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Abstract

Background: The history of intracranial hemorrhage (ICrH) is considered a contraindication
for intravenous thrombolysis (IVT) among patients with acute ischemic stroke (AIS).
Objective: This study aimed at comparing the safety of IVT among patients with and without a
history of ICrH.

Methods: We performed a systematic review of the literature. Data regarding all AlS patients
with prior ICrH who received IVT were retrieved. Meta-analysis was performed to compare the
rate of symptomatic hemorrhagic transformation (sHT), death within 90days, and favorable
and unfavorable 90-day functional outcomes based on modified Rankin Scale (mRS) among
stroke patients with and without prior ICrH.

Results: Out of 13,032 reviewed records, 7 studies were included in the systematic review
and meta-analysis. Quantitative synthesis of data regarding the rate of sHT (5068 patients])
revealed no significant difference between the two groups [odds ratio, OR: 1.55 (0.77, 3.12);
p=0.22]. However, a significantly higher risk of death within 90days [OR: 3.91 (2.16, 7.08);
p<0.00001] and a significantly higher 90-day poor functional outcomes (mRS, 4-6) [OR: 1.57
(1.07, 2.30); p=0.02] were observed among patients with prior ICrH. Likewise, the percentage
of 90-day good functional outcomes (mRS, 0-1) was lower in the prior ICrH group [OR: 0.54
(0.35, 0.84); p=0.06]. Subgroup analyses in patients with a history of ICrH (based on both
patients’ medical history and imaging confirmation) revealed no significant between-group
differences in rates of sHT. Also, sensitivity analysis consisting of only studies using standard-
dose IVT showed no difference in sHT rates and 90-day outcomes between the two groups.
There was no evidence of heterogeneity (/2 >50%) among included studies.

Conclusion: The results of this study indicated that prior history of ICrH does not increase
the risk of sHT post-IVT, but it is associated with a higher risk of death and poor functional
outcomes in 90days.

Keywords: intracranial hemorrhages, intravenous thrombolytic therapy, ischemic stroke,
mortality, symptomatic hemorrhagic transformation
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Introduction

Intravenous thrombolysis (IVT) is one of the most
effective therapies for acute ischemic stroke (AIS)!
and diminishes disability and mortality among
stroke patients.? However, IVT increases the risk
of symptomatic hemorrhagic transformation
(sHT) of AIS, which varies based on the patients’
characteristics.>* Based on recent surveys in

Europe, only a small percentage of patients with
AIS (7.3%, on average) receive IVT mainly due to
the narrow treatment time window and the long
list of contraindications.?

Several stroke guidelines such as American Heart/
Stroke Association (AHA/ASA) categorize a history of
intracranial hemorrhage (ICrH) as a contraindication
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for IVT therapy.%” However, the history of ICrH, as a
contraindication for IVT, was removed from alteplase
prescribing information due to the lack of evidence of
harm.® In addition, European Stroke Organization
(ESO) 2021 guideline makes no particular recom-
mendation on the use of IVT among these patients
due to the lack of data.®

Several studies have investigated outcomes of AIS
patients with prior history of ICrH who were
either unknowingly or intently treated with
IVT.10-13 These studies mostly showed no incre-
ment in the rate of adverse outcomes; however,
due to the limited number of included patients,
there is still no consensus on whether IVT is safe
when there is a history of ICrH.

This systematic review and meta-analysis aimed
to investigate the safety of IVT among AIS
patients with and without a history of ICrH. We
further performed a sensitivity analysis of the
studies, comparing patients with both history and
imaging confirmation of a prior ICrH and the
studies which used standard-dose IVT.

Methods

This systematic review was performed in accord-
ance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.!4

Literature search and selection criteria

To identify the relevant studies, we performed a
systematic search in PubMed, Embase, and
Cochrane databases in April 2020 with no lan-
guage or document type restriction. The top search
terms included intracranial hemorrhage, subarach-
noid hemorrhage, intracerebral hemorrhage, sub-
dural hematoma, epidural hematoma, intravenous,
thrombolysis, tissue plasminogen activator,
alteplase, ischemic, ischemia, stroke, cerebrovas-
cular accident, CVA, cerebral, infarction, and
infarct. We used different Boolean operators and
wild cards specific to each database to build the
search query. We conducted forward and back-
ward citation tracking and communicated with
selected authors to augment the search results.

