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Introduction
Stroke is the leading cause of death and disability worldwide [1-4]. 

A higher absolute number of women than men are affected by stroke, 
because stroke rates increase dramatically in the older age groups and 
women have a higher life-expectancy [5-7]. Post stroke functional 
recovery and quality of life are consistently poorer in women than in 
men [8,9].

Thrombolysis, an intravenous application of recombinant tissue 
plasminogen activator (rt-PA) is now the evidence- based treatment 
strategy, as suggested by the National Institute of Neurological 
Disorders and Stroke (NINDS) rt-PA Stroke Study and the European 
Cooperative Acute Stroke Study (ECASS) trials [10-13].

Frequencies of patients of both genders have shown a trend 
toward women being less likely to receive thrombolysis treatment [7]. 
Preliminary analysis suggested that gender may influence response to 
therapy with rt-PA [14]. Women and men have differences in risk factor 
profiles and stroke etiology. With regard to thrombolytic treatment it is 
still unknown whether women benefit as well as men [8,15].

Austria is a country with a universal health care system and a low 
level of income inequality, implying that gender treatment differences 
should be small [16].

In this study we aimed to compare the outcomes after thrombolysis 
in men and women based on the common risk factors, etiology of 
stroke and localization.

Materials and Methods
Study population

All patients from the Austrian Stroke Unit registry, a nation 
wide database, who were admitted to our stroke unit in Salzburg 
presenting with ischemic stroke including transient ischemic attack 
(TIA) from 2005 to 2009 were analyzed. For analysis of conservative 
versus thrombolytic treatment of ischemic stroke patients we excluded 
patients with TIA`s.

Our data included information on demographic characteristics, 
risk factors, medication history, baseline and follow-up stroke severity, 
measured by National Institutes of Health Scale (NIHSS), information 
on functional outcome at discharge and after 3 months as assessed by 
modified Rankin Scale (mRS). Further, patients were also registered 
with date and time of symptom onset, arrival time at hospital, arrival 
time at stroke unit, and time of first imaging. We documented the onset 
to needle time and door to needle time.

Etiology was classified by the Trial of Org 10172 in Acute Stroke 
Treatment criteria (TOAST) [17]. We documented subtype, localization 
and classification of stroke, subdivided into transient ischemic attack, 
minor stroke and stroke.

Common risk factors were documented including high blood 
pressure, diabetes, previous stroke and myocardial infarction, 
cardiovascular disease, hyperlipidaemia, atrial fibrillation, periphery 
artery occlusive disease (PAOD), current smoking and alcohol 
consumption.

Following complications were analyzed: Intracerebral 
hemorrhage (ICH), recurrent and progressive stroke, cerebral edema, 
hydrocephalus, epileptic seizures, cardial complications and need for 
decompressive surgery.

Cardioembolism, makroangiopathy, haemodynamic cause, 
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coagulopathy, artery dissection and high blood pressure were defined 
as stroke etiology.

Clinical progress was documented by a computed tomography 
(CT) scan. The first CT was obligate within 24 hours or at time of 
clinical detoriation. 

Treatment

All patients admitted to our stroke unit were monitored (blood 
pressure and ECG over 24 hours) and received prophylaxis of deep-
vein thrombosis [13].

Patients who were excluded from thrombolytic treatment obtained 
oral antiplatelet treatment (non-IVT).

All patients received intravenous thrombolytic treatment (IVT) 
based on ECASS 1-3 [13,22,23]. Patients with undefined symptom 
onset received thrombolytic treatment after diagnosing a mismatch 
in magnetic resonance tomography through diffusion and perfusion 
weighted sequences. The determined volumes of the regions with 
abnormal perfusions were compared with the volumes of the acute 
diffusion weighted lesions. If the final infarct size was larger than 
one third of the diffusion area, a mismatch was diagnosed, and a 
thrombolytics treatment was initiated. Patients who did not implement 
the ECASS criteria nor had no documented mismatch were excluded 
from thrombolytic treatment.

Thrombolysis was implemented, including a total rt-PA dose of 0.9 
mg/kg – 10 % given in the first minute as a bolus and the remainder as 

an infusion over one hour – to a maximum dose of 90 mg/kg, according 
to the admittance criteria of the European Medicines Agency EMEA 
[24].

Secondary stroke prophylaxis was initiated according to the most 
recent guidelines [18-21].

