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Background and Purpose—Women have a worse outcome after stroke compared with men, although in intravenous
thrombolysis (IVT)–treated patients, women seem to benefit more. Besides sex differences, age has also a possible effect
on functional outcome. The interaction of sex on the functional outcome in IVT-treated patients in relation to age remains
complex. The purpose of this study was to compare outcome after IVT between women and men with regard to age in a
large multicenter European cohort reflecting daily clinical practice of acute stroke care.
Methods—Data were obtained from IVT registries of 12 European tertiary hospitals. The primary outcome was poor
functional outcome, defined as a modified Rankin scale score of 3 to 6 at 3 months. We stratified outcome by age in
decades. Safety measures were symptomatic intracranial hemorrhage and mortality at 3 months.
Results—In this cohort, 9495 patients were treated with IVT, and 4170 (43.9%) were women with a mean age of 71.9 years.
After adjustments for baseline differences, female sex remained associated with poor functional outcome (odds ratio,
1.15; 95% confidence interval, 1.02–1.31). There was no association between sex and functional outcome when data were
stratified by age. Symptomatic intracranial hemorrhage rate was similar in both sexes (adjusted odds ratio, 0.93; 95%
confidence interval, 0.73–1.19), whereas mortality was lower among women (adjusted odds ratio, 0.83; 95% confidence
interval, 0.70–0.99).
Conclusions—In this large cohort of IVT-treated patients, women more often had poor functional outcome compared with
men. This difference was not dependent on age.   (Stroke. 2017;48:00-00. DOI: 10.1161/STROKEAHA.116.014739.)
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T

here is a growing recognition of importance of sex in
stroke outcome. More women are affected by stroke
because of their longer life expectancy and have a worse functional outcome and a lower quality of life after stroke compared with men.1–3
In patients with acute stroke, previous research has also
shown sex to affect outcome after intravenous thrombolysis (IVT) treatment; although outcome was similar between
men and women treated with placebo, outcome was better in
women after IVT.4 The biological explanation for this difference remains unclear.

A possible explanation could be the difference in recanalization. Women have more cardioembolic strokes, with
uniform fibrin-rich clots and therefore a higher affinity of
alteplase, resulting in more frequent, faster, and complete
recanalization.5–7
Another suggested mechanism could be a difference in
endogenous fibrinolysis because of differences in sex hormones between men and women. Estrogen has an indirect
influence on the controlling of the fibrinolytic system, as well
as a direct neuroprotective activity.8–11 However, there are no
convincing data to support these hypotheses.
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Besides the sex differences, some studies suggest an agerelated difference among IVT-treated patients: young patients
(18–50 years) possibly benefit more from IVT compared with
older patients (51–80 years).12–15 The interaction of sex on the
functional outcome in IVT-treated patients in relation to age
is not clear.
Patients in randomized trials somehow differ from those in
daily practice, and such an interaction may not be present outside of a trial setting.
The aim of this study was to compare outcome after IVT
between women and men with regard to age in a large multicenter European cohort reflecting daily clinical practice of
acute stroke care.

Methods
Study Population, Procedures, and Outcomes
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As a joint initiative of 12 European tertiary stroke centers, the
Thrombolysis in Ischemic Stroke Patients investigators performed a
large prospective observational clinical cohort study.
All participating centers treated patients with acute ischemic stroke
with IVT according to the current guidelines (http://eso-stroke.org/
eso-guideline-directory/).
Data from individual consecutive patients were collected using a
standardized form with predefined variables as is described in previous studies.16–19 Local study investigators completed the forms using
prospectively ascertained in-hospital IVT registries. Completed forms
from all centers were compiled in the coordinating center in Amsterdam,
where data were pooled and analyzed as described previously.16,17
Each center reported on the period for which they collected data up
to July 2014. This period was different for each center. The first data
were collected in June 1995. Patients were excluded if data on sex or
3-month outcome were missing.
The following baseline characteristics and medical history were
used: age, initial stroke severity assessed by National Institutes of
Health Stroke Scale, independency before index stroke, defined as a
modified Rankin scale (mRS) score of 0 to 2 previous index stroke,
hypertension, atrial fibrillation, coronary artery disease, hyperlipidemia, diabetes mellitus, antithrombotic medication use before stroke,
current smoking, and stroke-to-needle time. Outcome measures were
poor functional outcome defined as an mRS score of 3 to 6 at 3 months
follow-up and ordinal mRS scores. mRS scores were obtained by the
local center through a telephone interview or by outpatient clinic visit
with the patient or caregiver, as described in previous research.16–19
Safety measures were symptomatic intracranial hemorrhage and mortality at 3 months. Symptomatic intracranial hemorrhage was defined
according to the criteria of the European Cooperative Acute Stroke
Study II: any hemorrhage with neurological deterioration, indicated
by a National Institute of Health Stroke Scale score ≥4 than the value
at baseline or the lowest value within 7 days, or any hemorrhage leading to death.20

