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AbsTrACT
background Women have been reported to have 
worse outcomes after endovascular treatment (EVT), 
despite a similar treatment effect in non- clinical trial 
populations. We aimed to assess sex differences at 
hospital presentation with respect to workflow metrics, 
prestroke disability, and presenting clinical symptoms.
Methods We included consecutive patients from 
the Multicentre Randomised Controlled Trial of 
Endovascular Treatment for Acute Ischaemic Stroke in 
The Netherlands (MR CLEAN) Registry (2014–2018) 
who received EVT for anterior circulation large 
vessel occlusion (LVO). We assessed sex differences 
in workflow metrics, prestroke disability (modified 
Rankin Scale (mRS) score ≥1), and stroke severity 
and symptoms according to the National Institutes 
of Health Stroke Scale (NIHSS) score on hospital 
admission with logistic and linear regression analyses 
and calculated the adjusted OR (aOR).
results We included 4872 patients (47.6% women). 
Compared with men, women were older (median 
age 76 vs 70 years) and less often achieved good 
functional outcome at 90 days (mRS ≤2: 35.2% 
vs 46.4%, aOR 0.70, 95% CI 0.60 to 0.82). Mean 
onset- to- door time was longer in women (2 hours 16 
min vs 2 hours 7 min, adjusted delay 9 min, 95% CI 
4 to 13). This delay contributed to longer onset- to- 
groin times (3 hours 26 min in women vs 3 hours 13 
min in men, adjusted delay 13 min, 95% CI 9 to 17). 
Women more often had prestroke disability (mRS ≥1: 
41.1% vs 29.1%, aOR 1.57, 95% CI 1.36 to 1.82). 
NIHSS on admission was essentially similar in men 
and women (mean 15±6 vs 15±6, NIHSS <10 vs ≥10, 
aOR 0.91, 95% CI 0.78 to 1.06). There were no clear 
sex differences in the occurrence of specific stroke 
symptoms.
Conclusion Women with LVO had longer onset- 
to- door times and more often prestroke disability 
than men. Raising awareness of these differences at 
hospital presentation and investigating underlying 
causes may help to improve outcome after EVT in 
women.

InTroduCTIon
Several observational studies have reported worse 
outcomes following endovascular treatment (EVT) 
for acute ischemic stroke due to large vessel occlu-
sion (LVO) in women compared with men, despite a 
similar treatment effect according to most random-
ized controlled trials.1–7 The underlying cause of 
this possible difference remains poorly understood. 
After stroke, in general, there are indications that 
a poorer outcome in women is related to worse 
prestroke disability.8 Characteristics that are more 
common in women at the onset of stroke, such as 

WHAT Is ALrEAdY KnoWn on THIs ToPIC
 ⇒ Several studies have reported worse outcomes 
after endovascular thrombectomy for anterior 
circulation large vessel occlusion in women 
compared with men, but the underlying cause 
of this possible difference remains unclear.

WHAT THIs sTudY Adds
 ⇒ In this large real world population with 
observational data from the Multicentre 
Randomised Controlled Trial of Endovascular 
Treatment for Acute Ischaemic Stroke in 
The Netherlands (MR CLEAN) Registry, we 
confirmed the poor outcomes in women, and 
found that women more often had prestroke 
disability and longer onset- to- door- times 
compared with men. These sex differences may 
partly explain the poor outcomes.

HoW THIs sTudY MIGHT AFFECT rEsEArCH, 
PrACTICE, or PoLICY

 ⇒ More detailed studies of specific processes 
of prehospital workflow are necessary to 
understand the origin of the sex disparity in 
hospital arrival times. With further data it 
may become possible to create specific stroke 
awareness campaigns targeted towards women 
to reduce patient delay in seeking treatment.
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Table 1 Baseline characteristics of participants stratified by sex

All patients (n=4872) Women (n=2320) Men (n=2552) P value

Age (years) (median (IQR)) 72 (62–81) 76 (65–83) 70 (61–78) <0.001

Systolic blood pressure (mm Hg) (mean (SD))* 150 (26) 151 (26) 149 (25) 0.02

Diastolic blood pressure (mm Hg) (mean (SD))† 83 (16) 82 (17) 84 (15) <0.001

Vascular risk factors (n/total No (%))

