. The official journal of the Japan Atherosclerosis Society and
f-’ the Asian Pacific Society of Atherosclerosis and Vascular Diseases @@@@
BY NC SA

SO S v

Original Article

Risk Factors for Early Intracerebral Hemorrhage after Intravenous
Thrombolysis with Alteplase

J Atheroscler Thromb, 2020; 27: 1176-1182. http://doi.org/10.5551/jat.49783

Xianda Lin"-3, Yungang Cao', Jueyue Yan', Zheng Zhang?, Zusen Ye?, Xiaoyan Huang', Zicheng Cheng’,
and Zhao Han'

'Department of Neurology, The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University,
Wenzhou, China

*Department of Neurology, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China

3Department of Neurology, The Wenzhou Third Clinical Institute Affiliated To Wenzhou Medical University, Wenzhou, China

Aim: Intracerebral hemorrhage (ICH) is one of the most severe complications of thrombolysis. Symptomatic
ICHs are associated with adverse outcomes. It has been reported that symptomatic ICHs most commonly occur
within the first few hours after the initiation of intravenous thrombolysis. Our aim here was to determine the
risk factors for early ICH (within 12 h) after thrombolysis.

Methods: We analyzed patients with acute ischemic stroke who received intravenous alteplase at two hospitals
affiliated to Wenzhou Medical University between March 2008 and November 2017. The ICH diagnosis time
was defined as the time from the intravenous administration of alteplase to the first detection of hemorrhage on
computed tomography. Demographic data, medical history, clinical features, and laboratory examination results
were collected. Univariate analysis followed by multivariable logistic regression analysis was performed to deter-
mine the predictors of early ICH (within 12 h) after thrombolysis.

Results: Among 197 patients, early ICH (within 12 h) after thrombolysis occurred in 13 patients (6.6%). In the
univariate analysis, patients with early ICHs were significantly correlated with prior stroke (P=0.04). After
adjusting for potential confounders in the multivariate analysis, prior stroke (odds ratio [OR]: 5.752, 95% confi-
dence interval [CI]: 1.487-22.248; P=0.011) and atrial fibrillation (OR: 5.428, 95% CI: 1.427-20.640;
P=0.013) were associated with early ICH.

Conclusions: Prior stroke and atrial fibrillation are independent risk factors for early ICHs (within 12 h) after
intravenous thrombolysis with alteplase.
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Introduction

Acute ischemic stroke is one of the leading causes
of death worldwide, characterized by high morbidity,
mortality, and disability rates". Intravenous thrombo-
lytic treatment with alteplase initiated within 4.5 h
after the onset of symptoms is currently the only
approved medical therapy available for acute ischemic
stroke?. The efficacy and safety of this treatment have
been demonstrated by several large studies and meta-
analyses® ¥,

Although intravenous alteplase improves clinical
outcomes in patients with acute ischemic stroke, the
potential complications, especially the risk of bleed-
ing, may offset the benefits of recanalization, thus lim-
iting its use in clinical practice to some extent. Intra-
cerebral hemorrhage (ICH) is one of the most devas-
tating complications of thrombolysis”. Notably, it has
been reported in a recent review® that symptomatic
intracerebral hemorrhage (sSICH) is associated with
poor functional outcomes and increased disability.
The definitions of sICH vary across studies, such as
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the National Institute of Neurological Disorders and
Stroke (NINDS) trial, the European Cooperative
Acute Stroke Study (ECASS), and the Safe Implemen-
tation of Thrombolysis in Stroke-Monitoring Study
(SITS-MOST)* 7. ICH is clinically diagnosed by
performing a computed tomography (CT) scan, but
this method does not reveal the precise time when the
hemorrhage began. To date, the timing of sSICH has
not been well described pathologically'”. It was
reported in one recent review'" that the vast majority
of sICHs occurred in 24 h but that approximately
10%—-15% occurred after 24 h. In the NINDS trial,
all mortal sSICH events occurred within 24 h and 80%
were within 12 h. Furthermore, a recent study'? indi-
cated that sSICH associated with the administration of
intravenous alteplase typically occurred within the first
12 h of treatment. The first 12 h after thrombolysis
seem to be a crucial time interval for ICH. A multi-
tude of studies' have reported risk factors for post-
thrombolytic ICH or sICH, but few studies have
focused on early ICH, particularly in the first 12 h
after thrombolysis. In this study, we aimed to identify
the risk factors for early ICH (within 12 h) after
thrombolysis with alteplase.