For thrombolysis exclusion and inclusion we complied with the 
SITS-MOST criteria (Safe Implementation of thrombolysis in Stroke-
Monitoring Study) [25]. 

Statistical analysis

SPSS (TM), version 17.0, was used for data analysis. Data were 
checked for normal distribution using the 1-sample Kolmogorov-
Smirnov test. When normality assumption was not fulfilled, variables 
were presented as medians (range) or frequencies (percentages), 
as applicable. To obtain differences in patients with and without 
intravenous thrombolysis and to compare gender differences, the 
two-tailed Mann-Whitney U-test was used. As non-parametric test 
for multiple independent samples the Kruskal-Wallis H test was used. 
To access multivariate correlations of quantitative variables, linear 
regression analysis were used on natural log transformed variables, 
when normality assumption was not fulfilled. A p-value of less than 
0.05 was considered significant, a p-value less than 0.01 as highly 
significant. In case of multiple comparisons, the Bonferroni correction 
method was used.

To exclude an age dependency a multivariate analysis was 
performed. When normal distribution was not fulfilled the data was 
logarithmised.

Thrombolysis No Thrombolysis
MEN WOMEN p< MEN WOMEN P<

Mean age 68.18 (n=154) 73.66 (n=155) 0.001 67.02 (n=526) 74.69 (n=514) 0.001
Mean NIH score at admission 10.62 (n=149) 11.50 (n=153) 0.163 6.72 (n=528) 9.04 (n=577) 0.001
Mean NIH score at discharge 6.53 (n=147) 7.66 (n=144) 0.463 5.21 (n=514) 6.64 (n=542) 0.004
Patients with NIH score 0-7 at admission 36.7 % (54/147) 32.2 % (46/143) 0414  68.2 % (360/528)  57.9 % 334/577) 0.001
Patients with NIH score 8-14 at admission 34.7 % (51/147) 37.1 % (53/143) 0.675 18.4 % (97/528) 19.6 % (113/577) 0.609
Patients with NIH score over 15 at admission 28.6 % (42/147) 30.8 % (44/143) 0.683 10.8 % (57/528)  20.9 % 121/577) 0.001
mRS 3 months outcome ≤ 2 60.7 % (34/56) 60% (27/45) 0.942 65.3% (209/320) 63.4% (226/356) 0.620
mRS 3 months outcome 1.6 (range0-6) 2.5(range 0-6) 1.83 (range0-6) 1.86 (range0-6) 0.702
Door to needle time 51.71 min (n=152) 56.14 in(n=145) 0.082 --- ---- ----
Time from onset to stroke unit 153 min 154 min 0.384 787.38 min 791.22 min 0.221
Stroke subtype

Lacunar syndrome 14.5 % (22/152) 9.6 % (14/145) 0.204 17.1 % (91/531) 11.9 % (69/579) 0.014
Total anterior circulation syndrome 10.5 % (16/152) 18.6 % (27/145) 0.048 7.3 % (39/531) 10.9 % (63/579) 0.043
Partial anterior circulation syndrome 68.4 % (104/152) 67.6 % (98/145) 0.878 45.01 % (239/531) 53.7 % (311/579) 0.005
Posterior circulation syndrome 5.9 % (9/152) 4.1 % (6/145) 0.483 29.4 % (156/531) 22.8 % (132/579) 0.013
Obscure 0.6 % (1/152) 0 % (0/145) 0.328 0.7 % (4/531) 0.7 % (4/579) 0.903

Lokalization
Left hemisphere 53.9 % (82/152) 54.5 % (79/145) 0.927 39.9 % (12/579) 40.1 % (232/579) 0.961
Right hemisphere 40.8 % (62/152) 40.7 % (59/145) 0.986 31.1 % (165/531) 36.9 % (214/579) 0.040
Both hemispheres 0.6 % (1/152) 0.0 % (0/145) 0.329 0.37 % (2/513) 0.51 % (3/579) 0.726
Brainstem  3.3 % (5/152) 4.8 % (7/145) 0.502 22.03 % (117/531) 17.44 % (101/579) 0.550
Cerebellum  1.3 % (2/154) 0.0 % (0/154) 0.167 6.21 % (33/531) 5.01 % (29/579) 0.383