logistic regression analysis (adjusted OR). Second, mortality and
symptomatic intracranial hemorrhage rates were compared between
women and men (crude and adjusted OR).

Results
Demographic and baseline characteristics according to sex are
presented in Table 1. Of the 9495 patients treated with IVT,
4170 (43.9%) were women. Compared with men, women
were older, had more severe strokes, were less often functionally independent before index stroke, and had a longer stroketo-needle time. Atrial fibrillation and hypertension were more
prevalent among women, whereas men more often reported
hyperlipidemia, diabetes mellitus, and coronary artery disease
and were more often current smokers.
The 3-month outcome was available for 9070 (95.5%)
patients. Overall, 50% of the women had a poor outcome, compared with 41% among men (mRS score of 3–6: crude OR,
Table 1. Clinical Characteristics of Women Compared With
Men

Age, y (SD)
Median NIHSS on
admission (IQR)
Previous mRS score of
0–2 before index stroke,
n/N (%)
Previous ischemic
stroke, n/N (%)

Women (n=4170)

Men (n=5325)

P Value

71.9±14.5

67.0±13.2

<0.001*

11 (6–17)

9 (5–16) <0.001†

3071/3390 (90.6) 4164/4334 (96.1) <0.001‡

631/4150 (15.2)

798/5199 (15.3)

0.847‡

Hypertension, n/N (%)

2888/4162 (69.4) 3420/5210 (65.6) <0.001‡

Atrial fibrillation, n/N (%)

1354/4155 (32.6) 1250/5208 (24.0) <0.001‡

Coronary artery disease,
n/N (%)

584/4106 (14.2) 1095/5147 (21.3) <0.001‡

Hyperlipidemia, n/N (%)

1597/4138 (38.6) 2263/5199 (43.5) <0.001‡

Diabetes mellitus, n/N (%)
Antithrombotics use
before stroke, n/N (%)

716/4162 (17.2) 1026/5208 (19.7) <0.002‡
1626/4035 (40.3) 2012/5065 (39.7)

0.597‡

Current smoking, n/N (%)

499/3414 (14.6) 1144/4170 (27.4) <0.001‡

Median stroke-to-needle
time, min (IQR)

135 (101–178)

140 (105–180)

149.5±63.3

145.8±63.3

Mean stroke-to-needle
time, min

Statistical Analyses

 STN <90 min, n (%)

Clinical characteristics were summarized and compared between
women and men. All values were presented as mean (±SD) or median
(interquartile range) for continuous variables and counts (percentage)
for categorical variables. Percentage proportions were calculated by
dividing the number of events by the total number of patients, excluding missing or unknown cases. For the comparison of categorical and
continuous variables, χ2 and Student t tests were used, respectively.
The main analysis was a comparison of poor outcome as a crude
odds ratio (OR) and the ordinal mRS scores between women and men
using Mann–Whitney U and χ2 tests, respectively. We additionally
compared poor outcome between women and men stratified by age
in decades (<40, 40–49, 50–59, 60–69, 70–79, and ≥80 years). Crude
comparisons were adjusted for clinical characteristics that significantly differed (P<0.05) between women and men in a multivariate

510 (14.1)

719 (16.1)

