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The Influence of Sex in Stroke Thrombolysis:
A Systematic Review and Meta-Analysis

Mingsu l._lu . Background and Purpose There is increasing recognition of the importance of stroke in
C:Tuangqm Li females to both clinical and public health. The natural course of stroke is worse in females
Jie Tang than in males, but the evidence regarding sex disparities in the responses to thrombolysis in
Yan Liao stroke patents is still controversial. We compared outcomes after thrombolysis treatment be-
Lin Li tween females and males.

Yang Zheng Methods Clinical trials reported in the Embase, PubMed, and Cochrane Library electronic
Tongli Guo databases up to March 13, 2017 were included in this analysis. Two reviewers independently
Xin Kang extracted the data and conducted quality assessments. Statistical tests were performed to check

) for heterogeneity and publication bias. Sensitivity analysis was also performed to evaluate the

Maoting Yuan ¥ .
stability of the conclusions.
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Results Sixteen reports involving 60,159 patients were available for analysis. The female pa-
tients were a 0.89-fold [95% confidence interval (CI)=0.87-0.90, p<0.001], 0.89-fold (95%
CI=0.87-0.91, p<0.001), and 1.24-fold (95% CI=1.11-1.36, p<0.001) more likely to obtain good,
excellent, and poor functional outcomes, respectively, with no significant difference in the
complications of symptomatic intracranial hemorrhage among the sexes [risk ratios (RR)=0.99,
95% CI=0.92-1.07, p=0.81] after thrombolysis treatment. In addition, the prevalence of a good
functional outcome did not differ significantly between females and males in the intra-arterial
thrombolysis (IAT) group (RR=1.05, 95% CI=0.85-1.29, p=0.67) in a subgroup analysis.

Conclusions This study has demonstrated that females often exhibit a worse outcome than
males after intravenous thrombolysis (IVT), whereas no relevant sex differences were found in
outcome or recanalization after IAT, with safety regarding hemorrhage complications from
thrombolysis being the same for the sexes. However, IVT should not be withheld from female
stroke patients solely based on their sex before the findings are confirmed in further large-scale
research.

Key Words sex, stroke, thrombolysis, meta-analysis.

INTRODUCTION

In recent years there has been an increasing recognition of the importance of stroke in fe-
males to both clinical and public health."?* Females have a higher stroke incidence due to
Received ~ May 11,2017 their higher life expectancy, since the stroke rate increases dramatically with age."** Women

Revised  August 5,2017 receive a lower quality of care’ and less frequent use of medication-based guidelines,*” and

A ted A t 8, 2017 . . . 5 .
coepied Augus they are also less likely to receive thrombolysis than men.*" These sex-related differences
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No 1, Youyi Road, Yuzhong District Many population-based and multicenter studies have shown that women have a longer
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might be due to females being, older at onset, having a higher severity of the neurological

state, atypical syndromes, delayed time from symptom onset to hospital or from door to nee-
12-14

Tel +86 13608311389 @ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Com-
Fax +86 89012106 mercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial
E-mail liguangqin@tom.com use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2018 Korean Neurological Association 141


http://crossmark.crossref.org/dialog/?doi=10.3988/jcn.2018.14.2.141&domain=pdf&date_stamp=2018-03-28

- J C N Influence of Sex in Stroke Thrombolysis

stroke-related course, worse functional outcome, lower like-
lihood of being discharged to home, and a lower quality of
life than men during the natural course of stroke.”*** Howev-
er, a post-hoc analysis of five pooled randomized clinical tri-
als (RCTS) suggested women can benefit more than men from
recombinant tissue plasminogen activator (t-PA) thromboly-
sis and exhibit a similar outcome to men after thrombolysis
independently of other variables.”’ A similar conclusion was
reached based on post-hoc analysises of the Canadian Alteplase
for Stroke Effectiveness Study* database, Safe Implementa-
tion of Treatments in Stroke International Stroke Thromboly-
sis Register” study on intravenous t-PA and Prolyse for Acute
Cerebral Thromboembolism-2* study on intra-arterial throm-
bolysis (IAT), and some other studies,”*
unadjusted partial meta-analysis that appeared to indicate

which included an

thrombolysis could nullify or reverse the usual sex effect. In
contrast to these findings, there are other reports of worse
3-month functional outcomes in females after thrombolysis,
as has also been found for the natural course of stroke.”**
Buijs et al.” reported that women and men exhibit different
prognoses after thrombolysis, with older women appearing to
have a worse outcome than men after recombinant t-PA treat-
ment. In contrast, while a recent large cohort study® also
found that a poor functional outcome was more common in
women than in men, this difference was not dependent on age.

