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ABSTRACT

Objective: Stroke thrombolysis may have a differential effect by sex. We sought to examine the
relationship between sex and outcome after thrombolysis.

Methods: This is a retrospective cohort study of stroke patients from the Registry of Canadian
Stroke Network phase 1 (June 2001–February 2002) and phase 2 (June 2002–December 2002).
Variables including demographics, history, clinical data, process measures, and outcome were ana-
lyzed. The primary outcomes were the Stroke Impact Scale–16 score (SIS-16) and mortality at 6
months. We compared the outcomes of the thrombolyzed and nonthrombolyzed cohorts and exam-
ined the data for a tissue plasminogen activator (tPA)-by-sex interaction on the 2 primary outcomes.

Results: The overall proportion of patients who achieved an excellent outcome (SIS-16 �75) was
not different by gender. However, the proportion of patients achieving an excellent outcome in the
non-tPA cohort was much greater in males, with an absolute risk difference of 11.8%. A multipli-
cative treatment by sex interaction was evident (p � 0.054). This interaction was not present for
stroke case fatality.

Conclusions: Women fared poorly compared to men in the placebo groups, but this negative prog-
nostic sex effect was neutralized by thrombolysis. Neurology® 2010;74:767–771

GLOSSARY
mRS � modified Rankin Score; RCSN � Registry of the Canadian Stroke Network; SIS-16 � Stroke Impact Scale–16 score;
tPA � tissue plasminogen activator.

Women manifest stroke differently and have worse outcomes after ischemic stroke compared
to men.1,2 There is evidence that stroke thrombolysis with tissue plasminogen activator (tPA)
has a differential effect by sex. While both sexes benefit, women show a greater treatment effect
compared to men. This has been suggested in post hoc analyses of 6 pooled IV tPA treatment
trials and in 1 intraarterial recombinant prourokinase treatment trial.3,4 The consistency of
effect suggests a true association but the biologic reasons why this may occur remain obscure.
Suggested mechanisms include increased early arterial patency5 but there are no convincing
data to support this hypothesis.

One possible concern is that patients in the randomized trials are somehow different from
those in routine practice and that such an interaction may not be present in clinical routine.
We sought to examine the relationship between sex and outcome after stroke thrombolysis in a
cohort of routinely treated patients from the Registry of the Canadian Stroke Network
(RCSN). Our aim was to provide further evidence for or against the consistency of effect.

METHODS The methodology of the RCSN has been described in detail elsewhere.6 In phase 1 (June 2001–February 2002) and phase 2
(June 2002–December 2002), data were collected on consecutive patients with acute stroke or TIA seen at 21 (phase 1) and 25 (phase 2)
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acute care institutions in 8 Canadian provinces. All participating
institutions were tertiary care centers, with expertise in stroke care
and with the capacity to administer thrombolysis.

Standard protocol approvals, registrations, and patient
consents. In these first 2 phases of the RCSN, informed con-
sent from the patient or surrogate was required for data collec-
tion, and was obtained in all patients included in the registry.
This comprised approximately 40% of eligible patients.7 The
common reasons for inability to obtain consent were 1) the pa-
tient died before consent could be obtained; 2) language barrier;
3) unavailability of a surrogate decision-maker. The RCSN is
not registered on any international trial registries.

Data were collected prospectively by trained neurology re-
search nurses through chart review and patient and provider in-
terviews, using laptop computers and custom software.
Information on pre-hospital, emergency department, and in-
hospital care was collected. Baseline stroke severity was captured
using the Glasgow Coma Scale (for unconscious patients) and
the Canadian Neurological Scale score (for conscious patients).
Follow-up telephone interviews were performed at 6 months af-
ter the index stroke event to collect information on outcomes
including functional status and quality of life.7 For the present
analysis, the cohort was limited to patients with a final diagnosis
of ischemic stroke. At each site, the protocol was reviewed and
approved by the local research ethics board.

