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Abstract

Aim To compare safety and functional outcomes of intravenous thrombolysis (IVT) between females and males with acute
ischaemic stroke (AIS) in relation to preadmission use of antiplatelets.

Methods Multicentre cohort study of patients admitted from 1 January 2014 to 31 January 2020 to hospitals participating
in the Swiss Stroke Registry, presenting with AIS and receiving IVT. Primary safety outcome was in-hospital symptomatic
intracerebral haemorrhage (sICH). Primary functional outcome was functional independence at 3 months after discharge.
Multivariable logistic regression models were fitted to assess the association between sex and each outcome according to
preadmission use of antiplatelets.

Results The study included 4996 patients (42.51 % females, older than males, median age 79 vs 71 years, p < 0.0001).
Comparable proportions of females (39.92 %) and males (40.39 %) used antiplatelets before admission (p = 0.74). In total,
3.06 % females and 2.47 % males developed in-hospital SICH (p = 0.19), with similar odds (adjusted odds ratio, [AOR] 0.93,
95 % confidence interval, [CI] 0.63-1.39). No interaction was found between sex and preadmission use of either single or
dual antiplatelets in relation to in-hospital SICH (p = 0.94 and p = 0.23). Males had higher odds of functional independence
at 3 months (AOR 1.34, 95 % CI 1.09-1.65), regardless of preadmission use of antiplatelets (interaction between sex and
preadmission use of either single or dual antiplatelets p = 0.41 and p = 0.58).

Conclusion No sex differences were observed in the safety of IVT regarding preadmission use of antiplatelets. Males showed
more favourable 3-month functional independence than females; however, this sex difference was apparently not explained
by a sex-specific mechanism related to preadmission use of antiplatelets.

As platelet count and reactivity are higher in females, sex
differences in safety and functional outcomes of intra-
venous thrombolysis in acute ischaemic stroke patients
could be influenced by preadmission use of antiplatelets.

The present cohort study in the Swiss Stroke Registry
showed that there is no interaction between patient’s sex
and preadmission use of antiplatelets in relation to safety
and functional outcomes of intravenous thrombolysis.
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1 Introduction

Intravenous thrombolysis (IVT) with recombinant tissue
plasminogen activator (rtPA) is the only approved pharma-
cological reperfusion treatment for acute ischaemic stroke
(AIS) [1]. Clinical outcomes of IVT with rtPA rely strictly
on patient individuality, which encompasses biological sex
among others [2, 3]. Sex differences have been investi-
gated in relation to safety and functional outcomes of IVT
with rtPA in patients with AIS. Concerning IVT safety,
a sex relationship is debated, with only one large-scale
study showing that male sex was independently associ-
ated with a higher risk of in-hospital symptomatic intrac-
erebral haemorrhage (sICH) after IVT [4], while several
other studies did not observe sex differences in this safety
outcome measure [5-7]. Controversial findings have been
reported on sex differences in functional outcomes of IVT:
some studies documented a poorer functional outcome and
quality of life in females compared to males following IVT
[5, 7, 8], other studies reported the opposite [9, 10], while
others observed no sex differences [4, 11, 12].

Although the use of antiplatelets (single or dual)
before stroke onset was associated with an increased risk
of haemorrhagic complications following IVT [13-17],
preadmission use of antiplatelets is not considered a con-
traindication for IVT with rtPA in eligible patients with
AIS [1]. Data on the association of preadmission use of
antiplatelets with safety and functional outcomes after IVT
with rtPA in patients with AIS are also contradictory. A
few previous studies found no differences in the safety and
functional outcomes of IVT with rtPA in patients with pre-
admission use of antiplatelets compared to naive patients
[18, 19], but in contrast, other studies reported that pread-
mission use of antiplatelets could compromise acute post-
thrombolytic safety, although apparently without affect-
ing long-term functional outcomes [14, 15, 20]. Finally, a
higher risk of antiplatelet-associated in-hospital sSICH was
reported concomitant with an increased rate of favourable
functional outcome after IVT in patients with preadmis-
sion use of antiplatelets [13, 16]. Data on dual antiplatelet
therapy are equally controversial. In a few studies, pre-
admission use of dual antiplatelets was described as a
predictor of increased risk of in-hospital sICH following
IVT compared with naive patients [16, 21, 22]. However,
other studies showed comparable in-hospital sSICH rates
and functional outcomes following IVT regardless of pre-
stroke preadmission use of dual antiplatelets [23-25].

