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Abstract

Background and purpose We sought to investigate whether there are gender differences in clinical outcome after
stroke due to large vessel occlusion (LVO) after mechanical thrombectomy (EVT) in a large population of real-world
patients.

Methods From the Italian Registry of Endovascular Thrombectomy, we extracted clinical and outcome data of patients
treated for stroke due to large vessel occlusion. We compared clinical and safety outcomes in men and women who
underwent EVT alone or in combination with intravenous thrombolysis (IVT) in the total population and in a Propensity
Score matched set.

Results Among 3422 patients included in the study, 1801 (52.6%) were women. Despite older age at onset (mean
72.4 vs 68.7; p<0.001), and higher rate of atrial fibrillation (41.7% vs 28.6%; p <<0.001), women had higher probability
of 3-month functional independence (adjusted odds ratio-adjOR 1.19; 95% CI 1.02—1.38), of complete recanalization
(adjOR 1.25; 95% CI 1.09—1.44) and lower probability of death (adjOR 0.75; 95% CI 0.62-0.90). After propensity-
score matching, a well-balanced cohort comprising 1150men and |150women was analyzed, confirming the same
results regarding functional outcome (3-month functional independence: OR 1.25; 95% CI 1.04—1.51), and complete
recanalization (OR 1.29; 95% CI 1.09—1.53).
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Conclusions Subject to the limitations of a non-randomized comparison, women with stroke due to LVO treated with
mechanical thrombectomy had a better chance to achieve complete recanalization, and 3-month functional independence
than men. The results could be driven by women who underwent combined treatment.
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Introduction

Several studies have reported remarkable sex differences in
epidemiology, pathophysiology, treatments, and outcomes
in stroke."”” While some analyses, based on pooled data
from randomized clinical trials, showed no influence of sex
on r-tPA effect,” other papers have suggested sex differ-
ences in recanalization and outcome after intravenous
thrombolysis (IVT) with a greater treatment benefit in
women® that was hypothesized to be due to a faster and
more complete recanalization of arterial occlusive lesions
vessels after IV.” No differences in short-term clinical and
angiographic outcomes between men and women who
received IA thrombolysis for acute ischemic stroke were
observed in a relatively small single-center study,'’ while a
sex by prourokinase treatment interaction was observed in
the PROACT-2 trial,"" with women showing a larger treat-
ment effect compared with men. There are conflicting
results also with regard to sex-specific outcome after

thrombectomy.'?"!? The aim of this study was to investigate
whether there are sex differences in clinical outcome after
acute ischemic stroke (AIS) due to large vessel occlusion
(LVO) treated with mechanical thrombectomy in a large
population of real-world patients.

Materials and methods

The source of data is the Italian Registry of Endovascular
Treatments in Acute Stroke (IRETAS), a multicenter, pro-
spective, observational internet-based registry which
includes patients treated with endovascular thrombectomy
(EVT) since 2011.2°22 The purposes, organization, and
structure of the Registry were described in more details
elsewhere.?’ We analyzed data of patients with LVO of the
anterior circulation (intracranial carotid artery — ICA-M1
segment of the middle cerebral artery — MCA) documented
on CT angiography (CTA), baseline CT Alberta Stroke
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Program Early CT Score (ASPECTS) score =6, and pre-
stroke mRS=<2, treated with endovascular therapy. For
each patient, demographics, stroke risk factors, pre-stroke
mRS, stroke severity (NIHSS at admission), time metrics,
baseline neuroimaging and data of endovascular treatment
were collected. Clinical follow-up was assessed by mRS at
3 months. The primary outcome measure was the score on
mRS at 90days, as assessed by a local trained neurologist
through in-person visit, or through a phone standardized
interview when a face to face assessment was not possible.
We examined the following dichotomizations of the mRS:
0—1 versus 2-6, 0-2 versus 3—6, and 0-3 versus 4-6. For
efficacy measures, arterial recanalization was rated accord-
ing to the thrombolysis in cerebral infarction (TICI) score.?®
Successful recanalization was defined as TICI score 2b or
3, while TICI 3 was classified as complete recanalization.
Symptomatic intracranial hemorrhage (sICH) was defined
as any intracranial hemorrhage associated with 4 points
increase at 24h NIHSS, according to ECASS II defini-
tion,?* and death rate were considered as safety measures.
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable request.