The primary outcomes were the Stroke Impact Scale–16
score8,9 (SIS-16) and mortality at 6 months. Secondary outcomes
included in-hospital mortality as well as length of hospitalization
and discharge disposition. For the SIS-16, a good score was de-
fined as a score �75 points, which is equivalent to independent
function or a modified Rankin Score (mRS) of 2 or less.8

We divided patients into those who received and those who
did not receive thrombolytic therapy and compared the out-
comes. We examined the data for a thrombolysis-by-sex interac-
tion on the 2 primary outcomes using unconditional logistic
regression analysis. We considered p � 0.10 for the interaction
term as indicative of statistically relevant evidence. Main effects
variables were assessed at the customary p � 0.05 level. Sex, age,
stroke severity, and onset-to-treatment time were included in the
model to adjust for known prognostic variables. Statistical analy-
ses were performed using SAS 9.1.

RESULTS The overall cohort included 2,113 patients,
43.5% of whom were female. Of these, 232 (11%) were
treated with thrombolysis. Compared to those who did
not receive thrombolysis, patients who received throm-
bolysis were less likely to be on an antiplatelet therapy
prior to admission, had more severe stroke, were more
likely to be transported to the hospital by ambulance,
and had faster onset-to-CT times. Clinical characteris-
tics were similar in men and women, with the exception
of slightly greater stroke severity, a lower prevalence of
hyperlipidemia, and slightly lower mean hematocrit
and blood glucose levels in women compared to men in
both the thrombolyzed and nonthrombolyzed cohorts
(table 1). In the thrombolysis cohort, women had
slightly more severe stroke than men (median Canadian
Neurological Score 5 for women vs 6 for men) (table 1).

Overall, mortality and functional status at 6
months poststroke were similar in men and women

(table 2). Mortality in-hospital and at 6 months was
slightly higher in the thrombolysis cohort compared
to the nonthrombolyzed cohort but there was no dif-
ference in mortality between men and women within
cohorts. In the group that did not receive thrombol-
ysis, men were significantly more likely than women
to achieve a good outcome (SIS-16 �75) at 6 months
poststroke (70% vs 58%, p � 0.001). In contrast, men
and women who received thrombolysis were equally
likely to achieve a good outcome at 6 months. In a mul-
tiple logistic regression model, adjusting for age, stroke
severity, and onset to emergency department times, we
observed a significant interaction (p � 0.054, Wald
test) for the SIS-16 outcome and a nonsignificant inter-
action for 6-month mortality (p � 0.722, Wald test).
These results were not different when we forced (be-
cause there were slight baseline differences between co-
horts) hyperlipidemia, glucose, and hematocrit as
covariables into the model. Main effects of age and
stroke severity were significant predictors of both
SIS-16 �75 and 6-month mortality. In an exploratory
model, no sex-by-thrombolysis interaction effect was
seen for in-hospital mortality.

DISCUSSION These data provide confirmatory evi-
dence of a treatment-by-sex interaction in this cohort of
patients routinely treated with thrombolysis. The direc-
tion of effect seen in this cohort study is identical to
what has been previously reported: women fare poorly
compared to men when not treated with thrombolysis,
achieve outcomes similar to those seen in men when
treated with thrombolysis, and thus have a larger abso-
lute benefit from thrombolytic therapy.3,4,10

Why women not treated with thrombolysis have
worse outcomes than men is not well understood, but it
has been observed in other cohorts.11 What are the bio-
logic differences that may account for this phenome-
non? In our study, hyperlipidemia, hematocrit, and
baseline serum glucose were numerically lower in the
female cohort. Although these factors did not alter the
multivariable regression results, preliminary preclinical
evidence suggests that these factors may be relevant to
thrombolysis.12,13 Other factors such as reduced throm-
bus burden, and therefore faster recanalization, have
been suggested, but this has not been convincingly
proven to date.14-18 One other study of the GAIN trial
has suggested no gender effect, but this study is poten-
tially biased by the exclusion of rapid responders to
thrombolysis.19,20