Platelet count and reactivity are higher in females
[26-28]. Among factors that could contribute to determine
sex differences in platelet biology there are the expression
of genetic polymorphisms affecting platelet responsive-
ness to agonists (with and without antiplatelet therapies),
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inflammatory marker levels that amplify platelet response
and endothelial activation (thus influencing the throm-
botic risk), and the role of specific hormones in mediat-
ing platelet activation and function [29, 30]. Moreover, in
the response to antiplatelets, the propensity for increased
bleeding among females has also been recognised although
the link with possible sex differences in platelet biology is
unknown [31-34].

Against this background, females with preadmission
use of antiplatelets and AIS could respond differently from
males to IVT. Studies specifically evaluating the interaction
between patient’s sex and preadmission use of antiplatelets
in relation to both safety and functional outcomes of IVT in
patients with AIS are lacking. The aim of this cohort study
was to compare safety and functional outcomes after IVT
between females and males with regard to preadmission use
of antiplatelets in a large multicentre Swiss cohort reflecting
daily clinical practice of acute stroke care.

2 Methods
2.1 Swiss Stroke Registry

This is a multicentre cohort study from the Swiss Stroke
Registry (SSR) [35]. The SSR is a national web-based reg-
istry established in 2014. It collects standardised data from
all consecutive patients with acute stroke, cerebral haemor-
rhage and other cerebrovascular diseases, who have been
hospitalised in certified stroke units and comprehensive
stroke centres across Switzerland. Standardised data col-
lection in the SSR includes patient demographics, medical
history, medications used before admission (pre-stroke), pre-
stroke functional status, diagnostic procedures, in-hospital
treatments and outcomes (both during hospitalisation and
at 3 months after discharge). Clinical evaluations, as well
as National Institutes of Health Stroke Scale (NIHSS) and
modified Rankin Scale (mRS) assessments, are performed
by certified stroke neurologists as part of their clinical activ-
ity. If an in-person visit is not possible at 3 months, the mRS
score is assessed by a phone interview with mRS-certified
examiners. The Clinical Trial Unit of the University Hospital
of Basel, Switzerland, manages the database and provides
anonymised data for study purposes. The registry and the
present study were both approved by the responsible ethics
committee (CE Req-2020-01042). This study complies with
the Declaration of Helsinki. The study followed STROBE
recommendations [36].

2.2 Study Population

Consecutive patients admitted from 1 January 2014 to 31
January 31 2020, to hospitals participating in the SSR,
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presenting with AIS and receiving IVT with rtPA without
endovascular treatment were included. Patients who used
anticoagulants before admission and patients with missing
data on age, sex and preadmission use of antiplatelets were
excluded. The study population was divided into two groups
based on patient’s biological sex and thereafter compared
in terms of preadmission use of antiplatelets. Preadmis-
sion use of antiplatelets was distinguished as single (with
either aspirin, clopidogrel, prasugrel, ticagrelor or dipyrida-
mole) or dual (a combination of any of the aforementioned
antiplatelets).

2.3 Outcomes

The primary safety outcome was in-hospital SICH defined as
ICH with >4-point worsening of the NIHSS score (a meas-
ure of neurological deficits ranging from O to 42, with higher
scores indicating greater stroke severity) [37] and occurring
within 7 days of AIS onset. The primary functional outcome
was functional independence defined as mRS score of 0 to
2, at 3 months after hospital discharge. The mRS is an ordi-
nal scale that ranges from 0 (no symptoms) to 6 (death),
which is widely used to measure functional outcomes [38].
Secondary functional outcomes at 3 months after discharge
included favourable functional outcome (mRS score 0-1),
global mRS score assessment evaluated by shift analysis
[39], poor functional outcome (mRS score 3 to 6) and severe
disability or death (mRS score 5-6).

