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Sex differences in 90-day outcomes after mechanical
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ABSTRACT

Background It is largely unknown whether functional
outcomes after mechanical thrombectomy for large
vessel occlusion (LVO) ischemic strokes differ by sex

in non-clinical trial populations. We investigated sex
differences in 90-day outcomes among ischemic stroke
patients receiving mechanical thrombectomy.

Methods This was a prospective cohort of adults
treated with mechanical thrombectomy for LVO at a
single academic comprehensive stroke center from

July 2015 to April 2017. Data on independence (mRS
<2) at hospital discharge and 90 days were collected
prospectively. Multiple logistic regression was used to
determine the association between sex and 90-day
independence, first adjusting for demographics, pre-
stroke mRS, and NIHSS, then by co-morbidities and time
to thrombectomy, and finally by vessel recanalization and
use of intravenous thrombolysis.

Results We included 279 patients, 52% of whom
were female. Compared with males, females were

older (median years (IQR) 81 (75-88) vs. 71.5 (60-81),
P<0.001) and had higher baseline NIHSS (mean SD
18.2+7.5vs . 16.0+7.1, P=0.02). Similar proportions
of males and females had pre-stroke mRS <2 (73.3%
vs.67.1%, P=0.27). In multivariate analyses, males and
females had a similar likelihood of being independent at
discharge (aOR 0.71 (95%Cl 0.32 to 1.58)), but females
were less likely to be independent at 90 days (aOR 0.37
95% C1 0.16 t0 0.87).

Conclusions In patients treated with mechanical
thrombectomy for LVOs at a large comprehensive stroke
center, females were less likely to be independent at 90
days. Future research should investigate contributors

to poor outcomes post-discharge in females with LVOs,
along with potential interventions to improve outcomes.

INTRODUCTION

Mechanical thrombectomy has been shown to
improve 90-day functional outcomes and to reduce
post-stroke disability among patients with ischemic
stroke caused by large vessel occlusions (LVOs),'”
and the utilization of mechanical thrombectomy for
acute ischemic stroke has increased following the
publication of multiple randomized controlled trials
demonstrating its effectiveness.® Despite evidence
supporting the overall effectiveness of mechan-
ical thrombectomy for LVO strokes, it is unclear
whether outcomes after mechanical thrombectomy
for LVOs differ by sex in non-trial populations.
Understanding the role of sex in outcomes after

mechanical thrombectomy is especially important
to consider in light of recent data demonstrating
the effectiveness of mechanical thrombectomy in
selected patients up to 24 hours' post-stroke, data
which will further increase the use and potential
impact of this intervention in both females and
males.”® As thrombectomy is being offered to more
patients, identifying sex differences in post-inter-
vention outcomes could lead to the consideration of
sex-specific approaches to patient selection or even
to the procedure itself.

An analysis of the impact of sex on the efficacy
of endovascular therapy using data from the Multi-
center Randomized Clinical Trial of Endovascular
Treatment for Acute Ischemic Stroke in the Neth-
erlands (MR. CLEAN) trial suggested that females
were less likely to benefit from intra-arterial treat-
ment and more likely to die following intra-arte-
rial treatment compared with males.” In contrast,
a subsequent meta-analysis of data pooled from
all five original clinical trials, the Highly Effective
Reperfusion evaluated in Multiple Endovascular
Stroke Trials (HERMES) collaboration, showed
no differences in treatment effect between females
and males ."° Despite data from MR. CLEAN and
HERMES, it is largely unknown whether functional
outcomes after mechanical thrombectomy for LVO
strokes in 'real world’ populations differ between
males and females. One small study of patients
undergoing mechanical thrombectomy for LVO
stroke showed smaller cerebral vessel diameter in
females compared with males, but was underpow-
ered to detect differences in outcomes based on sex
or vessel diameter."!

Extensive previous literature demonstrates that
compared with males, females with ischemic stroke
have worse functional outcomes regardless of treat-
ment modality,'*'® and there are conflicting data
regarding the efficacy of mechanical thrombectomy
by sex within clinical trials. The objective of this
study was to determine whether there are sex differ-
ences in functional outcomes following mechanical
thrombectomy in a non-clinical trial population.