It therefore remains unclear whether thrombolysis has the
potential to eliminate the sex difference in the functional out-
come poststroke. In addition, primary randomization is ob-
viously not possible given that sex is a nature-determined
factor, and no previous post-hoc-analysis-based or cohort-
based meta-analysis has compared outcomes between female
and male stroke patients after they received thrombolysis.
We therefore conducted a meta-analysis to assess whether sex
is a predictor of outcomes in stroke patients after thrombol-
ysis in order to provide useful clinical information for choosing
of therapeutic strategies and determining the prognosis fol-
lowing stroke.

METHODS

Search strategy

We performed a computer-based search of PubMed, Embase,
and the Cochrane Library for relevant studies up to March
13, 2017 using the following terms: (‘gender’ OR ‘sex’ OR
‘women’ OR ‘men’ OR ‘male¢’ OR ‘female’) AND (‘throm-
bolysis’ OR ‘tissue plasminogen activator’). We read the title
and abstract of reports that met our search strategy, followed
by the full text if the research was identified as being either
relevant or unclear. We also reviewed reference lists and cita-
tions from these studies to seek additional eligible research.
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All of the identified references were managed using EndNote.

Outcomes and definitions

The functional outcome at 3 months was categorized using
the modified Rankin Scale (mRS) into good (mRS score=0-
2), excellent (mRS score=0 or 1), or poor (mRS score=3-6).
Recanalization was defined when patients with any throm-
bolysis had a thrombolysis assessed as myocardial ischemic
grades 2 or 3 in computed tomography (CT) or magnetic
resonance imaging scans. Symptomatic intracranial hemor-
rhage (sICH) was defined according to the criteria used in
the original studies.

Eligibility and exclusion criteria

Eligible articles described post-hoc analyses of RCTs or origi-
nal observational cohort studies that investigated the influ-
ence of sex difference in the response to thrombolysis in
stroke. Included studies were required to have available data
on the functional outcome at 3 months. The following exclu-
sion criteria were applied: 1) editorial, case report, systematic
review, meta-analysis, pooled analysis, non-original study;
2) retrospective case-control study; or 3) inability to extract
relevant data.

Data extraction and quality assessment

Data were independently extracted by two of the authors
(Liu and Li) using a standardized criteria with any disagree-
ment resolved by consensus. The extracted data consisted of
the study title, year, country, study period, study design, sam-
ple size, subject ages, baseline stroke severity, time to treat-
ment, differences in baseline, and main outcome variables.
The quality of the included studies was assessed using the
Newecastle-Ottawa Scale (NOS) with NOS scores of =6 points
considered to indicate high quality and those of 5 or 6 points
considered to indicate moderate quality.

Statistical analysis

Risk ratios (RRs) and related statistics were calculated using
Stata (version 12, https://www.stata.com). We calculated RRs
and 95% confidence intervals (CIs) either from the total
number of events or from the number of events for each out-
come when RR was not directly available in original studies.
We then pooled the summary effect based on RRs and 95%
CIs of outcomes using a fixed-effects models, with p<0.05 re-
garded as indicative of statistical significance. The chi-squared
() and I-squared (I?) tests were used to evaluate statistical het-
erogeneity, with a probability value of p<0.05 indicating that
significant heterogeneity existed and that I values of 25, 50,
and 75% indicating low, moderate, and high levels of hetero-
geneity respectively. Subgroup analysis was conducted to ana-



lyze the possible sources of between-study variations. A-pri-
ori subgroup analysis was applied to 1) location (Europe,
North America, or other), 2) study design (single-center hos-
pital or multiple center hospital; post-hoc analyses of RCTs or
original observational cohorts), and 3) subgroup of the meth-
od of thrombolysis (intravenous or intra-arterial). A sensitivity
analysis was performed by changing the analysis model to
random-effects model, sequentially removing individual
studies. Publication bias was evaluated using Egger’s test and
a funnel plot if the number of included studies was sufficient.

RESULTS

Search results and study characteristics

Overall, 1,685 studies were identified and screened for retriev-
al from the analyzed databases. Careful selection based on
the criteria described above identified the following 16 re-
ports involving 60,159 patients as being suitable for inclusion
in the meta-analysis: Spaander et al.,” Buijs et al.,** Hametner
et al.,*> Al-hussain et al.,* Lasek-Bal et al.,** Nathanson et al.,*
Lorenzano et al.,”® Martinez-Sanchez et al.,”” Forster et al.,”® Jo-
vanovic et al.,** Meseguer et al.,*® Kent et al.,” Gomez-Choco
et al,”” Arnold et al.,”” Elkind et al.,*® Hill et al.** The flow-
chart for these studies is shown in Fig. 1.