2.4 Statistical Analysis

Medians with 25th and 75th percentiles were used to
describe the distribution of continuous variables; counts and
percentages described categorical variables. Baseline char-
acteristics of the study population were compared between
females and males using the Pearson 4 test for categorical
variables and the Wilcoxon rank sum test for continuous
variables. Multivariable logistic regression models were fit-
ted to assess the association between the patient’s sex and
each outcome according to preadmission use of antiplatelets
(single vs no use or dual vs no use). With this aim, interac-
tion variables between patient’s sex and preadmission use
of antiplatelets (either single or dual) were introduced. In
the shift analysis, an ordinal logistic regression model was
used and an overall point estimate provided as an odds ratio
(OR) representing a shift in scores on the mRS. All mod-
els were adjusted for meaningful demographic and clinical
patient variables potentially influencing outcome measures,
including age, NIHSS score at admission, pre-stroke disabil-
ity (defined by mRS score), medical history of hypertension,
hyperlipidaemia, diabetes, coronary heart disease, smoking,
atrial fibrillation, pre-stroke sICH and previous stroke, in-
hospital acute treatment with anticoagulants. Supplementary

Table 1 provides details of the variables included in the
regression models. Analyses were performed on complete
observations. Due to 12.15% and 11.63% of missing data
for the pre-stroke disability variable in females and males,
respectively, multiple imputation was used and multivari-
able regression models were thereafter repeated as sensitiv-
ity analyses. Owing to small sample sizes, separate analyses
for individual antiplatelet regimens could not be performed.
Analyses were performed using the Statistical Analysis Sys-
tem Software (version 9.4; SA Institute, Cary, NC). For all
analyses, two-tailed p values less than 0.05 were considered
significant.

3 Results

Of 5412 patients with AIS receiving IVT and admitted
to Stroke Units or Stroke Centres from the SSR network
between 1 January 2014 and 31 January 2020, 4996 patients
met the inclusion criteria (Fig. 1). Of these, 2124 (42.51
%) were females and 2872 (57.49 %) were males. Table 1
summarizes the baseline characteristics of the study popula-
tion according to the patient’s sex. Females were older than
males (median 79 years, 25th—75th percentiles, 69—86 years,
vs 71 years, 25th—75th percentiles 61-80 years, p < 0.0001).
Comparable proportions of females (39.92 %) and males
(40.39 %) used antiplatelets before admission (single, 37.99
% and 37.85 %, or dual, 1.93 % and 2.54 %, p = 0.7402).
Females had a greater prevalence of hypertension (74.15
% vs 69.08 %, p < 0.0001) and atrial fibrillation (21.47 %
vs 17.31 %, p < 0.0001) and were more likely to receive
anti-hypertensive medications before admission (61.21 % vs
52.75 %, p < 0.0001), but had a lower prevalence of diabetes
(16.76 % vs 20.19 %, p = 0.003) and hyperlipidaemia (59.84
% vs 65.08 %, p = 0.0004) and were less likely to receive
lipid-lowering agents before admission (23.26 % vs 30.15 %,
p < 0.0001). Before stroke onset, females displayed greater
disability than males did (p < 0.0001), and presented higher
NIHSS scores at admission (p < 0.0001). Concerning AIS
aetiology, cardio-embolism was the most frequent patho-
genic subtype among both female and male patients (593,
27.92 % and 688, 23.96 %, respectively).

3.1 Primary Safety Outcome: In-Hospital sICH

Overall, 136 (2.72 %) patients presented in-hospital sSICH
after IVT, with similar proportions of females and males,
both as crude rates (3.06 % vs 2.47 %, p = 0.186, Table 2),
and after risk adjustment (adjusted odds ratio, AOR 0.93,
95 % CI 0.63-1.39, Table 3). In the multivariable logistic
regression analysis on the association of baseline patient
characteristics with the probability of in-hospital sICH,
preadmission use of a single antiplatelet agent did not
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5412 Patients identified between 1 January 2014 and 31 January 2020 in the
Swiss Stroke Registry with acute ischemic stroke and receiving intravenous thrombolysis

416 (7.7%) Excluded
269 With preadmission use of anticoagulants
134 Missing information on patient age
g/ Missing information on preadmission use of antiplatelets
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6 Missing information on patient sex

v

4996 Patients included in the study
2 124 (42.51%) Females
2 872 (57.49%) Males

Fig.1 Study population

significantly increase the odds of in-hospital sICH com-
pared with no preadmission use of antiplatelets (AOR 1.40,
95 % CI 0.90-2.19) (Table 3). By contrast, preadmission
use of dual antiplatelets was associated with higher odds
of in-hospital sICH compared with no preadmission use of
antiplatelets (AOR 2.72, 95 % CI 1.04-7.10) (Table 3), with
a statistically significant trend from preadmission use of sin-
gle to dual antiplatelets (p = 0.0392). No interaction was
found between patient’s sex and preadmission use of either
single or dual antiplatelets regarding in-hospital sSICH (p =
0.94 and p = 0.23, respectively). The association between
preadmission use of dual antiplatelets and in-hospital sSICH
was confirmed after multiple imputation (AOR 2.44, 95 %
CI 1.06-5.61, Table 3).