METHODS

Study design and patient population

We conducted a prospective cohort study of adults
(=18 years old) treated with mechanical throm-
bectomy for LVO ischemic stroke at a single, large,
academic comprehensive stroke center in the north-
east U.S. between July 1, 2015 and April 24, 2017.

BM)

Madsen TE, et al. J Neurolntervent Surg 2019;11:221-225. doi: 10.1136/neurintsurg-2018-014050 [

10f6
SNIS

‘BuAdod Ag paloaloid 1senb Ag 20z ‘0T Mdy uo /wod fwgsiuly:dny wouy papeojumoq 810z IshbBny 0T Uo 0G0 T0-8T0Z-BINsuLNauU/9ETT 0T Se paysiignd 1siy :BInS waAls|oINaN


http://jnis.bmj.com/
http://www.snisonline.org
http://crossmark.crossref.org/dialog/?doi=10.1136/neurintsurg-2018-014050&domain=pdf&date_stamp=2019-02-15
http://jnis.bmj.com/

Ischemic Stroke

The start date was chosen at the time of study design based on
the implementation date of new site protocols for mechanical
thrombectomy selection based on published clinical trials.'”
The end date was chosen based on the availability of 90-day
outcome data. All adults who underwent mechanical throm-
bectomy for LVO ischemic stroke during the study period were
included. Criteria for performance of mechanical thrombectomy
at the study site during the study period included ischemic stroke
caused by a proximal large vessel occlusion (intracranial internal
carotid artery, M1/proximal M2 branch of middle cerebral artery,
or basilar artery) on CT angiogram and arrival within 16 hours
of symptom onset or last known time the patient was normal.
Both patients who initially presented to the study hospital as well
as those who were transferred from an outside hospital were
included. The study was approved by the hospital’s institutional
review board.

Data collection

Data on our primary outcome, 90-day modified Rankin scale
(mRS), were collected prospectively by trained stroke unit staff
who spoke with the patients 90 days after their discharge via tele-
phone. Trained stroke unit staff also collected data on planned
secondary outcome variables including: functional indepen-
dence at time of hospital discharge; vessel recanalization imme-
diately following mechanical thrombectomy as defined by TICI
score =2b (perfusion of at least half of the vascular distribution
of the occluded artery); complications following thrombectomy:
symptomatic intracranial hemorrhage (sICH), post-treatment
hemorrhage on imaging defined by hemorrhagic infarction or
parenchymal hemorrhage, deep vein thrombosis, pulmonary
embolism, and pneumonia; and hospital readmission within 90
days. These data were entered into the study institution’s stroke
registry that is maintained using RedCap software. Additional
data that were entered into the registry by trained stroke unit
staff and/or trained research assistants included patient demo-
graphics, medical co-morbidities, pre-stroke mRS, presenting
NIHSS, and whether patients were treated with intravenous (IV)
tissue plasminogen activator.

Data analysis

Descriptive statistics (means, medians, proportions as appro-
priate) were used to compare baseline demographic and clinical
characteristics (sex, age, race, marital status, insurance status,
NIHSS, location of vessel occlusion, pre-stroke functional
status, and comorbidities) between females and males. Next,
unadjusted functional outcomes (mRS scores) were compared
between females and males at discharge and at 90 days, first as
an ordinal variable and then as a binary variable using chi-square
tests. Functional independence was defined as mRS<2 compared
with mRS>2.

For our primary outcome, independence at 90days' post-
stroke (mRS<2), unadjusted logistic regression was conducted
followed by multivariate logistic regression with sex as the
primary independent variable. In our first multivariate model,
we adjusted for age (standardized to account for a non-para-
metric distribution), race (white/non-white), marital status
(married vs. divorced/single/widowed), insurance status (private/
government-sponsored), independence prior to stroke (baseline
mRS<2/ mRS>2), and initial NIHSS. Race was categorized as a
binary variable due to small numbers of participants from indi-
vidual race categories, but frequencies in individual categories
were reported. In the second model, in addition to adjusting for
variables listed in the first model, we adjusted for co-morbidities
(atrial fibrillation/flutter, hypertension, dyslipidemia, diabetes,

coronary artery disease (CAD)/myocardialinfarction (MI)) and
time from symptom onset or last known normal to groin punc-
ture for mechanical thrombectomy (standardized to account for
a non-parametric distribution). Finally, we adjusted for all vari-
ables in the first two models with the addition of treatment with
IV tPA and recanalization as defined by TICI 2b or greater. A
pre-specified sensitivity analysis was performed with vessel reca-
nalization defined by TICI 3 or greater. Odds ratios (ORs) with
95% confidence intervals (CIs) were reported for regression
models. Models were tested for fit using Hosmer-Lemeshow
tests and were also evaluated for collinearity.