Statistical analysis

Data were presented as absolute numbers, percentages,
mean= Standard Deviation (SD) if normally distributed or
median and interquartile ranges (IQR) as appropriate on the
basis of data distribution. Comparison between the two
genders was performed using a two-tailed, independent
samples student t-test or Mann Whitney U test as appropri-
ate according to the data distribution for continuous varia-
bles. Dichotomous variables were compared using the chi
squared test. A multivariable logistic regression analysis, to
adjust for age, history of hypertension, diabetes, dyslipi-
demia, atrial fibrillation (known before or detected after
stroke, during the hospital stay/3-month follow-up), smoke
(current or former), NIHSS and ASPECTS score at entry,
stroke etiology according to the TOAST definition,?* site of
occlusion, type of treatment, onset to groin puncture and
onset to final recanalization time, was also run to compare
outcome and safety measures. The functional outcome was
further evaluated with ordinal logistic regression, taking the
whole range of mRS into account as dependent variable,
adjusted for the above variables. The adjusted common
odds ratio and corresponding 95% confidence interval
(95% CI) for a shift on the modified Rankin scale, was
therefore calculated. To reduce the unbalance and heteroge-
neity potentially arising from the differences in clinico-
demographic characteristics between males and females,
estimated propensity scores were used to match patients
according to sex, and a logistic regression model was built
adjusting for all baseline potential confounders (see above).
Propensity scores underwent 1:1 nearest neighbor matching
of the logit of the propensity score with a caliper width of

0.01. Matching was performed without replacement and
unpaired subjects not meeting matching criteria were
excluded. Since previous studies found a greater benefit in
women treated with IVT,® we planned an exploratory sub-
group analysis to assess a potential heterogeneity of sex-
related outcome according to treatment (combined
treatment — IVT and EVT — vs primary EVT). Hence, the
odds to achieve complete revascularization after treatment
(TICI 3), 3-month functional independence (mRS 0-2), and
the probability of death, were evaluated in the subgroups of
patients who underwent either IVT before EVT or EVT
alone. p-values for sex/treatment interaction were also pro-
vided. Statistical significance was defined as a two-sided
p-value<0.05 for all analyses (carried out using SPSS
Statistics Software Version 18 and Stata version 13.1).

Results

A total of 3422 patients were included in this study (1801
women and 1621 men). Table 1 shows the demographic and
baseline clinical characteristics of the total patient popula-
tion, and of the PS-matched pairs.

In the original cohort, women were significantly older
than men (mean=*=SD age 72.4=*13.6, vs 68.7*13.3;
p<<0.001). Atrial fibrillation was significantly more frequent
in women (41.7% vs 28.6%; p<<0.001), as was history of
hypertension (66 vs 58.6; p <0.01), while diabetes, and dys-
lipidemia, were more common in male sex (p<0.01, 0.05,
and 0.001 respectively). Moreover, men were more likely to
be smokers (p <0.001). Pre-existing disability was compara-
ble between the two genders. Time metrics were similar for
men and women, in terms onset to groin puncture time and
onset to revascularization/end of the procedure time. Median
NIHSS at admission was similar. M1 occlusion was more
frequent in women (p<<0.001), while intracranial carotid
artery occlusion in men (p<<0.001). The proportion of
patients who underwent combined treatment (intravenous
thrombolysis followed by thrombectomy) was similar
between the two genders. In the PS-matched groups (1150
men and 1150 women), the baseline characteristics were well
balanced (Table 1) without significant difference in any vari-
able. Table 2 shows the results of sex comparisons on out-
come. In the total original cohort, after adjusting for all
covariates, functional independence at 3 months was more
likely in women than in men (OR 1.19; 95% CI 1.02-1.38),
as were rates of successful or complete recanalization (TICI
2b3: OR 1.18; 95% CI 1.03—1.38 and TICI 3: 1.25; 95% CI
1.09-1.44). The probability of sICH was similar by sex.
Three-month death was significantly less frequent in women
(OR 0.75; 95% CI 0.62—0.90). In the matched pairs, we con-
firmed a higher probability of favorable outcome (OR 1.25;
95% CI 1.04-1.51), and complete recanalization in women
(TICT 3: 1.29; 95% CI 1.09-1.53). On the whole, the magni-
tude of the association was similar to that observed when
considering the original cohort. In the pre-specified subgroup
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Table I. Clinico-demographic and baseline characteristic by sex in the total population and in the PS-matched pairs.