 STN 90–180 min,
n (%)

2293 (63.4)

2819 (63.0)

 STN 180–270 min,
n (%)

701 (19.4)

777 (17.4)

 STN >270 min, n (%)

113 (3.1)

159 (3.6)

<0.009*

Variables were included in a multivariate regression model if P<0.05. IQR
indicates interquartile range; mRS, modified Rankin scale; n/N, number of
patients divided by total of patients excluding missing data; NIHSS, National
Institutes of Health Stroke Scale; and STN, stroke-to-needle time.
*Students t test.
†Mann–Whitney U test.
‡χ2.
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Figure 1. Univariate analysis of distribution of modified Rankin scale (mRS) score
after intravenous thrombolysis in men and
women (n=9070).
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1.52; 95% confidence interval, 1.40–1.65; Figure 1). Ordinal
mRS score differed between men and women (P<0.001;
Figure 1). Women still had more often a poor functional
outcome after adjustment for age, stroke severity, functional
independency before index stroke, hypertension, atrial fibrillation, coronary artery disease, hyperlipidemia, diabetes mellitus, current smoking, and stroke-to-needle time (OR, 1.15;
95% confidence interval, 1.02–1.31; Table 2). When age was
stratified per decade and for adjustments, there was no association between sexes and functional outcome. A suggestion
of a turning point from a poor functional outcome toward a
good functional outcome among women was at approximately
the age of 40 years, but it did not reach statistical significance
(Table 3; Figure 2).
Symptomatic intracranial hemorrhage rates were similar
between women and men. Whereas about mortality, female
sex was associated with a higher mortality rate (OR, 1.40;
95% confidence interval, 1.24–1.57) in crude analysis, but
markedly, in multivariate analysis, women had a lower mortality rate (OR, 0.83; 95% confidence interval, 0.70–0.99;
Table 2). The change in mortality rate was mostly determined
by age and atrial fibrillation.

Discussion
In this large European multicenter cohort study of consecutive
ischemic stroke patients receiving IVT, women more often
Table 2. Outcome Measures After Intravenous Thrombolysis
in Women Versus Men
Outcome

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)*

Main outcome measures
 mRS score of 3–6 at 3 mo

1.52 (1.40–1.72)

1.15 (1.02–1.31)

Safety outcome measures
 SICHECASS-II

1.01 (0.83–1.22)

0.93 (0.73–1.19)

 Mortality

1.40 (1.24–1.57)

0.83 (0.70–0.99)

CI indicates confidence interval; ECASS II, European Cooperative Acute Stroke
Study II; mRS, modified Rankin scale; OR, odds ratio; and SICH, symptomatic
intracerebral hemorrhage.
*Adjusted baseline variables: age, National Institutes of Health Stroke Scale
on admission, previous mRS score of 0–2 before index stroke, hypertension,
atrial fibrillation, coronary artery disease, hyperlipidemia, diabetes mellitus,
current smoking, and stroke-to-needle time.

had a poor functional outcome after IVT than men. This finding was not dependent on age and could not be explained by a
higher bleeding risk or mortality rate in women.
This study provides evidence for a interaction between sex
and outcome after IVT: women more often have a worse functional outcome after IVT than men. This is in contrast to what
has been previously reported.4,21
Conflicting results come from several studies investigating
the relation between sex and functional outcome after IVT.
For example, the secondary analysis of the GAIN (Glycine
Antagonist in Neuroprotection for Patients With Acute
Stroke) Americas trial showed that female sex was associated with a worse functional outcome after IVT, which is in
line with our findings.22 However, in the Safe Implementation
of Treatments in Stroke-International Stroke Thrombolysis
Register (SITS-ISTR), sex did not show influence on the
functional outcome after IVT, though there was a higher
bleeding risk among men. This could be a possible explanation for the worse functional outcome among men in contrast
to our study.23 A pooled analysis of randomized IVT trials
found no appreciable effect of sex on outcome after IVT and
concluded that women seem to benefit from IVT because of
the worse functional outcome among women in the placebotreated group.4
Table 3. Poor Functional Outcome After Intravenous
Thrombolysis in Women Versus Men According to Age
Category
Age
Group