3.2 Primary Functional Outcome: Functional
Independence at 3 Months after Discharge

The proportion of patients who were independent at 3
months after discharge (mRS score 0-2) was 44.21 %
(939/2124) of females and 54.70 % (1571/2872) of males
(p <0.0001). In the multivariable logistic regression analy-
sis on the association of baseline patient characteristics with
the probability of functional independence at 3 months after
discharge, the odds of reaching functional independence at
3 months was higher in males than in females (AOR 1.34,
95 % CI 1. 09-1.65, Table 3). Preadmission use of either a
single antiplatelet agent or dual antiplatelets increased the
odds of functional independence at 3 months after discharge
(AOR 0.88, 95 % CI 0.70-1.12, and AOR 1.62, 95 % CI
0.72-3.62, respectively, Table 3). No interaction was found
between patient’s sex and preadmission use of either single
or dual antiplatelets in relation to the primary functional
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outcome (p = 0.41 and p = 0.58, respectively). Sex differ-
ences in functional independence at 3 months after discharge
were confirmed after multiple imputation of missing data
(AOR 1.33,95 % CI 1.10-1.60, Table 3).

3.3 Secondary Functional Outcomes at 3 Months
after Discharge

Compared to females, males with AIS receiving IVT more
frequently had a favourable functional outcome at 3 months
after discharge (42.58 %, males vs 34.59 %, females, p <
0.0001), a better functional outcome across all levels of dis-
ability and mortality (mRS score ordinal, shift analysis, p <
0.0001), a lower rate of poor functional outcome (8.61 %,
males vs 10.07 %, females, p < 0.0001) and a lower rate of
severe disability or death (4.21 %, males vs 6.73 %, females,
p < 0.0001) (Table 2).

In the multivariable logistic regression analyses on the
association of baseline patient characteristics with the
probability of secondary functional outcomes at 3 months
after discharge, the odds of greater mRS scores were lower
in males than in females (shift analysis, AOR 0.86, 95 %
CI 0.75-0.99), as were the odds of poor functional out-
come (AOR 0.75, 95 % CI1 0.61- 0.92). No sex differences
emerged from the multivariable logistic regression analyses
for either the odds of favourable functional outcome or the
odds of severe disability or death (both at 3 months after
discharge) (Table 3).