Outcome measures
The outcome measures were defined as data-
driven and as (1) the rate of sHT, (2) 90-day

modified Rankin Scale (mRS), and (3) death
within 90 days. Prior ICrH includes any history of
intracerebral hemorrhage (ICH), subarachnoid
hemorrhage (SAH), subdural hematoma (SDH),
and epidural hematoma (EDH). ICH was defined
either by clinical history, based on imaging, or
both. In addition, sHT was defined by an in-hos-
pital clinical deterioration of four points or higher
in the National Institutes of Health Stroke Scale
(NIHSS) confirmed by imaging modality. There
was a moderate variation among studies regard-
ing the ICH and sHT definition. Supplementary
Table 1 includes the definitions used in the
included studies.

Eligibility criteria

Studies were included if they met the following
eligibility criteria: (1) included patients with AIS
or imaging findings in favor of prior ICrH, with or
without a history of ICrH, prior to the index AIS;
(2) included patients who received IVT despite a
previous history of ICrH; and (3) provided the
outcome measures of our review.

Exclusion criteria consisted of (1) case reports,
case series, letters, commentaries, abstract-only
reports, review articles, and animal and in wvitro
studies; (2) original studies that only reported the
outcome of patients with microbleeds (i.e. old
hemorrhagic lesions containing hemosiderin
smaller than 5mm);!> and (3) original studies
that included patients with other contraindica-
tions of thrombolysis therapy.

Study selection was in concordance with PRISMA
guidelines.!® Two authors (M.D. and M.S.) inde-
pendently assessed the eligibility criteria for the
inclusion of studies. In case of any disagreement,
the final decision was delegated to a third person
(S.S)).

Data extraction

Data extraction was performed based on a prede-
fined protocol by two coauthors (M.D. and E.K.).
Disagreements were resolved by a third author
(S8.8.). The extracted items for the cohort of
patients with and without previous ICrH included
(1) demographics (i.e. age and sex); (2) stroke-
related characteristics, including the NIHSS
before receiving IVT, time elapsed from symptom
onset to receiving IVT, and type of prior ICrH
(i.e. ICH, SAH, SDH, and EDH); (3) presence

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

M Dolatshahi, M Sabahi et al.

of comorbidities including diabetes mellitus,
hypertension, hyperlipidemia, smoking, coronary
artery disease, and atrial fibrillation; (4) related
medications such as oral anticoagulants; (5)
length of follow-up from receiving IVT to assess-
ing/occurrence of outcomes; and (6) the out-
comes including in-hospital sHT, 90-day mRS,
and death within 90days of the index ischemic
stroke. Favorable and unfavorable clinical out-
comes were defined as 90-day mRS scores 0-1
and mRS scores of 4-6, respectively, based on the
data and defined classification in the included
studies. The number of patients with or without
previous ICrH treated with IVT and the number
of patients with favorable and unfavorable out-
comes were retrieved from each study.

Quality assessment, risk of bias, and

publication bias assessments

Two authors (M.D. and M.S.) independently
assessed the quality of the included studies based
on the Newcastle-Ottawa Scale (NOS) for
appraisal of case—control and cohort studies in
sample selection, comparability of cases and con-
trols, and exposure domains.!” The total NOS
score is 9, where studies with NOS scores higher
than 6 are considered at low risk of bias, and
those with NOS scores lower than 4 are consid-
ered at high risk of bias.

Funnel plots demonstrated if there was a publica-
tion bias. A further statistical analysis was not
performed due to less than 10 included publica-
tions in each analysis.!® Instead, we used nonsta-
tistical methods, such as searching for unpublished
material in clinical trial registries and conference
proceedings to prevent publication bias.!®

Data synthesis and meta-analysis

We used Review Manager 5.4.1 for statistical anal-
yses. Odds ratio (OR) was considered the effect size
measure for comparing sHT, 90-day mRS scores,
and mortality within 90 days of the index ischemic
stroke among patients who received IVT between
patients with or without previous ICrH. Based on
Cochrane guidelines, heterogeneity was assessed by
Q statistic tests and the 2 index.2%2! ]2 index esti-
mates the percentage of the total variation observed
in the studies, attributable to heterogeneity rather
than chance. An P value of more than 50% is pre-
dictive of significant heterogeneity among studies.
Forest plots were used for manifesting the

heterogeneity among the studies.?%2! In the absence
of significant heterogeneity, we used a fixed-effects
model for meta-analyses. A p-value of <0.1 for
Cochran’s Q test of heterogeneity and a p-value of
<0.5 for other analyses were considered statisti-
cally significant.