Women
(n/N)

Men
(n/N)

mRS Score of
3–6 Unadjusted
OR (95% CI)

mRS Score of
3–6 Adjusted OR
(95% CI)*

<40

27/158

30/179

0.95 (0.49–1.83)

0.80 (0.35–1.83)

40–50

66/216

118/393

1.27 (0.82–1.96)

1.55 (0.91–2.63)

50–60

111/378

263/885

1.09 (0.79–1.51)

1.19 (0.82–1.73)

60–70

286/746

466/1309

1.20 (0.94–1.52)

1.17 (0.89–1.54)

70–80

663/1299

687/1533

1.25 (1.04–1.50)

1.04 (0.84–1.30)

>80

890/1242

463/727

1.35 (1.07–1.71)

1.21 (0.92–1.58)

CI indicates confidence interval; mRS, modified Rankin scale; n/N, number of
patients divided by total of patients excluding missing data; and OR, odds ratio.
*Adjusted baseline variables: National Institutes of Health Stroke Scale on
admission, previous mRS score of 0–2 before index stroke, hypertension, atrial
fibrillation, coronary artery disease, hyperlipidemia, diabetes mellitus, current
smoking, and stroke-to-needle time.
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Figure 2. Adjusted odds ratio with 95% confidence intervals
for poor functional outcome after intravenous thrombolysis in
women vs men according to the age category. Adjusted baseline
variables: National Institutes of Health Stroke Scale on admission, previous modified Rankin scale score of 0 to 2 before index
stroke, hypertension, atrial fibrillation, coronary artery disease,
hyperlipidemia, diabetes mellitus, current smoking, and stroketo-needle time.

A possible explanation for the contrasting findings in our
study could be that patients in randomized control trials tend
to have less comorbidities, while in the daily practice, frail
women are the most affected by stroke. And age was not taking into account in these studies.
With regard to age, we did not find a significant difference
in functional outcome after IVT between men and women in
the different age groups.
In contrast to our study, a recent single-center cohort study
found that women were more likely to have a favorable outcome; although male sex was associated with a favorable
outcome in the older age group, women had a better functional outcome in the middle age group compared with men.24
However, this study was limited by relatively small number of
patients compared with our cohort and included fewer elderly
patients.
Interestingly, our study suggests of a turning point from
good functional outcome to a poor functional outcome around
the age of 40 years, which suggest a possible benefit from
IVT in young women. However, because of small numbers
of patients in this subgroup, this finding lacked statistical
significance.
In previous publications, there is some evidence that age is
related to functional outcome in IVT-treated patients: young
patients (18–50 years) have possibly more benefit from IVT
compared with older patients (51–80 years) and an increase
in mortality and lower functional independence with increasing age, with age ranges ≤30, 31 to 40, 41 to 50, and >50
years.12–15
A possible explanation for the poor functional outcome
after IVT in women, especially the older women, could be
the change in endogenous estrogen levels. In animal studies, changes in estrogen levels were inversely associated with
the severity of ischemia and brain injury, and the longer the
animals were estrogen depleted the higher the incidence of

stroke.25 In humans, studies showed that the sooner the hormone replacement therapy was started after menopause and at
younger age, the lower was the incidence of vascular events,
suggesting a neuroprotective effect from higher estrogen levels.26 Thus, with increase of age, the estrogen levels diminish
in women and thereby decreasing the suggested neuroprotective effect of estrogen.
Estrogen also has an indirect influence on the alteplase, by
lowering the level of platelet activator inhibitor 1, a serine protease inhibitor which decreases the effectiveness of IVT.8–10
One might suggest that as women’s estrogen levels decline
during life, the benefit from IVT for women declines with
increasing age by higher levels of platelet activator inhibitor 1.
Besides biological hormonal status differences, sex aspects
such as living situation (alone or with spouse), family support,
and social background also contribute to long-term functional
outcome and are largely not included in studies on functional
outcome after stroke.7
Our study has some limitations: this is a retrospective analysis of prospectively collected data from a joint initiative of 12
European stroke centers, and the possibility of under-reporting might exist. Because of the absence of a comparison group
lacking IVT, we were not able to study potential differences
of effectiveness of IVT in a real-life setting. Moreover, there
were many baseline differences between women and men,
which we corrected for, but might have resulted in overcorrection. Estrogen levels and living situation and social background were not assessed, which might differ between male
and female sexes and could influence the functional outcome.
Thus, our key findings must be interpreted with caution and
must not lead to withholding IVT in the treatment of women
with acute ischemic stroke.