  Hypertension 2542/4779 (53.2) 1333/2278 (58.5) 1209/2501 (48.3) <0.001

  Hypercholesterolemia 1463/4673 (31.3) 690/2214 (31.2) 773/2459 (31.4) 0.84

  Diabetes mellitus 820/4842 (16.9) 415/2304 (18.0) 405/2538 (16.0) 0.06

  Current smoker 995/3645 (27.3) 411/1737 (23.7) 584/1908 (30.6) <0.001

  Atrial fibrillation 1162/4807 (24.2) 590/2290 (25.8) 572/2517 (22.7) 0.01

Vascular comorbidities (n/total No (%))

  Ischemic stroke 866/4833 (17.9) 431/2301 (18.7) 435/2532 (17.2) 0.16

  Intracerebral hemorrhage 89/4511 (2.0) 47/2147 (2.1) 42/2364 (1.8) 0.60

  Myocardial infarction 696/4781 (14.6) 251/2282 (11.0) 445/2499 (17.8) <0.001

  Peripheral arterial disease 439/4781 (9.2) 190/2278 (8.3) 249/2503 (9.9) 0.06

Medication use (n/total No (%))

  DOAC 233/4815 (4.8) 107/2296 (4.7) 126/2519 (5.0) 0.58

  Coumarin 613/4831 (12.7) 320/2303 (13.9) 293/2528 (11.6) 0.02

  Antiplatelets 1516/4810 (31.5) 686/2289 (30.0) 830/2521 (32.9) 0.03

  Antihypertensive agent 2652/4775 (55.5) 1366/2279 (59.9) 1286/2496 (51.5) <0.001

  Statin 1726/4767 (36.2) 790/2275 (34.7) 936/2492 (37.6) 0.04

TOAST classification (n/total No (%))‡

  Large artery atherosclerosis 185/1393 (13.3) 61/646 (9.4) 124/747 (16.6) <0.001

  Cardioembolic 465/1393 (33.4) 245/646 (37.9) 220/747 (29.5) <0.001

  Small vessel occlusion 0 0 0 1.00

  Other cause 120/1393 (8.6) 47/646 (7.3) 73/747 (9.8) 0.10

  Undetermined cause 678/1393 (48.7) 312/646 (48.3) 366/747 (49.0) 0.79

*Number of missing values: 143 (2.9%), 74 (3.2%), and 69 (2.7%) in all patients, women, and men, respectively.
†Number of missing values: 167 (3.4%), 92 (4.0%), and 75 (2.9%) in all patients, women, and men, respectively.
‡Data were available for only 1393 participants from part I of the Multicentre Randomised Controlled Trial of Endovascular Treatment for Acute Ischaemic Stroke in The Netherlands (MR CLEAN) 
Registry.
DOAC, direct oral anticoagulants; NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of ORG 10172 in Acute Stroke Treatment.

advanced age and higher comorbidity burden, increase the like-
lihood of prestroke disability.9 In addition, women are at risk 
for late arrival because they are more likely to live alone and 
less likely to call an ambulance for themselves.10 11 Differences 
in clinical presentation of LVO could also contribute to these 
delays and may lead to underdiagnosis and undertreatment of 
women.12 In a recent meta- analysis on sex differences in clin-
ical presentation of ischemic stroke, we found that women more 
frequently presented with non- focal stroke symptoms, such as 
mental status changes, loss of consciousness, and headache, 
than men (pooled OR 1.20, 95% CI 1.04 to 1.38).13 However, 
the possibility of misdiagnosis of LVO stroke seems to be low 
because neurological deficits are typically severe, but poten-
tial differences in clinical presentation of LVO stroke remain 
important because, for example, non- focal symptoms may lead 
to a delay in recognition.

We aimed to assess sex differences at hospital presentation 
with respect to (1) workflow metrics, (2) prestroke disability, 
and (3) clinical symptoms of patients with anterior circula-
tion LVO to improve our understanding of the difference in 
outcome after EVT between men and women in the real world 
setting.