Neither preadmission use of a single antiplatelet agent
nor of dual antiplatelets increased the odds of any of the
secondary functional outcomes assessed at 3 months after
discharge (Table 3).
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Table 1 Baseline characteristics of the study population according to sex of patient
Characteristic Females (n=2124) Males (n=2872) p value
Age, years
Median [25th—75th percentiles] 79 [69-86] 71 [61-80] <0.0001
Min-max 16-102 16-98
Medications used before admission, no. (%)
Antiplatelet 848 (39.92) 1160 (40.39) 0.7402
Single 807 (37.99) 1087 (37.85)
Aspirin 706 (33.24) 897 (31.23)
Clopidogrel 98 (4.61) 186 (6.48)
Prasugrel 2 (0.09) 1(0.03)
Ticagrelor - 1(0.03)
Dipyridamole 1(0.05) 2(0.07)
Dual 41 (1.93) 73 (2.54)
Aspirin and clopidogrel 32 (1.51) 58 (2.02)
Aspirin and prasugrel - 5(0.17)
Aspirin and ticagrelor 7(0.33) 8 (0.28)
Aspirin and dipyridamole 1(0.05) 2(0.07)
Clopidogrel and prasugrel 1 (0.05) -
Antihypertensive 1300 (61.21) 1515 (52.75) <0.0001
Lipid-lowering agent 494 (23.26) 866 (30.15) <0.0001
Medical history, No. (%)
Previous stroke 289 (13.61) 454 (15.81) 0.0387
Previous transient ischaemic attack 138 (6.50) 185 (6.44) 0.8840
Previous ICH 32 (1.51) 38 (1.32) 0.5667
Hypertension 1575 (74.15) 1984 (69.08) <0.0001
Diabetes 356 (16.76) 580 (20.19) 0.0031
Hyperlipidaemia 1271 (59.84) 1869 (65.08) 0.0004
Smoking 258 (12.15) 678 (23.61) <0.0001
AF 456 (21.47) 497 (17.31) <0.0001
CAD 266 (12.5) 594 (20.7) <0.0001
Pre-stroke disability, No. (%)
mRS score 0—No symptoms at all 1158 (54.52) 1852 (64.48) <0.0001
mRS score 1—No significant disability despite symptoms 278 (13.09) 324 (11.28)
mRS score 2—Slight disability 163 (7.67) 169 (5.88)
mRS score 3—Moderate disability 198 (9.32) 137 (4.77)
mRS score 4—Moderately severe disability 58 (2.73) 52 (1.81)
mRS score 5—Severe disability 11 (0.52) 4(0.14)
NIHSS at admission, No. (%)
04 707 (33.29) 1227 (42.72) <0.0001
5-10 867 (40.82) 1068 (37.19)
11-15 264 (12.43) 302 (10.52)
16-21 191(8.99) 190 (6.62)
>22 91 (4.28) 78 (2.72)
Pathogenic subtypes (aetiology) of AIS, No. (%) *
Large artery atherosclerosis 197 (9.27) 424 (14.76) <0.0001
Cardio-embolism 593 (27.92) 688 (23.96)
Small vessel occlusion 179 (8.43) 241 (8.39)
Stroke of other determined aetiology 153 (7.20) 289 (10.06)
Stroke of undetermined aetiology
Two or more causes identified 86 (4.05) 147 (5.12)
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Table 1 (continued)

Characteristic Females (n=2124) Males (n=2872) p value
Negative evaluation 452 (21.28) 553 (19.25)
Incomplete evaluation 334 (15.73) 382 (13.30)
In-hospital acute treatment with anticoagulants, No. (%) 33 (1.55) 47 (1.64) 0.9675
SBP at admission, mmHg
Median [25"-75™ percentiles] 160 [141-180] 155 [140-174] <0.0001
Min-max 76-260 73-264
DBP at admission, mmHg
Median [25th-75th percentiles] 84 [74-95] 86 [77-97] <0.0001
Min-max 36-213 10-181
BMI at admission, No. (%)
Underweight (<18.5) 106 (4.99) 31 (1.08) <0.0001
Normal weight (18.5-24) 857 (40.35) 910 (31.69)
Overweight (25-30) 567 (26.69) 1063 (37.01)
Obese (>30) 264 (12.43) 436 (15.18)
Serum glucose level, mmol/L
Median [25th—75th percentiles] 6 [5-7] 6 [5-7] 0.6929
Min-max 0-93 0-83

AF atrial fibrillation, AIS acute ischaemic stroke, BMI body mass index, CAD coronary heart disease, DBP diastolic blood pressure, /CH intrac-

ranial haemorrhage, mRS modified Rankin Scale, N/HSS National Institutes of Health Stroke Scale, SBP systolic blood pressure

*According to the TOAST classification (Adams HP Jr, et al. Stroke. 1993;24(1):35)

Table 2 Primary and secondary outcomes according to sex of patient

Outcome, No. (%) Females (n=2124) Males (n=2872) p value
Primary safety outcome
In-hospital sICH 65 (3.06) 71 (2.47) 0.1863
Primary functional outcome at 3 months after discharge
Functional independence (mRS score 0-2) 939 (44.21) 1571 (54.70) <0.0001
Secondary functional outcomes at 3 months after discharge
Favourable functional outcome (mRS score 0-1) 734 (34.59) 1223 (42.58) <0.0001
mRS ordinal

0 387 (18.22) 686 (23.89) <0.0001

1 347 (16.34) 537 (18.70)

2 205 (9.65) 348 (12.12)

3 217 (10.22) 178 (6.20)

4 143 (6.73) 131 (4.56)

5 32 (1.51) 25 (0.87)

6 111 (5.23) 96 (3.34)
Poor functional outcome (mRS score 3-6) 503 (10.07) 430 (8.61) <0.0001
Severe disability or death (mRS score 5-6) 143 (6.73) 121 (4.21) <0.0001

mRS modified Rankin Scale, s/CH symptomatic intracerebral haemorrhage

There was no interaction between patient’s sex and pre-
admission use of antiplatelets with regard to any of the
secondary functional outcomes assessed (Table 4).