Summary/Conclusions
In this large European multicenter consecutive, explorative
cohort study, representing daily clinical practice, women more
often have a poor functional outcome after IVT compared
with men. This difference was not dependent on age. More
research on potential reasons for these findings is required.

Acknowledgments
We thank Dr B. Mook for his linguistic skills and contribution to the
article.

Disclosures
Dr Kägi received modest honoraria for travel and advisory board
from Bayer and Nestle. Dr Leys participated during the past 5
years in advisory boards, symposia, or trials sponsored by Sanofi
Aventis, BMS, Astra-Zeneca, Boehringer-Ingelheim, Servier,
Ebewe, CoLucid Pharm, Brainsgate, Photothera, Lundbeck, GSK,
Bayer, and Pfizer et Allergan (honorarium paid to Adrinord or
research account of the hospital) and was an associated editor
of the Journal of Neurology, Neurosurgery and Psychiatry 2004
to 2010 (personal financial compensation). Dr Michel received
research grants from the Swiss National Science Foundation, the
Swiss Heart Foundation; speaker fees from Boehringer-Ingelheim,
Bayer, Covidien, and Stryker; honoraria from scientific advisory
boards, Boehringer-Ingelheim, Bayer, Pfizer, and Amgen; consulting fees from Pierre-Fabre and Astra-Zeneca; and travel support from Boehringer-Ingelheim and Bayer. All these supports
are received by the institution (Centre Hospitalier Universitaire

Spaander et al   Sex Differences After Intravenous Thrombolysis    5
Vaudois [CHUV]) and are used for stroke education and research.
Dr Nolte has received funding for travel or speaker honoraria from
Bayer, Boehringer-Ingelheim, Takeda, and BMS/Pfizer. Dr Ringleb
received modest honoraria for lectures and advisory board from
Boehringer-Ingelheim. The University Hospital Heidelberg is a
sponsor of the ECASS IV trial (European Cooperative Acute Stroke
Study), examining the role of recombinant tissue-type plasminogen activator in an extended time window, which is financed by
Boehringer-Ingelheim. Dr Engelter has received funding for travel
or speaker honoraria from Bayer and Boehringer-Ingelheim, and
he has served on scientific advisory boards for Bayer, BoehringerIngelheim, BMS/Pfizer, and Covidien and on the editorial board of
Stroke. He has received research support from the Science Funds
(Wissenschaftsfonds) of the University Hospital Basel, the Swiss
Heart Foundation, and the Swiss National Science Foundation.
Dr Nederkoorn has received consulting fees from BoehringerIngelheim. The other authors report no conflicts.

References
Downloaded from http://stroke.ahajournals.org/ by guest on September 22, 2017