METHods
study design and patient selection
We used data from consecutive patients with acute ischemic 
stroke due to anterior circulation LVO from the Multicentre 
Randomised Controlled Trial of Endovascular Treatment for 
Acute Ischaemic Stroke in The Netherlands (MR CLEAN) 
Registry, a prospective, observational cohort study for stroke 
intervention centers that perform EVT in The Netherlands.14 All 
18 centers performing EVT in The Netherlands participated in 
this registry. Enrollment started in March 2014, directly after 
the final randomization for the MR CLEAN trial, and ended in 
December 2018.15 We followed the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) reporting 
guideline for cohort studies.16

For the present study, we used data from all patients in the 
registry who fulfilled the following criteria: aged ≥18 years, 
treatment in a center that had participated in the MR CLEAN 
trial, start of EVT within 6.5 hours of symptom onset, and occlu-
sion of the intracranial carotid artery, middle cerebral artery 
segment (M1/M2), or anterior cerebral artery segment (A1/A2), 
as confirmed on CT angiography. In addition, a non- contrast 
CT scan was performed on admission to rule out intracranial 
hemorrhage.
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Table 2 Workflow metrics

Workflow times and treatment Women (n=2320) Men (n=2552) unadjusted or/ difference (95% CI) Adjusted or/ difference (95% CI)

Onset- to- door time*§ 2 hours 16 min (1 hour 27 min) 2 hours 7 min (1 hour 30 min) 10 min (5 to 15) 9 min (4 to 13)

Stratified by interhospital transfer

  Yes 3 hours 1 min (1 hour 9 min) 2 hours 53 min (1 hour 9 min) 7 min (2 to 13) 9 min (3 to 15)

  No 1 hour 23 min (1 hour 17 min) 1 hour 15 min (1 hour 23 min) 9 min (2 to 15) 8 min (1 to 15)

Door- to- groin time†§ 1 hour 4 min (43 min) 1 hour 3 min (41 min) 1 min (–2 to 3) 2 min (0 to 4)

Onset- to- groin time‡§ 3 hours 26 min (1 hour 16 min) 3 hours 13 min (1 hour 13 
min)

13 min (9 to 17) 13 min (9 to 17)

Interhospital transfer (n/total No (%))¶ 1277/2319 (55.1) 1371/2550 (53.8) 1.05 (0.94 to 1.18) 1.07 (0.95 to 1.21)

IVT treatment (n/total No (%))** 1668/2305 (72.4) 1877/2541 (73.9) 0.93 (0.82 to 1.05) 1.05 (0.89 to 1.23)

Workflow variables are mean (SD), unless otherwise stated.
*Number of missing values: 89 (3.8%) and 96 (3.8%) in women and men, respectively.
†Number of missing values: 228 (9.8%) and 248 (9.7%) in women and men, respectively.
‡Number of missing values: 42 (1.8%) and 48 (1.9%) in women and men, respectively.
§Adjusted for age, National Institutes of Health Stroke Scale (NIHSS) at baseline, hypertension, prestroke modified Rankin Scale (mRS), interhospital transfer, treatment with IVT, use of general 
anesthesia, and admission outside office hours.
¶Adjusted for age, NIHSS at baseline, history of ischemic stroke, and prestroke mRS.
**Adjusted for age, hypertension, NIHSS at baseline, prestroke mRS, anticoagulants, history of ischemic or hemorrhagic stroke, admission outside office hours, and onset- to- door time.
EVT, endovascular treatment; IVT, intravenous thrombolysis.

Although the recommended time window for EVT at the time 
of this study was 6 hours,17 the time window was extended by 
30 min compared with that in the MR CLEAN trial because 
the start of groin puncture was sometimes slightly delayed due 
to logistical reasons in clinical practice. EVT consisted of arte-
rial catheterization followed by mechanical thrombectomy and 
thrombus aspiration, with or without delivery of a thrombolytic 
agent.

