1. Radiographic classification of hemorrhagic transformation
with the blue arrow in each figure
showing the hemorrhage. Top left,
Hemorrhagic infarction type 1.
Top right, Hemorrhagic infarction
type 2. Bottom left, Parenchymal
hematoma type 1. Bottom middle, Parenchymal hematoma type
2. Bottom right, Extraischemic
hematoma.
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Table 1. Radiographic Classification of Postthrombolysis Intracerebral Hemorrhage
NINDS Trial Criteria

ECASS*

Proposed Heidelberg Classification Scheme†

HI

Acute infarction with punctate or
variable hypodensity/hyperdensity with
an indistinct border within the vascular
territory

HI-1

Small petechiae

1a

HI1, scattered small
petechiae, no mass effect

PH

Typical homogeneous, hyperdense
lesion with a sharp border with or
without edema or mass effect

HI-2

More confluent petechiae

1b

HI2, confluent petechiae, no
mass effect

PH-1

<30% of the infarcted area
with mild space-occupying
effect

1c

PH1, hematoma within
infarcted tissue, occupying
<30%, no substantive mass
effect

PH-2

>30% of the infarcted area
with significant spaceoccupying effect

2

Hematoma occupying ≥30%
of the infarcted tissue with
obvious mass effect

3a

Parenchymal hematoma
remote from infarcted brain
tissue

3b

Intraventricular hemorrhage

3c

Subarachnoid hemorrhage

3d

Subdural hemorrhage

ECASS indicates European Cooperative Acute Stroke Study; HI, hemorrhagic infarction; NINDS, National Institute of Neurological Diseases and Stroke; and PH,
parenchymal hematoma.
*HI: petechial infarction without space-occupying effect. PH: hemorrhage (coagulum) with mass effect.
†1: Hemorrhagic transformation of infarcted brain tissue. 2: Intracerebral hemorrhage within and beyond infarcted brain tissue. 3: Intracerebral hemorrhage outside
the infarcted brain tissue or intracranial-extracerebral hemorrhage.
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this risk on the basis of previous acute myocardial infarction
experience.
The incidence of sICH after alteplase in the modern era
at the standard dose of 0.9 mg/kg administered over 1 hour
with a 10% bolus varies from 2% to 7% in clinical trials
and prospective stroke registries. This variation is likely the
result of differences in study design, the populations treated,
and the definitions of sICH.3 Site of image adjudication,
timing and type of required follow-up imaging, method of
assessing and categorizing clinical worsening, and whether
a causal relationship is required between imaging and clinical worsening have all varied across studies and definitions
(Table 2).
Among 6756 patients pooled from 9 randomized trials,14
the risk of sICH was greater with alteplase compared with
placebo for several sICH definitions: ECASS III (6.8% versus 1.3%; odds ratio [OR] 5.55; 95% confidence interval [CI],
4.01–7.70), SITS-MOST (3.7% versus 0.6%; OR, 6.67; 95%
CI, 4.11–10.84), and fatal hemorrhage (2.7% versus 0.4%;
OR, 7.14; 95% CI, 3.98–12.79). In the NINDS (National
Institute of Neurological Disorders and Stroke) trial cohort
and using the definition from that trial, the sICH rate was also
higher with alteplase compared with placebo (6.4% versus
0.6%; P<0.01).1 Despite initial fears that excessive rates of
sICH would eradicate the benefit of alteplase in clinical practice, large registries of postapproval use of alteplase demonstrated reassuringly low sICH rates ranging between 2% and
7% despite varying definitions.9,15 An important limitation of
these registry data, however, is the lack of central adjudication
of imaging results or clinical worsening.

The risk of sICH resulting from the use of alteplase is
likely to be related to the dose of alteplase used, with higher
rates noted at doses >0.9 mg/kg.16,17 A recent randomized trial
conducted primarily in an Asian population showed a lower
rate of sICH with low-dose tissue-type plasminogen activator (tPA; 0.6 mg/kg) compared with full-dose alteplase (1.0%
versus 2.1%; P=0.01) but did not demonstrate noninferiority
of the lower dose for the primary outcome (modified Rankin
Scale score <2 at 90 days).18
In summary, rates of sICH vary widely across definitions,
with a 2.5- to 5-fold variation in rates across studies. Clinical
practice experience among centers with protocols and trained
personnel suggests that rates of sICH are similar to those
observed in the initial clinical trials.

Risk Factors and Prediction Scores
A number of clinical, laboratory, and radiographic factors
associated with the risk of sICH after alteplase have been
reported. The evidence supporting these associations is variable, with some evidence consistently demonstrated across
multiple studies and other evidence shown only in small,
single-center cohort studies. In a systematic review and metaanalysis of 55 studies, older age, greater stroke severity, higher
baseline glucose, hypertension, congestive heart failure, renal
impairment, diabetes mellitus, ischemic heart disease, atrial
fibrillation, baseline antiplatelet use, leukoaraiosis, and visible acute infarction on brain imaging were all associated
with increased risk of sICH, whereas current smoking was
associated with a reduced risk.19 Statin use was also associated with sICH in this meta-analysis based on a small number
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Table 2. Definitions of Symptomatic Intracerebral Hemorrhage After Alteplase
Trial

Clinical

Radiographic

Causality of Neurological
Deterioration

Time Frame
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PROACT-26

Neurological deterioration defined as a ≥4-point
increase in the NIHSS score or a 1-point
deterioration in level of consciousness

Any hemorrhage
on CT

Caused by hemorrhage

24 h

NINDS1

Any clinical suspicion of hemorrhage or any
decline in neurological status

Any hemorrhage
on CT

Regardless of causal
relationship

CT required at 24 h and 7–10 d
after stroke onset and with any
clinical change suggestive of
hemorrhage; primary analysis
evaluated hemorrhage within
36 h

ECASS II7

Clinical deterioration or adverse events
indicating clinical worsening (eg, drowsiness,
increase of hemiparesis) or causing an increase
in NIHSS score of ≥4 points

Any hemorrhage
on CT

Regardless of causal
relationship

CT done at 22–36 h and 7 d
after stroke onset

ECASS III2

Clinical deterioration defined by an increase of
≥4 points in NIHSS score or that led to death

Any hemorrhage

Hemorrhage as the
predominant cause of the
neurological deterioration

CT/MRI required at 22–36 h
after stroke onset

SITS-MOST8

Neurological deterioration indicated by an
NIHSS score that was ≥4 points higher than
the baseline value or the lowest value between
baseline and 24 h or hemorrhage leading to
death

Local or remote
PH-2

Regardless of causal
relationship

CT/MRI 22–36 h after stroke
onset

GWTG-S9

Any neurological deterioration

Any hemorrhage
on CT

Causal

CT/MRI 24–36 h after onset

IST-310

Clinically important worsening of deficit
measured on a valid stroke scale or the
occurrence of a clinical syndrome suggesting
recurrent stroke

Significant
hemorrhage

Hemorrhage sufficient to
have contributed to the
deterioration

CT/MRI required at 24–48 h and
with any clinical change; primary
analysis evaluated hemorrhage
within 7 d

Heidelberg
classification
scheme5

Clinical deterioration defined as increase of
≥4 points in total NIHSS score at the time of
diagnosis compared with immediately before
worsening or ≥2 points in 1 NIHSS category,
or leading to intubation, hemicraniectomy,
ventricular drain placement, or other major
medical/surgical intervention

Any hemorrhage

Absence of alternative
explanation for deterioration

24 h after intervention

CT indicates computed tomography; ECASS, European Cooperative Acute Stroke Study; GWTG-S, Get With The Guidelines–Stroke; IST, International Stroke Trial;
MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; NINDS, National Institute of Neurological Diseases and Stroke; PH, parenchymal
hematoma; PROACT, Prolyse in Acute Cerebral Thromboembolism; and SITS-MOST, Safe Implementation of Thrombolysis in Stroke: Monitoring Study.

of subjects but was not confirmed in a subsequent study of
>20 000 patients.20 Time from symptom onset to alteplase was
not associated with sICH risk in this meta-analysis, a finding
in line with other studies.14,21 Microhemorrhages on pretreatment magnetic resonance imaging have also been associated
with an increased risk of sICH after alteplase, although the
absolute risk increase is relatively modest.22
Many factors associated with sICH are closely interrelated,
and this limits the assessment of the independent additive risk
of each factor, particularly in small studies that lack the power
to perform sufficient multivariable analyses. For instance,
atrial fibrillation, warfarin use (regardless of prothrombin
time), age, and clinical stroke severity have all been found to
increase risk of sICH, but each of these is generally correlated
with the other factors.23 Furthermore, the increase in absolute
risk of sICH associated with each of these factors also varies
widely; this is an important point to consider in the assessment of their clinical significance. Stroke severity as assessed

by NIHSS score is one of the factors most robustly associated
with sICH risk. In a pooled analysis of 6756 patients from
multiple randomized trials comparing alteplase with placebo,
the absolute risk of fatal sICH in the alteplase arm increased
from 1.6% with a baseline NIHSS score of 5 to 10 to 6.8%
with an NIHSS score >21.14
These limitations have motivated attempts to create scoring systems integrating multiple factors to better predict risk
of sICH in individual patients. At least 7 such risk prediction
scores have been proposed (Table 3).9,24–29 Validation studies
comparing these scores in different populations of alteplasetreated patients have shown similar predictive values for the
various scores (Table 3).30–37 Although these scores generally
are effective at estimating the incremental sICH risk facing
individual patients, the upper range of absolute sICH risk
predicted by the scores does not justify withholding thrombolytic therapy. Patients who may be at highest predicted risk
for sICH are also likely to have very poor outcomes without
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Table 3. Postthrombolysis Symptomatic Intracerebral
Hemorrhage Prediction Scores

Score

Components

Receiver-Operating
Characteristic Curve
(C Statistics)

MSS24

Age, NIHSS score, glucose,
platelets (0–4 points)

0.59–0.86

HAT25

NIHSS score, diabetes mellitus
or glucose, early CT hypodensity
(0–5 points)

0.59–0.79

SEDAN26

Age, NIHSS score, glucose,
hyperdense middle cerebral
artery sign, early CT hypodensity
(0–5 points)

0.50–0.70

SITS-ICH27

Age, NIHSS score, glucose,
weight, hypertension, antiplatelet
therapy (none, aspirin,
aspirin+clopidogrel), systolic
blood pressure, onset-totreatment time (0–12 points)

0.58–0.76

GRASPS GWTG9

Age, NIHSS score, glucose,
systolic blood pressure, Asian vs
non-Asian ethnicity, sex (0–101
points)

0.61–0.83

THRIVE28

Age, NIHSS score, hypertension,
diabetes mellitus, atrial fibrillation
(0–9 points)

0.6

SPAN-10029

Age, NIHSS score (0–1 points)

0.55–0.57
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CT indicates computed tomography; GRASPS, glucose at presentation,
race (Asian), age, sex (male), systolic blood pressure at presentation, and
severity of stroke at presentation (NIHSS); GWTG, Get With The Guidelines;
HAT, Hemorrhage After Thrombolysis; MSS, Multicenter Stroke Survey;
NIHSS, National Institutes of Health Stroke Scale; SEDAN, blood sugar, early
infarct signs, hyperdense cerebral artery sign, age, NIHSS; SITS-ICH, Safe
Implementation of Thrombolysis in Stroke–Intracranial Hemorrhage; SPAN,
Stroke Prognostication Using Age and NIH Stroke Scale; and THRIVE, Totaled
Health Risks in Vascular Events.

thrombolytic therapy. Indeed, the International Stroke Trial-3
showed the greatest benefit of alteplase versus placebo in the
subgroup predicted to be at highest risk of sICH.37
Risk scores for sICH can be helpful for guiding patients’
and their families’ expectations and perhaps to inform the
intensity of medical monitoring required for individual
patients after alteplase administration. Patients at high risk
of sICH based on prediction scores likely still have benefit
from alteplase. Therefore, it is critical that sICH prediction scores and risk factors not be used to select patients for
thrombolysis.