Due to the heterogeneity in the definition of prior
ICrH in studies, we further used sensitivity analy-
sis. For this aim, patients with a confirmed prior
ICrH based on both medical history and imaging
modalities were included in the sensitivity analysis.

Results

Study selection

A total of 13,032 reports were identified by sys-
tematic search in PubMed, Embase, and Cochrane
(Figure 1). After removing duplicates, we screened
the title and abstracts of 12,028 reports and
excluded 11,764 studies. Of the remaining 264
studies eligible for full-text screening, 7 studies
were included in the systematic review. Other
studies were excluded due to issues such as differ-
ent study populations (not including AIS patients
with prior ICrH, 92 articles), presence of cerebral
microbleeds (CMBs) or leukoaraiosis rather than
a history of ICrH (28 and 26 articles, respectively),
other off-label criteria (23 articles), different out-
come measures (no report of ICrH, mortality, or
mRS, 12 articles), and study type other than origi-
nal (review, letter, etc., 36 articles).

Study characteristics

The details of patients’ characteristics can be
found in Tables 1 and 2. A total of seven retro-
spective observational studies were included in
the systematic review. All of the seven included
studies reported similar rates of sHT following
IVT among patients with and without prior
ICrH.10-13:22-24 Four studies reported risk of in-
hospital,!1:25:26  within 30-day,?? or within
90-day!%13 death. Zand er al.l! reported no in-
hospital mortalities in the seven patients with
prior ICrH. Also, Meretoja et al.?®> reported no
death within 30days in the three patients with
prior ICrH. In addition, four studies reported
90-day mRS scores in both groups.10:121323
Among these studies, Lee ez al.l0 reported less
favorable 90-day functional outcomes in patients
with prior ICrH, while others did not show any
difference between groups.
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13032 records
identified through
database searching

Identification

4

1004 records after
duplicates removed

A4

Screening

12028 records screened

v

264 full-text articles

11764 records excluded
> -8309 by title
-3455 by abstract

257 full-text articles
excluded, with reasons:

assessed for eligibility

Eligibility

A4

7 studies included in
qualitative synthesis

A 4
7 studies included in
quantitative synthesis
(meta-analysis)

Included

92 No prior ICH
36 Not original
12 Not ICrH, mortality, or mRS
as outcome
28 Cerebral microbleeds
26 Leukoaraiosis
23 other off-label criteria
13 Intracranial aneurysms
12 Cerebral small vessel disease
6 Lacunar Stroke
6 Other vascular abnormalities
3 Arterial dissection

Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA] diagram of included

studies.

Also, two studies compared the outcomes of
patients with prior ICrH who were treated with
IVT to those who had not received IVT.10:13 Zhao
et al.1® showed similar rates of sHT, death within
90days, and significantly better functional out-
comes in patients who received IVT than those
who did not. Lee er al.,!° however, observed no
significant difference between these groups.

Seven articles!0-13:22-2¢ were eligible for meta-
analysis. All of the included studies in the meta-
analyses were observational. Four of the included
studies in the meta-analysis required findings in
favor of previous ICrH according to magnetic
resonance imaging (MRI) images acquired at
their initial admission to the hospital, or previous
head computed tomography (CT) scans associ-
ated with prior history of ICrH!:13 or not.12:24
Two studies, however, only relied on the history
of ICrH, as claimed by their families.?2:23 In the
study by Lee ez al.,'° a group of patients had both

history and imaging confirmation, while other
patients had either a history or imaging finding
indicating prior ICrH.

Rate of sHT following IVT in patients with and
without a history of ICrH

None of the seven included studies showed a sig-
nificant difference between prior ICrH and no
prior ICrH groups regarding the rate of sHT. The
crude percentages of sHT were 5.1% (7 of 137
cases) among patients with ICrH and 4.6% (230
of 4931 cases) among those without prior ICrH.
Quantitative synthesis using a fixed-effects model
and in the absence of heterogeneity showed no
significant difference in the rate of sHT between
patients with and without a history of ICrH [OR:
1.55 (0.77, 3.12); p=0.22] (Figure 2(a)).