Clinical baseline characteristics were collected as previously 
described and included sex, age, blood pressure on admission, 
vascular risk factors, vascular comorbidity, medication use, and 
stroke etiology, classified according to the Trial of ORG 10172 
in Acute Stroke Treatment criteria.14 18

outcome measures
The main prehospital workflow related metric of interest was 
time from stroke onset to arrival at the emergency department 
of the intervention center (onset- to- door time) as a measure of 
prehospital delay. In addition, we assessed time from admission 
to the emergency department of the intervention center to groin 
puncture (door- to- groin time) as a measure for inhospital delay, 
time from stroke onset to groin puncture (onset- to- groin time), 
proportion of patients treated with intravenous thrombolytics 
(IVT), and proportion of patients with an interhospital transfer.

Admission and discharge functional status were based on the 
modified Rankin Scale (mRS). This is a 7 point scale ranging 
from 0 (no symptoms) to 6 (death).19 Prestroke disability was 
defined as an mRS score of ≥1, and was evaluated and recorded 
at admission by the treating clinician.15 Good neurological 
outcome at 90 days was defined as an mRS ≤2.14

Clinical symptoms and stroke severity were assessed according 
to the National Institutes of Health Stroke Scale (NIHSS) on 
admission. Stroke severity was dichotomized as NIHSS score 
<10 (mild to moderately severe stroke) and ≥10 (moderate to 
severe stroke).20 The following symptoms were recorded from 
the NIHSS: change in level of consciousness, loss of conscious-
ness/coma, gaze deviation, visual field deficit, facial weakness, 
motor deficit in the arm or leg, ataxia, numbness, aphasia, dysar-
thria, and neglect. Categories differentiating the left and right 
side in arm and leg motor function were merged.

statistical analysis
We compared baseline characteristics between men and women 
using the t test or Mann–Whitney U test for continuous vari-
ables and the Pearson’s χ2 test for categorical variables. We used 
multivariable linear regression analysis to study the association 
between sex and workflow times and calculated adjusted β coef-
ficients. For the remaining end points, we used multivariable 
binary logistic regression analyses and calculated the adjusted 
OR (aOR). All regression analyses were adjusted for relevant 
confounders based on previous literature and the expert opinion 
of two vascular neurologists.

For the regression analyses with prehospital and inhospital 
workflow times as outcomes, we adjusted for the following 
factors: age, NIHSS at baseline, hypertension (baseline systolic 
blood pressure >185 mm Hg and diastolic blood pressure >110 
mm Hg), prestroke mRS, interhospital transfer, treatment with 
IVT, use of general anesthesia, and admission outside office 
hours. In addition, we analyzed onset- to- door time stratified by 
interhospital transfer, adjusting for all previous variables.

For the regression analysis with IVT treatment as an outcome, 
we adjusted for age, hypertension (baseline systolic blood pres-
sure >185 mm Hg and diastolic blood pressure >110 mm Hg), 
NIHSS at baseline, prestroke mRS, anticoagulants, history of 
ischemic or hemorrhagic stroke, admission outside office hours, 
and onset- to- door time. The regression analysis for interhospital 
transfer was adjusted for age, NIHSS at baseline, history of isch-
emic stroke, and prestroke mRS.

The regression analysis for prestroke mRS score (dichot-
omized, with mRS score of ≥1 as prestroke disability) was 
adjusted for age, vascular risk factors, comorbidities, and medi-
cation use, as described in table 1. For mRS score at 90 days 
after stroke (dichotomized, with mRS score of 0–2 as good 
functional outcome), we adjusted for age, NIHSS at baseline, 
prestroke mRS, prior stroke, systolic blood pressure, peripheral 
artery disease, treatment with IVT, collateral score, and onset- 
to- groin time.

The regression analysis for stroke severity (using NIHSS in two 
categories) was adjusted for the same variables as for the anal-
ysis of prestroke mRS score, as well as for the variable prestroke 
mRS. For the regression analysis on clinical symptoms, adjust-
ments were made for age, comorbidities as described in table 1, 
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Figure 1 Distribution of modified Rankin Scale (mRS) scores before 
stroke (A) and 3 months after stroke (B).

Figure 2 Clinical symptoms and stroke severity recorded from the NIHSS score on admission. *Dichotomized at <10 and ≥10.20 †Number of missing 
values: 33 (1.4%) and 36 (1.4%) in men and women, respectively. aOR, adjusted OR; NIHSS, National Institutes of Stroke Scale.

and prestroke mRS. We constructed forest plots to display the 
effect estimates for NIHSS scores and per symptom.