Pathophysiology of Alteplase-Related
Hemorrhagic Transformation
Alteplase, a recombinant tPA, is chemically identical to
endogenous tPA but with a different spatial arrangement. The
clearance of alteplase is best described as a 2-compartment
model. The first consists of a plasma redistribution phase and
hepatic clearance and is the dominant mode of elimination (ie,
85% of the area under the curve). The second consists of formation of a complex with plasminogen activator inhibitor-1

followed by hepatic clearance.38,39 The half-life of alteplase is
nearly 4 minutes, leading to 75% clearance within 8 minutes.
Like endogenous tPA, alteplase achieves clot lysis by converting inactive endogenous plasminogen to plasmin, mainly
in the presence of fibrin. Plasmin, in turn, breaks fibrin into
fibrin split products (Figure 2). Its relative fibrin specificity
limits systemic fibrinolysis compared with other thrombolytic
agents such as streptokinase.38
Despite the short half-life of alteplase in the bloodstream,
its effect on the coagulation system persists for much longer.40 The fibrinolytic activity of alteplase is associated with a
consumptive coagulopathy, causing a reduction in fibrinogen
levels41 and prolongation of prothrombin and partial thromboplastin times. These abnormalities may last ≥24 hours after
completion of the alteplase infusion.42,43 Whether this effect
may be magnified in patients on oral anticoagulants such
as warfarin before receiving alteplase is controversial.44,45
Although there are data showing elevations in both prothrombin and partial thromboplastin times after alteplase infusion,
there are very limited data on whether alteplase results in the
reduction of specific coagulation factors that are implicated in
those laboratory parameters.
The degree of alteplase-related coagulopathy has been
associated with sICH risk, with the most consistent associations with change in fibrinogen. A reduction in fibrinogen levels by ≥200 mg/dL from baseline within 6 hours of infusion
is associated with a substantially increased risk of sICH, as is
early hypofibrinogenemia (fibrinogen level <200 mg/dL at 2
hours after alteplase).42,46 An early increase in fibrin degradation products has also been associated with increased risk of
parenchymal hematoma.47 Hypofibrinogenemia (fibrinogen
level <150 mg/dL) at the time of sICH diagnosis has also been
associated with hematoma expansion.48
The coagulopathy produced by alteplase is not the only
determinant of hemorrhage occurring within an infarct (hemorrhagic infarct); it is also encountered even without the use
of thrombolytic or anticoagulant agents. In a pooled analysis of thrombolytic clinical trials, radiographic evidence of
hemorrhage occurred in 24.2% of placebo-treated patients
and 32.5% of alteplase-treated patients49; most of these hemorrhages were considered asymptomatic. Thus, it is clear
that hemorrhagic infarction occurs as part of the natural history of ischemic stroke.50 In contrast to the common occurrence of hemorrhagic infarction, parenchymal hematoma is
uncommon and occurs much more frequently in the setting of
thrombolysis.4 It has been suggested that hemorrhagic infarction is a result of multifocal red blood cell extravasation,
whereas parenchymal hematoma is the a result of a single
bleeding site in the blood vessel damaged by ischemia and
reperfusion.51
Reperfusion of injured brain tissue, related to recanalization of the affected artery,52 provides the impetus for the development of hemorrhagic transformation. Recanalization of the
affected artery, however, is not the only determinant of the
risk of hemorrhagic transformation, which can also occur with
persistent occlusion, as noted in autopsy and imaging studies.52,53 Reperfusion injury may be exacerbated by or lead to
elevated blood pressure.54,55 In addition, postthrombolytic hemorrhage can occur in areas remote from the infarcted tissue,56
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Figure 2. Mechanism of action of
alteplase and various treatments in
patients with thrombolysis-related hemorrhage. In green: Alteplase promotes
plasmin activation, which in turn degrades
cross-linked fibrin into fibrin split products
and reversal agents, promoting various
steps of the coagulation cascade. In red:
The antifibrinolytic agents (aminocaproic
acid and tranexamic acid) deactivate plasmin formation, which prevents the degradation of cross-linked fibrin. FFP indicates
fresh-frozen plasma; and PCC, prothrombin complex concentrate.
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XIIIa
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lending support to the notion that thrombolytics can contribute
to hemorrhage by mechanisms other than reperfusion. These
seemingly remote hemorrhages may be in locations of additional ischemic injury in the setting of multifocal infarcts, or
they may be in areas of underlying vulnerability in tissue. The
development of postthrombolytic hemorrhagic transformation
therefore requires a complex intersection of the biological processes underlying alteplase-associated coagulopathy, reperfusion injury, and disruption of the blood-brain barrier.57
Human imaging studies lend further evidence that breakdown of the blood-brain barrier is a critical component in the
development of hemorrhagic transformation.58 The presence of
robust collateral circulation on vessel imaging is associated with
a lower risk of sICH, which may in part be not only from smaller
volumes of infarction but also collateral circulation, providing
sufficient circulation for cerebral endothelial cells so that they
do not undergo breakdown as a result of prolonged ischemia.59
Permeability imaging, consisting of delayed acquisition perfusion imaging evaluating late-contrast extravasation into the
brain parenchyma, is another predictor of sICH and requires the
blood-brain barrier to be sufficiently disrupted to allow gadolinium entry.59,60 Similarly, blood-brain barrier disruption occurs
at a mean of 13 hours after onset when measured by cerebrospinal fluid gadolinium enhancement adjacent to an infarct, and
this disruption is associated with increased rates of hemorrhagic
transformation.61 Serum biomarkers of breakdown in the bloodbrain barrier, including tight junction proteins and neuronal
markers, have also been associated with the risk of sICH.62,63 An
additional growing body of research suggests that subclinical
cerebrovascular disease such as amyloid angiopathy or white
matter hyperintensities, which may be associated with endothelial injury, is also associated with a higher risk of sICH.64,65
Ischemic injury to cerebral endothelial cells and the associated underlying components of the neurovascular unit leads
to a series of biological processes resulting in breakdown of
the blood-brain barrier. Animal models of ischemia and reperfusion demonstrate an association between hemorrhage and
degradation of the basal lamina.66 The process of breakdown
in the blood-brain barrier is time dependent in that early in

the ischemic cascade there is activation of matrix metalloproteinases (MMPs), of which MMP-2 and MMP-9 are the most
widely studied. MMPs are likely derived from leukocytes with
subsequent breakdown of the tight junction proteins.67,68 After
the initial 24 hours of ischemic injury, further breakdown of the
blood-brain barrier occurs from activation of inherent brain proteases,69 although this process may not be as relevant to alteplase
hemorrhages, which occur earlier. Tight junction proteins such
as claudins, occluding, and junctional adhesion molecules lead
to the ability of blood products to transverse the basement
membrane and cross into brain parenchyma. These biological
processes are accentuated with the time and volume of ischemia
and may be accelerated by alteplase itself both at the endothelial cell level and in the adjacent proteins in the neurovascular
unit.57,69,70 Alteplase itself promotes activation of plasminogen
and secretion of MMPs directly or indirectly through formation
of free radicals, leading to degradation of the basal lamina,40,71,72
blood-brain barrier disruption,66 and injury to the neurovascular unit.73 A clinical study demonstrated that baseline MMP-9
level predicted the occurrence of parenchymal hematoma after
thrombolysis.72 Degradation of the blood-brain barrier may be
exacerbated by hyperglycemia,74 which is an important predictor of sICH and has been shown to have therapeutic implications
in animal models.75 The processes underlying the breakdown
of the blood-brain barrier and which pathways are amenable to
pharmacological intervention require further research. To date,
preventing the breakdown of the blood-brain barrier in patients
with acute ischemic stroke has been less frequently a focus of
“neuroprotectant” clinical trials.
In conclusion, the development of postthrombolytic hemorrhagic transformation requires multiple and interconnected
pathological processes, including ischemic injury, coagulopathy, disruption of the blood-brain barrier, and reperfusion injury.

Diagnosis of sICH
Monitoring After Thrombolytic Therapy
In patients who receive intravenous alteplase for acute ischemic
stroke, the American Heart Association (AHA)/American
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Stroke Association guidelines recommend close monitoring during and for at least 24 hours after the infusion in an
intensive care or acute stroke unit. The recommended monitoring includes blood pressure measurement and neurological examination every 15 minutes for the first 2 hours after
the alteplase infusion, then every 30 minutes for the next 6
hours, and then every hour for the next 16 hours. Because an
excessively high blood pressure may increase hemorrhagic
complications, a blood pressure goal of <180/105 mm Hg is
recommended for 24 hours after the infusion. In addition, an
emergent brain computed tomography (CT) is recommended
if headache, nausea, vomiting, or neurological worsening
occurs because these symptoms may herald ICH. If patients
develop these symptoms during the alteplase infusion, we
suggest stopping the infusion temporarily and resuming if the
emergent CT shows no ICH. Current AHA/American Stroke
Association recommendations include avoiding antiplatelet agents or anticoagulants for 24 hours after the alteplase
infusion (and after repeat neuroimaging confirms no asymptomatic blood products) to mitigate the risk of hemorrhagic
complications.1,76 Although some data suggest that the addition of antiplatelet agents to thrombolytic therapy is possibly
safe,77 a recent randomized trial definitively showed no net
benefit from adding aspirin to alteplase and a trend toward
increased hemorrhagic complications.78 A subgroup of
patients may be identified in the future who experience a net
benefit from antiplatelet or anticoagulant agents within 24
hours after alteplase, but this requires testing in randomized
trials. In addition, data from the SAINT trials (Stroke-Acute
Ischemic NYX Treatment) showed that patients on antiplatelet agents before alteplase use versus those who were not
were more likely to have symptomatic ICH and less likely to
have asymptomatic ICH, suggesting that antiplatelet agents
may convert asymptomatic hemorrhages into symptomatic
hemorrhages.79 Therefore, in patients with asymptomatic
hemorrhage seen on the 24-hour image, the timing of the
initiation of antiplatelet agents should be decided by weighing the risk of hematoma expansion against the risk of stroke
recurrence.

Timing of Postthrombolytic ICH
In early large trials of thrombolysis for myocardial ischemia,
sICH occurred within 12 hours after thrombolytic therapy in
65% of patients, within 12 to 24 hours in 17%, within 24 to
48 hours in 9%, and after 48 hours in 9%.80 In acute ischemic stroke, several studies have examined sICH timing but
with variable time thresholds, thereby limiting comparability.3,7,81,82 One recent review of stroke clinical trials found that
the majority of sICHs occurred within 24 hours but that ≈10%
to 15% occur after 24 hours.56 In the NINDS trial, all fatal
sICH events occurred within 24 hours, and 80% were within
12 hours.81 Although any ICH can occur up to ≥7 days, the
clear majority of sICHs occur within 36 hours. It is unlikely
that sICH after 36 hours can be ascribed to an ongoing, treatable thrombolysis-associated coagulopathy.
Retrospective studies have reported median times from
alteplase infusion to sICH ranging from 5 to 10 hours.48,83,84
In 1 study of 128 alteplase-treated patients, nearly 80% of
patients with sICH were diagnosed >2 hours after the alteplase

infusion, and the median time from alteplase treatment to
sICH diagnosis was nearly 8 hours.48 Therefore, treating practitioners may consider extending the period of intensive (every
30 minutes) neurological and cardiovascular monitoring to 12
hours from the currently recommended 8 hours, particularly in
patients with high risk for developing sICH. Larger prospective studies are needed to confirm the cost-effectiveness of this
monitoring strategy.
In summary, sICH attributed to alteplase occurs within 36
hours from the infusion, with only half of the events being
diagnosed by 5 to 10 hours from alteplase infusion. It is possible that extending the period of neurological and cardiovascular monitoring every 30 minutes from 8 to 12 hours may
lead to an earlier diagnosis of sICH, particularly in high-risk
patients, but this strategy requires assessment in larger prospective studies for cost-effectiveness.

Detecting sICH
Regardless of the specific definition of postthrombolytic ICH,
the diagnosis requires posttreatment brain imaging (CT or
magnetic resonance imaging) showing acute hemorrhage.40
Postthrombolysis monitoring protocols recommend followup brain imaging at 24 hours after intravenous alteplase to
exclude hemorrhage before the initiation of antithrombotic
agents,76 Although recent studies have suggested that routine
follow-up brain imaging at 24 hours in the absence of clinical deterioration rarely affects clinical management,85,86 this
remains controversial.87 If clinical deterioration occurs, urgent
repeat brain imaging to exclude hemorrhage is necessary. The
degree of clinical deterioration needed to trigger follow-up
imaging is not well established. In 1 study that used a cutoff of a 4-point decline in the NIHSS score, the incidence of
early neurological deterioration after intravenous alteplase in
acute ischemic stroke patients was nearly 7%, with only 2%
being caused by sICH.88 Using lesser degrees of neurological
deterioration as a trigger for urgent brain imaging may potentially result in increased detection rates of hemorrhage that is
not causative of the clinical decline. For instance, a ≥4-point
increase in the NIHSS score is more likely to be associated
with parenchymal hematoma than hemorrhagic infarction.89
Because most hemorrhages after alteplase occur in already
infarcted brain tissue, neurological deterioration may not occur
at the onset of the hemorrhage.3,4 New symptoms attributable
to mass effect or increased intracranial pressure are typically
detected in a delayed fashion. A recent multicenter retrospective study showed that patients diagnosed with sICH within
the first 3 hours after alteplase infusion had significantly lower
mean admission NIHSS scores than those diagnosed after 3
hours (median score, 11 versus 17; P=0.01).48 This likely
reflects characteristics of the NIHSS score, with a “ceiling
effect” such that at the upper range new neurological injury
may not change the score. A lower clinical threshold to trigger
urgent repeat imaging or even earlier routine brain imaging
may be warranted in patients with severe ischemic strokes;
this might allow earlier diagnosis and treatment. Large prospective studies are needed to test the cost-effectiveness of
this approach.
In summary, neurological deterioration in the setting of
sICH may be less pronounced with increasing stroke severity.
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The relationship between radiographic hemorrhage and clinical outcome has been most consistent with PH-2,49 whereas
the clinical relevance of HI-1, HI-2, and PH-1 is less clear.49
Post hoc analysis of ECASS I data demonstrated an increased
risk of early neurological deterioration and 3-month mortality after PH-2.50 Compared with patients without radiographic
hemorrhage, patients with PH-2 had a significantly increased
risk of 24-hour deterioration (OR, 18.0; 95% CI, 6.0–56.0)
and of 3-month mortality (OR, 11.4; 95% CI, 3.7–36.0). These
findings were confirmed in a subsequent post hoc analysis of
the ECASS II cohort and showed close to a 50% mortality
with PH-2.89 PH-1 compared with no hemorrhage was found
to be associated with early neurological deterioration but not
with worsened long-term outcome.89 HI-1 and HI-2 were not
associated with worsened outcomes.4,50,89
Quantifying the impact of postthrombolytic ICH on
outcome is challenging. The main challenge lies in separating the impact of the ischemic event itself (with its natural
sequelae) from the contribution of the hemorrhage. A retrospective analysis of a single-center stroke thrombolysis registry showed that the impact of previously recognized baseline
prognosticators on poor outcome was larger than the effects of
postthrombolytic sICH and depended on which sICH definition was used. Overall, in these analyses, sICH added limited
predictive power for poor outcome regardless of specific sICH
definitions (NINDS, ECASS II, SITS-MOST).56
In conclusion, the natural history of patients with sICH,
particularly the PH-2 radiological subtype, is very poor,
approaching 50% mortality and significant morbidity with
survival. The relation between other radiological subtypes
of hemorrhage and outcome is less clear; observed poor outcomes are more likely related to the combination of the sICH
itself and the underlying ischemic event.