Multivariable logistic regression analyses after multiple
imputation of missing data confirmed the lower odds of
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poor functional outcome in males than in females (AOR
0.75,95 % CI 0.62-0.91, Table 3).
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Table 3 Multivariable logistic regression analysis on the association of patient’s sex and preadmission use of antiplatelets with the probability of
primary and secondary outcomes

Males (vs females) Preadmission use of single antiplate- Preadmission use of dual anti-

AOR (95% CI) let (vs no preadmission use) platelets (vs no preadmission
AOR (95% CI) use)
AOR (95% CI)

Primary safety outcome
In-hospital SICH

On complete observations (n=4177) 0.93 (0.63-1.39)
0.98 (0.68-1.41)

Primary functional outcome at 3 months after discharge

After multiple imputation

Functional independence (mRS score 0-2)

1.34 (1.09-1.65)
1.33 (1.10-1.60)
Secondary functional outcomes at 3 months after discharge

On complete observations (n=2905)

After multiple imputation

Favourable functional outcome (mRS score 0-1)
1.15 (0.97-1.38)
1.14 (0.97-1.34)

On complete observations (n=2905)
After multiple imputation

mRS ordinal (shift analysis)

0.86 (0.75-0.99)
0.88 (0.77-1.00)

On complete observations (n= 2905)

After multiple imputation

Poor functional outcome (mRS score 3-6)
0.75 (0.61-0.92)
0.75 (0.62-0.91)

On complete observations (n=2905)

After multiple imputation

Severe disability or death (mRS score 5-6)
1.08 (0.77-1.52)
1.10 (0.81-1.49)

On complete observations (n=2905)

After multiple imputation

1.40 (0.90-2.19)
1.16 (0.77-1.73)

0.88 (0.70-1.12)
0.97 (0.78-1.20)

0.89 (0.73-1.10)

0.92 (0.77-1.11)

1.17 (0.99-1.37)
1.08 (0.93-1.25)

1.13 (0.89-1.43)
1.03 (0.84—1.28)

1.00 (0.69-1.45)
0.86 (0.62—1.20)

2.72 (1.04-7.10)
2.44 (1.06-5.61)

1.62 (0.72-3.62)
1.39 (0.72-2.67)

1.04 (0.56-1.94)

1.04 (0.60-1.79)

0.83 (0.50-1.38)
0.83 (0.53-1.29)

0.62 (0.28-1.38)
0.72 (0.38-1.38)

0.95 (0.29-3.13)
0.87 (0.33-2.31)

AOR adjusted odds ratio, mRS modified Rankin Scale, sICH symptomatic intracerebral haemorrhage

Table 4 P values of interaction between patient’s sex and preadmission use of antiplatelets with regard to secondary functional outcomes

Interaction between patient’s sex and pread-
mission use of single antiplatelet

Interaction between patient’s sex and
preadmission use of dual antiplatelets

Favourable functional outcome (mRS score 0-1) 0.18
mRS ordinal 0.32
Poor functional outcome (mRS score 3-6) 0.41
Severe disability or death (mRS score 5-6) 0.81

0.23
0.77
0.58
0.42

mRS modified Rankin Scale

4 Discussion

We found no sex differences in the safety of IVT in AIS
patients in relation to preadmission use of antiplatelets.
Males showed higher odds of functional independence at 3
months than females after IVT; however, the sex difference
was apparently not explained by a sex-specific mechanism
related to preadmission use of antiplatelets.