For sensitivity analysis, we performed a subgroup
analysis of the three studies, which compared the
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(a)

Study or Subgroup

ICrH +

Events Total Events

ICrH -

Odds Ratio

Total Weight M-H, Fixed, 95% Cl

Odds Ratio
M-H, Fixed, 95% CI

AbedelRazek et al., 2015 0 11 25 613 8.8% 1.00 [0.06, 17.50]
Aoki et al., 2014 1 25 6 275 9.1% 1.87[0.22, 16.16] SE—
Kvistad et al., 2013 0 3 5 130 2.7% 3.26 [0.15, 71.19]
Lee et al., 2016 5 73 66 1422 56.6%  1.51[0.59, 3.87] ——
Meretoja et al., 2010 0 3 50 486 6.8% 1.23[0.06, 24.25]
Zand et al., 2017 0 10 44 1212 7.2% 1.25[0.07, 21.68] -
Zhao et al., 2019 1 12 34 793 8.8% 2.03[0.25, 16.18] —
Total (95% CI) 137 4931 100.0% 1.55 [0.77, 3.12] ‘
Total events 74 230
Heterogeneity: Chi? = 0.45, df = 6 (P = 1.00); I = 0% + + t +
Test for overall effect: Z = 1.24 (P = 0.22) H00a highe?.slHT ICrH - higher sHT ICrH + A
(b) ICrH + ICrH - Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Lee et al., 2016 0 3 66 1422 18.1% 2.91[0.15, 56.99] a
Zand et al., 2017 0 7 44 1212 30.3% 1.75[0.10, 31.13] =
Zhao et al., 2019 1 12 34 793 51.6% 2.03[0.25, 16.18] —
Total (95% Cl) 22 3427 100.0%  2.10 [0.49, 9.09] e
Total events 1 144
Heterogeneity: Chi? = 0.06, df = 2 (P = 0.97); I> = 0% 0 005 051 i 150 206
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(C) ICrH+ ICrH- Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
AbedelRazek et al., 2015 0 11 25 613 25.6% 1.00[0.06, 17.50]
Aoki et al., 2014 1 25 6 275 26.2% 1.87[0.22, 16.16] -
Kvistad et al., 2013 0 3 5 130 7.8% 3.26 [0.15, 71.19]
Meretoja et al., 2010 0 3 50 486 19.6% 1.23[0.06, 24.25] =
Zand et al., 2017 0 10 44 1212 20.8% 1.25[0.07,21.68] b
Total (95% CI) 52 2716 100.0% 1.50 [0.45, 5.01] 0
Total events 1 130
Heterogeneity: Chi? = 0.39, df = 4 (P = 0.98); I> = 0% é 005 041 1*0 206

Test for overall effect: Z = 0.66 (P = 0.51)

Higher sHT ICrH - Higher sHT ICrH +

Figure 2. Forest plots for the meta-analysis comparing the rate of sHT. (a) Rate of sHT in patients with prior ICrH versus patients
without prior ICrH. (b) Rate of sHT in patients with prior ICrH versus patients without prior ICrH (based on patients’ medical history AND
imaging confirmation). (c) Rate of sHT in patients with prior ICrH versus patients without prior ICrH in studies using standard-dose IVT.

rate of sHT in a subgroup of patients with a posi-
tive medical history in addition to imaging confir-
mation of ICrH. Quantitative synthesis consisting
of these studies in the absence of heterogeneity
revealed no significant between-group difference
in the rates of sHT [OR: 2.10 (0.49, 9.09);
p=0.32] (Figure 2(b)). In addition, a subgroup
analysis of studies using standard-dose IVT
showed no significant difference in the rates of
sHT [OR: 1.50 (0.45, 5.01); p=0.51] (Figure

2(0)).