Treatment of Postthrombolytic Hemorrhage
The general principles of treating patients with postthrombolytic hemorrhage in the setting of ischemic stroke are
similar to those used in treating spontaneous intracerebral
hemorrhage and include cardiovascular and respiratory support when needed, blood pressure management, monitoring for neurological deterioration, prevention of hematoma
expansion, and treatment of elevated intracranial pressure and
other complications that arise from the hemorrhage including
seizures. These general principles can be found in the AHA/
American Stroke Association guideline statement on the management of spontaneous intracerebral hemorrhage.90

Indications for Reversal of Alteplase-Induced
Coagulopathy
Risk of Hemorrhage Expansion
Once sICH is identified, the clinician needs to assess the risk
for hematoma expansion on the basis of the presence of an
ongoing alteplase-related coagulopathy. Although clinical

trials have not typically reported the risk of hemorrhage expansion, retrospective analyses have examined this risk in the setting of alteplase-related sICH. These studies are limited by a
small sample size and variable timing of serial CT scans after
diagnosis. However, clinically relevant hemorrhage expansion
consistently occurred in 30% to 40% of patients diagnosed
with sICH across these studies.48,83,84,91
Radiographic Appearance
It is unclear whether type of ICH (HI-1, HI-2, PH-1, PH-2,
subarachnoid hemorrhage, or subdural hemorrhage) affects
the risk of expansion. Existing studies of hemorrhage expansion after thrombolysis typically include only sICH and
thus are weighted toward PH-2. Only 1 study considered
radiographic type83 and found that PH-2 represented ≈64%
of sICH cases, but it could not clarify any differential risk
of sICH expansion. Therefore, there is no evidence that different appearance of hemorrhage influences opportunity to
benefit from treatment.
Symptomatic Versus Asymptomatic Hemorrhagic Infarction
Only 1 study detailed management of asymptomatic alteplaseassociated hemorrhage, and that study included only PH-2.83
Thus, it is unclear whether sICH is presaged by asymptomatic
hemorrhage with a time window wide enough for both diagnosis and treatment to influence outcome. In theory, the risk
of hemorrhage expansion may be greater for an asymptomatic hemorrhage in the setting of both alteplase and mechanical thrombectomy, especially if successful recanalization is
achieved or the mechanism of hemorrhage involves blood
vessel perforation or endothelial injury related to the neurointerventional procedure. Further studies should evaluate both
asymptomatic and symptomatic patients to determine the frequency and timing with which asymptomatic hematomas later
become sICH.
Opportunity to Benefit
It seems unlikely that all patients with sICH have equal opportunity to clinically benefit from treatment. Once the diagnosis
is made, predictors of death include poor neurological examination, large hematoma volume, and withdrawal of care.48,83,92
It may be that small amounts of blood are not clinically relevant, and large hematoma volumes have such poor outcomes
that treating any coagulopathy can offer no benefit.
Overall, currently available literature suggests that sICH
within 24 hours of alteplase therapy or with hypofibrinogenemia might be a reasonable indication for treatment. Although
very limited data are available to support treatment of asymptomatic bleeding, the use of reversal agents for any asymptomatic parenchymal hematoma occurring within 24 hours of
alteplase infusion may be considered, particularly in the setting of an ongoing coagulopathy.

Agents for Reversal of Coagulopathy
Cryoprecipitate
Suggestions for the use of various reversal agents are summarized in Table 4. Cryoprecipitate is derived from fresh-frozen
plasma (FFP) and contains fibrinogen, which corrects dysfibrinogenemia; factor VIII, which helps activate the intrinsic
pathway; factor XIII; and von Willebrand factor.93 Previous
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Reversal Agent

Suggested Dose

Cryoprecipitate

Consider sending a fibrinogen level
immediately and empirically transfusing with
10 U cryoprecipitate, and anticipate giving
more cryoprecipitate as needed to achieve a
normal fibrinogen level of ≥150 mg/dL (10 U
cryoprecipitate increases fibrinogen by nearly
50 mg/dL)

Potential for benefit in all sICH

Transfusion reaction and transfusionrelated lung injury

Platelets

2 donors (8–10 U)

Potential for benefit is unclear except
in patients with thrombocytopenia
(platelets <100 000/µL), who may
possibly benefit

Transfusion reaction, transfusion-related
lung injury, volume overload

FFP

12 mL/kg

Potential for benefit is unclear except in
patients on warfarin, in whom FFP may be
considered

Transfusion reaction, transfusion-related
lung injury, volume overload

PCC

25–50 U/kg (based on INR level)

Potential for benefit is unclear except
in patients on warfarin, in whom PCC
may be considered and is the preferred
adjunctive treatment

Thrombotic complications

Vitamin K

10 mg intravenously

Potential for benefit is unclear except in
patients on warfarin, in whom vitamin K
may be used as an adjunctive treatment

Anaphylaxis

rFVIIa

20–160 µg/kg

Potential for benefit is unclear

Thrombotic complications

Antifibrinolytic
agents

Aminocaproic acid: 4 g IV during first hour
followed by 1 g/h for 8 h

Potential for benefit in all patients with
sICH, particularly when blood products
are contraindicated or declined by
patient/family or if cryoprecipitate is not
available

Thrombotic complications

Tranexamic acid: 10 mg/kg 3–4 times/d
(adjustment based on kidney function may be
necessary)

Potential for Benefit

Adverse Effects

FFP indicates fresh-frozen plasma; INR, international normalized ratio; PCC, prothrombin complex concentrate; rFVIIa, recombinant factor VIIa; and sICH, symptomatic
intracranial hemorrhage.

guidelines have not specifically addressed the number of units
of cryoprecipitate to administer, but 10 U is the standard dose
in blood banks. There are limited data on increases of plasma
fibrinogen levels that can be anticipated on the basis of cryoprecipitate doses in the stroke population. An estimate derived
from a study of polytrauma patients reported that a mean infusion of 8.7 U led to an increase in fibrinogen level of 55±24 mg/
dL.94 Because fibrinogen is an acute-phase reactant, fibrinogen
levels obtained in the acute stroke setting should be interpreted
with caution; low levels should be not questioned, but normalappearing levels may be misleading. Disadvantages of cryoprecipitate include the lack of pathogen inactivation, risk of
transfusion-related lung injury, and delay in obtaining the solution because it requires thawing from its storage at −20°C.40
Therefore, once sICH is diagnosed, treating physicians
may consider immediately sending a fibrinogen level and
empirically transfusing with 10 U cryoprecipitate and anticipate giving more cryoprecipitate as needed to achieve a fibrinogen level of ≥150 mg/dL. In addition, treating physicians
may consider prioritizing cryoprecipitate infusion over other
reversal agents. More studies are needed to support the benefit
of this approach.
Platelet Transfusion
Platelet transfusion of 6 to 8 U is also routinely recommended for the treatment of alteplase-associated sICH.76

This recommendation is based on the theoretical concern that
thrombolysis may lead to platelet inhibition through a variety of potential mechanisms, including an increase in both
D-dimers and glycoprotein IIb/IIIa.95,96 These theories originate from ex vivo studies with small sample sizes and primarily with patients receiving thrombolysis for myocardial
infarction with thrombolytics other than alteplase. Although
the mechanism of action is not well known, these studies
have documented inhibition of platelet aggregometry.95,97 It
is not known whether infusion of platelets will correct this
defect in platelet aggregometry or limit bleeding-related
complications. In fact, in a small, limited, multicenter retrospective study of alteplase-associated sICH, platelet
transfusion was associated with increased hematoma expansion compared with control subjects (50.0% versus 21.6%;
P=0.01).48 However, this could be caused by a selection
bias whereby patients who were given platelet transfusion
were at high risk of hematoma expansion. More studies are
needed to confirm this finding. Limitations of and adverse
events caused by platelet transfusions are similar to those for
cryoprecipitate.
The use of platelet transfusion for all patients with sICH is
controversial. Exceptions include patients with thrombocytopenia (platelet count <100 000/μL), in whom platelet transfusion should be considered.
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Prothrombin Complex Concentrate
Prothrombin complex concentrates (PCCs) are concentrated
forms of various vitamin K–dependent factors and can include
factors II, VII, IX, and X, in addition to proteins C and S.98
Different products are available in different countries, complicating the literature. The most widely available in the United
States is a PCC containing all 4 factors. Combinations of these
factors activate both the intrinsic and extrinsic coagulation
pathways, resulting in the activation of factor X and thrombin, which in turn facilitates the conversion of fibrinogen into
fibrin. PCCs are the first-line treatment in warfarin-related
ICH, achieving reversal of warfarin-related coagulopathy in a
median of 30 minutes from infusion without requiring large
intravenous volumes.90 The use of PCCs in the treatment of
sICH may offer a rapid way to activate both the intrinsic and
extrinsic pathways that facilitate the conversion of fibrinogen
into fibrin, potentially reducing the risk of hematoma expansion. Because of the depletion of fibrinogen in patients with
sICH, it may be necessary to replenish fibrinogen levels first to
provide substrate for actions of the PCC. This treatment may
be particularly beneficial in patients who received warfarin
before alteplase and have a subtherapeutic but abnormal international normalized ratio (1.3–1.7); these patients are likely to
have lower levels of coagulation factors that could be replenished by PCCs. The use of PCCs in patients with sICH, however, should be weighed against the risk of thrombotic events
with such treatment.99 This risk is 1% in the general population
and may be elevated in the setting of an ischemic stroke.
The use of PCCs in most patients with sICH is controversial but may be considered as an adjunctive therapy to
cryoprecipitate in those on warfarin treatment before alteplase
administration.
Fresh-Frozen Plasma
FFP (thawed or unthawed) consists of plasma collected from
blood donors and frozen at −18°C. FFP contains all endogenous
procoagulant and anticoagulant proteins that activate both the
intrinsic and extrinsic pathways, leading to conversion of fibrinogen into fibrin in a fashion similar to PCCs. Unlike PCCs,
however, FFP is administered slowly in large intravenous volumes to prevent volume overload and carries a risk for major
transfusion reactions. Despite the fact that a standard dose of
FFP can take up to 30 hours to reverse the warfarin-induced
coagulopathy,100 this effect may be faster in the setting of
alteplase. The British Committee for Standards in Hematology,
for example, recommended administering FFP 12 mL/kg in
the setting of thrombolysis-related sICH.101 To date, however,
no studies have demonstrated the efficacy and safety of FFP in
patients with sICH. Given that its mechanism of action is similar to that of PCCs, FFP may be considered in patients with factor deficiencies before thrombolysis such as those treated with
warfarin when PCCs are not readily available.
The use of FFP in most patients with sICH is controversial
but may be considered as an adjunctive therapy to cryoprecipitate in those on warfarin treatment before alteplase infusion
when PCCs are not readily available.
Vitamin K
Vitamin K induces the synthesis of factors II, VII, IX, and X
and proteins C and S in the liver. Nevertheless, vitamin K may