Three of the included researches****® were post-hoc anal-

Records identified through Additional records
database searching identified from other sources
(n=1,674) (n=11)

A4

Records after duplicates
removed (n=90)

\
Records screens Records excluded
(n=1,595) > (n=1,555)

Full-text articles excluded

\
for following reasons

Full-text articles assessed for (n=24)
eligibility (n=40) Repeated studies (n=3)
No outcome at 3 months
(n=5)
\ Case-control study (n=9)

Studies included in No control group (n=7)

qualitative synthesis (n=16)

\4
Studies included in qualitative

synthesis meta-analysis
(n=16)

Fig. 1. Trial selection process.
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yses of RCTs and the other 13 were observational cohort stud-
ies. The patients were from Europe in 12 studies, North Amer-
ica in 3 studies,”***® and Saudi Arabia in 1 studies.” The
definition of sICH differed slightly with two studies*** de-
fining it as a hemorrhage that was not seen on a previous CT
scan, with a subsequently been a decline in neurological func-
tional status as defined in the National Institute of Neuro-
logical Disorders and Stroke trial,” five studies™***"*>* de-
fining it as an intracranial hemorrhage on a CT scan with a
decrease in the score on the National Institutes of Health Stroke
Scale of at least 4 or more points as applied by the European
Cooperative Acute Stroke Study trial,” and one studies® was
defining it in accordance with the Safe Implementation of
Thrombolysis in Stroke trials.*” sSICH was not defined in the
reports for the remaining studies.”>”**** The detailed individ-
ual characteristics of the studies are tabulated in Table 1, while
particularly interesting outcomes obtained in the meta-anal-
ysis are listed in Table 2.

The NOS score was 9 points for two studies, 8 points for
ten studies, 7 points for two studies, and 6 points for two stud-
ies (Table 3). According to the criteria described above, all
of the cohort studies were of high quality, which indicated
that all of the included studies were reliable.

Good functional outcome at 3 months
Statistical analysis was applied to 11 studies for which the re-
ported good functional outcome was good (mRS score=0-2)
at 3 months. The meta-analysis revealed that the probability
of a good functional outcome after administering intravenous
thrombolysis (IVT) in acute ischaemic stroke (AIS) was sig-
nificantly lower among female patients than male patients
(RR=0.89, 95% CI=0.87-0.90, p<0.001) (Fig. 2). A moder-
ate heterogeneity was found (p=0.02, I’=54.50%) at the 5%
level, but the sources of heterogeneity were not revealed by
subgroup analyses of the location, study design or method of
thrombolysis. The result for the IAT group was of not signif-
icant (RR=1.05, 95% CI=0.85-1.29, p=0.67) (Fig. 3), while
the IVT group still showed a statistically significant differ-
ence in the subgroup analysis of the method of thrombolysis.
The sensitivity analysis was performed in three aspects:
1) changing the analysis model to a random-effects model,
which also producted similar results (RR=0.89, 95% CI=0.84-
0.94, p<0.001), 2) sequentially removing individual studies,
which produced minor changes in the results only for the study
of Lorenzano et al.* (Supplementary Fig. 1 in the online-
only Data Supplement); however, the significant difference in
the combined RR and CI was still present after removing the
that study (RR=0.86, 95% CI=0.83-0.89, p<0.001), which in-
dicated that the conclusion were reliable; and 3) removing

studies with small samples,***** which also produced similar

www.thejen.com 143



- J C N Influence of Sex in Stroke Thrombolysis

-2J32 J|PPIW :QYIIN 'SS[BW |\ 'UOISN|II0 AJ3Yie PII0JBd [BUIIUL (VD] ‘SSJBWRY 4 'SniIj|aW S1qelp :

"p9110d3J J0U TYN '9]BIS 041G Y3BIH JO SAINIASU| [BUOIEN :SSHIN ‘UOIIIBSUI [BIPIBI0AW :||A 'UOISN|II0 AJ3)e [eiq
INQ '35e3sIp AJarie AJBu0I0d :(Qy 'UOIE||LIQL [BLIE 4y 'SUIISSEQ 9DUISLIP B YIIM Blep paisnipe :qy