Materials and Methods
Subjects

We performed a retrospective analysis of a pro-
spectively included cohort of patients with acute isch-
emic stroke who received intravenous alteplase at two
hospitals affiliated to Wenzhou Medical University
between March 2008 and November 2017. The inclu-
sion and exclusion criteria were the same as the ones
used in the ECASS III study®. Eligible patients
received 0.9 mg of alteplase per kilogram of body
weight (with a maximum dose of 90 mg), 10% of
which was given as a bolus, followed by delivery of the
remaining 90% as a constant infusion over a period of
60 min. CT scans of the brain were performed before
treatment with intravenous alteplase started and were
repeated 24-36 h later or whenever clinically indi-
cated for patients with worsening stroke symptoms.

Risk Factors

The patients’ demographic data, medical history,
clinical features, and laboratory examination results
were collected. First, we gathered data on pretreatment
factors, including demographics (age and sex), medi-
cal history (hypertension, diabetes mellitus, hyperlip-
idemia, atrial fibrillation, prior stroke, smoking, an
the use of antithrombotic drugs before stroke), and
clinical features (initial systolic and diastolic blood
pressure, National Institutes of Health Stroke Scale

[NIHSS]' score on admission, and time from onset
to thrombolysis [OTT]). Second, we gathered the
results of laboratory examinations, including pretreat-
ment blood glucose levels, international normalized
ratio (INR), activated partial thromboplastin time
(APTT), and platelet count.

Clinical Assessment

The ICH diagnosis time was defined as the time
from the intravenous administration of alteplase to the
first detection of hemorrhage on CT. Although the
half-life of alteplase is only 4 min, its effects on coagu-
latory function, such as prolonging prothrombin time
and APTT and decreasing fibrinogen, may last more
than 24 h'. Currently, studies'®'® suggest that ICH
within 36 h after thrombolysis can be ascribed to
thrombolytic therapy. Therefore, postthrombolytic
ICH within 36 h was considered to be thrombolysis-
associated ICH in our study. Early ICH after throm-
bolysis was defined as ICH with a diagnosis time less
than 12 h, whereas an ICH diagnosis time of 12-36 h
indicated late ICH. Nonearly ICH included late ICH
and no ICH. Among the various definitions of sICH,
the ECASS II definition® of sICH (ICH associated
with at least a four-point increment in the NIHSS
score) has shown the highest interrater agreement'”.
Another study' suggested that the ECASS II defini-
tion is the best predictor of unfavorable outcomes and
would be the most suitable definition of sICH. We
investigated sICH according to the ECASS II defini-
tion, except that we reduced the time period from
seven days to 36 h after the intravenous administra-
tion of alteplase.

Outcomes at three months after stroke onset
were assessed on the modified Rankin Scale (mRS)??.
A favorable outcome was defined as an mRS score of
0-1, and an unfavorable outcome was defined as an
mRS score of 2-6.

Statistical Analysis

All statistical analyses were performed using the
software program SPSS Statistics version 20. Data are
presented as the mean * standard deviation for contin-
uous variables and as counts and percentages (%) of
subjects for categorical variables. Univariate compari-
son of two groups was performed with Student’s #test
or the Mann—Whitney rank sum test for continuous
variables and with Pearson’s x? test for categorical vari-
ables. In order to clarify the associated factors for early
ICH, factors significant in the univariate analysis (P<
0.1) and potential confounders (i.e., age, sex, blood
glucose, and admission NIHSS score) were entered into
multivariate logistic regression models. The results
were considered statistically significant when 2<0.05.
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Table 1. Demographic data, medical history, clinical features, laboratory examinations and outcomes of patients with early ICH,

late ICH, no ICH and nonearly ICH

Early ICH Late ICH ! No ICH r Nonearly 7
(n=13) (n=25) (N=159) ICH
(n=184)