potentiate the effect of fibrinogen (after replenishment) by
activating coagulation pathways, promoting the formation of
fibrin, and stabilizing the growth of the hematoma,40 with only
a very small risk of anaphylaxis (1 in 3000).102 Furthermore,
vitamin K may be particularly useful in patients who were on
warfarin with a subtherapeutic international normalized ratio
before alteplase infusion. To date, however, we lack studies
showing the efficacy of vitamin K in patients with sICH.
The use of vitamin K in most patients with sICH is controversial but may be considered as an adjunctive therapy in
those on warfarin treatment.
Antifibrinolytic Agents (ε-Aminocaproic Acid and
Tranexamic Acid)
Aminocaproic acid and tranexamic acid inhibit proteolytic
enzymes such as plasmin, which are known to mediate the
actions of alteplase (Figure 2). Because of their rapid onset in
plasma activity, they are potentially appealing interventions.
They are used in clinical practice in other conditions of uncontrolled bleeding such cardiac surgery or hematologic disorders.
They also are used in the neurological condition of aneurysmal subarachnoid hemorrhage during the time period when the
aneurysm is still unsecured, although this remains highly controversial.103 In the setting of sICH, the data are quite limited for
both agents, with only individual or small-series case reports.
In an AHA Get With The Guidelines–based analysis, 19 of 311
patients (6.1%) who received thrombolysis had sICH, and only
1 of the 19 received aminocaproic acid.91 In a more recent multicenter retrospective analysis, 2 of 128 alteplase-treated patients
with sICH received aminocaproic acid, neither of whom suffered in-hospital mortality or hematoma expansion.40 Similar,
limited reports are available for tranexamic acid treatment of
sICH.104 Guidelines from British Committee for Standards in
Hematology suggest the use of antifibrinolytic agents for
treating sICH in the setting of thrombolytic therapy. Because
of their mechanism of action (Figure 3) and the fact that they
are readily available and do not need to be thawed, antifibrinolytics may be an appealing treatment for sICH patients.
In conclusion, there are limited data on the safety and efficacy of antifibrinolytic agents in sICH. These agents, however, may be considered in all patients with sICH, particularly
those who decline blood products.
Activated Factor VII
Recombinant factor VIIa (rFVIIa; Novoseven, Novo Nordisk)
is a powerful procoagulant agent that, when given in pharmacological doses, activates the coagulation system and
promotes hemostasis in the presence of exposed tissue factor or activated platelets.105 rFVIIa is currently approved for
the treatment of bleeding in patients with hemophilia who
are resistant to factor VIII replacement therapy. Considerable
evidence suggests that rFVIIa also enhances hemostasis in
patients with normal coagulation systems. In phase II and
III trials of spontaneous, noncoagulopathic ICH, rFVIIa was
given in doses ranging from 20 to 160 µg/kg within 4 hours
of onset and reduced active bleeding on serial CT imaging
in a dose-dependent fashion.106,107 A consistent effect on clinical outcome could not be demonstrated, however, in a phase
III study, and a 4% incremental risk of arterial thromboembolic events (stroke or myocardial infarction) was reported,
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Figure 3. Rates of symptomatic intracerebral hemorrhage based on various prediction scores. ECASS II indicates European Cooperative
Acute Stroke Study-2; GRASPS, glucose, race, age, sex, pressure, stroke severity; HAT, Hemorrhage After Thrombolysis; NINDS, National
Institute of Neurological Disorders and Stroke; sICH, symptomatic intracranial hemorrhage; SITS-MOST, Safe Implementation of Thrombolysis in Stroke: Monitoring Study; and SPAN-100, Stroke Prognostication Using Age and NIH Stroke Scale. Reprinted from Sung et al.32
Copyright © 2013, American Heart Association, Inc.

highlighting the ability of rFVIIa to trigger thrombosis in atherosclerotic vessels.108
rFVIIa has been reported to be effective as an off-label
“rescue” therapy for life-threatening bleeding in the setting
of hemorrhagic shock, uncontrolled surgical bleeding, disseminated intravascular coagulation, and other conditions.109
It has also been successfully used to reverse coagulopathy
and to allow safe placement of intracranial pressure monitors in patients with fulminant hepatic failure, and it has been
reported to rapidly normalize the international normalized
ratio in patients with acute intracranial bleeding on vitamin K
antagonists such as warfarin.109
rFVIIa has yet to be rigorously evaluated as a potential
emergency treatment for postthrombolytic hemorrhage, and
its use is currently experimental. The only case report in the
English literature described a patient given alteplase who
experienced progressive intracerebral and subdural bleeding
despite receiving 20 U cryoprecipitate and 6 U platelets. She
was given 50 µg/kg rFVIIa and was taken to the operating

room for successful clot evacuation with good postoperative
hemostasis.110 This case shows the feasibility of using rFVIIa
as a method for attaining hemostasis and allowing lifesaving
neurosurgical intervention.
In conclusion, given the potential complications of rFVIIa,
treating physicians should consider withholding it until more
studies establish its safety in this setting.

Prevention of Hematoma Expansion
Hematoma expansion is a major predictor of death and
disability in patients with intracerebral hemorrhage.111–114
Therefore, in addition to aggressive reversal of coagulopathy,
other strategies for the prevention of hematoma expansion
may be a therapeutic target in sICH. Elevated blood pressure has been shown to be associated with the risk of hematoma expansion in patients with spontaneous intracerebral
hemorrhage.115–117 In patients with spontaneous intracerebral
hemorrhage, studies showed the relative safety of intensive
systolic blood pressure lowering to a goal of <140 mm Hg,
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but this measure lacked clear efficacy compared with a systolic blood pressure goal of <180 mm Hg.90,118 In patients
with sICH, blood pressure targets are unclear, but the goal
is to achieve a balance between providing adequate blood
flow to the ischemic territory and lowering the blood pressure to reduce the risk of hematoma expansion. For instance,
patients with acute ischemic stroke receiving thrombolytic
therapy or mechanical thrombectomy who achieve partial
or no recanalization may be at risk of additional ischemia,
especially in the setting of blood pressure reduction. In 1
study, a drop in mean arterial pressure by >40% was associated with poor neurological outcomes, although this study
included only patients with periprocedural hypotension and
results were not stratified by the presence of sICH.119 Similar
studies on the association of blood pressure after intravenous alteplase with outcomes and sICH are conflicting. For
example, in a study of 1128 patients treated with thrombolysis in China, a systolic blood pressure of <140 mm Hg was
associated with improved neurological outcomes and lower
rates of sICH.120 Among patients treated with thrombolysis
in the ECASS II trial, a higher systolic blood pressure was
also associated with worse functional outcomes and sICH,
with no clear evidence that lower blood pressure in alteplasetreated patients led to worse functional outcomes.121 Fewer
data are available, however, on blood pressure treatment in
the presence of hemorrhage after alteplase, particularly in
PH-2 versus others. In the setting of alteplase-associated
hemorrhage, healthcare providers should weigh the risk of
worsening ischemia against the severity of sICH and expansion risk to decide on blood pressure goals. Among patients
with HI-1 and HI-2 and incomplete recanalization, higher
blood pressure targets may be necessary to maintain adequate collateral blood flow to the ischemic bed and to reduce
the risk of infarct growth. In patients with full recanalization,
stricter blood pressure control measures may be reasonable.
Among patients with parenchymal hematoma who are at
high risk for hematoma expansion, stricter blood pressure
control is hypothesized to cause more benefit and perhaps
less harm. The safety and efficacy of this approach after
sICH development need further investigation.
In conclusion, healthcare providers should weigh the risk
of worsening ischemia against the severity of hemorrhage and
expansion risk to decide on blood pressure goals. In patients
with incomplete recanalization, higher blood pressure targets
may be necessary to maintain adequate blood flow to the ischemic bed and to reduce the risk of infarct growth. On the other
hand, in patients with full recanalization, stricter blood pressure control measures may be reasonable. The safety and efficacy of this approach need further investigation.

Neurosurgical Treatment
Surgical intervention is a challenge to organize into an evidence-based treatment algorithm because of the dearth of
prospective data to guide when to treat and which surgical
technique to implement.122 Most surgical data in this setting
are derived from observational studies and randomized trials
in spontaneous intracerebral hemorrhage.90,122–125 In practice,
the risks and benefits of rapid surgical decompression versus
iatrogenic injury must be carefully weighed.

The goal of surgery is to decompress the brain from mass
effect, malignant edema, and toxic blood byproducts. Stable
intracerebral hemorrhage can be surgically managed by ≥1
techniques. Bony decompressive craniectomy of the overlying
skull with expansion duraplasty can reduce intracranial pressure
and provide increased cranial volume to accommodate malignant edema. Open craniotomy and evacuation of hematoma
can eliminate the mechanical effects of the hematoma in lobar,
cerebellar, or surgically accessible basal ganglia hematomas
>30 cm3 in volume.91,122,126 However, this requires an incision
through the cortex and white matter tracts along the trajectory
to the lesion. The clinical effectiveness of these interventions
remains controversial.123,124,127 Minimally invasive craniotomy
and stereotactic or endoscopic evacuation of hematoma are
currently under investigation for spontaneous intracerebral
hemorrhage and may have a role in the surgical management
of postthrombolytic hemorrhage. Smaller-volume hematomas
are generally left untreated.124,126 Deep-seated hemorrhages in
areas such as the thalamus or brainstem are usually not evacuated. Immediate and delayed postoperative imaging is useful
to track the effectiveness of decompression and to evaluate
for any evidence of rehemorrhage. Current AHA/American
Stroke Association guidelines on intracerebral hemorrhage
indicate that, for most patients with supratentorial ICH, the
benefit of surgery is unclear. Neurosurgical treatment is recommended, however, for patients with cerebellar hemorrhage
with either brainstem compression or neurological deterioration. It may also be considered in patients with supratentorial
ICH who exhibit neurological deterioration, coma, significant
midline shift, or elevated intracranial pressure refractory to
medical treatment.90
In a trial testing thrombolytic strategies of patients with
myocardial infarction, retrospective analysis of neurosurgical
evacuation of thrombolysis-related hemorrhage was associated with reduced mortality compared with no evacuation.128
In patients with both ischemic stroke and thrombolysis-related
hemorrhage, the benefit of surgery may be mitigated by the
underlying ischemic cerebral injury. A recent multicenter,
retrospective study across the United States showed that, in
patients with sICH, there was a trend toward neurosurgical
treatment (hematoma evacuation or decompressive hemicraniectomy) reducing mortality (OR, 0.58; P=0.10).48 Although
this finding may be a result of selection bias, this effect may
be similar to that in patients with large hemispheric ischemic
strokes with malignant edema, such that neurosurgical treatment may reduce mortality by preventing herniation but still
leave the patient with substantially disabling neurological
deficits.129 Furthermore, although isolated subdural hemorrhage is a very rare manifestation of sICH, certain patients
with isolated subdural hemorrhage may possibly benefit from
neurosurgical evacuation. When neurosurgical treatments
are considered, they should be performed after coagulopathy reversal, and decisions should be balanced against the
risk of hemorrhagic complications in the setting of alteplaserelated coagulopathy. In addition, centers caring for patients
with acute ischemic stroke treated with alteplase should have
access to neurosurgical services in the event that sICH occurs.
In conclusion, neurosurgical treatment may be considered
in select patients with sICH for whom surgery may improve
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Table 5. Summary of Suggestions for Each Section in This
Document
Section
Definition

Summary of Suggestions
The definitions of sICH used are widely variable,
depending on the radiological classification of
hemorrhage and degree of neurological deterioration,
and these should be taken into account when
sICH rates are interpreted and reported. To allow
proper comparisons with clinical trial benchmarks,
stroke centers should classify the appearance of
hemorrhagic transformation according to radiographic
criteria (HI-1, HI-2, PH-1, PH-2, or remote ICH),
assess the degree of neurological worsening by
NIHSS score point change, and provide an attribution
of causality for the worsening.

Incidence

Rates of sICH vary widely across definitions, with a
2.5- to 5-fold variation in rates across studies. Clinical
practice experience among centers with protocols
and trained personnel suggests that rates of sICH are
similar to those observed in the initial clinical trials.

Risk factors
and prediction
scores

Risk scores for sICH can be helpful for guiding
patients’ and their families’ expectations and perhaps
to inform the intensity of medical monitoring required
for individual patients after alteplase administration.
Patients at high risk of sICH on the basis of prediction
scores likely still have benefit from alteplase; therefore,
it is critical that sICH prediction scores and risk factors
not be used to select patients for thrombolysis.
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Pathophysiology

The development of postthrombolytic hemorrhagic
transformation requires multiple and interconnected
pathological processes, including ischemic injury,
coagulopathy, disruption of the blood-brain barrier, and
reperfusion injury.

Diagnosis and
detection

sICH attributed to alteplase occurs within 36 h after the
infusion, with only half of the events being diagnosed
by 5–10 h after alteplase infusion. It is possible that
extending the period of neurological and cardiovascular
monitoring every 30 min from 8 h to 12 h may lead to
an earlier diagnosis of sICH, particularly in high-risk
patients, but this strategy requires assessment in larger
prospective studies for cost-effectiveness.

Table 5. Continued
Section
Reversal of
coagulopathy
with various
agents

Indications for
treatment

The natural history of patients with sICH, particularly
the PH-2 radiological subtype, is very poor, approaching
50% mortality and significant morbidity with survival.
The relation between other radiological subtypes of
hemorrhage and outcome is less clear; observed poor
outcomes are more likely related to the combination of
the sICH itself and the underlying ischemic event.
Overall, currently available literature suggests
that sICH within 24 h of alteplase therapy or with
hypofibrinogenemia might be a reasonable indication
for treatment. Although very limited data are available
to support treatment of asymptomatic bleeding, the use
of reversal agents for any asymptomatic PH occurring
within 24 h of alteplase infusion may be considered,
particularly in the setting of an ongoing coagulopathy.
(Continued )

Cryoprecipitate: Once sICH is diagnosed, treating
physicians may consider immediately sending a
fibrinogen level and empirically transfusing with
10 U cryoprecipitate and anticipate giving more
cryoprecipitate as needed to achieve a fibrinogen level
of ≥150 mg/dL. In addition, treating physicians may
consider prioritizing cryoprecipitate infusion over other
reversal agents. More studies are needed to support
the benefit of this approach.
Platelet transfusion: The use of platelet transfusion
for all patients with sICH is controversial. Exceptions
include those with thrombocytopenia (platelet count
<100 000/µL), in whom platelet transfusion should be
considered.
PCC: The use of PCCs in most patients with sICH is
controversial but may be considered as an adjunctive
therapy to cryoprecipitate in those on warfarin
treatment before alteplase administration.
FFP: The use of FFP in most patients with sICH is
controversial but may be considered as an adjunctive
therapy to cryoprecipitate in those on warfarin
treatment before alteplase infusion when PCCs are not
readily available.
Vitamin K: The use of vitamin K in most patients
with sICH is controversial but may be considered
as an adjunctive therapy in those on warfarin
treatment.
Antifibrinolytic agents: There are limited data on the
safety and efficacy of antifibrinolytic agents in sICH.
These agents, however, may be considered in all
patients with sICH, particularly in patients who decline
blood products.
rFVIIa: Given the potential complications of such
therapy, treating physicians should consider
withholding the use of rFVIIa until more studies
establish its safety in this setting.