3ew

pUE 3]BW3 JO JAqUINU U], ‘SBUBI 31035 SSHIN,

ON 00€g/zLE LL]LL 99/0L Lzl 8661-966L  SisAjeue d0y-1sod  s1auad 3dnn|y Epeue) ,2(9002) e 33 [IIH
4(901/96) €1
4(99/5€) .£1-9
/043S AAB3Y 'U0IIULIAAH 08L> J(LL/6l) S0 99/69 cee 6661-8661  SISA|BUB D0Y-1SO4  SJ21U2 3[di|N|Al UBdLIWY YJION #(£007) "B 33 puy3
2SC/9T:0vDI ¥'8L/98L OVl €9/LS 0Vl 11040d
buptows 0S¢/6vZ:OVIIN  8+L/8%L :OVIIN  L9/09:0VIIN  8+C UN 3A123dS0433Y IEIVENETIIVIS pUBRZIMS ,(£002) "[e 33 pjouly
ISBISIP [3SSIA AbJe 10yod
‘buejul unidse ‘bupjows 'qyD by 081> 6/L1 989/£GL /Sl /00Z-l00T aARdRdsoNRY - SIAURd 3ydnINy uleds (800¢) Ie 32 030y)-ZaWog
av 4N 4N 0'89/82.  TOL'L  L00Z-666L  SISAjeue 20y-3s0d  SI33u3d Jjdiniy Epeue) (8007) "[E 323U
WISI|0qWI0IpJed 'uoiuLIdAY 110402
IIN 9 Uows Uy 0S1/0S1 zLfs1 L29/90L LT 8002-200¢C aAads0RY - SRR AdINp duel 4(6002) '|e 33 1onB3ISIN
}0yod
av GSL/0S1 0eL/STl 965/895 95l 800¢-900¢ SARRAS0ARY  SIRIU dBN|A BI0J3S +:(6007) "[e 33 dInoueAOf
110Yyod
av osL> elfsel 8/9/5€L €T £002-¥002 3A13dso.19y IRIVENETIIVIN Auewag +(6007) & 33 4935104
110y0d «(L102) B3R
av N UN N 14 /002-+00¢ IA1320S0/39Y  SIAIUD J(di NN ueadoin3 Z3YDUBS-Z3UlLIB|\
QW JUswieal]-03-1asuo
‘Buyows ‘elwapidijiadAy 1J0yod
W@ v 'uonusiadAy 3By GpL[OSL [4) 99/69 6.0'Gy 1102200 aAads0IRY - SRR AdINpy ueadoin3 «(€107) |8 13 0UBZUSI0]
}0yod
av 09/65 S/t 69/9. GG€ 0L0Z-800¢ 3A}30S0.439Y IEIVENETJIVI UIpams (710T) "B 39 uosueyien
110Yyod
by 0LT> v'L[T0L £59/8TL €Ll z10z-1102 3ARAS0IRRY  SIF3UI J(dNI puejod Le(7102) "B 39 [eg-pase]
110y0d
IN@ 'Ssoan|B by zylfevl 9l/LL 0/9/00.  69¢ 4N SARASOMRY  SISUAD SN elgedy [pnes ¢(7710T) '[B 13 UIBSSNY-|\y
}0yod
av  orljovl zLfzL €v/lvv.  8€6 €102-8661 3A}3dS0ARY  SIRIU AN Auewizg (G102) "|e 13 Jaurawey
|IN '9dAigns 9x0ns 110Yyod
4y 'Burjows ‘uonuandAy ‘3by oL OL/LL v'(9/0CL  £88  ¥10T-200CT SARASORY U 3IBUIS  SpuelayIRN (9107) e 33 sfing
W13 3|Pa3u-03-100p 'Buows 110y0d
'avD NQ 4V ‘uonuauadAy 90y 8'SYL/SERL 6/l 0/9/61L  S6¥'6  ¥l0T-S66L SABASOIRY SISV AN SPUBIYIN «(£107) "B 13 Jopueeds
(50°0>d) aui3seq .m_mw__\uﬁ “__.wh“__““ . (IN/4) 21035 nN/AH) dzis poug ubisaq uonedo| Ajuno) (1e3h)
SDUARYIA o, SSHIN 2uljaseg  sieahk 'aby  3jdwes Apmg sloyjny

