Check for
updates

pISSN 2005-0348 « eISSN 2508-1349
J Neurocrit Care 2022;15(2):104-112
https://doi.org/10.18700/jnc.220054

Journal of
Neurocritical

Failed recanalization mediates the Care

association of women with poor
outcomes after thrombectomy:

a single-center experience

Received: April 19, 2022
Revised: June 6, 2022
Accepted: June 30, 2022

Seung-Jae Lee, MD, PhD'; Tae-Kyeong Lee, MD, PhD'; Ji Eun Moon, MD, PhD’

Corresponding Author:

'Department of Neurology, Soonchunhyang University Bucheon Hospital, Bucheon, Korea Seung-Jae Lee, MD, PhD
*Department of Biostatistics, Clinical Trial Center, Soonchunhyang University Bucheon Hospital, Department of Neurology,

Bucheon, Korea

Soonchunhyang University Bucheon
Hospital, 170 Jomaru-ro, Wonmi-gu,
Bucheon 14584, Korea

Tel: +82-32-621-6548

Fax: +82-32-621-6950

E-mail: neurosj@catholic.ac.kr

Background: Whether thrombectomy benefits differ according to sex remains debatable. We aimed to investigate whether there was
a difference in stroke outcomes between men and women treated with thrombectomy.

Methods: We studied 173 patients with anterior circulation strokes. Failed recanalization was defined as thrombolysis in cerebral in-
farction grade 0-2a. Scores >2 on the modified Rankin Scale at 3 months were regarded as poor outcomes. To prove that failed reca-
nalization mediated the association between sex differences and functional outcome, the four steps of the reasoning process adapted
from Baron and Kenny's causal-steps approach were tested. The adjusted odds ratios (aORs) and 95% confidence intervals (Cls) were
calculated.

Results: This study included 76 women and 97 men. Women were older and presented with atrial fibrillation more frequently than
men. Female sex was independently associated with failed recanalization (aOR, 2.729; 95% Cl, 1.334-5.582), which was an indepen-
dent predictor of poor outcomes (aOR, 4.630; 95% Cl, 1.882-11.389). Women were associated with poor outcomes in the analysis ad-
justed for confounders, except for failed recanalization (aOR, 2.285; 95% Cl, 1.064-4.906). However, the association became insignifi-
cant in the additional analysis adjusted for failed recanalization (aOR, 1.670; 95% Cl, 0.738-3.784). The indirect effect between female
sex and poor outcomes via failed recanalization was statistically significant (aOR, 1.038; 95% Cl, 1.010-1.127).

Conclusion: Our study showed that failed recanalization mediated the association between women and poor outcomes after throm-
bectomy. Nonetheless, this might be explained by chance given our limited study population.
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INTRODUCTION

Mechanical thrombectomy has recently been established as an es-
sential treatment modality for emergent large vessel occlusion

within 8-24 hours of symptom onset, as multiple randomized

clinical trials (RCTs) have demonstrated its dramatic efficacy in
the improvement of patient outcomes [1-5]. Using the data from
the RCTs, some studies reported that the benefit of thrombecto-
my was equal in both sexes [6,7], while other studies showed dif-

ferences in the outcomes between men and women treated with
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thrombectomy [8,9]. On the other hand, several studies using
nonclinical trial data investigated whether the benetfit of throm-
bectomy differed by sex. However, the results are conflicting
among such studies [ 10-12], and thus this topic is still debatable.
In addition, real-world nonclinical trial data to date are insufficient
in the literature. Thus, in this study, using single-center nonclinical
trial data, we aimed to investigate whether there is a significant
difference in clinical outcomes between men and women treated
with thrombectomy.

METHODS

Patient recruitment

We retrospectively reviewed the medical records of 216 patients
who were prospectively enrolled in the patient registry for endo-
vascular thrombectomy at Soonchunhyang University Bucheon
Hospital from January 2012 to November 2020. Among them, we
excluded 20 patients with posterior circulation stroke, 16 patients
without collateral score data (no computed tomography [CT] an-
giography performed), four patients without outcome data, and
three patients who proved to have cancer-related strokes. Finally,
173 patients with anterior circulation stroke were included in this

study.

Patient treatment process

For all the included patients, non-contrast-enhanced CT and CT
angiography were performed before treatment. Using a 128-de-
tector high-definition CT scanner (Discovery CT750 HD; GE
Healthcare, Milwaukee, WI, USA), CT angiography images were
obtained from the aortic arch to the vertex in series (section thick-
ness, 0.625 mm; tube voltage, 100 kV; tube current, 200 mA) after
a single bolus injection of 100 mL nonionic contrast agent into
the antecubital vein. Candidates for intravenous thrombolysis
(IVT) and thrombectomy were selected in accordance with pre-
viously published guidelines [13,14]. Notably, from November
2019, patients with stroke within 6 to 24 hours of the last known
normal were also considered to be treated by thrombectomy if a
mismatch between the infarct core and penumbra—the presence
of a significant salvageable tissue—was confirmed on CT perfu-
sion images [4,5].

Catheter angiography for thrombectomy was performed via the
femoral artery under local anesthesia. If necessary, conscious se-
dation was used at the discretion of the treating interventionists.
An 8-Fr flow-gate balloon guide catheter was placed in the proxi-
mal internal carotid artery to approach the target artery. Thrombec-
tomy was performed using a stent retriever (Solitaire, Medtronic,
Dublin, Ireland or Trevo, Stryker, Kalamazoo, MI, USA) or an as-
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piration device (Penumbra system; Penumbra Inc., Alameda, CA,
USA). Non-contrast-enhanced CT and magnetic resonance dif-
fusion-weighted imaging (DWI) were performed immediately
and 24 hours after the procedure, respectively. Additional CT or
DWI was performed on the basis of the decision of the treating
physician.