Prevention of
hematoma
expansion

Healthcare providers should weigh the risk
of worsening ischemia against the severity of
hemorrhage and expansion risk to decide on
blood pressure goals. In patients with incomplete
recanalization, higher blood pressure targets may
be necessary to maintain adequate blood flow to the
ischemic bed and to reduce the risk of infarct growth.
On the other hand, in patients with full recanalization,
stricter blood pressure control measures may be
reasonable. The safety and efficacy of this approach
need further investigation.

Neurosurgical
treatment

Neurosurgical treatment may be considered in
select patients with sICH for whom surgery may
improve outcome despite the ischemic injury.
Careful consideration should be given to whether this
potential benefit outweighs the risk of hemorrhagic
complications in the setting of possible alteplaseassociated coagulopathy.

Neurological deterioration in the setting of sICH may
be less pronounced with increasing stroke severity;
therefore, a lower threshold to trigger emergent repeat
imaging may be considered in patients with high NIHSS
scores (eg, NIHSS score ≥12).
Natural history
and outcome

Summary of Suggestions

FFP indicates fresh-frozen plasma; ICH, intracranial hemorrhage; NIHSS,
National Institutes of Health Stroke Scale; PCC, prothrombin complex
concentrate; PH, parenchymal hematoma; rFVIIa, activated recombinant factor
VII; and sICH, symptomatic intracranial hemorrhage.
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outcome despite the ischemic injury. Careful consideration
should be given to whether this potential benefit outweighs
the risk of hemorrhagic complications in the setting of possible alteplase-associated coagulopathy.

Conclusions and Future Directions
Symptomatic intracerebral hemorrhage is an uncommon but
severe complication of systemic thrombolysis in acute ischemic
stroke. The exact mechanisms by which alteplase and other
thrombolytics lead to sICH are likely mediated by coagulopathy, reperfusion injury, and breakdown of the blood-brain barrier.
Significant attention has been paid to risk factors and predictors of
sICH. Despite the current quality reporting efforts and improved
clinical algorithms, a small proportion of patients treated with
alteplase within guidelines will develop sICH, and treatment
options have been limited by studies with small sample sizes and
heterogeneous practice patterns. Correction of the coagulopathy
after alteplase has remained the mainstay of treatment, but no specific agent has been shown to be most effective. Data from other
disease states, however, raise the possibility that certain agents

not routinely used may be effective, and they require further
study. Treatment to correct coagulopathy will likely require early
diagnosis before catastrophic expansion occurs and early administration of cryoprecipitate and other agents that can be rapidly
administered with rapid time to take effect. Additional treatment
modalities that require further research include neurosurgical
evacuation of the hematoma. There is a significant avenue of
research indicating the impact of breakdown of the blood-brain
barrier in the pathogenesis of sICH, although these data have
been limited mostly to rodent models of ischemic stroke. Further
research is required to establish treatments aimed at maintaining
the integrity of the blood-brain barrier in acute ischemic stroke on
the basis of inhibition of the underlying biochemical processes.
Whether other thrombolytics besides alteplase will be as effective
in clinical trials with less impact on the coagulation cascade and
blood-brain barrier remains to be established. The suggestions
from this statement are summarized in Table 5.

Acknowledgments
The authors thank Dr Feras Abdul-khalek for his contribution to this
manuscript.

Disclosures
Writing Group Disclosures

Employment

Research Grant

Other
Research
Support

The Warren Alpert Medical
School of Brown University

None

None

None

None

None

None

None

Joshua Z. Willey

Columbia University
Neurology

Genentech*

None

None

None

None

None

None

Brett Cucchiara

University of Pennsylvania
Neurology

None

None

None

Wilson vs
Pasqualone*

None

Boehringer
Ingelheim*

None

Joshua N.
Goldstein

Massachusetts General
Hospital Emergency
Medicine Clinics

Boehringer
Ingelheim*;
Pfizer†; Portola
Pharmaceuticals*

None

None

None

None

Prolong
Pharmaceuticals*

None

Nicole R.
Gonzales

McGovern Medical School

Genentech, Inc*

None

None

None

None

None

None

Pooja Khatri

University of Cincinnati,
Academic Health Center

Genentech†

None

None

None

None

None

None

Louis J. Kim

University of Washington
Neurological Surgery

NIH/NINDS†

None

None

None

Spi Surgical,
Inc*

Microvention, Inc*

None

Stephan A.
Mayer

Henry Ford Health System
Neurology

None

None

None

None

None

Stryker
Neurovascular*

None

Lee H.
Schwamm

Harvard Medical School
and Massachusetts General
Hospital

Genentech†;
NINDS†

None

None

None

None

CMS/Yale CORE
Design of 30 d
Mortality Measure
for Stroke*;
Penumbra DSMB
Separator 3D trial*

None

Yale University School of
Medicine Neurology

None

None

None

None

None

None

None

Writing Group
Member
Downloaded from http://ahajournals.org by on November 25, 2019

Shadi Yaghi

Kevin N. Sheth

Speakers’
Bureau/
Honoraria

Expert
Witness

Ownership
Interest

Consultant/
Advisory Board

Other

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person
receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the
entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.
*Modest.
†Significant.

Yaghi et al   Hemorrhage After Alteplase in Acute Ischemic Stroke   e357
Reviewer Disclosures

Employment

Research Grant

Other
Research
Support

University
of Nebraska
Medical Center

None

None

None

None

None

None

None

J. Claude
Hemphill

UCSF

None

None

None

None

None

None

None

J. Mocco

Mount Sinai
Hospital

FEAT: randomized trial (PI for
a prospective randomized
trial of 2 different methods
of aneurysm treatment)*;
POSITIVE: randomized trial
of flow diversion verses coil
embolization (co-PI for a
prospective randomized trial
of 2 different methods of
delayed stroke treatment)*;
COMPASS (co-PI for a
prospective randomized
trial of 2 different methods
of stroke thrombectomy)*;
INVEST (co-PI for a
prospective randomized trial
of 2 different methods of
minimally invasive treatment
of ICH)*

None

None

None

Neurvana†;
TSP†;
Cerebrotech†;
Endostream†;
Rebound†;
Synchron†;
Apama†

None

None

Shyam
Prabhakaran

Northwestern
University

None

None

None

None

None

None

None

Reviewer
Pierre Fayad

Speakers’
Bureau/
Honoraria

Expert
Witness

Ownership
Interest

Consultant/
Advisory
Board

Other

Downloaded from http://ahajournals.org by on November 25, 2019

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more during
any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $10 000 or
more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.
*Modest.
†Significant.

References
1. National Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. Tissue plasminogen activator for acute ischemic stroke. N
Engl J Med. 1995;333:1581–1587.
2. Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D,
Larrue V, Lees KR, Medeghri Z, Machnig T, Schneider D, von Kummer
R, Wahlgren N, Toni D; ECASS Investigators. Thrombolysis with
alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med.
2008;359:1317–1329. doi: 10.1056/NEJMoa0804656.
3. Seet RC, Rabinstein AA. Symptomatic intracranial hemorrhage following intravenous thrombolysis for acute ischemic stroke: a critical
review of case definitions. Cerebrovasc Dis. 2012;34:106–114. doi:
10.1159/000339675.
4. Trouillas P, von Kummer R. Classification and pathogenesis of cerebral
hemorrhages after thrombolysis in ischemic stroke. Stroke. 2006;37:556–
561. doi: 10.1161/01.STR.0000196942.84707.71.
5. von Kummer R, Broderick JP, Campbell BC, Demchuk A, Goyal M,
Hill MD, Treurniet KM, Majoie CB, Marquering HA, Mazya MV, San
Román L, Saver JL, Strbian D, Whiteley W, Hacke W. The Heidelberg
Bleeding Classification: classification of bleeding events after ischemic stroke and reperfusion therapy. Stroke. 2015;46:2981–2986. doi:
10.1161/STROKEAHA.115.010049.
6. del Zoppo GJ, Higashida RT, Furlan AJ, Pessin MS, Rowley HA, Gent
M. PROACT: a phase II randomized trial of recombinant pro-urokinase by direct arterial delivery in acute middle cerebral artery stroke:
PROACT Investigators: Prolyse in Acute Cerebral Thromboembolism.
Stroke. 1998;29:4–11.
7. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier D,
Larrue V, Bluhmki E, Davis S, Donnan G, Schneider D, Diez-Tejedor
E, Trouillas P. Randomised double-blind placebo-controlled trial of

8.

9.

10.

11.

12.

thrombolytic therapy with intravenous alteplase in acute ischaemic
stroke (ECASS II): Second European-Australasian Acute Stroke Study
Investigators. Lancet. 1998;352:1245–1251.
Wahlgren N, Ahmed N, Eriksson N, Aichner F, Bluhmki E, Dávalos
A, Erilä T, Ford GA, Grond M, Hacke W, Hennerici MG, Kaste M,
Köhrmann M, Larrue V, Lees KR, Machnig T, Roine RO, Toni D,
Vanhooren G; for the SITS-MOST Investigators. Multivariable analysis
of outcome predictors and adjustment of main outcome results to baseline data profile in randomized controlled trials: Safe Implementation
of Thrombolysis in Stroke-MOnitoring STudy (SITS-MOST). Stroke.
2008;39:3316–3322. doi: 10.1161/STROKEAHA.107.510768.
Menon BK, Saver JL, Prabhakaran S, Reeves M, Liang L, Olson DM,
Peterson ED, Hernandez AF, Fonarow GC, Schwamm LH, Smith EE.
Risk score for intracranial hemorrhage in patients with acute ischemic
stroke treated with intravenous tissue-type plasminogen activator. Stroke.
2012;43:2293–2299. doi: 10.1161/STROKEAHA.112.660415.
Sandercock P, Lindley R, Wardlaw J, Dennis M, Lewis S, Venables G,
Kobayashi A, Czlonkowska A, Berge E, Slot KB, Murray V, Peeters
A, Hankey G, Matz K, Brainin M, Ricci S, Celani MG, Righetti E,
Cantisani T, Gubitz G, Phillips S, Arauz A, Prasad K, Correia M, Lyrer
P; IST-3 Collaborative Group. Third International Stroke Trial (IST3) of thrombolysis for acute ischaemic stroke. Trials. 2008;9:37. doi:
10.1186/1745-6215-9-37.
Gumbinger C, Gruschka P, Böttinger M, Heerlein K, Barrows R, Hacke
W, Ringleb P. Improved prediction of poor outcome after thrombolysis using conservative definitions of symptomatic hemorrhage. Stroke.
2012;43:240–242. doi: 10.1161/STROKEAHA.111.623033.
Rao NM, Levine SR, Gornbein JA, Saver JL. Defining clinically relevant
cerebral hemorrhage after thrombolytic therapy for stroke: analysis of
the National Institute of Neurological Disorders and Stroke tissue-type

e358  Stroke  December 2017

13.

14.

15.

16.

17.

18.

Downloaded from http://ahajournals.org by on November 25, 2019

19.

20.

21.

22.

23.

24.