Rate of mortality following IVT in patients with

and without a history of ICrH

Two studies reported death within 90days as an
outcome. The crude percentages of death within

90days were 17.6% (15 of 85 cases) among
patients with a history of ICrH and 5.5% (122 of
2215 cases) in patients without prior ICrH. Meta-
analysis revealed a significant difference in fre-
quency of death between these two groups [OR:
3.91 (2.16, 7.08); p<<0.00001] (Figure 3).

90-day mRS following IVT in patients with and
without a history of ICrH

Four studies included data on 90-day mRS scores
following IVT in patients with ICrH history.
Overall, 23.8% (27 of 113) and 46.0% (52 of 113)
of patients with prior ICrH and 38.1% (1129 of
2960) and 31.1% (921 of 2960) of the patients
without previous history of ICrH showed 90-day
mRS scores of 0-1 and 4-6, respectively.
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ICrH + ICrH - Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lee et al., 2016 14 73 70 1422 79.5%  4.58[2.44, 8.61) -
Zhao et al., 2019 1 12 52 793 20.5% 1.30[0.16, 10.23] e
Total (95% CI) 85 2215 100.0% 3.91 [2.16, 7.08] <
Total events 15 122

ity: Chi2 = = = 2= } : t t
Heterogeneity: Chi®* = 1.34, df = 1 (P = 0.25); I = 25% 0.002 10 500

Test for overall effect: Z = 4.50 (P < 0.00001)

0.1
higher 90-day death ICrH- higher 90-day death ICrH+

Figure 3. Forest plots for the meta-analysis comparing overall mortality rate within 90days in patients with prior ICrH versus

patients without prior ICrH.

a
( ) ICrH + ICrH - Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Zhao et al., 2019 5 12 346 793 10.1% 0.92 [0.29, 2.93]
Total (95% CI) 113 2960 100.0% 0.54 [0.35, 0.84] -
Total events 27 1129
ity: Chi? = =3(P= P = b : t t t |
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(b) ICrH+ ICrH- Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Aoki et al., 2014 15 25 113 275 18.8% 2.15 [0.93, 4.96] hof
Lee et al., 2016 34 73 516 1422 67.1% 1.53 [0.95, 2.46] ——
Meretoja et al., 2010 0 3 118 470 4.4% 0.42 [0.02, 8.29] ¢
Zhao et al., 2019 3 12 174 793 9.7% 1.19[0.32, 4.43]
Total (95% CI) 113 2960 100.0%  1.57[1.07, 2.30] s
Total events 52 921
it Chi? = - = R = } t t b t {
Heterogeneity: Chi? = 1.47, df = 3 (P = 0.69); I’ = 0% o1 02 o5 5 : 10

Test for overall effect: Z = 2.29 (P = 0.02)

higher mRS 4-6 ICrH - higher mRS 4-6 ICrH +

Figure 4. Forest plots for the meta-analysis based on 90-day mRS scores in patients with prior ICrH versus patients without prior
ICrH: (a) favorable outcomes (mRS, 0-1) and (b) unfavorable outcomes (mRS, 4-6).

Meta-analysis of the four studies with available data
regarding 90-day mRS scores, consisting of 113
and 2960 patients with and without prior ICrH,
revealed significantly lower rates of favorable out-
comes (mRS, 0-1) in patients with prior ICrH
compared with those without a history of ICrH
(OR: 0.54; 95% CI, 0.35-0.84; p=0.006) (Figure
4(a)). Similarly, we observed higher rates of unfa-
vorable outcomes (mRS, 4-6) in patients with prior
ICrH compared with those without prior ICrH
[OR: 1.57 (1.07, 2.30); p=0.02] (Figure 4(b)).

Furthermore, sensitivity analyses including two
studies using standard-does IVT showed no sig-
nificant difference between groups in rates of
favorable [OR: 0.93 (0.17, 5.09); p=0.93]
(Figure 5(a)) and unfavorable outcomes [OR:
1.83 (0.84, 3.96); p=0.13] (Figure 5(b)).

Quality assessment and risk of bias

A summary of quality assessment based on NOS
is provided (Supplementary Table 2). Overall,
three of the included studies (42.7%) in the meta-
analyses were subject to selection bias in terms of
representativeness of the cohorts.11:22:23 Still, all
of the studies met the quality assessment criteria
based on exposure and outcome presence to
select the cases and controls. Also, in all studies,
the cases were not comparable to controls (at
least in one domain) except for Aoki er al.l? and
Zhao et al.'?