Clinical data and imaging analysis

The following clinical information was obtained: age, sex, hyper-
tension, diabetes mellitus, hyperlipidemia, history of prior stroke,
ischemic heart disease, atrial fibrillation, current smoking habits,
premorbid independence (pre-stroke modified Rankin Scale
[mRS] <2), history of antithrombotic and statin medication use,
initial blood pressure, blood glucose level, National Institutes of
Health Stroke Scale (NIHSS) score, time interval from stroke on-
set to arrival at the emergency department and from arrival to
groin puncture, thrombectomy procedure time, location of symp-
tomatic occlusion, clot burden score [15], use of IVT, and stroke
classification [16].

The Alberta Stroke Program Early CT score (ASPECTS) was
rated based on pretreatment CT angiography source images
(CTA-SI). All images were adjusted to have maximum contrast
between the normal and abnormal sides. Diminished contrast en-
hancement in each region of ASPECTS compared with the
healthy hemisphere was considered abnormal [17]. In addition,
collateral status was dichotomized as poor ( < 50% filling of the
occluded territory) or good (> 50% filling) status [ 18]. The final
recanalization state was assessed using catheter angiography based
on the thrombolysis in cerebral infarction (TICI) perfusion scale
after the thrombectomy procedure was finished [ 19]. Failed reca-
nalization was defined as a TICI grade of 0-2a. Hemorrhagic
transformation and infarct size were determined on the basis of
follow-up gradient-echo images and DWIs. Symptomatic intracra-
nial hemorrhage [20], hemorrhagic infarct, and parenchymal
hemorrhage [21] were defined according to the previously pub-
lished criteria. All images were analyzed independently by two in-
vestigators (SJL and TKL) blinded to the clinical data. The final
decision was made by consensus. The 3-month mRS score was
documented in the follow-up clinic note by a neurologist or neu-
rosurgeon. Scores of <2 (>2) on the mRS at 3 months were re-

garded as good (poor) functional outcomes.

Statistical analysis

Statistical analyses were performed using IBM SPSS version 21.0
(IBM Corp., Armonk, NY, USA) and R software, version 4.0.5
(The R Foundation for Statistical Computing, Vienna, Austria).
Univariate group comparisons were performed using the inde-
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pendent two-sample -test (or Mann-Whitney U-test for non-nor-
mally distributed continuous variables) and the chi-square test (or
Fisher’s exact test). The assumptions of normality and equivalent
variance were assessed using the Shapiro-Wilk test and Levene's
test, respectively. Age and variables with P < 0.1 in the univariate
comparison were included in the multivariable logistic regression
analysis for failed recanalization and poor functional outcomes.
Procedural time was excluded from the multivariable logistic anal-
ysis for functional outcomes because it was associated with failed
recanalization (P=0.006 by independent t-test). To prove that
failed recanalization mediated the association between sex differ-
ences and functional outcome, we tested the four steps of the rea-
soning process adapted from Baron and Kenny’s causal-steps ap-
proach [22,23]. Specifically, using adjusted logistic regression, we
attempted to prove the following steps: (1) the significant associa-
tion of women (predictor) with failed recanalization (dependent
variable), (2) the significant association of failed recanalization
(predictor) with poor outcomes (dependent variable), (3) the
significant association of women (predictor) with poor outcomes
(dependent variable) (total effect), and (4) the insignificant asso-
ciation of women (predictor) with poor outcomes (dependent
variable) when additionally adjusted for failed recanalization (di-
rect effect).

Then, using 5,000 bootstrap samples, the significance of the in-
direct effect was assessed as recommended for small sample sizes
[24]. Adjusted odds ratios (aORs) and 95% confidence intervals
(CIs) were obtained. All statistical tests were two-tailed, and
P-values < 0.05 were considered statistically significant.

RESULTS

Among 173 patients, 76 were women and 97 were men. Com-
pared to men, women were older and tended to have less premor-
bid independence and more frequent antiplatelet medication use.
Women more frequently presented with atrial fibrillation and
were more likely to have a cardioembolic or undetermined stroke
than men. Men were more likely to be current smokers and tend-
ed to have higher pretreatment CTA-SI ASPECTS scores than
women (Table 1). Women differed from men in terms of some
clinical outcomes. In women, failed recanalization was more com-
mon, and there was a statistical trend toward a larger final infarct
size. Above all, women were more likely to have poor outcomes
(mRS > 3) than men, although there was no significant difference
in intracranial hemorrhage between sexes (Table 2).

‘Women were associated with poor functional outcomes in the
univariate analysis (Table 3). However, when age and all variables

with P<0.1 in the univariate comparison were included in the
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multivariable logistic regression analysis, sex was no longer associ-
ated with functional outcome (result C’ in Fig. 1). Mediation
analysis using Baron and Kenny'’s causal steps approach was per-
formed to test if failed recanalization mediated the association be-
tween sex and functional outcome. All analyses were adjusted for
age and variables with P< 0.1 in the univariate analysis for each
dependent variable. Therefore, in the analysis wherein poor out-
comes were the dependent variable, age, premorbid indepen-
dence, previous anticoagulant use, NIHSS score at admission, M2
occlusion (vs. internal carotid artery or M1 occlusion), CTA-SI
ASPECTS, and poor collateral status were adjusted (Table 3). In
addition, in the analysis wherein failed recanalization was the de-
pendent variable, age, systolic blood pressure at admission, NI-
HSS score at admission, CTA-SI ASPECTS, and poor collateral
status were adjusted (Supplementary Table 1). These four steps
are listed in Fig. 1. (1) The effect of female sex on failed recanali-
zation was significant (A). (2) The effect of failed recanalization
on poor functional outcomes adjusted for female sex was signifi-
cant (B). (3) The total effect of female sex on poor outcomes was
significant (C). (4) The direct effect of female sex on poor out-
comes adjusted for failed recanalization was non-significant (C’).
Moreover, the indirect effect between female sex and poor out-

comes via failed recanalization was statistically significant (A x B).