1. Arnold M, Halpern M, Meier N, Fischer U, Haefeli T, Kappeler L, et al.
Age-dependent differences in demographics, risk factors, co-morbidity,
etiology, management, and clinical outcome of acute ischemic stroke. J
Neurol. 2008;255:1503–1507. doi: 10.1007/s00415-008-0949-9.
2. Di Carlo A, Lamassa M, Baldereschi M, Pracucci G, Basile AM, Wolfe
CD, et al; European BIOMED Study of Stroke Care Group. Sex differences in the clinical presentation, resource use, and 3-month outcome of acute stroke in Europe: data from a multicenter multinational
hospital-based registry. Stroke. 2003;34:1114–1119. doi: 10.1161/01.
STR.0000068410.07397.D7.
3. Glader EL, Stegmayr B, Norrving B, Terént A, Hulter-Asberg K,
Wester PO, et al; Risk-Stroke Collaboration. Sex differences in management and outcome after stroke: a Swedish national perspective. Stroke.
2003;34:1970–1975. doi: 10.1161/01.STR.0000083534.81284.C5.
4. Kent DM, Price LL, Ringleb P, Hill MD, Selker HP. Sex-based differences in response to recombinant tissue plasminogen activator in acute
ischemic stroke: a pooled analysis of randomized clinical trials. Stroke.
2005;36:62–65. doi: 10.1161/01.STR.0000150515.15576.29.
5. Savitz SI, Schlaug G, Caplan L, Selim M. Arterial occlusive lesions
recanalize more frequently in women than in men after intravenous
tissue plasminogen activator administration for acute stroke. Stroke.
2005;36:1447–1451. doi: 10.1161/01.STR.0000170647.42126.a8.
6. Molina CA, Montaner J, Arenillas JF, Ribo M, Rubiera M, AlvarezSabín J. Differential pattern of tissue plasminogen activator-induced
proximal middle cerebral artery recanalization among stroke subtypes.
Stroke. 2004;35:486–490. doi: 10.1161/01.STR.0000110219.67054.BF.
7. Reeves MJ, Bushnell CD, Howard G, Gargano JW, Duncan PW, Lynch
G, et al. Sex differences in stroke: epidemiology, clinical presentation,
medical care, and outcomes. Lancet Neurol. 2008;7:915–926. doi:
10.1016/S1474-4422(08)70193-5.
8. Perry A, Wang X, Goldberg R, Ross R, Jackson L. The relationship
between cardiometabolic and hemostatic variables: influence of race.
Metabolism. 2008;57:200–206. doi: 10.1016/j.metabol.2007.09.001.
9. Gebara OC, Mittleman MA, Sutherland P, Lipinska I, Matheney T, Xu
P, et al. Association between increased estrogen status and increased
fibrinolytic potential in the Framingham Offspring Study. Circulation.
1995;91:1952–1958.
10. Kain K, Carter AM, Bamford JM, Grant PJ, Catto AJ. Gender differences
in coagulation and fibrinolysis in white subjects with acute ischemic
stroke. J Thromb Haemost. 2003;1:390–392.