Some post-hoc sensitivity and/or subgroup analyses were
performed as well. First, location of vessel occlusion (ICA/M1/
M2/basilar) was added to the multivariate model for outcomes
at 90 days. We also performed an analysis using the time to reca-
nalization variable rather than time to groin puncture to account
for potential differences in procedural difficulty: this was not
chosen for the main analysis, though, because the time to reca-
nalization was similar by sex, and not all patients recanalized.
Finally, post-hoc subgroup analysis by age (<75 years and = 75
years old) was performed given the significant age differences in
our patient sample by sex.

All secondary outcomes were specified a priori but were
considered to be hypothesis-generating. To compare functional
independence at hospital discharge, multivariate logistic regres-
sion was used to compare outcomes by sex, adjusting for the
same covariates used in the 90-day outcome models. Our second
group of secondary outcomes were time metrics relevant to
mechanical thrombectomy. Specifically, females and males were
compared with respect to the following thrombectomy-related
metrics using Wilcoxon rank sum tests: time from onset of symp-
toms to arrival at first hospital; time from arrival at first hospital
to start of thrombectomy; and time from arrival at first hospital
to vessel recanalization. For additional secondary outcomes
(readmission to the hospital within 90 days and in-hospital
complications (sICH, post-stroke hemorrhage, deep venous
thrombosis, pulmonary embolus, and pneumonia)), chi-square
tests were used to compare females and males, and frequencies
and proportions were reported.

For all analyses, P-values less than 0.05 were considered to be
significant. Stata version 13.0 was used for all analyses."”

RESULTS

Two-hundred and seventy-nine patients were treated with
mechanical thrombectomy during the study period. Of 279,
52% were females, 14% were non-white, and 4.3% were
Hispanic. Further breakdown by race can be found in table 1.
Compared with males, females were 10 years older (median
years: 81 (IQR 75-88) vs. 71.5 (IQR 60-81), P<0.001), had
higher initial NIHSS scores (mean (SD): 18.2 (7.5) vs. 16.0
(7.1), P=0.02), were less likely to be married (38.2% vs. 67.5%,
n=0.004), and were more likely to have government-sponsored
insurance (86.8% vs. 73.1%, P=0.004). The location of vessel
occlusion was similar by sex (table 1). The majority of patients
had anterior circulation strokes: 8.3% of females vs. 7.6% of
males had basilar strokes. Otherwise, baseline characteristics
including medical history and percentage of patients that were
independent prior to stroke were similar between males and
females (table 1).

With regard to our primary outcome, independence at 90 days'
post-stroke, data on 90-day mRS were missing on 24 participants,
leaving 255 participants for this analysis. Of 255, 27% of females
(n=37) vs,.46.6% of males (n=355) were independent at 90-days'
post-stroke (P=0.001). Unadjusted, females were 58% less likely
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Table 1 Baseline characteristics of patients treated with mechanical
thrombectomy for large vessel occlusion ischemic stroke by sex
Females Males
N (%)* N (%)* P-value

Age (median (IQR)) 81 (75-88) 71.5 (60-81)  <0.001
Race 0.14

White 117 (80.7) 106 (79.1)

Black 6 (4.1) 8 (6.0)

Asian 1(0.7) 0

Other 14(9.7) 6 (4.5)

Unknown 7(4.8) 14 (10.4)
Ethnicity 0.43

Non-Hispanic 127 (87.6) 117 (87.3)

Hispanic 8 (5.5) 4(3.0)

Unknown 10 (6.9) 13(9.7)
Baseline NIHSS (mean (SD)) 18.2 (7.5) 16.0 (7.1) 0.02
Anatomic location 0.79

ICA 20 (13.8) 24 (18.3)

M1 90 (62.9) 80 (61.0)

M2 21 (14.7) 17 (12.9)