Etiology of stroke
Microangiopathy 16.5% (25/151) 20% (25/145) 0.876 100 % (531/531) 100% (579/579)
Thrombembolism 15.5 % (30/193) 18.2 % (34/186) 0.478 25.6 % (136/531) 25.6 % (148/579) 0.986
Macroangiopathy 55.4 % (107/193) 59.7 % (111/186) 0.691 45.2 % (240/531) 54.05 % (313/579) 0.005
Haemodynamic 40.4 % (78/193) 28.5 % (22/186) 0.020 42.6 % (226/531) 36.8 % (213/579) 0.130
Koagulopathy 8.3 % (16/193) 5.9 % (11/186) 0.370 8.1 % (43/513) 9.7 % (56/579) 0.359

Thrombolysis treatment 50.9 % (193/379) 49.1 % (186/379) ---- ----- ---

Table 1: Demographics and baseline characteristics of men and women treated with and without IV Thrombolysis.
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Results
From 2005 to 2009, 2872 patients were registered in our data base. 

Patients with TIA`s (n=1523) were excluded from analysis. Mean age 
was 69.5 [18 – 97], including 50.8 % women and 49.2 % men, with 
mean NIHS at admission of 7.18, at discharge of 4.88. Mean mRS at 
discharge was 2.45.

IV thrombolysis was administered in 22.9 % (309 patients) of our 
patients when excluding TIA`s from analysis. Three patients received 
IVT based on mismatch analysis. 

Most common risk factors were high blood pressure (75.8 %) 
followed by hypercholesterinaemia (53.1 %) and atrial fibrillation (32.7 
%).

Our inpatient mortality was 3 % (88 of 2872 patients); most common 
cause of death was cerebral edema (54.2 %) and cardiovascular diseases 
(18.1 %).

Gender differences 

Demographics and baseline characteristics of men and women 
treated with and without IV thrombolysis are depicted in Table 1. We 
analyzed 154 men and 155 women with IV thrombolysis (IVT) and 
526 men and 514 women without IVT. Women were significantly older 
than men [p<0.001] in both groups.

Women with IVT showed a trend to higher NIHSS at admission 
(mean NIHSS 11.50 in women compared to 10.62 in men) with no 
significant difference [p<0.191]. Non-IVT patients showed a significant 
difference of women with a higher NIHSS at admission (mean NIHSS 
9.04 in women compared to men with 6.72 [p<0.001]).

Multivariate analysis showed a significant better outcome in 
younger patients treated with thrombolysis compared to older patients 
without treatment with thrombolysis (p< 0.026).

For better comparison, patients were divided into three NIH 
groups: patients with minor (NIHSS 0-7), moderate (NIHSS 8-14) and 
major involvement (NIHSS 15+). IVT patients were almost equally 
distributed in all NIHSS groups with no significant gender difference. 
Patients without IVT were more common in NIHSS group 0-7, with 
significant differences in women in 0-7 and 15+ NIH group [p<0.001].

Significant improvement in both groups was evident at discharge. 
IVT group showed no significant difference between genders [p<0.463], 
however in the non-IVT group with less favorable outcome in women. 
[p<0.001]

After 3 months in IVT group mRS for men was 1.6 and 2.5 in 
women. In non-IVT group there was an improvement by documented 
mRS of 1.83 in men and 1.86 in women. In IVT group 60.7 % men and 
60 % women had an mRS 2, defined as good clinically outcome and in 
non-IVT group 65.3 % men and 63.4 % women, respectively.

There was no significant difference in time of stroke onset to 
admission [p<0.384/ p<0.221] and in door to needle time [p<0.082] 
between genders (men 51.7 min and women 56.1 min).

Most common stroke subtype was partial anterior circulation 
syndrome with no gender difference in IVT group [p<0.145], but 
significantly towards women [p<0.005] in non-IVT patients.

Concerning risk factors, myocardial infarction [p<0.004] and 
current smoking [p<0.001], were more frequent in men of the IVT 
group Table 2. In the non-IVT group, men were more affected by PAOD 

Table 2: The gender differences in risk factors.