SisAjeue-e3aw Y3 Ul Papn|aul S|el} [B1UI JO SAASIAIeIBYD | d|qeL

144 J Clin Neurol 2018;14(2):141-152



wnes JCN N

Table 2. Various outcomes in the clinical trials

Sex, n mRS score at 3 months

Authors (year) (E/M) " on - sICH Recanalization
Spaander et al. (2017)"' 4,170/5325  0.85(0.82-0.88) 0.84 (0.80-0.89) 1.15(1.02-1.31)  0.93(0.73-1.19) NR
Buijs et al. (2016)” 397/490 0.80 (0.70-0.92) NR NR NR NR
Hametner et al. (2015)” 502/436 1.04 (0.76-1.43) NR NR 3.63 (1.77-7.41) NR
Al-hussain et al. (2014)* 170/199 0.94 (0.74-1.19) NR NR 0.90 (0.45-1.79) NR
Lasek-Bal et al. (2014)** 54/59 1.64 (0.98-2.74) 1.46 (0.54-3.93) NR 1.09 (0.07-17.04) NR
Nathanson et al. (2014)* 162/193 1.70 (0.70-3.90) 0.95 (0.76-1.19) 1.24 (0.89-1.74)  1.19 (0.48-2.93) NR
Lorenzano et al. (2013)” 19,302/25,777  0.90 (0.88-0.92) 0.90 (0.87-0.92) NR 0.99 (0.91-1.07) NR
Martinez-Sanchez et al. (2011)  114/181 NR NR 2.05 (1.03-4.08) NR NR
Forster et al. (2009) 11/126 0.80 (0.57-1.12) NR NR 0.69 (0.17-2.81) NR
Jovanovic et al. (2009)* 60/96 0.72 (0.36-1.44) 0.78 (0.40-1.51) 196 (1.39-2.78)  0.79 (0.14-4.46) NR
Meseguer et al. (2009)* 11/163 NR 0.89 (0.62-1.28) NR 1.07 (0.44-2.57) NR
Kent et al. (2008)* 494/608 NR 1.09 (0.63-1.82) NR 0.42 (0.14-1.24) NR
Gomez-Choco et al. (2008)” 67/90 NR 0.61(0.37-1.01) NR 0.38 (0.08-1.79) NR
Arnold et al. (2007)” 115/133 1.09 (0.86-1.38) NR NR 090 (0.35-2.34)  1.08 (0.92-1.27)
Elkind et al. (2007)* 150/183 NR 0.72 (0.51-1.04) NR NR NR
Hill et al. (2006)** 51/70 0.90 (0.57-1.41) 0.82 (0.32-2.12) NR NR 1.06 (0.79-1.44)

Data are risk ratios and 95% confidence intervals.

mRS: modified Rankin Scale, NR: not reported, sSICH: symptomatic intracranial hemorrhage.

results (RR=0.89, 95% CI=0.87-0.90, p<0.001).

Excellent functional outcome at 3 months

The functional outcome at 3 months was excellent in 10 stud-
ies. The combined RR was calculated to be 0.89 (95% CI=0.86-
0.91, p<0.001) (Fig. 4), with the likelihood of an excellent
functional outcome at 3 months after receiving thrombolysis
being significantly lower in females than in males. No signif-
icant heterogeneity was found (p=0.31) and so a fixed-effects
model was applied (Fig. 4). The sensitivity analysis was per-
formed by changing the analysis model to a random-effects
model, which produced the same results (RR=0.88, 95% CI=
0.84-0.92, p<0.001), while sequentially removing individu-
al studies produced minor changes in the results again only
for the study of Lorenzano et al.** (Supplementary Fig. 2 in
the online-only Data Supplement). However, the conclu-
sions were consistent, because when removing that study there
was still a significant difference in the combined RR and CI
(RR=0.84, 95% CI=0.80-0.89, p<0.001).

Poor functional outcome at 3 months

On the basis of four studies, a poor functional outcome at 3
months was more likely in females than in males (RR=1.44,
95% CI=1.07-1.93, p<0.001) (Fig. 5). Moderate significant
heterogeneity was found (p=0.02, ’=70.40%) and so a ran-
dom-effects model was applied.

Symptomatic intracranial haemorrhage
The incidence of sSICH was reported for 12 studies. The risk

of sICH did not differ significantly between female and male
stroke patients after thrombolysis treatment (RR=0.99, 95%
CI=0.92-1.07, p=0.81) (Fig. 6). No significant heterogeneity
was found (p=0.10) and so a fixed-eftects model was applied.

Recanalization

Recanalization was reported for two IAT studies. There was
no significant difference in the recanalization rate was dem-
onstrated between female and male stroke patients who re-
ceived IAT (RR=1.08, 95% CI=0.93-1.24, p=0.12) (Fig. 6).
No significant heterogeneity was found (p=0.91, I’=0.00%)
and so a fixed-effects model was applied.

Publication bias evaluation

Overall, no significant publication bias was detected by Egg-
er’s test (p=0.42) and Begger’s test (p=0.76) for a good func-
tional outcome or for an excellent functional outcome (p=
0.59 and p=0.72, respectively). Moreover, there was no obvi-
ous asymmetry in the shape of the funnel plot on visual in-
spection respectively (Figs. 7 and 8). However, insufficient
studies were available to test for funnel-plot asymmetry for the
other outcomes.