For all analyses, complete case analysis was performed because 
we expected that data were missing not at random. A p value 
<0.05 was considered significant. SPSS V.25.0 (IBM Corp, 
Armonk, New York, USA) was used for the statistical analyses.

rEsuLTs
Of 5768 patients registered during the study period, 4872 were 
included in the current analysis: 2320 (47.6%) were women 
(online supplemental figure I). Compared with men, women 
were older at stroke onset (median age 76 vs 70 years) and 
were more likely to have a history of hypertension and atrial 
fibrillation, but were less likely to have a history of myocardial 
infarction or current smoking. Cardioembolic stroke was more 
common in women whereas large artery atherosclerosis stroke 
and stroke of other determined cause were less common. Other 
baseline characteristics are shown in table 1. Women less often 
achieved good functional outcome at 90 days compared with 

men (mRS ≤2: 35.2% vs 46.4%, aOR 0.70, 95% CI 0.60 to 
0.82).

Workflow metrics
Mean onset- to- door time was longer for women compared with 
men (2 hours 16 min vs 2 hours 7 min, adjusted delay 9 min, 
95% CI 4 to 13). This result was unchanged following stratifica-
tion for interhospital transfer (table 2). Mean door- to- groin time 
was similar in men and women (1 hour 4 min vs 1 hour 3 min, 
adjusted delay 2 min, 95% CI 0 to 4). Onset- to- groin time (3 
hours 26 min vs 3 hours 13 min, adjusted delay 13 min, 95% CI 
9 to 17) was longer for women than men. We found no differ-
ences in the proportion of men and women treated with IVT or 
with interhospital transfer (table 2).

Prestroke disability
Women more often had prestroke disability compared with men 
(mRS ≥1: 41.1% vs 29.1%, aOR 1.57, 95% CI 1.36 to 1.82). 
The distribution of prestroke mRS scores is shown in figure 1.

Clinical symptoms and stroke severity
Figure 2 shows a forest plot for stroke severity and clinical symp-
toms. Men and women had comparable NIHSS scores at base-
line (mean 15±6 vs 15±6, NIHSS <10 vs ≥10, aOR 0.91, 95% 
CI 0.78 to 1.06). There were no significant sex differences in 
the occurrence of specific clinical symptoms on admission except 
that women less frequently had visual field deficits compared 
with men (52.1% vs 55.3%, aOR 0.83, 95% CI 0.74 to 0.94).

dIsCussIon
We found that women with anterior circulation LVO, who were 
treated with EVT, had longer onset- to- door times. Also, women 
more often had prestroke disability and less often achieved good 
functional outcome than men. Onset- to- groin times were signifi-
cantly longer, which seemed to be mainly caused by later arrival 
because inhospital workflow times were similar. Clinical symp-
toms on admission were similar except for a small difference in 
the occurrence of visual field deficits.

Our study specifically focused on contributors to poor 
outcomes in the prehospital phase in the real world setting. This 
is different from most previous studies, making direct compar-
isons for several outcomes difficult. Furthermore, substantial 
variability in the design, inclusion criteria, and adjustment for 
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confounders hampers comparisons across studies. Although data 
for the role of sex in outcome after EVT are scarce and conflicting, 
multiple articles have been published recently pointing out these 
disparities. However, these studies had a smaller sample size and, 
most importantly, did not correct their analyses for potential 
confounders, decreasing the reliability of their results. Also, in 
contrast with most EVT studies highlighting sex specific aspects 
of inhospital management, our study specifically focused on sex 
differences in the prehospital phase and recommends to assess 
why women have later hospital arrival.

We found four studies that reported similar time metrics in 
terms of onset- to- door times, door- to- groin times, and onset- 
to- groin times between men and women with LVO.4 7 21 22 
However, these studies either had a small sample size or their 
analysis was not adjusted for potential confounders that might 
affect prehosptial and in- hospital workflow times.