11. Behl C. Oestrogen as a neuroprotective hormone. Nat Rev Neurosci.
2002;3:433–442. doi: 10.1038/nrn846.
12. Toni D, Ahmed N, Anzini A, Lorenzano S, Brozman M, Kaste M, et al;
SITS Investigators. Intravenous thrombolysis in young stroke patients:
results from the SITS-ISTR. Neurology. 2012;78:880–887. doi: 10.1212/
WNL.0b013e31824d966b.
13. The NINDS t-PA Stroke Study Group. Generalized efficacy of t-PA for
acute stroke: subgroup analysis of the NINDS t-PA Stroke Trial Stroke.
Stroke.1997;28:2119–2125. doi: 10.1161/01.STR.28.11.2119.
14. Putaala J, Metso TM, Metso AJ, Mäkelä E, Haapaniemi E, Salonen
O, et al. Thrombolysis in young adults with ischemic stroke. Stroke.
2009;40:2085–2091. doi: 10.1161/STROKEAHA.108.541185.
15. Reuter B, Gumbinger C, Sauer T, Wiethölter H, Bruder I, Diehm C, et al;
Stroke Working Group of Baden-Wuerttemberg. Intravenous thrombolysis
is effective in young adults: results from the Baden-Wuerttemberg Stroke
Registry. Front Neurol. 2015;6:229. doi: 10.3389/fneur.2015.00229.
16. Engelter ST, Soinne L, Ringleb P, Sarikaya H, Bordet R, Berrouschot
J, et al. IV thrombolysis and statins. Neurology. 2011;77:888–895. doi:
10.1212/WNL.0b013e31822c9135.
17. Zinkstok SM, Engelter ST, Gensicke H, Lyrer PA, Ringleb PA, Artto
V, et al. Safety of thrombolysis in stroke mimics: results from a multicenter cohort study. Stroke. 2013;44:1080–1084. doi: 10.1161/
STROKEAHA.111.000126.
18. Gensicke H, Zinkstok SM, Roos YB, Seiffge DJ, Ringleb P, Artto V, et
al. IV thrombolysis and renal function. Neurology. 2013;81:1780–1788.
doi: 10.1212/01.wnl.0000435550.83200.9e.
19. Gensicke H, Strbian D, Zinkstok SM, Scheitz JF, Bill O, Hametner
C, et al; Thrombolysis in Stroke Patients (TriSP) Collaborators.
Intravenous thrombolysis in patients dependent on the daily help
of others before stroke. Stroke. 2016;47:450–456. doi: 10.1161/
STROKEAHA.115.011674.
20. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier D,
et al. Randomised double-blind placebo-controlled trial of thrombolytic
therapy with intravenous alteplase in acute ischaemic stroke (ECASS
II). Second European-Australasian Acute Stroke Study Investigators.
Lancet. 1998;352:1245–1251.
21. Shobha N, Sylaja PN, Kapral MK, Fang J, Hill MD; Investigators of
the Registry of the Canadian Stroke Network. Differences in stroke
outcome based on sex. Neurology. 2010;74:767–771. doi: 10.1212/
WNL.0b013e3181d5275c.
22. Elkind MS, Prabhakaran S, Pittman J, Koroshetz W, Jacoby M, Johnston
KC; GAIN Americas Investigators. Sex as a predictor of outcomes
in patients treated with thrombolysis for acute stroke. Neurology.
2007;68:842–848. doi: 10.1212/01.wnl.0000256748.28281.ad.
23. Lorenzano S, Ahmed N, Falcou A, Mikulik R, Tatlisumak T, Roffe C, et
al; SITS Investigators. Does sex influence the response to intravenous
thrombolysis in ischemic stroke?: answers from safe implementation of
treatments in Stroke-International Stroke Thrombolysis Register. Stroke.
2013;44:3401–3406. doi: 10.1161/STROKEAHA.113.002908.
24. Buijs JE, Uyttenboogaart M, Brouns R, de Keyser J, Kamphuisen PW,
Luijckx GJ. The effect of age and sex on clinical outcome after intravenous recombinant tissue plasminogen activator treatment in patients with
acute ischemic stroke. J Stroke Cerebrovasc Dis. 2016;25:312–316. doi:
10.1016/j.jstrokecerebrovasdis.2015.09.035.
25. Liao S, Chen W, Kuo J, Chen C. Association of serum estrogen
level and ischemic neuroprotection in female rats. Neurosci Lett.
2001;297:159–162.
26. Schierbeck LL, Rejnmark L, Tofteng CL, Stilgren L, Eiken P, Mosekilde
L, et al. Effect of hormone replacement therapy on cardiovascular
events in recently postmenopausal women: randomised trial. BMJ.
2012;345:e6409.

Downloaded from http://stroke.ahajournals.org/ by guest on September 22, 2017

Sex Differences and Functional Outcome After Intravenous Thrombolysis Revision
Fianne H. Spaander, Sanne M. Zinkstok, Irem M. Baharoglu, Henrik Gensicke, Alexandros
Polymeris, Christopher Traenka, Christian Hametner, Peter Ringleb, Sami Curtze, Nicolas
Martinez-Majander, Karoliina Aarnio, Christian H. Nolte, Jan F. Scheitz, Didier Leys, Anais
Hochart, Visnja Padjen, Georg Kägi, Alessandro Pezzini, Patrik Michel, Olivier Bill, Andrea
Zini, Stefan T. Engelter, Paul J. Nederkoorn and on behalf of the Thrombolysis in Ischemic
Stroke Patients Collaborators (TrISP)
Stroke. published online January 31, 2017;
Stroke is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 0039-2499. Online ISSN: 1524-4628

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://stroke.ahajournals.org/content/early/2017/01/31/STROKEAHA.116.014739

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Stroke can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click
Request Permissions in the middle column of the Web page under Services. Further information about this
process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Stroke is online at:
http://stroke.ahajournals.org//subscriptions/