DISCUSSION

It is widely accepted that stroke is a common cause of death
and disability and that functional outcome is worse for fe-
males than males during the natural course of stroke. How-
ever, whether there is a sex disparity in the response to intra-
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venous or IAT in AIS is still controversial. The present meta- comes of stroke patients who received pharmacological
analysis based on 3 post-hoc analyses of RCTs and 13 cohort thrombolysis treatment produced the following main find-
studies comparing the sex disparity in the functional out- ings: 1) a good or excellent functional outcome was less likely
Study ID RR (95% Cl) Weight (%)
Spaander et al. (2017)* -o-l 0.85 (0.82-0.88) 27.22
Buijs et al. (2016)* —0—%— 0.80 (0.70-0.92) 1.82
Hametner et al. (2015)% ; 1.04 (0.76-1.43) 0.34
Al-hussain et al. (2014)* 0.94 (0.74-1.19) 0.60
Lasek-Bal et al. (2014)** ! 1.64 (0.98-2.74) 0.13
Nathanson et al. (2014)*® E 1.70 (0.70-3.90) 0.05
Lorenzano et al. (2013)% . 0.90 (0.88-0.92) 68.70
Forster et al. (2009)% - 0.80 (0.57-1.12) 0.30
Jovanovic et al. (2009)% E 0.72 (0.36-1.44) 0.07
Arnold et al. (2007)? E 1.09 (0.86-1.38) 0.61
Hill et al. (2006)* . 0.90 (0.57-1.41) 017
Overall (”=54.5%, p=0.015) o 0.89 (0.87-0.90) 100.00
|
|
|
: T
Females 1 Males 39

Fig. 2. Relative risk (RR) and 95% confidence interval (Cl) values for exhibiting good functional outcomes in females versus males with stroke who
received thrombolysis; fixed-effects model.

Study ID RR (95% CI) Weight (%)
VT

Spaander et al. (2017)* -~ 0.85 (0.82-0.88) 27.43
Buijs et al. (2016)* —— 0.80 (0.70-0.92) 183
Hametner et al. (2015)* —_—— 1.04 (0.76-1.43) 0.34
Al-hussain et al. (2014)* —— 0.94 (0.74-1.19) 0.61
Lasek-Bal et al. (2014)** 1.64 (0.98-2.74) 0.13
Nathanson et al. (2014)% 1.70 (0.70-3.90) 0.05
Lorenzano et al. (2013)2 . 0.90 (0.88-0.92) 69.24
Forster et al. (2009)% 0.80 (0.57-1.12) 0.30
Jovanovic et al. (2009)* 0.72 (0.36-1.44) 0.07
Subtotal (1?=57.9%, p=0.015) o 0.89 (0.87-0.90) 100.00
IAT

Arnold et al. (2007)? e 1.09 (0.86-1.38) 78.58
Hill et al. (2006)* —_— 0.90 (0.57-1.41) 21.42
Subtotal (>=0.0%, p=0.462) < 1.05 (0.85-1.29) 100.00

T
Females 1 Males 39

Fig. 3. Subgroup analysis of the method of thrombolysis for the likelihood of exhibiting a good functional outcomes in females versus males with
stroke who received thrombolysis. Cl: confidence interval, IAT: intra-arterial thrombolysis, IVT: intravenous thrombolysis, RR: relative risk.
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Study ID

Spaander et al. (2017)*!

Lasek-Bal et al. (2014)%
Nathanson et al. (2014)%

Lorenzano et al. (2013)?

Jovanovic et al. (2009)%*

Meseguer et al. (2009)%

Kent et al. (2008)%
Gomez-Choco et al. (2008)*

Elkind et al. (2007)%

Hill et al. (2006)*

Overall (1>=14.9%, p=0.306)

Females

RR (95% Cl) Weight (0%)
;
~ 0.84 (0.80-0.89) 2095
> 146 (0.54-3.93) 0.06
—— 095 (0.76-1.19) 1.18
- 0.90 (0.87-0.92) 76.24
: 0.78 (0.40-1.51) 0.13
—:+—— 0.89 (0.62-1.28) 045
: 1,09 (0.63-1.82) 021
—-— 061(037-1.01) 024
—_— 0.72 (0.51-1.04) 047
082 (032-2.12) 0,07
0 0.89 (0.86-0.91) 100.00
:
:
: T
1 Males 39

Fig. 4. Relative risk (RR) and 95% confidence interval (Cl) values for exhibiting an excellent functional outcome in females versus males with

stroke who received thrombolysis; fixed-effects models.