Similar to the findings in previous studies on stroke in general, 
we showed that women more often have prestroke disability.9 23 24 
In our population, women were older than men, more often 
had hypertension, and had a higher prevalence of atrial fibril-
lation. These characteristics have been associated with a worse 
prestroke functional status and higher stroke severity,25 although 
in our study men and women had similar NIHSS on admission.

In contrast with previous studies on ischemic stroke in 
general, we did not find sex differences in the use of IVT.26–28 
Less frequent use of IVT in women compared with men was first 
documented in a previous meta- analysis of 18 studies published 
between 2000 and 2008 (pooled OR 0.70, 95% CI 0.55 to 
0.88).11 The odds of treatment were still lower for women in 
an updated systematic review and meta- analysis of 17 studies 
published between 2008 and 2018, but more recent data suggest 
that the magnitude of this sex difference decreased (pooled OR 
0.87, 95% CI 0.82 to 0.93).29 In the MR CLEAN Registry, only 
patients with LVO were included in whom the neurological 
deficits are typically severe. This most likely explains why we 
found no sex differences in treatment with IVT. Moreover, in 
our study, sex differences were not observed among interhospital 
transfers. Similar results with respect to interhospital transfers 
were reported by three previous studies assessing sex differences 
in outcome after EVT.4 23 30 However, these studies did not adjust 
for confounders that might affect interhospital transfer (eg, age 
and NIHSS score at baseline).

The major strength of the study was our large, well described 
population of almost 5000 patients recruited from a nationwide 
prospective registry. This registry included consecutive patients 
from all intervention centers in The Netherlands and, therefore, 
our results likely reflect daily clinical practice. Moreover, the 
distribution of men and women included in our study was equal.

Our study had some limitations. First, only data for patients 
who received EVT are recorded in the MR CLEAN Registry. 
Therefore, we had no information on patients who did not 
receive EVT due to, for example, late arrival or because they did 
not have a suspicion of stroke. Because women with ischemic 
stroke have a higher prevalence of non- focal stroke symptoms 
compared with men, we cannot exclude the fact that female 
ischemic stroke patients with LVO were missed more.13 There-
fore, we cannot estimate the size of this patient population and 
their impact on our results. In particular, this selection could 
possibly explain why we did not observe significant sex differ-
ences regarding clinical symptoms. Another limitation of our 
study was that we had no information on prehospital delay to 
distinguish between delays in calling emergency medical services 
and the use of transportation modes (as measures of patient 
delay) and delay because of inhospital workflow in the primary 

stroke center and interhospital transfer (as measures of system 
delay). This information might have provided more insight into 
the various elements of prehospital workflow. Furthermore, 
information about living status was lacking (eg, living alone vs 
living with family or carers). Because older patients may be more 
likely to live alone and present later after a stroke compared with 
younger patients, selection bias towards the exclusion of older 
women who more frequently live alone has possibly occurred.9 11 
Future investigation of living status could provide additional 
insights about sex differences in onset- to- door times. Lastly, even 
though we adjusted our analyses for known confounding factors, 
we cannot exclude the presence of residual confounding.

Our study indicates that onset- to- door times are prolonged 
in women with anterior circulation LVO. More detailed studies 
of specific processes of prehospital workflow are necessary to 
understand the origin of the sex disparity in hospital arrival 
times. Stroke education/awareness campaigns targeted at women 
have focused only on stroke prevention through monitoring of 
vascular risk factors and disparities in stroke symptoms. Impor-
tantly, the American Heart Association’s Go Red for Women 
campaign on stroke symptoms did not specifically focus on 
the need for fast activation of emergency medical services after 
onset of stroke symptoms. As a result of poorer health educa-
tion, women may be less aware of the emergency nature of the 
disease. Based on our results, we suggest that campaigns should 
focus on both the recognition of stroke symptoms and activation 
of emergency medical services to reduce delays in seeking .

ConCLusIon
Our study indicates important sex differences in onset- to- door 
times and prestroke disability in patients with anterior circu-
lation LVO, but no substantial differences between men and 
women in terms of clinical symptoms. These sex differences 
may contribute to differences in outcome after EVT. Additional 
research of underlying causes of sex differences in arrival times 
is needed to establish equitable access to treatment and improve 
outcome in women with LVO.
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