25.

plasminogen activator trials. Stroke. 2014;45:2728–2733. doi: 10.1161/
STROKEAHA.114.005135.
Giugliano RP, McCabe CH, Antman EM, Cannon CP, Van de Werf
F, Wilcox RG, Braunwald E; Thrombolysis in Myocardial Infarction
(TIMI) Investigators. Lower-dose heparin with fibrinolysis is associated with lower rates of intracranial hemorrhage. Am Heart J.
2001;141:742–750.
Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E,
Brott T, Cohen G, Davis S, Donnan G, Grotta J, Howard G, Kaste M,
Koga M, von Kummer R, Lansberg M, Lindley RI, Murray G, Olivot
JM, Parsons M, Tilley B, Toni D, Toyoda K, Wahlgren N, Wardlaw J,
Whiteley W, del Zoppo GJ, Baigent C, Sandercock P, Hacke W; Stroke
Thrombolysis Trialists’ Collaborative Group. Effect of treatment delay,
age, and stroke severity on the effects of intravenous thrombolysis with
alteplase for acute ischaemic stroke: a meta-analysis of individual patient
data from randomised trials. Lancet. 2014;384:1929–1935. doi: 10.1016/
S0140-6736(14)60584-5.
Diedler J, Ahmed N, Sykora M, Uyttenboogaart M, Overgaard K,
Luijckx GJ, Soinne L, Ford GA, Lees KR, Wahlgren N, Ringleb P. Safety
of intravenous thrombolysis for acute ischemic stroke in patients receiving antiplatelet therapy at stroke onset. Stroke. 2010;41:288–294. doi:
10.1161/STROKEAHA.109.559724.
Brott TG, Haley EC Jr, Levy DE, Barsan W, Broderick J, Sheppard GL,
Spilker J, Kongable GL, Massey S, Reed R, Marler JR. Urgent therapy
for stroke, part I: pilot study of tissue plasminogen activator administered
within 90 minutes. Stroke. 1992;23:632–640.
Haley EC Jr, Levy DE, Brott TG, Sheppard GL, Wong MC, Kongable
GL, Torner JC, Marler JR. Urgent therapy for stroke, part II: pilot study
of tissue plasminogen activator administered 91-180 minutes from onset.
Stroke. 1992;23:641–645.
Anderson CS, Robinson T, Lindley RI, Arima H, Lavados PM, Lee
TH, Broderick JP, Chen X, Chen G, Sharma VK, Kim JS, Thang NH,
Cao Y, Parsons MW, Levi C, Huang Y, Olavarría VV, Demchuk AM,
Bath PM, Donnan GA, Martins S, Pontes-Neto OM, Silva F, Ricci
S, Roffe C, Pandian J, Billot L, Woodward M, Li Q, Wang X, Wang
J, Chalmers J; ENCHANTED Investigators and Coordinators. Lowdose versus standard-dose intravenous alteplase in acute ischemic
stroke. N Engl J Med. 2016;374:2313–2323. doi: 10.1056/NEJMoa
1515510.
Whiteley WN, Slot KB, Fernandes P, Sandercock P, Wardlaw J. Risk factors for intracranial hemorrhage in acute ischemic stroke patients treated
with recombinant tissue plasminogen activator: a systematic review and
meta-analysis of 55 studies. Stroke. 2012;43:2904–2909. doi: 10.1161/
STROKEAHA.112.665331.
Messé SR, Pervez MA, Smith EE, Siddique KA, Hellkamp AS, Saver
JL, Bhatt DL, Fonarow GC, Peterson ED, Schwamm LH. Lipid profile,
lipid-lowering medications, and intracerebral hemorrhage after tPA in
Get With The Guidelines–Stroke. Stroke. 2013;44:1354–1359. doi:
10.1161/STROKEAHA.111.671966.
Whiteley WN, Emberson J, Lees KR, Blackwell L, Albers G, Bluhmki
E, Brott T, Cohen G, Davis S, Donnan G, Grotta J, Howard G, Kaste M,
Koga M, von Kummer R, Lansberg MG, Lindley RI, Lyden P, Olivot
JM, Parsons M, Toni D, Toyoda K, Wahlgren N, Wardlaw J, Del Zoppo
GJ, Sandercock P, Hacke W, Baigent C; Stroke Thrombolysis Trialists’
Collaboration. Risk of intracerebral haemorrhage with alteplase after
acute ischaemic stroke: a secondary analysis of an individual patient
data meta-analysis. Lancet Neurol. 2016;15:925–933. doi: 10.1016/
S1474-4422(16)30076-X.
Charidimou A, Shoamanesh A, Wilson D, Gang Q, Fox Z, Jäger HR,
Benavente OR, Werring DJ. Cerebral microbleeds and postthrombolysis intracerebral hemorrhage risk: updated meta-analysis. Neurology.
2015;85:927–924. doi: 10.1212/WNL.0000000000001923.
Kimura K, Minematsu K, Yamaguchi T; Japan Multicenter Stroke
Investigators’ Collaboration (J-MUSIC). Atrial fibrillation as a predictive factor for severe stroke and early death in 15,831 patients with acute
ischaemic stroke. J Neurol Neurosurg Psychiatry. 2005;76:679–683. doi:
10.1136/jnnp.2004.048827.
Cucchiara B, Tanne D, Levine SR, Demchuk AM, Kasner S. A risk
score to predict intracranial hemorrhage after recombinant tissue plasminogen activator for acute ischemic stroke. J Stroke Cerebrovasc Dis.
2008;17:331–333. doi: 10.1016/j.jstrokecerebrovasdis.2008.03.012.
Lou M, Safdar A, Mehdiratta M, Kumar S, Schlaug G, Caplan L, Searls
D, Selim M. The HAT Score: a simple grading scale for predicting
hemorrhage after thrombolysis. Neurology. 2008;71:1417–1423. doi:
10.1212/01.wnl.0000330297.58334.dd.

26. Strbian D, Engelter S, Michel P, Meretoja A, Sekoranja L, Ahlhelm FJ,
Mustanoja S, Kuzmanovic I, Sairanen T, Forss N, Cordier M, Lyrer
P, Kaste M, Tatlisumak T. Symptomatic intracranial hemorrhage after
stroke thrombolysis: the SEDAN score. Ann Neurol. 2012;71:634–641.
doi: 10.1002/ana.23546.
27. Mazya M, Egido JA, Ford GA, Lees KR, Mikulik R, Toni D, Wahlgren
N, Ahmed N; for the SITS Investigators. Predicting the risk of symptomatic intracerebral hemorrhage in ischemic stroke treated with intravenous
alteplase: safe Implementation of Treatments in Stroke (SITS) symptomatic intracerebral hemorrhage risk score [published correction appears
in Stroke. 2012;43:e102]. Stroke. 2012;43:1524–1531. doi: 10.1161/
STROKEAHA.111.644815.
28. Flint AC, Faigeles BS, Cullen SP, Kamel H, Rao VA, Gupta R, Smith
WS, Bath PM, Donnan GA; on behalf of the VISTA Collaboration.
THRIVE score predicts ischemic stroke outcomes and thrombolytic
hemorrhage risk in VISTA. Stroke. 2013;44:3365–3369. doi: 10.1161/
STROKEAHA.113.002794.
29. Saposnik G, Guzik AK, Reeves M, Ovbiagele B, Johnston SC.
Stroke Prognostication Using Age and NIH Stroke Scale: SPAN-100.
Neurology. 2013;80:21–28. doi: 10.1212/WNL.0b013e31827b1ace.
30. Cucchiara B, Kasner S, Tanne D, Levine S, Demchuk A,
Messe S, Sansing L, Lees K, Lyden P; SAINT Investigators.
Validation assessment of risk scores to predict postthrombolysis intracerebral haemorrhage. Int J Stroke. 2011;6:109–111. doi:
10.1111/j.1747-4949.2010.00556.x.
31. Van Hooff RJ, Nieboer K, De Smedt A, Moens M, De Deyn PP, De
Keyser J, Brouns R. Validation assessment of risk tools to predict outcome after thrombolytic therapy for acute ischemic stroke. Clin Neurol
Neurosurg. 2014;125:189–193. doi: 10.1016/j.clineuro.2014.08.011.
32. Sung SF, Chen SC, Lin HJ, Chen YW, Tseng MC, Chen CH. Comparison
of risk-scoring systems in predicting symptomatic intracerebral hemorrhage after intravenous thrombolysis. Stroke. 2013;44:1561–1566. doi:
10.1161/STROKEAHA.111.000651.
33. Strbian D, Michel P, Seiffge DJ, Saver JL, Numminen H, Meretoja A,
Murao K, Weder B, Forss N, Parkkila AK, Eskandari A, Cordonnier C,
Davis SM, Engelter ST, Tatlisumak T. Symptomatic intracranial hemorrhage after stroke thrombolysis: comparison of prediction scores. Stroke.
2014;45:752–758. doi: 10.1161/STROKEAHA.113.003806.
34. Siegler JE, Alvi M, Boehme AK, Lyerly MJ, Albright KC, Shahripour
RB, Rawal PV, Kapoor N, Sisson A, Houston JT, Alexandrov AW,
Martin-Schild S, Alexandrov AV. Hemorrhagic transformation (HT)
and symptomatic intracerebral hemorrhage (sICH) risk prediction models for postthrombolytic hemorrhage in the Stroke Belt. ISRN Stroke.
2013;2013:681673. doi: 10.1155/2013/681673.
35. Mazya MV, Bovi P, Castillo J, Jatuzis D, Kobayashi A, Wahlgren N,
Ahmed N. External validation of the SEDAN score for prediction of
intracerebral hemorrhage in stroke thrombolysis. Stroke. 2013;44:1595–
1600. doi: 10.1161/STROKEAHA.113.000794.
36. Asuzu D, Nystrom K, Amin H, Schindler J, Wira C, Greer D, Chi NF,
Halliday J, Sheth KN. Comparison of 8 scores for predicting symptomatic intracerebral hemorrhage after IV thrombolysis. Neurocrit Care.
2015;22:229–233. doi: 10.1007/s12028-014-0060-2.
37. Whiteley WN, Thompson D, Murray G, Cohen G, Lindley RI, Wardlaw
J, Sandercock P; on behalf of the IST-3 Collaborative Group. Targeting
recombinant tissue-type plasminogen activator in acute ischemic stroke
based on risk of intracranial hemorrhage or poor functional outcome:
an analysis of the third international stroke trial. Stroke. 2014;45:1000–
1006. doi: 10.1161/STROKEAHA.113.004362.
38. Gillis JC, Wagstaff AJ, Goa KL. Alteplase: a reappraisal of its pharmacological properties and therapeutic use in acute myocardial infarction.
Drugs. 1995;50:102–136.
39. Meretoja A, Tatlisumak T. Thrombolytic therapy in acute ischemic
stroke: basic concepts. Curr Vasc Pharmacol. 2006;4:31–44.
40. Yaghi S, Eisenberger A, Willey JZ. Symptomatic intracerebral hemorrhage in acute ischemic stroke after thrombolysis with intravenous
recombinant tissue plasminogen activator: a review of natural history and treatment. JAMA Neurol. 2014;71:1181–1185. doi: 10.1001/
jamaneurol.2014.1210.
41. Vandelli L, Marietta M, Gambini M, Cavazzuti M, Trenti T, Cenci MA,
Casoni F, Bigliardi G, Pentore R, Nichelli P, Zini A. Fibrinogen decrease
after intravenous thrombolysis in ischemic stroke patients is a risk factor
for intracerebral hemorrhage. J Stroke Cerebrovasc Dis. 2015;24:394–
400. doi: 10.1016/j.jstrokecerebrovasdis.2014.09.005.
42. Matosevic B, Knoflach M, Werner P, Pechlaner R, Zangerle A,
Ruecker M, Kirchmayr M, Willeit J, Kiechl S. Fibrinogen degradation

Yaghi et al   Hemorrhage After Alteplase in Acute Ischemic Stroke   e359

43.

44.

45.

46.

47.

48.

49.

Downloaded from http://ahajournals.org by on November 25, 2019

50.

51.
52.

53.

54.

55.

56.

57.

coagulopathy and bleeding complications after stroke thrombolysis.
Neurology. 2013;80:1216–1224. doi: 10.1212/WNL.0b013e3182897015.
Lee VH, Conners JJ, Cutting S, Song SY, Bernstein RA, Prabhakaran
S. Elevated international normalized ratio as a manifestation of post-thrombolytic coagulopathy in acute ischemic stroke. J Stroke Cerebrovasc
Dis. 2014;23:2139–2144. doi: 10.1016/j.jstrokecerebrovasdis.2014.
03.021.
Ruecker M, Matosevic B, Willeit P, Kirchmayr M, Zangerle A,
Knoflach M, Willeit J, Kiechl S. Subtherapeutic warfarin therapy
entails an increased bleeding risk after stroke thrombolysis. Neurology.
2012;79:31–38. doi: 10.1212/WNL.0b013e31825dcdf0.
Xian Y, Liang L, Smith EE, Schwamm LH, Reeves MJ, Olson DM,
Hernandez AF, Fonarow GC, Peterson ED. Risks of intracranial hemorrhage among patients with acute ischemic stroke receiving warfarin and treated with intravenous tissue plasminogen activator. JAMA.
2012;307:2600–2608. doi: 10.1001/jama.2012.6756.
Sun X, Berthiller J, Trouillas P, Derex L, Diallo L, Hanss M. Early
fibrinogen degradation coagulopathy: a predictive factor of parenchymal
hematomas in cerebral rt-PA thrombolysis. J Neurol Sci. 2015;351:109–
114. doi: 10.1016/j.jns.2015.02.048.
Trouillas P, Derex L, Philippeau F, Nighoghossian N, Honnorat J, Hanss
M, Ffrench P, Adeleine P, Dechavanne M. Early fibrinogen degradation
coagulopathy is predictive of parenchymal hematomas in cerebral rt-PA
thrombolysis: a study of 157 cases. Stroke. 2004;35:1323–1328. doi:
10.1161/01.STR.0000126040.99024.cf.
Yaghi S, Boehme AK, Dibu J, Leon Guerrero CR, Ali S, MartinSchild S, Sands KA, Noorian AR, Blum CA, Chaudhary S, Schwamm
LH, Liebeskind DS, Marshall RS, Willey JZ. Treatment and outcome of thrombolysis-related hemorrhage: a multicenter retrospective study. JAMA Neurol. 2015;72:1451–1457. doi: 10.1001/
jamaneurol.2015.2371.
Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC,
Albers GW, Kaste M, Marler JR, Hamilton SA, Tilley BC, Davis SM,
Donnan GA, Hacke W; ECASS, ATLANTIS, NINDS and EPITHET
rt-PA Study Group, Allen K, Mau J, Meier D, del Zoppo G, De Silva DA,
Butcher KS, Parsons MW, Barber PA, Levi C, Bladin C, Byrnes G. Time
to treatment with intravenous alteplase and outcome in stroke: an updated
pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET trials.
Lancet. 2010;375:1695–1703. doi: 10.1016/S0140-6736(10)60491-6.
Fiorelli M, Bastianello S, von Kummer R, del Zoppo GJ, Larrue
V, Lesaffre E, Ringleb AP, Lorenzano S, Manelfe C, Bozzao L.
Hemorrhagic transformation within 36 hours of a cerebral infarct: relationships with early clinical deterioration and 3-month outcome in the
European Cooperative Acute Stroke Study I (ECASS I) cohort. Stroke.
1999;30:2280–2284.
Immediate anticoagulation of embolic stroke: brain hemorrhage
and management options: Cerebral Embolism Study Group. Stroke.
1984;15:779–789.
Ogata J, Yutani C, Imakita M, Ishibashi-Ueda H, Saku Y, Minematsu
K, Sawada T, Yamaguchi T. Hemorrhagic infarct of the brain without
a reopening of the occluded arteries in cardioembolic stroke. Stroke.
1989;20:876–883.
Molina CA, Montaner J, Abilleira S, Ibarra B, Romero F, Arenillas
JF, Alvarez-Sabín J. Timing of spontaneous recanalization and risk of
hemorrhagic transformation in acute cardioembolic stroke. Stroke.
2001;32:1079–1084.
Larrue V, von Kummer R, Müller A, Bluhmki E. Risk factors for
severe hemorrhagic transformation in ischemic stroke patients treated
with recombinant tissue plasminogen activator: a secondary analysis
of the European-Australasian Acute Stroke Study (ECASS II). Stroke.
2001;32:438–441.
Selim M, Fink JN, Kumar S, Caplan LR, Horkan C, Chen Y, Linfante I,
Schlaug G. Predictors of hemorrhagic transformation after intravenous
recombinant tissue plasminogen activator: prognostic value of the initial apparent diffusion coefficient and diffusion-weighted lesion volume.
Stroke. 2002;33:2047–2052.
Strbian D, Sairanen T, Meretoja A, Pitkäniemi J, Putaala J, Salonen O,
Silvennoinen H, Kaste M, Tatlisumak T; Helsinki Stroke Thrombolysis
Registry Group. Patient outcomes from symptomatic intracerebral hemorrhage after stroke thrombolysis. Neurology. 2011;77:341–348. doi:
10.1212/WNL.0b013e3182267b8c.
Jin R, Yang G, Li G. Molecular insights and therapeutic targets for bloodbrain barrier disruption in ischemic stroke: critical role of matrix metalloproteinases and tissue-type plasminogen activator. Neurobiol Dis.
2010;38:376–385. doi: 10.1016/j.nbd.2010.03.008.