DISCUSSION

Failed recanalization as a mediator of poor outcomes in
women

Similar to previous studies [ 7,11], women were older and present-
ed with atrial fibrillation more frequently than men. Notably,
women were more likely than men to have poor functional out-
comes at 3 months. The association remained significant even af-
ter adjusting for several confounders, but became statistically in-
significant when the recanalization outcome was additionally ad-
justed. However, it is incorrect to conclude that there was no asso-
ciation between sex and functional outcomes in our study. Instead,
as proven by the mediation analysis, it is reasonable to conclude
that women were associated with failed recanalization, which me-

diated the association between sex and poor outcomes.

Sex differences in thrombectomy outcomes: a short
literature review

There are many reports in the literature regarding sex differences
in thrombectomy outcomes. However, the results of these studies
have been conflicting. Several results were obtained from clinical
trials that tested thrombectomy. An analysis of S00 patients from
an RCT of thrombectomy in the Netherlands (Multicenter Ran-
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Table 1. Comparison of basic characteristics between women and men

Variable Women (n=76) Men (n=97) P-value
Age (yr) 7204133 65.1412.3 0.001”
Hypertension 50 (65.8) 64 (66.0) 0.979”
Diabetes 17 (22.4) 1(32.0) 0.162"
Hyperlipidemia 24 (31.6) 2 (33.0) 0.844”
Prior stroke 6 (21.1) 9(19.6) 0.812”
Ischemic heart disease 2 (15.8) 4(14.4) 0.804”
Atrial fibrillation 50 (65.8) 46 (47.4) 0.016”
Current smoking 1(1.3) 7 (27.8) <0.0019
Premorbid independence (pre-stroke mRS <2) 71 (93.4) 6(99.0) 0.088"
Previous medication

Antiplatelet 25 (32.9) 20 (20.6) 0.068"

Anticoagulant 12 (15.8) 1(11.3) 0.392”

Statin 18 (23.7) 14 (14.4) 0.120”
Initial systolic BP (mmHg) 145.4425.1 148.4+27.4 0.459”
Initial diastolic BP (mmHg) 84.415.0 87.4+17.1 0.239”
Initial blood glucose (mg/dL) 147.3+48.8 159.3+66.6 0.194"
Initial NIHSS 16 (12-19) 16 (10-19) 0.378
Onset to ER time (min) 84 (37-173) 71 (36-188) 0.685"
ER to groin time (min) 146 (120-182) 144 (117-189) 0.999%
Procedure time (min) 53.4+33.6 60.6+38.9 0.208”
Left-side infarct 39 (51.3) 52 (53.6) 0.764"
Location of symptomatic occlusion 0.274”

Internal carotid artery 25 (32.9) 43 (44.3)

M1 39 (51.3) 39 (40.2)

M2 2(15.8) 5(15.5)
CTA-SI ASPECTS 5 (3-8) 7 (3-9) 0.063"
Clot burden score on CTA 6 (4-7) 6 (4-8) 0.963"
Use of IVT 36 (47.4) 48 (49.5) 0.782"
Stroke classification 0.005”

Large artery atherosclerosis 15(19.7) 40 (41.2)

Cardioembolism 46 (60.5) 48 (49.5)

Undetermined 15(19.7) 9(9.3)
Large artery atherosclerosis (vs. others) 15(19.7) 40 (41.2) 0.003”
Poor collaterals 32 (42.1) 37 (38.1) 0.597°

Values are presented as meanzstandard deviation, number (%), or median (interquartile range).

mRS, modified Rankin Scale; BP, blood pressure; NIHSS, National Institutes of Health Stroke Scale; ER, emergency room; CTA-SI ASPECTS, CT (computed
tomography) angiography source image Alberta Stroke Program Early CT Score; IVT, |ntravenous thrombolysis.

Variables were analyzed using Independent t-test, "Chi- -square test, 9Fisher exact test, or “Mann- -Whitney U-test.

domized Clinical trial of Endovascular treatment for Acute isch-
emic stroke in the Netherlands) showed a significant interaction
between sex and thrombectomy treatment (P=0.016) with high-
er mortality in women than in men [8]. Secondary analysis of 182
patients from the multicenter randomized controlled trial of en-
dovascular therapy following imaging evaluation for ischemic
stroke (DEFUSE 3) trial data also demonstrated a statistical trend
for a lower 90-day functional independence in women than in
men within the thrombectomy arm (35% vs. $4%, P=0.059) [9].

https://doi.org/10.18700/jnc.220054

However, no difference in outcome between sexes was reported
in the analyses based on a larger number of clinical trial patients.
The pooled analyses of 1,762 patients from seven RCTs within
the Highly Effective Reperfusion evaluated in Multiple Endovas-
cular Stroke Trials (HERMES) collaboration reported no differ-
ence in functional independence (mRS 0-2) at 90 days between
men and women (48% vs. 48%) treated with thrombectomy [6].
An analysis of 389 patients from the three clinical trials (SWIFT,
STAR, and SWIFT PRIME) also showed a similar rate of func-
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Table 2. Comparison of outcomes between women and men

Variable Women (n=76) Men (n=97) P-value”
Failed recanalization 34 (44.7) 25 (25.8) 0.009
Final infarct size 0.230

<1/3 MCA territory 30 (39.5) 51 (52.6)

1/3-2/3 MCA territory 22 (28.9) 22 (22.7)

>2/3 MCA territory 24 (31.6) 24 (24.7)

<1/3 MCA territory (vs. others) 30 (39.5) 51 (52.6) 0.086
Any intracranial hemorrhage 44 (57.9) 63 (64.9) 0.343

HT1 12 (16.0) 6(16.5)

HT2 6(8.0) 2(12.4)

PH1 3(4.0) 2(12.4)

PH2 23 (30.7) 23 (23.7)
sICH 13(17.1) 3(13.4) 0.499
Poor outcome (mRS >3) 54 (71.1) 50 (51.5) 0.009

mRS 0 79.2) 3(13.4)

mRS 1 9(11.8) 3(13.4)

mRS 2 6(7.9) 21 (21.6)

mRS 3 11 (14.5) 4(14.4)

mRS 4 11 (14.5) 11 (11.3)

mRS 5 16 (21.1) 9(9.3)

mRS 6 16 (21.1) 16 (16.5)

Values are presented as number (%o).