Demographic characteristics

Age 66.9%9.7 65.3+12.1 0.68 67.0£13.0 0.97 66.8+12.9 0.97

S (irnells), o (0 7(53.8) 18(72.0) 030 108 (67.9) 046 126 (68.5)  0.43
Stroke risk factors

Hypertension, 7 (%) 10 (76.9) 17 (68.0) 0.84 116 (73.0) 1.00 133 (72.3) 0.96

Diabetes, 7 (%) 4(30.8) 5(200) 073  50(31.4)  1.00  55(29.9)  1.00

Hyperlipidaemia, 7 (%) 4 (30.8) 6 (24.0) 0.95 60 (37.7) 0.84 66 (35.9) 0.94

Atrial fibrillation, 7 (%) 8 (61.5) 7 (28.0) 0.04* 52 (32.7) 0.07 59 (32.1) 0.06

Prior stroke, 7 (%) 5 (38.5) 3(12.0) 0.13 22 (13.8) 0.05* 25 (13.6) 0.04*

Current smoking, 7 (%) 4 (30.8) 11 (44.0) 0.42 49 (30.8) 1.00 60 (32.6) 1.00

Antithrombotic drugs use before stroke, 7 (%) 3 (23.1) 4 (16.0) 0.67 23 (14.5) 0.66 27 (14.7) 0.68

Clinical features
Initial SBP (mmHg)
Initial DBP (mmHg)
OTT (minutes)

Admission NITHSS score 13.1+6.0
Laboratory examinations

APTT 32.2%3.5

INR 1.00+0.07

Blood glucose (mmol/L) 8.5%£2.5

Platelet count (10°/L)

148.7+18.6 147.4+17.8  0.84

80.0+14.2 85.8%x11.1 0.17
202.6+33.5 206.9%+36.1  0.72
12.6+5.4 0.77

32.8+3.7 0.63
1.03+0.08  0.28

8.3%3.7 0.87
173.8+45.1 179.7+289  0.75

152.5+20.8  0.52
85.1+12.2  0.15

180.9+50.8  0.04*
123%6.5 0.65

151.8+20.5  0.59
85.7+12.3 0.12
184.5£49.8  0.20
12.3%6.3 0.66

32.8+5.2 0.68
1.03£0.10  0.38
7.9%3.0 0.45
209.1+94.1  0.36

32.8+5.0 0.67
1.03£0.10  0.35
7.9%3.1 0.51
206.3+90.3  0.38

Outcomes (mRS score at 3 months) 0.03* 0.02* 0.04*
Favourable outcome (0-1) 2 (15.4) 13 (52.0) 75 (47.2) 88 (47.8)
Unfavourable outcome (2-6) 11 (84.6) 12 (48.0) 84 (52.8) 96 (52.2)

SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS: National Institutes of Health Stroke Scale; OTT, the time from onset to throm-
bolysis; APT'T, activated partial thromboplastin time; INR, international normalized ratio; mRS, modified Rankin Scale.
P': Early ICH vs Late ICH; P Early ICH vs No ICH; 7 Early ICH vs nonearly ICH.

*P<0.05

Results

A total of 197 patients were included in our
study. Among 38 cases of ICH after thrombolysis,
early ICH (within 12 h) occurred in 13 patients, with
a median ICH diagnosis time of 210 min (range:
20-637 min), and late ICH (12-36 h) occurred in 25
patients, with a median ICH diagnosis time of 1,380
min (range: 780-2,107 min). The number of patients
with nonearly ICH was 184, including 25 patients
with late ICH and 159 patients with no ICH. The
baseline characteristics and outcomes of patients with
early ICH, late ICH, no ICH, and nonearly ICH are
detailed in Table 1. Patients with early ICH were
more likely than those with nonearly ICH to have a
previous history of stroke (38.5% versus 13.6%,
P=0.04) and seemed to have a higher proportion of
atrial fibrillation (61.5% versus 32.1%, P=0.06). The