Basilart 12 (8.4) 10 (7.6)
Independence prior to stroke (pre- 96 (73.3) 96 (67.1) 0.27
stroke mRS<2)
Married 52 (38.2) 85 (67.5) <0.001
Insurance status 0.004

Private 19(13.2) 36 (26.9)

Government-sponsored 125 (86.8) 98 (73.1)

(Medicare/Medicaid)
History of TIA or stroke 32(22.2) 33 (24.6) 0.636
History of CAD or MI 33 (24.6) 36 (30.5) 0.296
History of DM 23 (15.9) 31(23.1) 0.202
History of atrial fibrillation 77 (53.5) 65 (48.5) 0.422
History of hypertension 105 (72.4) 96 (71.6) 0.886
History of hyperlipidemia 67 (46.2) 61 (45.5) 0.620
History of smoking 21 (18.4) 37 (33.0) 0.012
Current alcohol use 29 (27.6) 47 (49.5) 0.001

*Data in columns represented as frequencies and proportions unless otherwise
specified.

tTwo of these patients had basilar occlusion on imaging but other occlusions on
angiogram (one had posterior cerebral artery occlusion, one had superior cerebellar
artery occlusion).

NIHSS: National Institute of Health Stroke scale; mRS: modified Rankin scale; TIA:
transient ischemic attack; CAD: coronary artery disease; MI: myocardial infarction;
DM: diabetes mellitus.

than males to be independent at 90 days' post-stroke (95% CI 0.25
to 0.71, P=0.001). Figure 1 displays the proportion of patients
at each mRS level at baseline, discharge, and 90days among
females and males, and shows that the distribution of mRS scores
post-stroke was less favorable in females than males.

Table 2 shows adjusted estimates of the association between
female sex and independent functional status at 90 days' post-
stroke. At 90days' post-stroke, controlling for demographics,
stroke severity, and pre-stroke functional status reduced the asso-
ciation between sex and functional outcome seen in unadjusted
analyses (table 2). Further adjustment for time to thrombectomy
and comorbidities in Model 2 and for treatment with IV tPA and

vessel recanalization in Model 3, however, increased the effect
size and showed that females were less likely than males to be
independent even after adjusting for all covariates (0.37, 95% CI
0.16 to 0.87, P=0.02). Model fit was tested using the Hosmer—
Lemeshow test: P-values for all models were >0.05 indicating
adequate fit.

We conducted several sensitivity analyses. First, we conducted
a sensitivity analysis with recanalization defined using a cut-off of
TICI 3, and the results were similar: adjusting for all covariates
in Model 3, females were less likely to be functionally indepen-
dent at 90 days (aOR 0.31 95%CI 0.13 to 0.74, P=0.01). Next,
a model that included location of occlusion (M1, M2, or basilar
with ICA as the reference group) along with all other covari-
ates in Model 3 resulted in a similar difference in outcomes by
sex: females were 0.33 times as likely to be independent at 90
days (95%CI 0.14 to 0.79, P=0.01).

Time to recanalization was also considered. Median time of
onset to recanalization was similar between females and males
(235 min (IQR 171-354) vs. 243 min (IQR 183-330), respec-
tively). A model using time from stroke onset to recanalization
(rather than time to groin puncture) was used, again adjusting
for all covariates in Model 3, and odds of independence at 90
days was 0.35 (95%CI 0.15 to 0.83, P=0.02).

When multivariate logistic regression was performed in
subgroups by age, among those less than 75 years' old, the OR
for independence for females vs. males was 0.24 (95%CI 0.05
to 1.09, P=0.06). Among those 75 years of age or greater, OR
for females vs. males was 0.54 (95% CI 0.12 to 2.32, P=0.41).

With regard to functional outcomes at the time of hospital
discharge, there was a trend toward females being less likely
to be functionally independent compared with males in unad-
justed analysis (aOR 0.60 (95%CI 0.35 to 1.02); P=0.06), but
after adjusting for demographics, pre-stroke functional status,
co-morbidities, time to thrombectomy, vessel recanalization, and
treatment with IV tPA, the association between sex and func-
tional independence was not significant (aOR 0.71 (95%CI 0.32
to 1.58) P=0.41).