MCA, middle cerebral artery; HT, hemorrhagic transformation; PH, parenchymal hemorrhage; sICH, symptomatic intracranial hemorrhage; mRS, modified

Rankin Scale.
Nariables were analyzed using chi-square test.

tional independence at 90 days between sexes (aOR, 1.01; 95%
CI, 0.64-1.59) despite older ages and a higher rate of atrial fibril-
lation for women [7]. Uniquely, a recent study of 198 patients
from a multi-center prospective cohort study data (CRISP) re-
ported a favorable shift in the mRS score (aOR, 1.79; 95% CI,
1.04-3.08) with better collaterals and less ischemic core growth
(median, 15 mL vs.29 mL; P< 0.01) in women [25].

Meanwhile, most studies based on nonclinical trial data have
suggested worse thrombectomy outcomes in women than in men,
which is similar to our study. A study of 2,420 patients with large
vessel occlusion from a Japanese multi-center registry showed a
tendency for poor outcomes among women in both groups who
underwent thrombectomy (aOR, 0.83; 95% CI, 0.63-1.09) and
who did not undergo thrombectomy (aOR, 0.73; 95% CI, 0.52—
1.04) [26]. A single-center study of 279 patients reported lower
90-day functional independence in women (aOR, 0.37; 95% CI,
0.16-0.87) even after adjustment for confounders [ 12]. Similarly,
a study of 2,316 patients from the German registry revealed high-
er mortality (30.7% vs. 26.4%) with less functional independence
(33.2% vs. 40.6%) at 90 days in women. However, this association
disappeared after adjusting for confounders [11]. Apart from the
above studies, a single-center study of 145 patients reported no
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significant difference in 3-month functional independence be-
tween men and women (60.9% vs. 66.7%) [10].

Possible reasons for more failure of recanalization in
women

To sum up the aforementioned studies, there appears to be a
trend toward poor functional outcomes in women after throm-
bectomy under certain circumstances. However, most of the
studies described no sex difference in recanalization outcome
during thrombectomy [6-11,25]. In this regard, their results are
different from ours, indicating poorer outcomes in women medi-
ated by failed recanalization. In fact, only a few reports to date
have shown a more frequent failure of recanalization in women
during thrombectomy [27,28]. The exact reason for the higher
rate of failed recanalization among women in our study is pres-
ently unknown. Instead, there is only a speculative presumption.
That is to say, sex disparities in arterial diameter might be respon-
sible for the sex difference in recanalization outcome [27,29].
Reportedly, the mean diameters of the terminal internal carotid
artery and M1 were smaller in women than in men [29,30]. As
the flow rate is proportional to the vessel radius to the fourth

power according to the Hagen-Poiseuille equation, the diameter

https://doi.org/10.18700/jnc.220054
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Table 3. Comparison between patients with good and poor outcomes

Variable Good outcome (n=69) Poor outcome (n=104) P-value
Age (yr) 67.3£13.0 68.7£13.3 0.488”
Women 22 (31.9) 54 (51.9) 0.009”
Hypertension 44 (63.8) 70 (67.3) 0.631”
Diabetes 5(21.7) 33 (31.7) 0.151Y
Hyperlipidemia 22 (31.9) 34 (32.7) 0.911”
Prior stroke 11 (15.9) 24 (23.1) 0.253"
Ischemic heart disease 9(13.0) 17 (16.3) 0.552%
Atrial fibrillation 36 (52.2) 60 (57.7) 0.475"
Current smoking 8 (11.6) 20(19.2) 0.182"
Premorbid independence (pre-stroke mRS <2) 69 (100.0) 98 (94.2) 0.082¢
Previous medication

Antiplatelet 16 (23.2) 29 (27.9) 0.491"

Anticoagulant 5(7.2) 18 (17.3) 0.068"

Statin 13 (18.8) 19 (18.3) 0.924”
Initial systolic BP (mmHg) 145.7+28.7 147.9+24.9 0.588”
Initial diastolic BP (mmHg) 84.2+15.9 87.4+16.4 0.209”
Initial blood glucose (mg/dL) 148.6+61.6 157.5+57.9 03377
Initial NIHSS 13 (8-17) 17 (13-21) <0.001%
Onset to ER time (min) 69 (31-150) 84 (39-200) 0.603"
ER to groin time (min) 131 (108-178) 142 (123-191) 0.144%
Onset to groin time (min) 212 (172-317) 260 (185-380) 0.1157
Procedure time (min) 47.6+33.8 64.1+£37.3 0.004”
Location of symptomatic occlusion 0.043"

Internal carotid artery 28 (40.6) 40 (38.5)

M1 25 (36.2) 53 (51.0)

M2 6(23.2) 11 (10.6)

M2 vs. others 6(23.2) 11 (10.6) 0.025”
CTA-SI ASPECTS 8(6-9) 4.5 (2-7) <0.001?
Clot burden score on CTA 6 (4-8) 6 (4-7) 0.103"
Poor collaterals 13 (18.8) 56 (53.8) <0.001”
Use of IVT 38 (55.1) 46 (44.2) 0.162”
Stroke classification 0.679"

Large artery atherosclerosis 1(30.4) 34 (32.7)

Cardioembolism 40 (58.0) 54 (51.9)

Undetermined 8 (11.6) 16 (15.4)

Failed recanalization 9 (13.0) 50 (48.1) <0.001"

Values are presented as meanzstandard deviation, number (%), or median (interquartile range).

mRS, modified Rankin Scale; BP, blood pressure; NIHSS, National Institutes of Health Stroke Scale; ER, emergency room; CTA-SI ASPECTS, CT (computed
tomography) angiography source image Alberta Stroke Program Early CT Score; IVT, |ntravenous thrombolysis.