other characteristics were similar between the two
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groups. Moreover, in terms of outcomes, patients with
early ICH were less likely to have favorable three-
month clinical outcomes compared to those with non-
early ICH (£=0.04). Compared with patients with
late ICH, those with early ICH were more likely to
have a higher prevalence of atrial fibrillation (61.5%
versus 28.0%, P=0.04) and to be prone to have unfa-
vorable three-month clinical outcomes. Compared
with patients with no ICH, those with early ICH had
a higher prevalence of prior stroke (38.5% versus
13.8%, P=0.05), were treated with thrombolytic ther-
apy later, and were prone to have a poor prognosis.
The multivariable logistic regression analysis for
early ICH is shown in Table 2. After adjusting for
potential confounders, including age, sex, blood glu-
cose, and admission NIHSS score, prior stroke (odds
ratio [OR]: 5.752; 95% confidence interval [CI]:
1.487-22.248; P=0.011) and atrial fibrillation (OR:
5.428, 95% CI: 1.427-20.640; P=0.013) were associ-
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Table 2. Multivariable logistic regression for early ICH

Unadjusted
OR (95% CI) P value
Prior stroke 3.995 (1.179-13.534) 0.026"
Atrial fibrillation 3.404 (1.048-11.062) 0.042"
Adjustedf
OR (95% CI) Pvalue
Prior stroke 5.752 (1.487-22.248) 0.011*
Atrial fibrillation 5.428 (1.427-20.640) 0.013*
Age 0.968 (0.918-1.021) 0.230
Sex 3.080 (0.869-10.910) 0.081
Blood glucose 1.058 (0.897-1.247) 0.503
admission NIHSS score 0.969 (0.877-1.070) 0.532

OR, odds ratio; CI, confidence interval.

?Adjusted for age, sex, blood glucose, and admission NIHSS score.

*P<0.05

Table 3. The distribution of ICH diagnosis time for patients with ICH 36 hours after thrombolysis

sICH (n=13), % asymptomatic ICH (7 =25), % P value
<12 hours (7 =13) 9 (69.2%) 4 (30.8%) 0.003*
0-6 hours 6 (46.1%) 3 (23.1%)
6-12 hours 3 (23.1%) 1 (7.7%)
12-36 hours (7 =25) 4 (16%) 21 (84%)
12-18 hours 3 (12%) 2 (8%)
18-24 hours 1 (4%) 10 (40%)
24-36 hours 0 9 (36%)
*P<0.05

ated with early ICH after thrombolysis.

The distribution of the ICH diagnosis time for
patients who developed ICH within 36 h after throm-
bolysis is shown in Table 3. Among 38 cases of ICH
after thrombolysis, sSICH occurred in 13 patients, with
a median ICH diagnosis time of 522 min (range:
78-1,323 min), and asymptomatic ICH occurred in
25 patients, with a median ICH diagnosis time of
1,380 min (range: 20-2,107 min). Compared with
patients with nonearly ICH, those with early ICH had
an increased probability of developing sICH
(P=0.003). 13 images of first hemorrhage detection
on CT of patients with early ICH are shown in Fig. 1.

Discussion

ICH is one of the most feared complications of
thrombolysis. However, data regarding risk factors for
early ICH (within 12 h) after thrombolysis with
alteplase are still scarce.

It was reported in our study that prior stroke and
atrial fibrillation are independent risk factors for early
ICH after intravenous thrombolysis. Heldner et a/.?"
also reported that, compared with patients without
prior stroke, those with prior stroke after thrombolysis
had an increased probability of developing ICH and
having adverse outcomes. It was reported in one
study”? that blood—brain barrier (BBB) disruption
occurred at a mean of 13 h after stroke onset and was
associated with increased rates of hemorrhagic trans-
formation. Additionally, reperfusion is considered a
risk factor for postthrombolytic ICH once the integ-
rity of the BBB is destroyed in acute ischemic stroke.
Therefore, we posited that patients with a history of
stroke, given the preexisting abnormality of their BBB
integrity and the dysfunction of their vascular basal
lamina, may develop BBB disruption in the next
stroke more quickly compared to first-time stroke
patients and may then be more likely to develop ICH
early after reperfusion of acute infarcted tissue. Atrial
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Fig. 1. Initial CT detection of hemorrhage in 13 patients with early ICH