Study ID

Spaander et al. (2017)*"
Nathanson et al. (2014)*®
Martinez-Sanchez et al. (2011)%
Jovanovic et al. (2009)*

Overall (17=70.4%, p=0.017)

NOTE: Weights are from random effects analysis

Females

1

RR(95%Cl)  Weight (%)

—— | 115(102-131) 3644
—— 124(089-174) 2587
2.05 (1.03-4.08) 12.41
— 196(139-278) 2528
<> 144(1.07-193) 10000

* T

Males 36

Fig. 5. Relative risk (RR) and 95% confidence interval (Cl) values for exhibiting a poor functional outcome in females versus males with stroke

who received thrombolysis; fixed-effects models.

and a poor functional outcome was more likely after IVT in
females than in males, 2) the rates of a good functional out-
come and recanalization after IAT did not differ between fe-
males and males, and 3) the rate of SICH did not differ between
females and males after they received thrombolysis treatment.
Our finding that females had poor functional outcomes
more often than males after receiving thrombolysis is consis-
tent with the findings of several other studies.”®*' One pos-
sible explanation of is sex disparities in fibrinolytic factors.
Kain et al.*"* reported that the level of plasminogen activator
inhibitor-1 (PAI-1) was significantly higher in females than in

148 J Clin Neurol 2018;14(2):141-152

males with acute stroke, while Ribo et al.*’ found PAI-1 to be
an independent predictor of thrombolysis resistance. How-
ever, female experience more cardioembolic strokes, which
are characterized by uniform fibrin-rich and smaller volume
embolic clots and therefore a higher affinity for t-PA, mak-
ing them prone to faster and more frequent recanalization
compared with atherosclerotic strokes of the platelet-rich and
larger volume occlusions that typically occur in males after
IVT."** Nevertheless, atrial fibrillation and cardioembolic
strokes are associated with worse outcomes including severe
neurological impairment and mortality.*>"” Thus, whether the
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Study ID RR (95% C) Weight (00)
sICH
Spaander et al. (2017)*' — 0.93 (0.73-1.19) 935
Hametner et al. (2015)* —_—— 3.63 (1.77-7.41) 1.09
Al-hussain et al. (2014)% —_— 0.90 (0.45-1.79) 1.17
Lasek-Bal et al. (2014)** 1.09 (0.07-17.04) 0.07
Nathanson et al. (2014)% —_— 1.19 (0.48-2.93) 0.68
Lorenzano et al. (2013)2 -~ 0.99 (0.91-1.07) 85.12
Forster et al. (2009)* 0.69 (0.17-2.81) 0.28
Jovanovic et al. (2009)% 0.79 (0.14-4.46) 0.19
Meseguer et al. (2009)% e 1.07 (0.44-2.57) 0.72
Kent et al. (2008)% 042 (0.14-1.24) 047
Gomez-Choco et al. (2008)% 0.38 (0.08-1.79) 0.23
Arnold et al. (2007) —_—— 0.90 (0.35-2.34) 0.62
Subtotal (1>=36.6%, p=0.098) 0.99 (0.92-1.07) 100.00
Recanalization
Arnold et al. (2007)? 1.08 (0.92-1.27) 77.62
Hill et al. (2006)2 1.06 (0.79-1.44) 2238
Subtotal (?=0.0%, p=0.914) 108 (0.93-1.24)  100.00
T
Females 39  Males

Fig. 6. Relative risk (RR) and 95% confidence interval (Cl) values for exhibiting a symptomatic intracranial hemorrhage (sICH) and recanalization
in females versus males with stroke who received thrombolysis; fixed-effects models.
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Fig. 7. Funnel plot for a good functional outcome.

advantage of recanalization based on thrombolysis in females
can eliminate or reverse the poor outcome of the natural course
of stroke is still uncertain. In addition, reperfusion (the goal of
thrombolysis) is impacted not only by the recanalization sta-
tus, but also by other factors such as collateralization and flow
changes in communicating arteries.* Recanalization is associ-
ated with good outcomes, but the time from symptom onset
to recanalization is also a better predictor of a good clinical
outcome.** However, female stroke patients usually experi-
ence delay in the time from symptom onset to hospital or from

Fig. 8. Funnel plot for an excellent functional outcome.

door to needle.””™* To some extent all of these features sup-
port the findings of the present study.

Another possible mechanism underlying the worse out-
come after IVT in women could be the change in endoge-
nous estrogen levels with increasing age. Animal studies have
shown that estrogen is neuroprotective to the severity of isch-