Variables were analyzed using Independent t-test, "Chi- -square test, 9Fisher exact test, or “Mann- -Whitney U-test.

of the treated large arteries or collateral vessels could be a crucial
factor determining the blood flow directed to the ischemic area.
In women, a smaller arterial diameter can be a disadvantageous
factor for reperfusion and functional outcomes in patients under-
going thrombectomy [29]. Similarly, the relationship between
vessel diameter and procedural outcomes was reported in a study
of 254 patients undergoing endovascular treatment for iliac ar-

https://doi.org/10.18700/jnc.220054

tery diseases. The investigators showed that the target vessel di-
ameter measured using CT angiography was an independent
predictor of procedural failure or vessel-specific complications
[31].

On the other hand, sex-specific differences in intravascular co-
agulation and fibrinolysis could be responsible for the more fre-
quent failure of recanalization in women. A study of South Asian
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Failed recanalization

(mediator)
A B
C
Women Poor outcomes (mRS =3)
c
Adjusted odds ratio 95% Confidence interval P-value
A? 2.729 1.334-5.582 0.006
B 4.630 1.882-11.389 0.001
(o 2.285 1.064-4.906 0.034
c 1.670 0.738-3.784 0.219
AxB” 1.038 1.010-1.127

Fig. 1. Mediation analysis: failed recanalization as a mediator for the association of women with poor outcomes. mRS, modified Rankin
Scale; A, the effect of women on failed recanalization; B, the effect of failed recanalization on poor outcomes additionally adjusted
for women; C, total effect of women on poor outcomes; C' direct effect of women on poor outcomes additionally adjusted for failed
recanalization; AxB, indirect effect between women and poor functional outcomes via failed recanalization. All analyses were adjusted for
age and variables with P<0.1 in the univariate analysis for each dependent variable. a]Adjusted for age, systolic blood pressure at admission,
National Institutes of Health Stroke Scale score at admission, CT (computed tomography) angiography source image Alberta Stroke
Program Early CT Score (CTA-SI ASPECTS), and poor collaterals; "Adjusted for age, premorbid independence, previous anticoagulant use,
National Institutes of Health Stroke Scale score at admission, M2 occlusion (vs. internal carotid artery or M1 occlusion), CTA-SI ASPECTS,

and poor collaterals.

stroke patients reported higher plasminogen activator inhibitor-I
and factor VII levels in women [32], which suggests a decreased
fibrinolytic potential and increased coagulation tendency leading
to a reduced potential of reperfusion in women during thrombec-

tomy.

Limitations and strengths

Our study had several limitations. Above all, this was a single-cen-
ter retrospective study with a small sample size, thus potentially
producing a selection bias. Therefore, our results might be ex-
plained by chance and could not be generalized to other stroke
populations. In addition, we could not analyze several factors af-
fecting clinical outcomes, such as psycho-cognitive morbidities
and social factors. For example, we had no information about the
cohabitation of family members, although less family support may
be associated with the time taken to arrive at the hospital and
post-stroke functional recovery [33]. Generally, women are more
likely than men to be widowed and living alone. Therefore, such
uncorrected factors could intensify the deviation toward a poorer
functional outcome in women [34]. Presumably, the lower pro-
portion of women than men included in our study suggests their
later arrival beyond the time window for thrombectomy due to
the absence of cohabitants. This is similar to why IVT is less fre-
quently used in women than in men [34-36]. In addition, we had
no data on arterial diameter (as discussed), thrombus composi-
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tion, and vascular access problems that could affect recanalization
outcomes [37].

In contrast, our study has strengths in that it adds to real-world
data on sex differences in stroke outcomes after thrombectomy.
Clinical trial conditions are different from those of real-world clin-
ical practice [38]. Clinical trials are designed to include patients
who are most likely to benefit from the tested treatment and to ex-
clude those who are likely to be complicated by the treatment.
However, in real-world clinical practice, many emergent large-ves-
sel occlusion patients with adverse conditions, such as low AS-
PECTS scores, pre-stroke disability, and multiple comorbidities,
are treated with thrombectomy because there is no better option
[38].

Conclusions

In our stroke patients treated with thrombectomy, female sex
was associated with failed recanalization, which mediated the
association of female sex with poor functional outcomes. How-
ever, this might be explained by chance given our limited study

population.

ARTICLE INFORMATION

Ethics statement

This study was approved with a waiver of informed consent by

https://doi.org/10.18700/jnc.220054



Journal of Neurocritical Care

the Institutional Review Board of Soonchunhyang University Bu-
cheon Hospital (No. SCHBC 2021-04-018).

Conflict of interest

No potential conflict of interest relevant to this article.

ORCID

Seung-Jae Lee https://orcid.org/0000-0003-2299-4870
Tae-Kyeong Lee https://orcid.org/0000-0002-4789-3665
Ji Eun Moon https://orcid.org/0000-0002-7293-7463
Author contributions

Conceptualization: SJL. Data curation: SJL, TKL. Formal analy-
sis: SJL, JEM. Investigation: SJL, TKL. Supervision: SJL. Visual-
ization: SJL. Writing—original draft: SJL, JEM. Writing—review &
editing: all authors.