In terms of safety, we confirmed that preadmission use
of antiplatelets is per se independently associated with
increased odds of in-hospital sSICH (with a statistically

significant trend from preadmission use of single to dual
antiplatelets), but this relationship was not sex related.
Overall, the rate of in-hospital sSICH events occurring in
our study population was comparable to that previously
reported in populations from RCTs as well as from other
registries [22, 40], with similar proportions for females
and males as also highlighted in antecedent observational
studies [4, 9]. Moreover, after adjustment, no sex differ-
ences were observed in the odds of in-hospital sSICH fol-
lowing IVT, confirming a substantial part of the existing
literature [5—7]. Since both antiplatelets and IVT with
rtPA interfere with the haemostatic balance, the concern
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about an increased risk of haemorrhagic complications
in AIS patients with preadmission use of antiplatelets
when treated with IVT is high, all the more so because
of the heterogeneous findings from previous studies [14,
15, 18-20]. Consistent with the only earlier study that
assessed by subgroup analysis the effect of patient’s sex
on the risk of in-hospital sICH in relation to preadmission
use of antiplatelets [16], the present study confirmed that
preadmission use of dual antiplatelets increased the odds
of in-hospital sICH following IVT with a trend from single
antiplatelet therapy to dual without sex differences.

In contrast, we observed better benefits of IVT in males
compared to females. Males had more favourable functional
outcomes at 3 months after discharge, confirming some pre-
vious observations [5, 7, 8]. Nevertheless, sex differences in
IVT efficacy apparently were not explained by a sex-specific
mechanism related to preadmission use of antiplatelets. We
performed several analyses to address if our findings may
be due in part to a bias towards more unfavourable charac-
teristics contributing to sex differences in stroke functional
outcomes among females in our population (older age, worse
pre-stroke disability and higher NIHSS score at admission
compared with males) [41]. Nevertheless, after correcting
our analyses and adjusting the regression models for these
variables, we still observed sex differences in functional
outcomes. The reasons for sex disparities in IVT responses
could be found in the living situation, family and caregiver
support and the social background, but these assumptions
are outside the goal of our study.

The results of this study are important in the era of preci-
sion- and gender-medicine, where biological sex is consid-
ered a health and disease modifier [42], and adds new data
on the ongoing debate on sex differences on the safety and
functional outcomes of IVT in females and males in relation
to preadmission use of antiplatelets [2]. In the context of
personalised medicine, optimisation of IVT therapy should
not disregard the biological sex of AIS patients given that
cellular, anatomical, hormonal and behavioural differences
exist between the sexes and are associated with pharmaco-
logical responses and health [43, 44]. In order to consider a
series of meaningful covariates expected to be confounders
of the association between sex, preadmission use of anti-
platelets and safety and functional outcomes, a multivariable
approach was used here, similar to previous studies [16, 22,
25]. A better understanding of sex differences could lead to
the development of optimized therapies for the prevention
and treatment of acute ischaemic events while minimising
bleeding risk.

This study has a number of strengths. First, it was based
on a pre-specified methodological approach with a sex-
specific design and an appropriate statistical analysis plan
(multivariable analysis, formal interaction tests). Second, the
study provides generalisability of the results because it refers
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to a stroke population treated with IVT from a large-scale
registry that reflects real-world clinical practice. Third, the
study performed a multiple imputation approach to over-
come some missing data, which can be expected in large-
scale registries like the SSR.

However, the study also has several limitations. Owing
to small sample sizes, separate analyses for individual anti-
platelet agent regimens could not be performed. Adherence
to antiplatelets could have influenced stroke onset; however,
this information is not recorded in SSR. In the SSR, the
precise reason(s) why a patient was treated with IVT and
not with mechanical thrombectomy as well as detailed radi-
ological findings regarding the subtypes of haemorrhagic
transformations are lacking. Moreover, in the SSR, hyper-
tension following IVT, which is a known risk factor for the
development of sICH [45], is not documented. Lastly, sex
differences in the living situation, family support and social
background were not included as covariates in the multi-
variable models of this study because they are not collected
in the SSR. Further, due to the observational nature of the
study, estimates may be affected by bias and unmeasured
confounding.

5 Conclusion

The present study showed that there is no interaction
between patient’s sex and preadmission use of antiplatelets
in relation to IVT safety and functional outcomes. Therefore,
when clinicians use IVT to treat AIS patients, worse safety
and functional outcomes in females compared to males are
not to be expected on the basis of the notion of preadmission
use of antiplatelets. Future studies are needed that aim to
discern the mechanism(s) that underpin the better functional
outcomes observed in males with AIS following IVT.

Supplementary Information The online version contains supplemen-
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