Variable Total population PS-matched pairs
Women (1801) Men (1621) P Women (1150) Men (1150) b

Age (mean = SD) 724*13.6 687133 <0.001 702 (12.4) 70.6 (14.3)

History (n/N; %)
Hypertension 1170/1772; 66.0 929/1586; 58.6 <0.001 71,161.8 717,623 0.8
Diabetes 243/1772; 13.7 276/1586;17.4 <0.01 18,215.8 168, 14.6 0.4
Atrial fibrillation 739/1772; 41.7 454/1586; 28.6 <0.001 38,133.1 391, 34 0.7
Dyslipidemia 384/1772; 21.7 402/1586; 25.3 <0.05 270, 23.5 258, 22.4 0.6
Smoke (current/former) 177/1771; 10.0 395/1586; 24.9 <0.001 145, 12.6 151, 13.1 0.7
Pre-stroke mRS 0—1 1642/1801; 91.2 1485/1621;91.6 n.s. 1049, 91.3 1052, 91.5

Baseline data
Median NIHSS (IQR) 17 (13-21) 17 (13-21) n.s. 17 (13-21) 17 (13-21) |
ASPECTS 10 (n, %) 1048, 58.2 981, 60.5 n.s. 675, 58.7 688, 59.8 0.58
Internal carotid artery occlusion (n, %) 559, 31.0 641, 39.5 <0.001 403, 35 403, 35 |
M1 occlusion 2222 (n, %) 1242, 69.0 980, 60.5 <0.001 747, 65 747, 65 |
Previous IVT (n, %) 921,51.5 807, 49.8 n.s. 588, 51.1 591,51.4 0.9

Median (IQR) onset to groin puncture

Median (IQR) onset to revascularization
time

235 (180-209.5)
312 (243.5-390)

239 (180-305) ns.
316 (250-390) ns.

235 (185-305)
312 (250-383)

230 (179-290.25) 0.6
310 (248-375) 03

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; IVT: intravenous

thrombolysis.

Table 2. Sex comparisons on outcome..

Total population PS-matched pairs

adjOR* (95% Cl)  OR (95% ClI)
mRS 0-1 117 (0.99-1.37) 119 (0.99-1.45) p=0.07
mRS 0-2  1.19(1.02-1.38) § 1.25 (1.04-1.51) §
mRS 0-3 113 (0.97-1.31) 1.09 (0.92-1.32)
Death 0.75 (0.62-0.90) §§ 0.81 (0.63—1.02) p=0.055
SICH 0.83 (0.65-1.06)  0.82 (0.59-1.12)
TICI2b-3  1.18 (1.03-1.38) § 1.19 (0.92-1.36)
TICI 3 1.25 (1.09-1.44) § 1.29 ( 1.09-1.53) §§
Shift analysis  0.94 (0.82-1.06)  0.92 (0.79-1.06)

Source: Male sex was the reference group for OR calculation.

mRS, modified Rankin Scale; sICH, symptomatic intracranial hemor-
rhage; TICI, thrombolysis in cerebral infarction score.