58. Kim EY, Na DG, Kim SS, Lee KH, Ryoo JW, Kim HK. Prediction of
hemorrhagic transformation in acute ischemic stroke: role of diffusionweighted imaging and early parenchymal enhancement. AJNR Am J
Neuroradiol. 2005;26:1050–1055.
59. Bang OY, Saver JL, Kim SJ, Kim GM, Chung CS, Ovbiagele B, Lee KH,
Liebeskind DS; for the UCLA-Samsung Stroke Collaborators. Collateral
flow averts hemorrhagic transformation after endovascular therapy
for acute ischemic stroke. Stroke. 2011;42:2235–2239. doi: 10.1161/
STROKEAHA.110.604603.
60. Latour LL, Kang DW, Ezzeddine MA, Chalela JA, Warach S. Early
blood-brain barrier disruption in human focal brain ischemia. Ann
Neurol. 2004;56:468–477. doi: 10.1002/ana.20199.
61. Warach S, Latour LL. Evidence of reperfusion injury, exacerbated by
thrombolytic therapy, in human focal brain ischemia using a novel imaging marker of early blood-brain barrier disruption. Stroke. 2004;35(suppl
1):2659–2661. doi: 10.1161/01.STR.0000144051.32131.09.
62. Kazmierski R, Michalak S, Wencel-Warot A, Nowinski WL. Serum
tight-junction proteins predict hemorrhagic transformation in ischemic stroke patients. Neurology. 2012;79:1677–1685. doi: 10.1212/
WNL.0b013e31826e9a83.
63. Marchi N, Cavaglia M, Fazio V, Bhudia S, Hallene K, Janigro D.
Peripheral markers of blood-brain barrier damage. Clin Chim Acta.
2004;342:1–12. doi: 10.1016/j.cccn.2003.12.008.
64. Charidimou A, Shoamanesh A; International META-MICROBLEEDS
Initiative. Clinical relevance of microbleeds in acute stroke thrombolysis: comprehensive meta-analysis. Neurology. 2016;87:1534–1541. doi:
10.1212/WNL.0000000000003207.
65. Charidimou A, Pasi M, Fiorelli M, Shams S, von Kummer R, Pantoni L,
Rost N. Leukoaraiosis, cerebral hemorrhage, and outcome after intravenous thrombolysis for acute ischemic stroke: a meta-analysis [published
correction appears in Stroke. 2016;47:e244]. Stroke. 2016;47:2364–
2372. doi: 10.1161/STROKEAHA.116.014096.
66. Hamann GF, del Zoppo GJ, von Kummer R. Hemorrhagic transformation of cerebral infarction: possible mechanisms. Thromb Haemost.
1999;82(suppl 1):92–94.
67. Liu J, Jin X, Liu KJ, Liu W. Matrix metalloproteinase-2-mediated occludin
degradation and caveolin-1-mediated claudin-5 redistribution contribute
to blood-brain barrier damage in early ischemic stroke stage. J Neurosci.
2012;32:3044–3057. doi: 10.1523/JNEUROSCI.6409-11.2012.
68. Sobrino T, Pérez-Mato M, Brea D, Rodríguez-Yáñez M, Blanco M,
Castillo J. Temporal profile of molecular signatures associated with
circulating endothelial progenitor cells in human ischemic stroke.
J Neurosci Res. 2012;90:1788–1793. doi: 10.1002/jnr.23068.
69. Jickling GC, Liu D, Stamova B, Ander BP, Zhan X, Lu A, Sharp FR.
Hemorrhagic transformation after ischemic stroke in animals and
humans. J Cereb Blood Flow Metab. 2014;34:185–199. doi: 10.1038/
jcbfm.2013.203.
70. Niego B, Medcalf RL. Plasmin-dependent modulation of the blood-brain
barrier: a major consideration during tPA-induced thrombolysis? J Cereb
Blood Flow Metab. 2014;34:1283–1296. doi: 10.1038/jcbfm.2014.99.
71. del Zoppo GJ, von Kummer R, Hamann GF. Ischaemic damage of
brain microvessels: inherent risks for thrombolytic treatment in stroke.
J Neurol Neurosurg Psychiatry. 1998;65:1–9.
72. Montaner J, Molina CA, Monasterio J, Abilleira S, Arenillas JF, Ribó M,
Quintana M, Alvarez-Sabín J. Matrix metalloproteinase-9 pretreatment
level predicts intracranial hemorrhagic complications after thrombolysis
in human stroke. Circulation. 2003;107:598–603.
73. Bai J, Lyden PD. Revisiting cerebral postischemic reperfusion injury:
new insights in understanding reperfusion failure, hemorrhage, and
edema. Int J Stroke. 2015;10:143–152. doi: 10.1111/ijs.12434.
74. Huang J, Liu B, Yang C, Chen H, Eunice D, Yuan Z. Acute hyperglycemia worsens ischemic stroke-induced brain damage via high mobility group box-1 in rats. Brain Res. 2013;1535:148–155. doi: 10.1016/j.
brainres.2013.08.057.
75. Lin Y, Xu M, Wan J, Wen S, Sun J, Zhao H, Lou M. Docosahexaenoic
acid attenuates hyperglycemia-enhanced hemorrhagic transformation after transient focal cerebral ischemia in rats. Neuroscience.
2015;301:471–479. doi: 10.1016/j.neuroscience.2015.06.024.
76. Adams HP Jr, Brott TG, Furlan AJ, Gomez CR, Grotta J, Helgason CM,
Kwiatkowski T, Lyden PD, Marler JR, Torner J, Feinberg W, Mayberg
M, Thies W. Guidelines for thrombolytic therapy for acute stroke: a
supplement to the guidelines for the management of patients with acute
ischemic stroke. a statement for healthcare professionals from a Special
Writing Group of the Stroke Council, American Heart Association.
Stroke. 1996;27:1711–1718.

e360  Stroke  December 2017

Downloaded from http://ahajournals.org by on November 25, 2019

77. Amaro S, Llull L, Urra X, Obach V, Cervera Á, Chamorro Á. Risks and
benefits of early antithrombotic therapy after thrombolytic treatment
in patients with acute stroke. PLoS One. 2013;8:e71132. doi: 10.1371/
journal.pone.0071132.
78. Zinkstok SM, Roos YB; ARTIS Investigators. Early administration of
aspirin in patients treated with alteplase for acute ischaemic stroke: a
randomised controlled trial. Lancet. 2012;380:731–737. doi: 10.1016/
S0140-6736(12)60949-0.
79. Cucchiara B, Kasner SE, Tanne D, Levine SR, Demchuk A, Messe
SR, Sansing L, Lees KR, Lyden P; for the SAINT Investigators.
Factors associated with intracerebral hemorrhage after thrombolytic therapy for ischemic stroke: pooled analysis of placebo
data from the Stroke-Acute Ischemic NXY Treatment (SAINT)
I and SAINT II trials. Stroke. 2009;40:3067–3072. doi: 10.1161/
STROKEAHA.109.554386.
80. Gore JM, Sloan M, Price TR, Randall AM, Bovill E, Collen D, Forman
S, Knatterud GL, Sopko G, Terrin ML. Intracerebral hemorrhage, cerebral infarction, and subdural hematoma after acute myocardial infarction
and thrombolytic therapy in the Thrombolysis in Myocardial Infarction
Study: Thrombolysis in Myocardial Infarction, phase II, pilot and clinical trial. Circulation. 1991;83:448–459.
81. Intracerebral hemorrhage after intravenous t-PA therapy for ischemic stroke: the NINDS t-Pa Stroke Study Group. Stroke. 1997;28:
2109–2118.
82. Wahlgren N, Ahmed N, Dávalos A, Ford GA, Grond M, Hacke W,
Hennerici MG, Kaste M, Kuelkens S, Larrue V, Lees KR, Roine
RO, Soinne L, Toni D, Vanhooren G; SITS-MOST Investigators.
Thrombolysis with alteplase for acute ischaemic stroke in the Safe
Implementation of Thrombolysis in Stroke-Monitoring Study (SITSMOST): an observational study. Lancet. 2007;369:275–282. doi:
10.1016/S0140-6736(07)60149-4.
83. Alderazi YJ, Barot NV, Peng H, Vahidy FS, Navalkele DD, Sangha
N, Misra V, Savitz SI. Clotting factors to treat thrombolysis-related
symptomatic intracranial hemorrhage in acute ischemic stroke.
J Stroke Cerebrovasc Dis. 2014;23:e207–e214. doi: 10.1016/j.
jstrokecerebrovasdis.2013.10.009.
84. Mokin M, Kass-Hout T, Kass-Hout O, Zivadinov R, Mehta B. Blood
pressure management and evolution of thrombolysis-associated intracerebral hemorrhage in acute ischemic stroke. J Stroke Cerebrovasc Dis.
2012;21:852–859. doi: 10.1016/j.jstrokecerebrovasdis.2011.05.006.
85. Guhwe M, Utley-Smith Q, Blessing R, Goldstein LB. Routine 24-hour
computed tomography brain scan is not useful in stable patients post
intravenous tissue plasminogen activator. J Stroke Cerebrovasc Dis.
2016;25:540–542. doi: 10.1016/j.jstrokecerebrovasdis.2015.11.006.
86. George AJ, Boehme AK, Dunn CR, Beasley T, Siegler JE, Albright
KC, El Khoury R, Martin-Schild S. Trimming the fat in acute ischemic
stroke: an assessment of 24-h CT scans in tPA patients. Int J Stroke.
2015;10:37–41. doi: 10.1111/ijs.12293.
87. Campbell BC, Parsons MW. Repeat brain imaging after thrombolysis is
important. Int J Stroke. 2015;10:E18. doi: 10.1111/ijs.12412.
88. Seners P, Turc G, Tisserand M, Legrand L, Labeyrie MA, Calvet D,
Meder JF, Mas JL, Oppenheim C, Baron JC. Unexplained early neurological deterioration after intravenous thrombolysis: incidence, predictors, and associated factors. Stroke. 2014;45:2004–2009. doi: 10.1161/
STROKEAHA.114.005426.
89. Berger C, Fiorelli M, Steiner T, Schäbitz WR, Bozzao L, Bluhmki E,
Hacke W, von Kummer R. Hemorrhagic transformation of ischemic brain
tissue: asymptomatic or symptomatic? Stroke. 2001;32:1330–1335.
90. Hemphill JC 3rd, Greenberg SM, Anderson CS, Becker K, Bendok
BR, Cushman M, Fung GL, Goldstein JN, Macdonald RL, Mitchell
PH, Scott PA, Selim MH, Woo D; on behalf of the American Heart
Association Stroke Council; Council on Cardiovascular and Stroke
Nursing; Council on Clinical Cardiology. Guidelines for the management of spontaneous intracerebral hemorrhage: a guideline for
healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2015;46:2032–2060. doi:
10.1161/STR.0000000000000069.
91. Goldstein JN, Marrero M, Masrur S, Pervez M, Barrocas AM, Abdullah A,
Oleinik A, Rosand J, Smith EE, Dzik WH, Schwamm LH. Management
of thrombolysis-associated symptomatic intracerebral hemorrhage. Arch
Neurol. 2010;67:965–969. doi: 10.1001/archneurol.2010.175.
92. Shon SH, Heo SH, Kim BJ, Choi HY, Kwon Y, Yi SH, Lee JS, Kim YS,
Kim HY, Koh SH, Chang DI. Predictors of hemorrhage volume after
intravenous thrombolysis. J Stroke Cerebrovasc Dis. 2016;25:2543–
2548. doi: 10.1016/j.jstrokecerebrovasdis.2016.06.035.