A summary of the risk of bias assessment is pro-
vided (Supplementary Table 3). All of the
included studies used nonrandom selection and
allocation and thus were subject to a high risk of
selection bias. The latter was especially the case
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a
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Aoki et al., 6 25 105 275 68.3% 0.51[0.20, 1.32] ——
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Test for overall effect: Z = 0.09 (P = 0.93)
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(b) ICrH+ ICrH- Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aoki et al., 15 25 113 275 81.2%  2.15[0.93, 4.96] ——
Meretoja et al., 2010 0 3 118 470 18.8% 0.42 [0.02, 8.29] =
Total (95% CI) 28 745 100.0% 1.83 [0.84, 3.96] g
Total events 15 231
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Test for overall effect: Z = 1.52 (P = 0.13)

higher mRS 4-6 ICrH- higher mRS 4-6 ICrH+

Figure 5. Forest plots for the meta-analysis based on 90-day mRS scores in patients with prior ICrH versus patients without prior
ICrH in studies using standard-dose IVT: (a) favorable outcomes (mRS, 0-1) and (b) unfavorable outcomes (MRS, 4-6).

for the study by Kvistad ez al. and Merejota et al.,
which included a low number of patients with
prior ICrH. For instance, the allocation of the
patients with prior ICrH into intervention and
nonintervention groups was not random in some
studies, for example, based on their families’
wishes or clinical judgment. For instance, in the
study by Lee er al., the patients deprived of IVT
tended to have lower NIHSS scores and higher
pre-stroke disabilities.!® Only the study by Aoki
et al. reported blinding of the outcome assess-
ment. In some studies,!%13:22 the prior ICrH and
no prior ICrH groups were significantly different
in clinical characteristics other than the history of
ICrH, such as age, prior history of stroke, and
NIHSS scores.

In the studies by Zhao er al. and Lee et al., a low-
dose tissue plasminogen activator (tPA) was used
to treat all or some of the patients with prior ICrH
for safety reasons, while other studies used a stand-
ard dose. All of the included studies, however,
were of low risk of attrition bias or reporting bias.

Funnel plots on rates of sHT, mortality, and
mRS scores did not present publication bias
(Supplementary Figures 1-5).

Discussion

Our results suggest that IVT among AIS patients
with prior history of ICrH is not associated with
higher rates of sHT, but is associated with a

higher risk of death within 90days and a higher
risk of 90-day unfavorable functional outcomes
compared with those without a history of ICrH.

According to this meta-analysis, sHT rate among
patients with no prior ICrH was 4.6% (230 of
4931 cases). An analysis of the third International
Stroke Trial (IST-3) demonstrated that 6.8%
(104 of 1515) of patients treated with IVT devel-
oped a sHT.27 Overall, the rate of sHT in clinical
trials is estimated to be 7.4%. In contrast, it is
estimated to be 3.5% in registries, which signifies
the variability caused by case definition in deter-
mining the rate of sHT.? In addition, this meta-
analysis showed the risk of death within 90 days
among patients without a history of ICrH to be
5.5% (122 of 2215 cases).

Similarly, the study by Liao er al.?8 showed that the
mortality rate in patients who received a standard
dose of alteplase was 7.36%. In another study, the
mortality rate was estimated to be 7.7% in the
patients receiving alteplase within 3—4.5h of symp-
toms onset.?° These reports on mortality rates are
comparable to the results of our meta-analysis.