*Adjusted for age, history of hypertension, diabetes, dyslipidemia, atrial
fibrillation, smoke (current or former), NIHSS and ASPECTS score at
entry, stroke etiology, site of occlusion, type of treatment, onset to
groin puncture, and onset to final recanalization. § p < 0.05; §§ p < 0.01

analysis (Figure 1), female sex was also associated with
higher probability of favorable outcome (OR 1.45; 95% CI
1.12—1.87), complete recanalization (OR 1.51; 95% CI 1.18—
1.92), and lower probability of death (OR 0.58; 95% CI
0.41-0.83) in patients who underwent combined treatment,
with a significant sex/treatment interaction (Figure 1)

Discussion

This large, multicenter, prospective, observational real-
world study showed that women with AIS from LVO have
a better chance of complete recanalization after EVT and

better 3-month functional outcome. Whether the gender
intrinsically confers different prognosis in stroke patients
after thrombectomy remains a matter of debate. A post hoc
analysis of the MR CLEAN trial suggested that the treat-
ment effect was greater in men, while women experienced
higher 90-day mortality and more serious adverse events
after EVT." The pre-specified subgroup analysis by sex of
the ESCAPE? and SWIFT PRIME? trials showed no het-
erogeneity of effect. The meta-analysis of individual patient
data of the HERMES collaboration showed no differences
in the adjusted treatment effect of EVT between men and
women.'* A further meta-analysis of the same group,
including two additional trials, reported that sex did not
influence clinical outcome after EVT in the intervention
group and did not modify treatment effect of EVT.?® More
recently, a pooled analysis of the SWIFT, STAR, and
SWIFT PRIME trials showed that men and women had
comparable functional outcome after EVT, but women had
more years of optimal life (DALYs) despite older age an
higher rate of atrial fibrillation.!” These studies relied on
data from randomized clinical trials with well-defined
selection criteria, which limits the generalizability of the
results to the routine clinical practice. Moreover, most of
them were underpowered to test for treatment-gender
interaction.’

Few studies on sex differences on AIS patient receiving
mechanical thrombectomy were carried out in a real-world
setting.'>1%18:19 Carvalho et al.'® analyzed 145 patients, and
reported no gender differences in clinical and safety out-
come. On the contrary, Madsen et al.'® in a cohort of 279
patients reported that females were less likely to achieve
functional independence at 90 days, even if both sexes had
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Outcome Treatment OR (95% C p_for interaction
Combined* | 1.45(1.12-1.87) —.—
mRS0-2 0.02
EVT 1.07 (0.81-1.41) ——
Combined* | 1.51(1.18-1.92) —a—
TICI3 0.04
EVT 1.07 (0.82-1.47) ——
Combined* | 0.85(0.41-0.83) —&—
Death 0.02
EVT 1.08 (0.77-1.48) — i
1 A i " PR |
0,1 1 10
Higher probability in Higher probability in
men women

Figure |. The forest plot shows gender comparisons in outcome of PS-matched patients treated either with EVT alone or
combined treatment (IVT and EVT). The squares with horizontal lines are adjusted odds ratios (OR) and corresponding 95%
confidence interval (95% Cl). The right column shows p values for interaction.

the same likelihood of being independent at discharge, indi-
cating that gender disparities in outcome were not explained
by different response to treatment /recanalization, but rather
to other unknown variables that affect recovery after dis-
charge. In prospective multicenter study including 492
patients, Pérez-Sanchez et al.'® reported a significantly
worse outcome in women; however, after adjustment for
age, the difference lost statistical significance except for
patients admitted to a hospital without a stroke unit. Finally,
sex was not an independent predictor of outcome after
adjustment for relevant confounders (namely age and pre-
stroke functional status) also in the study by Deb-Chatterji
etal.!” on 316 patients included the German Stroke Registry
- Endovascular Treatment. More recently, a multicenter
study, including only patients treated with EVT in the late
windows (beyond 6h) showed that sex was not associated
with functional outcome, but influenced the association
between age and safety outcomes, with men experiencing
worse outcomes with advancing age.?’