Table 3 shows relevant time metrics by sex. In brief, females
and males had similar times between symptom onset and hospital
arrival, between hospital arrival and start of thrombectomy, and
between hospital arrival and recanalization.

For additional secondary outcomes, in-hospital complications
were similar between females and males, respectively (sICH:
4.2% (n=6) vs. 6.1% (n=8), P=0.47; deep venous thrombosis:
0.7% (n=1) vs. 0.7% (n=1), P=0.95; pulmonary embolus: 2.1%
(n=3) vs. 0.7% (n=1), P=0.35; pneumonia: 9% (n=13) vs.
8.9% (n=12), P=0.99). Post-treatment hemorrhage on imaging
was similar by sex: 87.3% of males vs. 86.6% of females had
no hemorrhage, and 12.7% of males had hemorrhagic infarc-
tions or parenchymal hematomas compared with 13.3% of
females (P=0.72). Hospital readmissions within 90 days were
also similar by sex (36.7% (n=25) of females vs. 33.8% of males
(n=24), P=0.71).

DISCUSSION

In summary, in our study of patients with LVO ischemic strokes
treated with mechanical thrombectomy, females were less likely
to be independent at 90days' post-stroke and overall had worse
functional outcomes as measured by the modified Rankin scale
90 days' post-stroke, even after adjusting for factors including age,
stroke severity, and baseline functional status. Our study findings
are consistent with previous studies showing sex differences in
outcomes among populations of ischemic stroke patients,'>® but
also demonstrate that these differences in outcome persist among
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Modified Rankin scales (mRS) over time by sex among patients treated with mechanical thrombectomy. For pre-stroke mRS females vs.

males, P=0.2; for discharge mRS females vs. males,: P=0.03; for 90-day mRS females vs. males: P=0.007 using chi-square tests.

those treated with mechanical thrombectomy, a therapy known to
be highly effective for the treatment of LVO strokes.'” Our find-
ings also add to the literature by demonstrating sex differences in
outcomes after mechanical thrombectomy in a non-clinical trial
population and are thus potentially generalizable to other popu-
lations of patients with LVOs treated with thrombectomy at other
geographic locations and institutions. Of note, one previous study
of sex differences in outcomes after thrombectomy suggests that
smaller intracerebral vessel diameter could be a contributor to such
differences." In this particular study, both the ICA and MCA were
smaller in females than males, but neither sex nor vessel diameter
were significant predictors of outcome in multivariate analyses.""
The study, however, was underpowered to detect outcome differ-
ences by sex or vessel diameter.!!

The difference in functional status in females compared with
males was most pronounced at the 90-day mark, more so than at
the time of hospital discharge. This finding, combined with data
showing similar rates of vessel recanalization between females
and males, a known predictor of favorable outcomes,'® ' suggest
that the worse outcomes in females are not likely related to
the thrombectomy itself but are a result of other unmeasured
contributors that affect recovery post-stroke and after hospital
discharge. Our data showing similar in-hospital complication

rates by sex support this finding. Unmeasured factors that may
contribute to worse outcomes in females at the 90-day mark
include frailty,”® musculoskeletal co-morbidities such as arthritis
and osteoporosis that are more common in females than males,?!
and mental health disorders,™ all of which have potential inter-
ventions. Previous data show that females also have a worse
quality of life*? > and more post-stroke depression compared
with m¥2* 25 these factors likely contribute to more activity
limitations as measured by modified Rankin scales but were not
accounted for in our study.

Consistent with prior studies, we found that favorable base-
line functional status, or being independent prior to stroke,
was a predictor of the independence at 90 days' post-thrombec-
tomy.* 2 While this finding is not surprising, it is notable that
controlling for baseline functional status, age, and other relevant
variables did not eliminate the association between patient sex
and functional outcomes. These findings suggest that baseline
functional status and age do not adequately capture the clinical,
social, and/or cultural factors that may affect outcomes in females
post-stroke. For example, social isolation is a factor which has
been shown to be associated with poor outcomes post-stroke?’
but was not available for inclusion in our study. We did control
for marital status, but this variable likely does not adequately

40f6 Madsen TE, et al. J Neurolntervent Surg 2019;11:221-225. doi:10.1136/neurintsurg-2018-014050