Supplementary materials
Supplementary materials can be found via https://doi.org/10.
18700/ jnc.220054.

REFERENCES

1. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM,
et al. Stent-retriever thrombectomy after intravenous t-PA vs.
t-PA alone in stroke. N Engl ] Med 2015;372:2285-95.

2. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Ling-
sma HE, Yoo AJ, et al. A randomized trial of intraarterial treat-
ment for acute ischemic stroke. N EnglJ Med 2015;372:11-20.

3. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL,
Thornton J, et al. Randomized assessment of rapid endovascu-
lar treatment of ischemic stroke. N Engl ] Med 2015;372:1019-
30.

4. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF,
Bhuva P, et al. Thrombectomy 6 to 24 hours after stroke with a
mismatch between deficit and infarct. N Engl ] Med 2018;
378:11-21.

S. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Orte-
ga-Gutierrez S, et al. Thrombectomy for stroke at 6 to 16 hours
with selection by perfusion imaging. N Engl ] Med 2018;378:
708-18.

6. Chalos V, de Ridder IR, Lingsma HF, Brown S, van Oosten-
brugge RJ, Goyal M, et al. Does sex modify the effect of endo-
vascular treatment for ischemic stroke? Stroke 2019;50:2413-9.

7. Sheth SA, Lee S, Warach SJ, Gralla J, Jahan R, Goyal M, et al.
Sex differences in outcome after endovascular stroke therapy for
acute ischemic stroke. Stroke 2019;50:2420-7.

https://doi.org/10.18700/jnc.220054

8. de Ridder IR, Fransen PS, Beumer D, Berkhemer OA, van den
Berg LA, Wermer MJ, et al. Is intra-arterial treatment for acute
ischemic stroke less effective in women than in men? Interv
Neurol 2016;5:174-8.

9. Dula AN, Mlynash M, Zuck ND, Albers GW, Warach SJ; DE-
FUSE 3 Investigators. Neuroimaging in ischemic stroke is dif-
ferent between men and women in the DEFUSE 3 cohort.
Stroke 2020;51:481-8.

10. Carvalho A, Cunha A, Gregério T, Paredes L, Costa H, Veloso
M, et al. Is the efficacy of endovascular treatment for acute isch-
emic stroke sex-related. Interv Neurol 2018;7:42-7.

11. Deb-Chatterji M, Schlemm E, Flottmann F, Meyer L, Alegiani
A, Brekenfeld C, et al. Sex differences in outcome after throm-
bectomy for acute ischemic stroke are explained by confound-
ing factors. Clin Neuroradiol 2021;31:1101-9.

12. Madsen TE, DeCroce-Movson E, Hemendinger M, McTaggart
RA, Yaghi S, Cutting S, et al. Sex differences in 90-day outcomes
after mechanical thrombectomy for acute ischemic stroke. J
Neurointerv Surg 2019;11:221-5.

13. Ko SB, Park HK, Kim BM, Heo JH, Rha JH, Kwon SUj et al.
2019 Update of the Korean clinical practice guidelines of stroke
for endovascular recanalization therapy in patients with acute
ischemic stroke. J Stroke 2019;21:231-40.

14. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bam-
bakidis NC, Becker K, et al. Guidelines for the early manage-
ment of patients with acute ischemic stroke: 2019 update to the
2018 guidelines for the early management of acute ischemic
stroke: a guideline for healthcare professionals from the Ameri-
can Heart Association/American Stroke Association. Stroke
2019;50:e344-418.

15. Tan IY, Demchuk AM, Hopyan J, Zhang L, Gladstone D, Wong
K, et al. CT angiography clot burden score and collateral score:
correlation with clinical and radiologic outcomes in acute mid-
dle cerebral artery infarct. AJNR Am J Neuroradiol 2009;
30:525-31.

16. Adams HP Jr, Bendixen BH, Kappelle L], Biller J, Love BB, Gor-
don DL, et al. Classification of subtype of acute ischemic stroke:
definitions for use in a multicenter clinical trial. TOAST. Trial of
Org 10172 in Acute Stroke Treatment. Stroke 1993;24:35-41.

17. Kawiorski MM, Martinez-Sénchez P, Garcia-Pastor A, Calleja P,
Fuentes B, Sanz-Cuesta BE, et al. Alberta Stroke Program Early
CT Score applied to CT angiography source images is a strong
predictor of futile recanalization in acute ischemic stroke. Neu-
roradiology 2016;58:487-93.

18. Dankbaar JW, Kerckhoffs KG, Horsch AD, van der Schaaf IC,
Kappelle L], Velthuis BK, et al. Internal carotid artery stenosis
and collateral recruitment in stroke patients. Clin Neuroradiol