Recently, the myriad of contraindications for IVT
in AIS, which limit its application, has been ques-
tioned. Recent large-scale studies and meta-anal-
yses have reached some results in favor of using
off-label IVT.3° For instance, a meta-analysis on
six studies comprising nearly 900 patients with a
history of prior stroke within 3 months of index
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stroke who were treated with IVT showed similar
rates of sHT and death and similar 3-month
neurological improvement compared with the
patients without such history.3! However, the data
regarding the severity of the stroke and the time
between prior and index stroke were not deter-
mined. Furthermore, a meta-analysis comparing
IVT outcomes in AIS patients who were pre-
treated with oral anticoagulants to those not
receiving oral anticoagulation showed no signifi-
cant difference in sHT, early mortality, and func-
tional outcomes.?? In this meta-analysis, we
observed that IVT in AIS patients with prior his-
tory of ICrH does not increase the risk of sHT. At
the same time, it is associated with higher mortal-
ity rates within 90days and significantly higher
rates of unfavorable 90-day functional outcomes.
Similarly, a recent individual patient data meta-
analysis by Charidimou ez al.33 has shown that the
presence of incidental CMBs on imaging is not
associated with increased risk of sHT but is asso-
ciated with higher unfavorable outcomes in
3—6 months. However, this study showed that the
risk of sHT increases when the CMB burden is
high.3®> Other meta-analyses on CMBs have
shown a significantly higher risk of sHT and poor
functional outcomes associated with CMBs,
especially when the CMB burden is high.343¢
Multiple hemorrhages/microbleeds, similar to
prior history of ICrH, might signify an underlying
vascular pathology, which increases the risk for
severe stroke, poor functional outcomes, and the
susceptibility to developing sHT.37 It is notewor-
thy that small vessel diseases, including CMBs,
white matter hyperintensities, lacunae, and cere-
bral amyloid angiopathy, are recognized to con-
tribute to the occurrence of spontaneous ICH.38
Patients with small vessel diseases are at risk for
increased fragility of blood vessels, which along
with mechanisms such as matrix metalloprotein-
ase upregulation and hypertension, contribute to
the increased risk for sHT.3° Nevertheless, it has
been shown that patients with underlying small
vessel disease might benefit from IVT, and this
should not be considered an exclusion criterion.4°
In this regard, taking into account the overall vas-
cular pathologies on admission MRI and the prior
history of ICrH, hypertension or stroke might be
beneficial in individual decision-making.

Taking the importance of vascular risk factors
into account, the versatile premorbid status of
patients and the underlying causes of prior ICrH
or stroke could have affected our results. Only

one study in this meta-analysis provided data on
underlying mechanism of prior ICrH. More data
were presented on the underlying vascular pathol-
ogies for the index stroke, showing similar distri-
bution of stroke etiologies among patients with
and without ICrH history. However, most of the
included studies reported significantly higher his-
tory of stroke or hypertension in patients with an
ICrH history (see Table 2), a fact that might have
confounded the results of this meta-analysis.

In this study, we performed a sensitivity analysis
based on the definition of prior ICrH. Patients
with a confirmed history of ICrH by both imaging
and medical history were analyzed, and no differ-
ence was observed regarding the rates of sHT
between groups. This may signify that imaging
findings in favor of prior ICrH, even asympto-
matic ICrH detected by admission MRI, pose no
lower risk for mortality within 90 days of IVT in
patients with AIS than a true history of ICrH.
However, the limited number of studies/patients
in these subgroup analyses may not provide the
necessary power to detect the between-group
differences.

Importantly, all patients with prior ICrH in the
study by Zhao ez al. and some patients with prior
ICrH in the study by Lee ez al. received low-dose
IV r-tPA (0.6 mg/kg). Some studies have recom-
mended low-dose IVT in AIS, as it might be
accompanied by noninferior efficacy in reducing
mRS scores, lower or similar ICH rates, lower
mortality rates,*!»#2 and similar overall outcomes,
which is especially the case in Asian population or
patients taking antiplatelets.43-4> However, sev-
eral studies have shown less favorable/inferior
functional outcomes despite similar or lower sHT
and mortality rates associated with low-dose
IVT.45-47 We performed a subgroup analysis on
studies with standard-dose IVT to check for sen-
sitivity of the meta-analysis to IVT dosage.
Contrary to the primary results, which showed
higher rates of unfavorable outcomes in patients
with ICrH history, sensitivity analysis showed
similar 90-day mRS scores in patients with and
without prior ICrH. Although these studies do
not suffice for a conclusion, it can be inferred that
low-dose IVT is associated with no lower unfa-
vorable outcomes rates than standard-dose IVT
in patients with ICrH history.