On the whole, available studies reported either no differ-
ences in outcome, or a better prognosis in men. The latter
however, appears to result from differences in baseline con-
founding factors,'®!° confirming a crucial role of age, base-
line characteristics, and comorbidities in determining the
outcome, rather than intrinsic sex-related differences.

We attempted to reduce as much as possible the effects
of confounding, and to balance baseline covariates, by
applying propensity score matching. The results, substan-
tially consistent with those obtained from the whole cohort,
seem to suggest that women with AIS from LVO treated
with EVT fare better than men, On the other hand, in some
similar analyses on patients who underwent intravenous
thrombolysis, women turned out to have a larger margin of

benefit than men,®3° implying that, while untreated women
have a poorer outcome compared to men, this negative
prognostic sex effect is neutralized by thrombolysis. Along
the same line, a large European observational study, analyz-
ing data from the Safe Implementation of Treatments in
Stroke-International Stroke Thrombolysis Register, showed
comparable functional outcome in the two gender, but a
higher mortality in men, although women were older, had a
higher prevalence of hypertension and AF, as well as higher
median NIHSS at stroke onset.?!

In our prespecified subgroup analysis, we found a signifi-
cant sex difference in favor of women in patients receiving
intravenous rtPA before thrombectomy, but not in patients
who underwent primary endovascular treatment, with a sig-
nificant sex-treatment interaction, suggesting that rtPA pre-
treatment rather than EVT per se could exert a greater effect
in female gender, in agreement with the above reported stud-
ies.}%2829 Several hypotheses have been proposed to explain
the observed gender difference in response to tPA, pointing
to either a different likelihood of reperfusion or to the
response of the brain to ischemia and reperfusion.33233

This study has some limitations, inherent to its observa-
tional nature and to the lack a control group of untreated
patients; hence, we may only compare functional outcome
and differences in risk of mortality and sSICH between men
and women, but not estimate sex-specific effect of treat-
ment. Moreover, although the propensity score matching
allows a selection of comparable patients, there may have
been unmeasured confounding variables, and hidden bias
due to uncontrolled variables may have remained after
matching . In particular, a certain proportion of patients
with cryptogenic stroke - about a quarter of our sample-
could have been diagnosed as suffering from atrial
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fibrillation/cardioembolic stroke after the discharge ad
3-month follow-up period thanks to a long-term monitor-
ing. Moreover, although, median age, prestroke functional
independence, relevant comorbidities, and stroke charac-
teristics, were well balanced between the two sexes, a more
comprehensive multidimensional measure of frailty,
recently pointed out as an independent predictor of worse
outcome after acute stroke treated with reperfusion thera-
pies,** could not be accounted for.

The strength of this study is the large real-world popu-
lation included, allowing for highly powerful multivaria-
ble analyses and generalizability of the results. We used
propensity matching for available demographic, clinical,
and procedural data to create groups of women and men
with balanced baseline characteristics. The results in
direction and magnitude of the association are consistent
in the whole cohort and in the propensity-score matched
sample.

Even if residual confounding factors cannot be ruled
out, the difference in the outcomes we detected could be
regarded at least in part as explained by biological sex-
related differences. Although subgroup analyses should be
considered with caution and regarded only as hypothesis
generating, the data from our study seem to indicate that a
different sex-related response to thrombolytic agents could
account at least in part for sex differences in outcome.

Conclusions

This large, real-practice study, suggests that women with
AIS from LVO who underwent EVT had a better chance to
achieve complete recanalization and a favorable outcome
than men. The differential outcome could be related to the
association between thrombolysis and thrombectomy rather
than endovascular treatment alone. The latter hypothesis
should be considered speculative until confirmed by further
focused research.
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