The response to thrombolysis might depend on
the mechanism of stroke. Recanalization is seen more
often in the fibrin-rich cardioembolic strokes than
the platelet-rich thromboses on preexisting athero-
sclerotic lesions, because of the high affinity of tPA
for fibrin.21 Older women are more prone to cardio-
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embolic strokes due to an increased prevalence of
atrial fibrillation.22 However, in this study, atrial fi-
brillation was not seen more often in women than in
men. Sex-related differences have been noticed in
cardiovascular diseases as well consequent to the dif-
ferences in the fibrinolytic status between men and
women.23 There was a significant increase in symp-

tomatic middle cerebral artery involvement in female
patients as compared to male patients in the WASID
study; this could explain the greater benefit of
thrombolysis in female patients, and a worse progno-
sis if not treated.24

It is also possible that the impact is a social one.
Whereas women may care for men, who tend to have

Table 1 Patient characteristicsa

Total Non-tPA patients tPA patients

Non-tPA
(n�1,881)

tPA
(n�232) p

Men
(n�1,058)

Women
(n�823) p

Men
(n�136)

Women
(n�96) p

Age, y 72 (61–80) 71 (65–80) 0.82 71 (60–78) 75 (63–82) �0.001 70 (61–77) 76 (68–82) �0.001

Female 823 (43.8) 96 (41.4)

Ethnic origin 0.547 0.099 0.794

Caucasian 1,323 (87.9) 175 (88.4) 722 (86.5) 601 (89.7) 105 (89.7) 70 (86.4)

East Indian 35 (2.3) 7 (3.5) 26 (3.1) 9 (1.3) 3 (2.6) 4 (4.9)

Asian 41 (2.7) 6 (3.0) 24 (2.9) 17 (2.5) 3 (2.6) 3 (3.7)

Other 106 (7.0) 10 (5.1) 63 (7.5) 43 (6.4) 6 (5.1) 4 (4.9)

Clinical history

Atrial
fibrillation

282 (15.0) 44 (19.0) 0.114 137 (12.9) 145 (17.6) 0.005 24 (17.6) 20 (20.8) 0.542

Peripheral
vascular
disease

102 (5.4) 7 (3.0) 0.118 68 (6.4) 34 (4.1) 0.029 4 (2.9) 3 (3.1) 0.936

Diabetes 464 (24.7) 53 (22.8) 0.542 271 (25.6) 193 (23.5) 0.28 33 (24.3) 20 (20.8) 0.54

Smoke
currently

360 (19.1) 40 (17.2) 0.486 235 (22.2) 125 (15.2) �0.001 27 (19.9) 13 (13.5) 0.21

Hyperlipidemia 624 (33.2) 82 (35.3) 0.508 371 (35.1) 253 (30.7) 0.048 56 (41.2) 26 (27.1) 0.027

Previous
stroke or TIA

666 (35.4) 71 (30.6) 0.148 380 (35.9) 286 (34.8) 0.6 42 (30.9) 29 (30.2) 0.913

Hypertension 1,159 (61.6) 150 (64.7) 0.368 621 (58.7) 538 (65.4) 0.003 84 (61.8) 66 (68.8) 0.273

CHF or
pulmonary
edema

117 (6.2) 19 (8.2) 0.249 67 (6.3) 50 (6.1) 0.819 12 (8.8) 7 (7.3) 0.675

Antiplatelet 650 (34.6) 59 (25.4) 0.005 382 (36.1) 268 (32.6) 0.109 40 (29.4) 19 (19.8) 0.097

Anticoagulant 149 (7.9) 16 (6.9) 0.583 86 (8.1) 63 (7.7) 0.706 7 (5.1) 9 (9.4) 0.211

Clinical
assessment

OCSP class �0.001 0.008 0.945

LACS 339 (21.1) 20 (10.2) 181 (20.1) 158 (22.5) 12 (10.2) 8 (10.3)