111


https://doi.org/10.
18700/jnc.220054
https://doi.org/10.
18700/jnc.220054
https://doi.org/10.1056/nejmoa1415061
https://doi.org/10.1056/nejmoa1415061
https://doi.org/10.1056/nejmoa1415061
https://www.ncbi.nlm.nih.gov/pubmed/25517348
https://www.ncbi.nlm.nih.gov/pubmed/25517348
https://www.ncbi.nlm.nih.gov/pubmed/25517348
https://doi.org/10.1056/nejmoa1414905
https://doi.org/10.1056/nejmoa1414905
https://doi.org/10.1056/nejmoa1414905
https://doi.org/10.1056/nejmoa1414905
https://www.ncbi.nlm.nih.gov/pubmed/29129157
https://www.ncbi.nlm.nih.gov/pubmed/29129157
https://www.ncbi.nlm.nih.gov/pubmed/29129157
https://www.ncbi.nlm.nih.gov/pubmed/29129157
https://doi.org/10.1056/nejmoa1713973
https://doi.org/10.1056/nejmoa1713973
https://doi.org/10.1056/nejmoa1713973
https://doi.org/10.1056/nejmoa1713973
https://doi.org/10.1161/strokeaha.118.023743
https://doi.org/10.1161/strokeaha.118.023743
https://doi.org/10.1161/strokeaha.118.023743
https://doi.org/10.1161/strokeaha.118.023867
https://doi.org/10.1161/strokeaha.118.023867
https://doi.org/10.1161/strokeaha.118.023867
https://doi.org/10.1159/000447331
https://doi.org/10.1159/000447331
https://doi.org/10.1159/000447331
https://doi.org/10.1159/000447331
https://doi.org/10.1161/strokeaha.119.028205
https://doi.org/10.1161/strokeaha.119.028205
https://doi.org/10.1161/strokeaha.119.028205
https://doi.org/10.1161/strokeaha.119.028205
https://doi.org/10.1159/000484098
https://doi.org/10.1159/000484098
https://doi.org/10.1159/000484098
https://doi.org/10.1007/s00062-020-00983-2
https://doi.org/10.1007/s00062-020-00983-2
https://doi.org/10.1007/s00062-020-00983-2
https://doi.org/10.1007/s00062-020-00983-2
https://doi.org/10.1136/neurintsurg-2018-014050
https://doi.org/10.1136/neurintsurg-2018-014050
https://doi.org/10.1136/neurintsurg-2018-014050
https://doi.org/10.1136/neurintsurg-2018-014050
https://doi.org/10.5853/jos.2019.00024
https://doi.org/10.5853/jos.2019.00024
https://doi.org/10.5853/jos.2019.00024
https://doi.org/10.5853/jos.2019.00024
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.3174/ajnr.a1408
https://doi.org/10.3174/ajnr.a1408
https://doi.org/10.3174/ajnr.a1408
https://doi.org/10.3174/ajnr.a1408
https://doi.org/10.3174/ajnr.a1408
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1007/s00234-016-1652-7
https://doi.org/10.1007/s00234-016-1652-7
https://doi.org/10.1007/s00234-016-1652-7
https://doi.org/10.1007/s00234-016-1652-7
https://doi.org/10.1007/s00234-016-1652-7
https://doi.org/10.1007/s00062-017-0568-x
https://doi.org/10.1007/s00062-017-0568-x
https://doi.org/10.1007/s00062-017-0568-x

Seung-Jae Lee, et al. ® Sex and thrombectomy outcome

2018;28:339-44.

19. Higashida RT, Furlan AJ, Roberts H, Tomsick T, Connors B,
Barr J, et al. Trial design and reporting standards for intra-arterial
cerebral thrombolysis for acute ischemic stroke. Stroke 2003;
34:e109-37.

20. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidet-
ti D, et al. Thrombolysis with alteplase 3 to 4.5 hours after acute
ischemic stroke. N Engl ] Med 2008;359:1317-29.

21. Fiorelli M, Bastianello S, von Kummer R, del Zoppo GJ, Larrue
V, Lesaffre E, et al. Hemorrhagic transformation within 36
hours of a cerebral infarct: relationships with early clinical dete-
rioration and 3-month outcome in the European Cooperative
Acute Stroke Study I (ECASSI) cohort. Stroke 1999;30:2280-
4.

22. Baron RM, Kenny DA. The moderator-mediator variable dis-
tinction in social psychological research: conceptual, strategic,
and statistical considerations. ] Pers Soc Psychol 1986;51:1173-
82.

23. Sen S, Androulakis XM, Duda V, Alonso A, Chen LY, Soliman
EZ, et al. Migraine with visual aura is a risk factor for incident
atrial fibrillation: a cohort study. Neurology 2018;91:2202-10.

24. Mallinckrodt B, Abraham W'T, Wei M, Russell DW. Advances
in testing the statistical significance of mediation effects. J
Couns Psychol 2006;53:372-8.

25. Demeestere J, Christensen S, Mlynash M, Federau C, Albers
GW, Lemmens R, et al. Effect of sex on clinical outcome and
imaging after endovascular treatment of large-vessel ischemic
stroke. J Stroke Cerebrovasc Dis 2021;30:105468.

26. Uchida K, Yoshimura S, Sakai N, Yamagami H, Morimoto T.
Sex differences in management and outcomes of acute ischemic
stroke with large vessel occlusion. Stroke 2019;50:1915-8.

27. Goda T, Oyama N, Kitano T, Iwamoto T, Yamashita S, Takai H,
et al. Factors associated with unsuccessful recanalization in me-
chanical thrombectomy for acute ischemic stroke. Cerebrovasc
Dis Extra 2019;9:107-13.

28. Hashimoto T, Hayakawa M, Funatsu N, Yamagami H, Satow T,
Takahashi JC, et al. Histopathologic analysis of retrieved throm-

112

bi associated with successful reperfusion after acute stroke
thrombectomy. Stroke 2016;47:3035-7.

29. Davison MA, Ouyang B, Keppetipola KM, Chen M. Arterial di-
ameter and the gender disparity in stroke thrombectomy out-
comes. ] Neurointerv Surg 2018;10:949-52.

30. Miiller HR, Brunhélzl C, Radii EW, Buser M. Sex and side dif-
ferences of cerebral arterial caliber. Neuroradiology 1991;33:
212-6.

31. Hong SJ, Ko YG, Shin DH, Kim JS, Kim BK, Choi D, et al. Im-
pact of vessel diameter measured by preprocedural computed
tomography angiography on immediate and late outcomes of
endovascular therapy for iliac artery diseases. Circ J 2017;81:
675-81.

32. Kain K, Catto AJ, Carter AM, Young J, Bamford J, Bavington J,
et al. Decreased fibrinolytic potential in South Asian women
with ischaemic cerebrovascular disease. Br ] Haematol 2001;
114:155-61.