Thrombolysis No Thrombolysis
MEN WOMEN p< MEN WOMEN P<

High blood pressure 77 % (118/153) 71.6 % (111/155) 0.397 78.5 % (417/531) 77.02 % (446/579) 0.687
Previus stroke 16.9 % (26/153) 13.5 % (21/155) 0.402 25.8 % (137/531) 28.5 % (165/579) 0.374
Myocardial infarctation 12.4 % (19/153) 3.2 % (5/154) 0.004 13.2 % (70/531) 8.6 % (50/579) 0.016
Hypercholesterinemia 50.9 % (78/153) 44.8 % (69/154) 0.280 57.8 % (307/513) 48.7 % (282/579) 0.011
Atrial fibrillation 34.6 % (53/153) 46.7 % (72/154) 0.074 28.2 % (150/531) 40.4 % (234/579) 0.001
PAVK 3.9 % (6/153) 3.2 % (5/154) 0.751 12.05 % (64/531) 8.5 % (49/579) 0.047
Current smoking 36.6 % (56/153) 14.9 % (23/154) 0.001 34.6 % (184/531) 16.1 % (93/579) 0.001
Alcohol consumption 18.3 % (28/153) 12.3 % (19/154) 0.204 19.6 % (104/531) 9.5 % (55/579) 0.001
Cardiovascular disease 20.3 % (31/153) 18.2 % (28/154) 0.849 21.3 % (113/531) 18.5 % (107/579) 0.489
Diabetes mellitus 23.5 % (36/153) 20 % (31/155) 0.454 27.7 % (147/531) 26.6 % (154/579) 0.587

Table 3: The gender differences of complications in patients.

Thrombolysis No Thrombolysis
MEN WOMEN p< MEN WOMEN P<

Complications 20.8 % (31/149) 30.7 % (35/114) 0.474 13.7 % (73/531) 18.5 % (107/579) 0.034
Secondary hemorrhage 7.9 % (12/152) 8.9 % (13/145) 0.740 1.7 % (9/531) 1.2 % (7/579) 0.498
Hydrocephalus 0.0 % (0/154) 0 .0 % (0/149) - 0.0 % (0/531) 0.0 % (0/579)
Re stroke 2.5 % (3/118) 0/96 0.116 0.6 % (3/531) 1.4 % (8/579) 0.171
Cerebral edema 1.9 % (3/152) 4.1 % (6/145) 0.278 2.8 % (15/531) 2.6 % (15/579) 0.811
Seizure 0.0 % (0/152) 0.0 % (0/145) - 0.5 % (3/531) 1.4 % (8/579) 0.171
Cardiovascular decompensation 1.3 % (2/152) 2.1 % (3/145) 0.615 1.9 % (10/531) 3.3 % (19/579) 0.146
Cardial arrhythmia 1.3 % (2/152) 1.4 % (2/145) 0.962 1.3 % (7/531) 2.8% (16/579) 0.092
Pulmonary embolism 0.0 % (0/152 0.0 % (0/145) - 0.4 % (2/531) 0.2 % (1/579) 0.514
Progressive stroke 3.9 % (6/152) 6.2 % (9/145) 0.374 7.3 % (39/531) 7.6 % (44/579) 0.873
Myocardial infarction 0.6 % (1/152) 1.4 % (2/145) 0.535 0.4 % (2/531) 0.5 % (3/579) 0.726

Decompressive surgery 0.65 % (1/154) 1.3 % (2/155) 0.567 0.6 % (5/530) 0.3 % (3/577) 0.407
Died 3.2 % (5/154) 5.8 % (9/155) 0.280 2.6% (14/531) 6.04 % (35/579) 0.007
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[p<0.047], myocardial infarction [p<0.016], hypercholesterinemia 
[p<0.011], current smoking [p<0.001] and alcohol consumption 
[p<0.001]. Women altogether were more likely to have atrial fibrillation 
than men with significant difference [p<0.074 in IVT; p<0.001 in non-
IVT].

Complication rate was higher in IVT patients but with no 
significant gender difference Table 3. 

The mortality rate in all our patients was 3.1 %. In IVT patients 
the mortality rate was 5.8 % in women compared to 3.2% in men, in 
non-IVT patients mortality rate was 6.0 % in women and 2.6 % in 
men. Mean NIHSS of these patients at admission was 15; mean age 
was 72.4 in men and 81.7 in women. Deceased IVT patients showed 
a remarkably longer door to needle time (men 123.20 min, women 
131.60 min [p<0.903]) compared with stroke survivors.

Discussion
Stroke affects a greater number of women than men because of 

their increased longevity. Stroke rates increase dramatically in older 
age groups [7]. It has been reported that frequency of thrombolysis 
is less likely in women [7]. Women were reported with less favorable 
outcome [26], although thrombolysis treatment was associated with 
improvement in clinical outcome [13]. 