"1ybuAdoo Aq paroslold 1sanb Aq 720z ‘0T |Mdy uo Jwoo fwgsiuly:dny woly papeojumoq "8T0Z 1ShBny 0T U0 0S0YT0-8T0Z-BINSIULNBU/9ETT 0T St paysiignd 1si1 :6INS JUsAISIUIOINSN [


http://jnis.bmj.com/

Ischemic Stroke

Table 2 Multivariate analyses of association between sex and
independence at 90 days among patients that received mechanical
thrombectomy for large vessel occlusion ischemic stroke

90-day mRS P value
0.42 (0.25-0.71) 0.001

0.50 (0.25-1.00) 0.05

Unadjusted

Model 1: Adjusted for demographics, pre-stroke
functional status, stroke severity*

Model 2: Adjusted for model 1+risk factors/
comorbidities+time from symptom onset to
thrombectomyt

Model 3: Adjusted for model 2+TICl score (2B or
more)+V tPA%

*Model 1 included sex, age (standardized), race, marital status, pre-stroke
functional status, and NIHSS.

tModel 2 included all variables in Model 1 with addition of co-morbidities (atrial
fibrillation, hyperlipidemia, hypertension, diabetes, coronary artery disease/
myocardial infarction) and time from symptom onset to start of thrombectomy
(standardized).

tModel 3 included all variables in Model t2 with addition of treatment with
intravenous tPA and vessel recanalization as defined by TICI 2b or better. For
standardized variables, aOR represents the change in odds of having independent
functional status at 90 days' post-stroke for every one SD increase in the variable
of interest.

mRS, modified Rankin scale.

0.37 (0.16-0.85)  0.02

0.37 (0.16-0.87) 0.02

capture the effects of social isolation on health outcomes. It is
also likely that there are sex differences in the cellular mech-
anisms of brain recovery post-stroke which contribute to sex
differences in clinical outcomes, a hypothesis which is supported
by some pre-clinical data®® but would require further research
and confirmation.

Our post-hoc analysis of sex differences in functional indepen-
dence in subgroups by age suggests that sex differences may be
greater among those under 75 years compared with those older
than 75 years, but these data should be interpreted with caution
as the analyses are likely underpowered, and results may differ
based on the age cut-off chosen. Future research could attempt
to power analyses to be able to look at sex differences in younger
and older patients separately.

Our study had several limitations. As discussed, we were not
able to evaluate the effect of several factors which may dispro-
portionately affect long-term post-stroke outcomes in females
including frailty, musculoskeletal co-morbidities, psychiatric
disorders, cognitive impairment, and social factors such as living
arrangement and social isolation. We also did not have data on
vessel diameter or prevalence of intracranial atherosclerotic
disease. In addition, our study was not designed to investigate
the effectiveness of thrombectomy compared with alternative
medical treatments. Because all patients included in the study
had mechanical thrombectomy performed, we cannot comment

Table 3  Time metrics for mechanical thrombectomy by sex

Females Males P value

63.5(39-168) 60 (35-146) 0.48

Symptom onset to arrival at
hospital* (minutes)

Hospital arrival* to start of 116 (82-154) 117.5 (92.5-152) 0.55
thrombectomy procedure

(minutes)

Hospital arrival* to vessel 141 (106-195)  151.5(123-183.5)  0.43

recanalization (minutes)

*All metrics pertain to arrival at first hospital in those patients who were
transferred to the study site from another institution. All values displayed are
medians with interquartile ranges.

on the efficacy of mechanical thrombectomy in females vs. males.
Finally, we do not have data on the cause of death after hospital
discharge; such data could provide additional insight into sex
differences in 90-day outcomes and potential interventions.

CONCLUSIONS

In conclusion, in our study of patients undergoing thrombec-
tomy for LVO ischemic stroke, females had worse functional
outcomes at 90 days, even after accounting for age, pre-stroke
functional status, stroke severity, and medical co-morbidities.
Our data suggest that sex differences in outcomes are also not
explained by vessel recanalization or in-hospital complications.
Future research should continue to investigate contributors to
sex differences in outcomes among patients with large vessel
occlusions treated with mechanical thrombectomy. Such research
could help to identify modifiable factors and interventions that
could maximize long-term post-stroke outcomes and thus the
public health impact of acute interventions.
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