33. Kim JS, Lee KB, Roh H, Ahn MY, Hwang HW. Gender differ-
ences in the functional recovery after acute stroke. J Clin Neurol
2010;6:183-8.

34. de Ridder I, Dirks M, Niessen L, Dippel D; PRACTISE Investi-
gators. Unequal access to treatment with intravenous alteplase
for women with acute ischemic stroke. Stroke 2013;44:2610-2.

35. Bushnell C, Howard V], Lisabeth L, Caso V, Gall S, Kleindorfer
D, et al. Sex differences in the evaluation and treatment of acute
ischaemic stroke. Lancet Neurol 2018;17:641-50.

36. Reeves M, Bhatt A, Jajou P, Brown M, Lisabeth L. Sex differenc-
es in the use of intravenous rt-PA thrombolysis treatment for
acute ischemic stroke: a meta-analysis. Stroke 2009;40:1743-9.

37. Yeo LL, Bhogal P, Gopinathan A, Cunli Y, Tan B, Andersson T.
‘Why does mechanical thrombectomy in large vessel occlusion
sometimes fail?: a review of the literature. Clin Neuroradiol
2019;29:401-14.

38. Qureshi Al, Singh B, Huang W, Du Z, Lobanova I, Liaqat J, et al.
Mechanical thrombectomy in acute ischemic stroke patients
performed within and outside clinical trials in the United States.
Neurosurgery 2020;86:E2-8.

https://doi.org/10.18700/jnc.220054


https://doi.org/10.1007/s00062-017-0568-x
https://doi.org/10.1161/01.str.0000082721.62796.09
https://doi.org/10.1161/01.str.0000082721.62796.09
https://doi.org/10.1161/01.str.0000082721.62796.09
https://doi.org/10.1161/01.str.0000082721.62796.09
https://doi.org/10.1056/nejmoa0804656
https://doi.org/10.1056/nejmoa0804656
https://doi.org/10.1056/nejmoa0804656
https://doi.org/10.1161/01.str.30.11.2280
https://doi.org/10.1161/01.str.30.11.2280
https://doi.org/10.1161/01.str.30.11.2280
https://doi.org/10.1161/01.str.30.11.2280
https://doi.org/10.1161/01.str.30.11.2280
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1212/wnl.0000000000006650
https://doi.org/10.1212/wnl.0000000000006650
https://doi.org/10.1212/wnl.0000000000006650
https://doi.org/10.1037/0022-0167.53.3.372
https://doi.org/10.1037/0022-0167.53.3.372
https://doi.org/10.1037/0022-0167.53.3.372
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105468
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105468
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105468
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105468
https://doi.org/10.1161/strokeaha.119.025344
https://doi.org/10.1161/strokeaha.119.025344
https://doi.org/10.1161/strokeaha.119.025344
https://doi.org/10.1159/000503001
https://doi.org/10.1159/000503001
https://doi.org/10.1159/000503001
https://doi.org/10.1159/000503001
https://doi.org/10.1161/strokeaha.116.015228
https://doi.org/10.1161/strokeaha.116.015228
https://doi.org/10.1161/strokeaha.116.015228
https://doi.org/10.1161/strokeaha.116.015228
https://doi.org/10.1136/neurintsurg-2017-013697
https://doi.org/10.1136/neurintsurg-2017-013697
https://doi.org/10.1136/neurintsurg-2017-013697
https://doi.org/10.1007/bf00588220
https://doi.org/10.1007/bf00588220
https://doi.org/10.1007/bf00588220
https://doi.org/10.1253/circj.cj-16-0748
https://doi.org/10.1253/circj.cj-16-0748
https://doi.org/10.1253/circj.cj-16-0748
https://doi.org/10.1253/circj.cj-16-0748
https://doi.org/10.1253/circj.cj-16-0748
https://doi.org/10.1046/j.1365-2141.2001.02916.x
https://doi.org/10.1046/j.1365-2141.2001.02916.x
https://doi.org/10.1046/j.1365-2141.2001.02916.x
https://doi.org/10.1046/j.1365-2141.2001.02916.x
https://doi.org/10.3988/jcn.2010.6.4.183
https://doi.org/10.3988/jcn.2010.6.4.183
https://doi.org/10.3988/jcn.2010.6.4.183
https://doi.org/10.1161/strokeaha.113.002263
https://doi.org/10.1161/strokeaha.113.002263
https://doi.org/10.1161/strokeaha.113.002263
https://doi.org/10.1016/s1474-4422(18)30201-1
https://doi.org/10.1016/s1474-4422(18)30201-1
https://doi.org/10.1016/s1474-4422(18)30201-1
https://doi.org/10.1161/strokeaha.108.543181
https://doi.org/10.1161/strokeaha.108.543181
https://doi.org/10.1161/strokeaha.108.543181
https://doi.org/10.1007/s00062-019-00777-1
https://doi.org/10.1007/s00062-019-00777-1
https://doi.org/10.1007/s00062-019-00777-1
https://doi.org/10.1007/s00062-019-00777-1
https://doi.org/10.1093/neuros/nyz359
https://doi.org/10.1093/neuros/nyz359
https://doi.org/10.1093/neuros/nyz359
https://doi.org/10.1093/neuros/nyz359

	INTRODUCTION 
	METHODS 
	Patient recruitment 
	Patient treatment process 
	Clinical data and imaging analysis 
	Statistical analysis 

	RESULTS 
	DISCUSSION 
	Failed recanalization as a mediator of poor outcomes in women 
	Sex differences in thrombectomy outcomes: a short literature review 
	Possible reasons for more failure of recanalization in women 
	Limitations and strengths 
	Conclusions 

	ARTICLE INFORMATION
	Ethics statement 
	Conflict of interest 
	ORCID 
	Author contributions 
	Supplementary materials 

	REFERENCES 