Thrombolytic treatment rates in Europe are documented with 7.5 
% [27]. In our single center retrospective study 22.9% of our stroke 
patients received thrombolytic treatment, with favorable outcome and 
mean mRS at discharge of 2.45.

It is interesting that our median time from stroke onset to arrival 
at the stroke unit is very low with 140 min (2hours and 20min), 
according to a recent study from De Silva et al. with a median hospital 
arriving time from stroke onset of 1245 min (20hours and 45min) [28]. 
One reason for this remarkable difference may be a well organized 
emergency system in Salzburg with well trained physicians on board 
of the ambulances and the common use of rescue helicopters. Another 
reason for this result is the raising stroke knowledge in Salzburg`s 
population. 

To our knowledge, until now, no similar study with these high 
thrombolysis rates was published. 

To ensure best treatment for stroke patients, we explored possible 
differences between genders. 

There was no significant difference in percentage of women treated 
with thrombolysis compared to men. Less favorable outcome in women 
in regard to case fatality and functional ability 3 months after stroke is 
mainly a result of the higher age of women [29,26]. Also in our study, 
women were significantly older than men [p<0.001] and showed worse 
outcome after 3 month.

It was documented that functional outcome and quality of life was 
poorer in women than in men [7]. We could show a tendency to higher 
NIHSS in women compared to men independent of treatment.

For better differentiation we compared three NIHSS groups Table 
1. Patients with more severe stroke symptoms were more likely to 
receive thrombolysis therapy. In the non-IVT group women showed 
a significantly less favorable outcome, especially in the 0-7 and 
15+ NIHSS group [p<0.001], which could not be demonstrated in 
women treated with thrombolysis, indicating the importance of rt-PA 
treatment.

Both genders improved significantly after thrombolysis, while 

women showed a non significant tendency to higher NIHSS overall. 
Based on the fact that stroke severity measured by NIHS score appeared 
to be related to poorer outcome [30].

It has been described that time of symptom onset to arrival at the 
stroke unit is higher in women compared to men [31,7]. We could not 
reveal a gender difference, as shown in other studies [30]. According 
to publics` awareness increasing in both genders more patients are 
admitted to stroke units as soon as possible. 

Risk-factor assessment is important in clinical practice and in 
stroke research [32]. Men have more often a history of previous 
myocardial infarction, diabetes, current smoking and were more often 
heavy consumers of alcohol [33]. Our patients showed a similar history 
and significant gender differences [p<0.001]. 

Thromboembolism related to atrial fibrillation has been shown 
to be more common in women [26]. In our series significantly more 
women were documented with atrial fibrillation than men [p<0.074/ 
p<0.001]. Cardioembolic strokes are more likely to be severe than other 
stroke subtypes [31,34]. Higher rate of atrial fibrillation in women 
might therefore be an explanation for their higher NIHSS scores and 
worse outcomes beside higher age. These results are consistent with 
several publications reporting that women with stroke generally have 
worse outcomes than men in absence of thrombolytics [14], as well as 
after IV thrombolysis [6,35]. The response to IV thrombolysis might 
depend on the mechanism of stroke. Recanalization was seen more 
often in cardioembolic strokes. Women are generally more prone 
to cardioembolic strokes, indicating that women benefit from IV 
thrombolysis.

Thrombolysis-associated complications were not different in 
women and men [8], as revealed in our patients [p<0.474]. ICH was 
more often in the IVT group than in the non-thrombolysis treatment 
group, but with no gender difference, as shown in the ECASS 3 study 
[13]. In patients without thrombolysis therapy however, the most 
common complication was progressive stroke. 

Among deceased patients we registered more women than men, 
likely being a result of the higher age of women and worse NIHSS score 
at admission in comparison to men. 

Our study has some limitations referring to the small number of 
patients in the 3 months follow up and that from the Austrian Stroke 
Unit registry the 3 months follow up was determined through mRS and 
not by the NIHS score.

Summary

Our single center retrospective study enrolled a thrombolysis rate of 22.9 %, 
in comparison to main thrombolysis rates in Europe documented with 7.5 %. Our 
data indicates no gender difference in stroke treatment. However, as cardioembolic 
strokes are more likely to be severe than other stroke subtypes, and atrial fibrillation 
is more common in women, the higher NIHS scores and worse outcomes of women 
beside their higher age can be explained.
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