Panels (A)—(D) and (E)—(M) show patients with asymptomatic ICH and sICH, respectively.

fibrillation is considered an important risk factor for
ICH and sICH after thrombolysis'® 2> ?9. Along the
same lines, we found that atrial fibrillation played an
important role in early ICH. It is acknowledged that
patients with embolic stroke are more likely than
those with other types of stroke to experience hemor-
rhagic transformation®). Saposnik et al.?® suggested
that the adverse effects of atrial fibrillation were attrib-
utable to large areas of low perfusion and low recanali-
zation, resulting in increased infarct volume and ICH
severity. We corroborated the former studies and fur-
ther inferred that ICH-associated atrial fibrillation is
prone to occur early after thrombolysis. In addition,
patients with early ICH were more likely than those
with nonearly ICH to have unfavorable clinical out-
comes in three months. This difference may be due to
the increased proportion of patients with sSICH among
patients with early ICH.

Depending on the cohort characteristics and the
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definition of sICH, the incidence of sICH after the
intravenous administration of alteplase differs but
generally ranges from 2% to 7%'®. The incidence of
sICH in our study was approximately 6.6%, which is
consistent with prior studies. We also reported that
sICH occurred in the early stage after thrombolysis
and was especially common within 12 h. Several stud-
ies”? reported that hemorrhage expansion consis-
tently occurred in approximately 30-40% of patients
diagnosed with sICH. However, the currently avail-
able treatment for sICH did not effectively reduce the
likelihood of in-hospital mortality or hemorrhage
expansion. Prompt diagnosis and early treatment may
be key variables in improving outcomes for patients
with sSICH'® 3%, Thus, Yaghi er a/.%” argued that the
frequency of neurological assessments in the first 12 h
after the intravenous administration of alteplase
should be increased to promote the early detection of
sICH. In our study, patients with early ICH tended to
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develop sICH. Additionally, prior stroke and atrial
fibrillation were risk factors for early ICH after intra-
venous thrombolysis. We recommend an increased
frequency of assessment for patients with a history of
stroke or atrial fibrillation who are receiving alteplase.
Performing CT scans early (even at 12 h) after throm-
bolysis would have considerable benefits and is vital in
the event of severe stroke or coma. Postthrombolytic
ICH may cause only slight neurological deterioration
in those patients. The time to diagnosis and treatment
may be prolonged because clinicians are likely to
ignore this subtle neurological deterioration.

Our study had several limitations. First, we
defined sICH on the basis of the ECASS II criteria.
Adopting other definitions of sICH may affect the
grouping and results of our study to some degree.
Nevertheless, all definitions of sSICH have limitations.
No definition achieves an optimal combination of
prediction of mortality and outcome and a high inter-
rater agreement rate'”. Second, sICH was not diag-
nosed until CT was performed; the hemorrhage may
have occurred well before the time of diagnosis. The
time from the initiation of alteplase therapy to sICH
diagnosis does not convincingly reflect the actual time
to hemorrhage onset. Notwithstanding, as it is diffi-
cult to acquire the exact hemorrhage time in clinical
practice, most studies use the time from the initiation
of the intravenous administration of alteplase to ICH
diagnosis as an indicator. Third, the incidence of ICH
after thrombolysis is low; consequently, the sample
size in this study is relatively small. This limitation
should be taken into account in the interpretation of
our results. Therefore, further investigations should
include large samples and multicenter studies.

Conclusions

In summary, our study demonstrated that prior
stroke and atrial fibrillation are independent risk fac-
tors for early ICH (within 12 h) after intravenous
thrombolysis with alteplase. For patients with prior
stroke or atrial fibrillation who are receiving alteplase,
the frequency of assessment needs to be increased and
the interval from alteplase treatment to CT scanning
needs to be shortened. However, this recommendation
remains to be tested through larger prospective stud-
ies.
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