Furthermore, to determine whether IVT should
be considered an appropriate measure in the
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treatment of AIS patients with prior ICrH, com-
paring the outcomes of patients with prior ICrH
who have received IVT to similar patients who
have been deprived of this treatment should be
studied. For instance, old age (above 80years)
was once believed to be a contraindication for
receiving IVT. Older patients had less favorable
outcomes than younger patients after receiving
IVT. Later, it was observed that the proportion of
favorable outcomes in AIS patients above 80 years
who had received IVT was higher than those who
did not receive IVT, and the mortality rates were
similar. Therefore, old age is no longer consid-
ered a contraindication for IVT.48 Due to the lim-
ited number of studies and insufficient data, we
could not perform a quantitative synthesis to
compare the outcomes of receiving IVT or depri-
vation from IVT in patients with a prior history of
ICrH. Zhao et al. showed that the prior ICrH
group who underwent low-dose IVT had similar
rates of sHT and 90-day mortality rates com-
pared with the group receiving conventional ther-
apy. However, the group treated with IVT had
lower 90-day mRS scores and better functional
outcomes.!? Lee er al.1° also showed similar clini-
cal outcomes in patients with prior ICrH treated
with IVT or not.

Although most of the contraindications accord-
ing to AHA/ASA guidelines are experimented
within large, standard trials and meta-analyses,
some contraindications for receiving IVT, includ-
ing prior history of ICrH, are not tested rigor-
ously. In this study, we systematically reviewed
the evidence in favor of IVT in patients with a
previous history of ICrH or against it, from mul-
tiple aspects, including cerebral hemorrhage,
functional outcome, and mortality, for the first
time. A myriad of factors, however, might have
compromised the results of this meta-analysis.
First, two abstracts (with no full-texts) from the
same research group were excluded from this
meta-analysis because they had not undergone
peer review.25:26 In addition, these two studies
may have used similar cohorts. These two
abstracts reported significantly higher mortality
rates in patients with prior history of ICrH, unlike
the studies included in this meta-analysis.
Second, mortality analysis in this study com-
prised only two studies by Lee ez al. and Zhao
et al., on Asian population that applied both
standard-dose and low-dose IVT, causing a
potential risk of bias. Third, in the study by Zhao
et al., some of the patients with ICrH other than

ICH (like SDH, SAH) were excluded,!®> while
some of the studies included in this meta-analysis
included all types of ICrH.2? Fourth, only some
included studies reported the location, number,
and size of the incident ICrH after thrombolysis
and whether it had occurred in the previous site
or not. Nevertheless, the study by Lee ez al.1° did
reveal that the rate of sHT in patients with mul-
tiple hemorrhagic lesions is not significantly
higher than those with single lesions. Fifth, other
potential sources of heterogeneity could be the
etiology of prior ICrH, and the time interval
between the prior hemorrhage and the index
stroke. However, only one study provided the
relevant data. Sixth, in some studies, the two
comparison groups were significantly different in
some factors such as history of stroke or hyper-
tension, or allocation of patients into treatment
groups was nonrandom. Finally, whether the
previous hemorrhage was intra-parenchymal or
not was a source of heterogeneity. In addition,
asymptomatic hemorrhage was reported as an
outcome in some studies, while in some studies,
it was not. Some studies reported asymptomatic
hemorrhagic transformation (aHT) in both prior
ICrH and no prior ICrH groups, while some only
reported aHT in the group with prior ICrH.
Thus, we could not consider aHT as an outcome
as selective reporting of outcomes in these groups
was probable. Therefore, we could not determine
whether or not there is any significant difference
in the rate of aHT or overall HT between patients
with and without a history of ICrH.

Conclusion

Prior ICrH has been considered a contraindica-
tion for IVT in AIS. Based on the current system-
atic review and meta-analysis, the rate of sHT in
patients with prior ICrH is no more than those
without prior ICrH. However, the rate of mortal-
ity within 90 days and unfavorable functional out-
comes are higher in patients with prior ICrH. The
current relevant studies are mostly nonrand-
omized and suffer from bias and limitations in
their design. To reach a more robust consensus
on whether these groups of patients might ben-
efit from IVT, it is pivotal to perform large-scale,
randomized controlled studies, especially com-
paring the outcomes of IVT and conventional
treatment in patients with prior history of ICrH.
Furthermore, comparing the outcomes of low-
dose and standard-dose IVT in patients undergo-
ing off-label thrombolysis would be helpful.
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Multiple factors, including other comorbidities,
age, time between prior ICrH and incident stroke,
and NIHSS, should be considered to make indi-
vidualized decisions.
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