93. O’Shaughnessy DF, Atterbury C, Bolton Maggs P, Murphy M, Thomas
D, Yates S, Williamson LM; British Committee for Standards in
Haematology, Blood Transfusion Task Force. Guidelines for the use
of fresh-frozen plasma, cryoprecipitate and cryosupernatant. Br J
Haematol. 2004;126:11–28. doi: 10.1111/j.1365-2141.2004.04972.x.
94. Nascimento B, Goodnough LT, Levy JH. Cryoprecipitate therapy. Br J
Anaesth. 2014;113:922–934. doi: 10.1093/bja/aeu158.
95. Moser M, Nordt T, Peter K, Ruef J, Kohler B, Schmittner M, Smalling
R, Kübler W, Bode C. Platelet function during and after thrombolytic
therapy for acute myocardial infarction with reteplase, alteplase, or streptokinase. Circulation. 1999;100:1858–1864.
96. Gurbel PA, Serebruany VL, Shustov AR, Bahr RD, Carpo C, Ohman
EM, Topol EJ. Effects of reteplase and alteplase on platelet aggregation and major receptor expression during the first 24 hours of acute
myocardial infarction treatment: GUSTO-III Investigators: Global Use
of Strategies to Open Occluded Coronary Arteries. J Am Coll Cardiol.
1998;31:1466–1473.
97. Gurbel PA, Hayes K, Bliden KP, Yoho J, Tantry US. The platelet-related
effects of tenecteplase versus alteplase versus reteplase. Blood Coagul
Fibrinolysis. 2005;16:1–7.
98. Makris M, Van Veen JJ. Three or four factor prothrombin complex
concentrate for emergency anticoagulation reversal? Blood Transfus.
2011;9:117–119. doi: 10.2450/2011.0111-10.
99. Leissinger CA, Blatt PM, Hoots WK, Ewenstein B. Role of prothrombin
complex concentrates in reversing warfarin anticoagulation: a review of
the literature. Am J Hematol. 2008;83:137–143. doi: 10.1002/ajh.21046.
100. Lee SB, Manno EM, Layton KF, Wijdicks EF. Progression of warfarin-associated intracerebral hemorrhage after INR normalization with FFP. Neurology. 2006;67:1272–1274. doi: 10.1212/01.
wnl.0000238104.75563.2f.
101. Makris M, Van Veen JJ, Tait CR, Mumford AD, Laffan M; British
Committee for Standards in Haematology. Guideline on the management of bleeding in patients on antithrombotic agents. Br J Haematol.
2013;160:35–46. doi: 10.1111/bjh.12107.
102. Watson HG, Baglin T, Laidlaw SL, Makris M, Preston FE. A comparison of the efficacy and rate of response to oral and intravenous vitamin
K in reversal of over-anticoagulation with warfarin. Br J Haematol.
2001;115:145–149.
103. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J,
Higashida RT, Hoh BL, Kirkness CJ, Naidech AM, Ogilvy CS, Patel AB,
Thompson BG, Vespa P; on behalf of the American Heart Association
Stroke Council; Council on Cardiovascular Radiology and Intervention;
Council on Cardiovascular Nursing; Council on Cardiovascular Surgery and
Anesthesia; Council on Clinical Cardiology. Guidelines for the management
of aneurysmal subarachnoid hemorrhage: a guideline for healthcare professionals from the American Heart Association/American Stroke Association.
Stroke. 2012;43:1711–1737. doi: 10.1161/STR.0b013e3182587839.
104. French KF, White J, Hoesch RE. Treatment of intracerebral hemorrhage
with tranexamic acid after thrombolysis with tissue plasminogen activator. Neurocrit Care. 2012;17:107–111. doi: 10.1007/s12028-012-9681-5.
105. Abshire T, Kenet G. Recombinant factor VIIa: review of efficacy,
dosing regimens and safety in patients with congenital and acquired
factor VIII or IX inhibitors. J Thromb Haemost. 2004;2:899–909.
doi: 10.1111/j.1538-7836.2004.00759.x.
106. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN,
Skolnick BE, Steiner T; Recombinant Activated Factor VII Intracerebral
Hemorrhage Trial Investigators. Recombinant activated factor VII for
acute intracerebral hemorrhage. N Engl J Med. 2005;352:777–785. doi:
10.1056/NEJMoa042991.
107. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN,
Skolnick BE, Steiner T; FAST Trial Investigators. Efficacy and safety
of recombinant activated factor VII for acute intracerebral hemorrhage.
N Engl J Med. 2008;358:2127–2137. doi: 10.1056/NEJMoa0707534.
108. Diringer MN, Skolnick BE, Mayer SA, Steiner T, Davis SM, Brun NC,
Broderick JP. Thromboembolic events with recombinant activated factor VII in spontaneous intracerebral hemorrhage: results from the Factor
Seven for Acute Hemorrhagic Stroke (FAST) trial. Stroke. 2010;41:48–
53. doi: 10.1161/STROKEAHA.109.561712.
109. Levi M, Peters M, Büller HR. Efficacy and safety of recombinant factor
VIIa for treatment of severe bleeding: a systematic review. Crit Care
Med. 2005;33:883–890.
110. Yaghi S, Haggiagi A, Sherzai A, Marshall RS, Agarwal S. Use of recombinant factor VIIa in symptomatic intracerebral hemorrhage following intravenous thrombolysis. Clin Pract. 2015;5:756. doi: 10.4081/
cp.2015.756.

Yaghi et al   Hemorrhage After Alteplase in Acute Ischemic Stroke   e361

Downloaded from http://ahajournals.org by on November 25, 2019

111. Dowlatshahi D, Demchuk AM, Flaherty ML, Ali M, Lyden PL, Smith
EE; VISTA Collaboration. Defining hematoma expansion in intracerebral hemorrhage: relationship with patient outcomes. Neurology.
2011;76:1238–1244. doi: 10.1212/WNL.0b013e3182143317.
112. Brott T, Broderick J, Kothari R, Barsan W, Tomsick T, Sauerbeck L,
Spilker J, Duldner J, Khoury J. Early hemorrhage growth in patients with
intracerebral hemorrhage. Stroke. 1997;28:1–5.
113. Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN, Mayer SA,
Begtrup K, Steiner T; Recombinant Activated Factor VII Intracerebral
Hemorrhage Trial Investigators. Hematoma growth is a determinant of
mortality and poor outcome after intracerebral hemorrhage. Neurology.
2006;66:1175–1181. doi: 10.1212/01.wnl.0000208408.98482.99.
114. Yaghi S, Dibu J, Achi E, Patel A, Samant R, Hinduja A. Hematoma expansion in spontaneous intracerebral hemorrhage: predictors and outcome.
Int J Neurosci. 2014;124:890–893. doi: 10.3109/00207454.2014.887716.
115. Zhang Y, Reilly KH, Tong W, Xu T, Chen J, Bazzano LA, Qiao D, Ju Z,
Chen CS, He J. Blood pressure and clinical outcome among patients with
acute stroke in Inner Mongolia, China. J Hypertens. 2008;26:1446–1452.
doi: 10.1097/HJH.0b013e328300a24a.
116. Rodriguez-Luna D, Piñeiro S, Rubiera M, Ribo M, Coscojuela P, Pagola
J, Flores A, Muchada M, Ibarra B, Meler P, Sanjuan E, HernandezGuillamon M, Alvarez-Sabin J, Montaner J, Molina CA. Impact of blood
pressure changes and course on hematoma growth in acute intracerebral
hemorrhage. Eur J Neurol. 2013;20:1277–1283. doi: 10.1111/ene.12180.
117. Sakamoto Y, Koga M, Yamagami H, Okuda S, Okada Y, Kimura K,
Shiokawa Y, Nakagawara J, Furui E, Hasegawa Y, Kario K, Arihiro S, Sato
S, Kobayashi J, Tanaka E, Nagatsuka K, Minematsu K, Toyoda K; for the
SAMURAI Study Investigators. Systolic blood pressure after intravenous
antihypertensive treatment and clinical outcomes in hyperacute intracerebral hemorrhage: the Stroke Acute Management With Urgent Risk-Factor
Assessment and Improvement–Intracerebral Hemorrhage Study. Stroke.
2013;44:1846–1851. doi: 10.1161/STROKEAHA.113.001212.
118. Qureshi AI, Palesch YY, Barsan WG, Hanley DF, Hsu CY, Martin
RL, Moy CS, Silbergleit R, Steiner T, Suarez JI, Toyoda K, Wang
Y, Yamamoto H, Yoon BW; ATACH-2 Trial Investigators and the
Neurological Emergency Treatment Trials Network. Intensive bloodpressure lowering in patients with acute cerebral hemorrhage. N Engl J
Med. 2016;375:1033–1043. doi: 10.1056/NEJMoa1603460.
119. Löwhagen Hendén P, Rentzos A, Karlsson JE, Rosengren L, Sundeman
H, Reinsfelt B, Ricksten SE. Hypotension during endovascular treatment
of ischemic stroke is a risk factor for poor neurological outcome. Stroke.
2015;46:2678–2680. doi: 10.1161/STROKEAHA.115.009808.
120. Wu W, Huo X, Zhao X, Liao X, Wang C, Pan Y, Wang Y, Wang Y; TIMSCHINA Investigators. Relationship between blood pressure and outcomes in acute ischemic stroke patients administered lytic medication

121.
122.
123.

124.

125.

126.

127.

128.

129.

in the TIMS-China Study. PLoS One. 2016;11:e0144260. doi: 10.1371/
journal.pone.0144260.
Yong M, Kaste M. Association of characteristics of blood pressure profiles and stroke outcomes in the ECASS-II trial. Stroke. 2008;39:366–
372. doi: 10.1161/STROKEAHA.107.492330.
Weiser RE, Sheth KN. Clinical predictors and management of hemorrhagic transformation. Curr Treat Options Neurol. 2013;15:125–149.
doi: 10.1007/s11940-012-0217-2.
Mendelow AD, Gregson BA, Rowan EN, Murray GD, Gholkar A,
Mitchell PM; STICH II Investigators. Early surgery versus initial
conservative treatment in patients with spontaneous supratentorial lobar intracerebral haematomas (STICH II): a randomised trial. Lancet.
2013;382:397–408. doi: 10.1016/S0140-6736(13)60986-1.
Mendelow AD, Gregson BA, Fernandes HM, Murray GD, Teasdale GM,
Hope DT, Karimi A, Shaw MD, Barer DH; STICH Investigators. Early
surgery versus initial conservative treatment in patients with spontaneous supratentorial intracerebral haematomas in the International Surgical
Trial in Intracerebral Haemorrhage (STICH): a randomised trial. Lancet.
2005;365:387–397. doi: 10.1016/S0140-6736(05)17826-X.
Morgenstern LB, Hemphill JC 3rd, Anderson C, Becker K, Broderick JP,
Connolly ES Jr, Greenberg SM, Huang JN, MacDonald RL, Messé SR,
Mitchell PH, Selim M, Tamargo RJ; on behalf of the American Heart
Association Stroke Council and Council on Cardiovascular Nursing.
Guidelines for the management of spontaneous intracerebral hemorrhage: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2010;41:2108–2129.
doi: 10.1161/STR.0b013e3181ec611b.
Manno EM, Atkinson JL, Fulgham JR, Wijdicks EF. Emerging medical and surgical management strategies in the evaluation and treatment
of intracerebral hemorrhage. Mayo Clin Proc. 2005;80:420–433. doi:
10.4065/80.3.420.
Creutzfeldt CJ, Tirschwell DL, Kim LJ, Schubert GB, Longstreth WT Jr,
Becker KJ. Seizures after decompressive hemicraniectomy for ischaemic
stroke. J Neurol Neurosurg Psychiatry. 2014;85:721–725. doi: 10.1136/
jnnp-2013-305678.
Mahaffey KW, Granger CB, Sloan MA, Green CL, Gore JM, Weaver WD,
White HD, Simoons ML, Barbash GI, Topol EJ, Califf RM. Neurosurgical
evacuation of intracranial hemorrhage after thrombolytic therapy for
acute myocardial infarction: experience from the GUSTO-I trial: Global
Utilization of Streptokinase and TIssue-plasminogen activator (tPA) for
Occluded Coronary Arteries. Am Heart J. 1999;138(pt 1):493–499.
Lu X, Huang B, Zheng J, Tao Y, Yu W, Tang L, Zhu R, Li S, Li L.
Decompressive craniectomy for the treatment of malignant infarction of the middle cerebral artery. Sci Rep. 2014;4:7070. doi: 10.1038/
srep07070.