5051 while human research has shown

emia and brain injury,
that applying estrogen replacement therapy sooner after meno-
pause decreased the incidence of vascular events.”> These

findings indicate that higher estrogen levels exert a neuropro-
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tective effect. Estrogen can also alter the balance between
coagulation and fibrinolysis by lowering the level of platelet
activator 1, which is a serine protease inhibitor that could
decrease the efficacy of IVT. Shahar et al.” found the levels of
PAI-1 was lower in those receiving hormone replacement ther-
apy (HRT), and similarly Gebara et al.** reported that pre-
menopausal females with high estrogen levels and postmeno-
pausal females receiving HRT had lower PAI-1 levels than
males as well as postmenopausal female not receiving HRT.
Therefore, the benefit from IVT in females will decline as
their endogenous estrogen levels decrease with the increasing
age. This is consistent with Buijs et al.”*® finding that women
have a better outcome in middle age after IVT but a worse
outcome in old age. Furthermore, Spaander et al.* showed
that the turning point from a good functional outcome to a
poor functional outcome occurred at around the age of 40
years although women had a worse functional outcome than
men was independently of age. These mechanisms support
our finding that females more often had worse outcomes
than males after IV, since the patients in all of the included
studies were older and so estrogen had a lesser effect.

The conclusions from previous studies of the relationship
between sex differences and functional outcome after IVT
were controversial. Our analysis reveals that this could be
due to the following reasons. Firstly, several studies did not
adjust for many baseline differences between females and
males, such as age, stroke severity, time to treatment, stroke
subtype, size and position of embolus, and comorbidities.
Even though some researches adjusted for these baseline dif-
ferences using conventional methods (restriction and mul-
tivariable regression) or even new methods (propensity score
adjustment and the instrumental variable approach), the
confounding factors were still not adequately controlled, leav-
ing the possibility of residual confounding.>** Secondly,
the prestroke status, sociodemographics, living situation,
family background poststroke care, and poststroke compli-
cations were not recorded or assessed in almost all previous
studies, and these characteristics that could influence the
functional outcome might differ between females and males.
Lastly, the discrepancies in the conclusions might also attrib-
utable to differences in study designs and populations of inter-
est and, in some cases, to the smallness of the included sam-
ples.” Thus, a further studies with large-scale cohorts and that
address the aforementioned imperfections are needed to con-
firm these findings.

The present study found no significant difference in out-
comes or recanalization after IAT between the two sexes. This
is consistent with some previous studies,”**** but it con-
trasts with the results for IVT in our study. It is well known
that IVT is administered in a fixed-dose fashion while IAT is
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administered in a flexible-dose fashion, with infusion con-
tinuing until recanalization is achieved or a maximum dose is
reached. The higher local concentrations of fibrinolytic agent
achieved by IAT may overwhelm the hemostatic and throm-
bus volume differences and even modest differences between
females and males, permitting equal recanalization rates and
outcomes between the sexes. The other finding of no differ-
ence in SICH between females and males after IVT indicat-
ed that thrombolysis is equally safe in both sexes.

As far as we are aware, this is the first meta-analysis to have
systematically determined the relationship between outcomes
after thrombolysis treatment and sex. Although the method
of thrombolysis varied somewhat between the studies, this
was not the source of interstudy heterogeneity. Our sub-
group analysis produced different results for IVT and IAT.
In addition, the large sample, sufficient observational out-
comes (good, excellent, and poor functional outcomes, re-
canalization, and sICH) and absence of publication bias also
represent considerable strengths of the present study.

However, some limitations should also be mentioned be-
fore generalizing the present findings. Firstly, the included
studies were observational studies, which are particularly prone
to selection bias and confounding the real relationship be-
tween two sexes, various comparative cohort observational
designs are now the most appropriate research methods for
exploring whether sex is a predictor of outcome after throm-
bolysis. Secondly, the RR and CI values for some of the in-
cluded studies were not adjusted for baseline characteristics,
which might have resulted in confounding bias. This cannot
be adjusted for in logistic regression analysis or multiple re-
gression analysis due to the nonavailability of data for indi-
vidual patients. Thirdly, heterogeneity was present between
the studies. Although, we were unable to identify the sources
of this heterogeneity in subgroup analysis, our conclusions
were not changed when we performed sensitivity analysis.
Fourthly, only 369 patients received IAT in the subgroup anal-
ysis of thrombolysis methods. The smallness of this samples
means that caution is required when attempting to draw
conclusions, and hence further studies with large-scale co-
horts are needed to confirm our findings regarding IAT.

CONCLUSION

This study has demonstrated that females appear to often ex-
hibit worse outcomes than males after IV'T, while there are no
relevant sex differences in outcomes and recanalization after
IAT, with equivalently safety regarding hemorrhage compli-
cations from thrombolysis for both sexes. However, our find-
ings should be interpreted with caution regarding whether fe-
males should receive additional therapy after IVT or change



to thrombolytic treatment strategies (e.g. females receive IAT
primarily after admission or dosing adjustment according to
clot size in IVT). Thus, IVT should not be withheld from fe-
male stroke patients by physicians solely based on their sex

before further large-scale cohorts research confirms the pres-
ent findings.
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The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2018.14.2.141.
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