PACS 613 (38.2) 58 (29.6) 332 (36.8) 281 (40.0) 34 (28.8) 24 (30.8)

POCS 398 (24.8) 21 (10.7) 257 (28.5) 141 (20.1) 13 (11.0) 8 (10.3)

TACS 140 (8.7) 96 (49.0) 68 (7.5) 72 (10.3) 58 (49.2) 38 (48.7)

GCS score 15 (15–15) 14 (11–15) �0.001 15 (15–15) 15 (14–15) 0.248 14 (11–15) 13 (11–15) 0.161

CNS score 10 (8–11) 6 (4–8) �0.001 10 (8–11) 10 (7–11) 0.012 6 (5–8) 5 (4–7) 0.017

NIHSS score 4 (2–7) 14 (9–17) �0.001 4 (2–6) 4 (2–9) 0.071 13 (9–18) 15 (10–17) 0.432

Glucose, mmol/L 7.54 � 3.61 7.43 � 3.03 0.701 7.71 � 3.99 7.31 � 3.05 0.022 7.79 � 3.45 6.90 � 2.16 0.039

Systolic BP,
mm Hg

159.82 � 29.38 160.32 � 30.73 0.814 158.41 � 28.19 161.66 � 30.79 0.023 158.64 � 28.25 162.64 � 33.89 0.346

Diastolic BP,
mm Hg

83.42 � 15.91 82.27 � 15.88 0.318 84.58 � 15.95 81.89 � 15.73 �0.001 83.42 � 15.64 80.68 � 16.17 0.211

Abbreviations: BP � blood pressure; CHF � congestive heart failure; CNS � Canadian Neurological Scale; GCS � Glasgow Coma Scale; LACS � lacunar
stroke; NIHSS � NIH Stroke Scale; OCSP � Oxfordshire Community Stroke Project; PACS � partial anterior circulation stroke; POCS � posterior circula-
tion stroke; TACS � total anterior circulation stroke; tPA � tissue plasminogen activator.
aValues are median (interquartile range), n (%), or mean � SD.
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stroke at a younger age, 31% of women are widowed
compared to 7% of men at the time of stroke, and
therefore they do not have a spouse who can act as a
caregiver.25 Poststroke depression is more common in
women than in men,26 and this hinders functional
recovery.

The purpose of this analysis was to build further ev-
idence to show a consistency of effect of the treatment-
by-sex interaction. Consistency of effect is one of several
factors that support a causal relationship. One limita-
tion of our approach is that the methodology, a cohort
design, is weaker than an examination of randomized
clinical trial data. Despite the possibility of confounding
by indication (patients who received thrombolysis were
somehow different from those who did not, leading to
differences in outcomes), the data are supportive of the
proposed effect. Further work on understanding the re-
lationship between sex and outcome after stroke is
required.
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CDC, AAN to Health Care Professionals: Monitor
Patients for GBS

The Centers for Disease Control and Prevention (CDC) and the American Academy of Neurology
(AAN) collaborated to reach out to neurologists across the US to monitor and report any possible
new cases of Guillain-Barré syndrome (GBS) following 2009 H1N1 flu vaccination.

Neurologists and health care professionals nationwide who diagnose patients with vaccine-
associated GBS should use the CDC and FDA Vaccine Adverse Event Reporting System (VAERS)
to report their observations.

In addition, neurologists and all health practitioners in the 10 Emerging Infections Program (EIP)
states—California, Connecticut, Maryland, Minnesota, New Mexico, New York, Colorado, Ore-
gon, Georgia, and Tennessee—are asked to report all new cases of GBS, regardless of vaccination
status, to their state’s surveillance officer.

The AAN hosted a series of webinars providing an in-depth look at H1N1 vaccination and how it
may pose a risk for GBS and information about the vaccination monitoring campaign.

For additional information about the monitoring campaign, or to watch the webinars or download
VAERS form and information on reporting to surveillance officers in your state, visit the AAN’s
GBS toolkit page, www.aan.com/view/gbstoolkit.
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