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Abstract
Introduction: To improve our understanding of the relatively poor outcome after endovascular treatment (EVT) in 
women we assessed possible sex differences in baseline neuroimaging characteristics of acute ischemic stroke patients 
with large anterior vessel occlusion (LVO).
Patients and methods: We included all consecutive patients from the MR CLEAN Registry who underwent EVT 
between 2014 and 2017. On baseline non-contrast CT and CT angiography, we assessed clot location and clot burden 
score (CBS), vessel characteristics (presence of atherosclerosis, tortuosity, size, and collateral status), and tissue 
characteristics with the Alberta Stroke Program Early Computed Tomography Score (ASPECTS). Radiological outcome 
was assessed with the extended thrombolysis in cerebral infarction score (eTICI) and functional outcome with the 
modified Rankin Scale score (mRS) at 90 days. Sex-differences were assessed with multivariable regression analyses with 
adjustments for possible confounders.
Results: 3180 patients were included (median age 72 years, 48% women). Clots in women were less often located in 
the intracranial internal carotid artery (ICA) (25%vs 28%, odds ratio (OR) 0.85;95% confidence interval: 0.73–1.00). 
CBS was similar between sexes (median 6, IQR 4–8). Intracranial (aOR 0.73;95% CI:0.62–0.87) and extracranial (aOR 
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0.64;95% CI:0.43–0.95) atherosclerosis was less prevalent in women. Vessel tortuosity was more frequent in women in 
the cervical ICA (aOR 1.89;95% CI:1.39–2.57) and women more often had severe elongation of the aortic arch (aOR 
1.38;95% CI:1.00–1.91). ICA radius was smaller in women (2.3vs 2.5 mm, mean difference 0.22;95% CI:0.09–0.35) while 
M1 radius was essentially equal (1.6vs 1.7 mm, mean difference 0.09;95% CI:−0.02–0.21). Women had better collateral 
status (⩾50% filling in 62%vs 53% in men, aOR 1.48;95% CI:1.29–1.70). Finally, ASPECT scores were equal between 
women and men (median 9 in both sexes, IQR 8–10vs 9–10). Reperfusion rates were similar between women and men 
(acOR 0.94;95% CI:0.83–1.07). However, women less often reached functional independence than men (34%vs 46%, 
aOR 0.68;95% CI:0.53–0.86).
Discussion and conclusion: On baseline imaging of this Dutch Registry, men and women with LVO mainly differ in 
vessel characteristics such as atherosclerotic burden, extracranial vessel tortuosity, and collateral status. These sex 
differences do not result in different reperfusion rates and are, therefore, not likely to explain the worse functional 
outcome in women after EVT.
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Introduction

The lifetime prevalence of ischemic stroke is higher in 
women than in men and women more often have an unfa-
vorable outcome.1–6 Endovascular treatment (EVT) is 
highly effective for anterior large vessel occlusion (LVO) 
related stroke and doubles the probability of favorable 
functional outcome.7 Most clinical trials reported similar 
treatment effects and functional outcomes after EVT in 
men and women, whereas several cohort and registry stud-
ies found poorer outcomes in women.8–12 Until now, reports 
on sex differences in large patient series treated in routine 
clinical practice are lacking.

Little is known about sex differences in neuroimaging 
characteristics in the acute phase of LVO stroke, in relation 
to outcome after EVT. Most data are derived from rand-
omized trials or small cohorts of treated patients. Women 
have a higher incidence of atrial fibrillation, which might 
lead to larger clots in more proximal locations.13,14 Also, 
some studies suggest that women more often have intracra-
nial atherosclerosis, which could impair endovascular 
access and increase the chance of distal emboli during the 
procedure.15 Furthermore, there might be sex differences in 
vessel tortuosity, vessel size, collateral status, or early 
ischemic tissue changes.16–20

More insight in possible sex differences in neuroimag-
ing features is needed to understand the possible poorer 
functional outcome after EVT in women and to optimize 
personalized treatment in patients with LVO. We aimed to 
investigate sex differences in clot, vessel and tissue charac-
teristics and assessed radiological and functional outcome 
after EVT in a large real-world cohort of LVO patients.

Methods

Study design

The MR CLEAN (Multicenter Randomized Clinical Trial 
of Endovascular Treatment for Acute Ischemic Stroke in 

The Netherlands) Registry is a national, prospective, open, 
multicenter, observational monitoring study in which all 16 
stroke intervention centers in the Netherlands that perform 
EVT participated.21 The registration started after the final 
inclusion in the original MR CLEAN trial and was set up to 
study safety and effectiveness of EVT in routine clinical 
practice. Consecutive patients in the Netherlands were 
included in the MR CLEAN Registry from March 2014 
until January 2019. Data of patients who were treated up to 
1 November 2017 were processed and used in the current 
analysis.

Study population

Inclusion criteria were an age of 18 years and older, arterial 
puncture within 6.5 h of symptom onset, and LVO of the 
intracranial anterior circulation (intracranial carotid artery, 
anterior cerebral artery, or middle cerebral artery). EVT 
was defined as receiving arterial puncture with the aim to 
perform thrombectomy. The method of EVT was left to the 
discretion of the treating physician.

Baseline characteristics

For this analysis, the following baseline clinical character-
istics were collected: age, cardiovascular risk factors, medi-
cation, pre-stroke modified Rankin Scale (mRS) score, 
admission National Institutes of Health Stroke Scale 
(NIHSS) score, blood pressure on admission, and treatment 
with intravenous thrombolysis (IVT) prior to EVT. 
Furthermore, time from stroke onset to hospital admission, 
to IVT, to groin puncture, and to reperfusion was recorded.

Neuroimaging characteristics

All patients underwent non-contrast brain CT followed by a 
CT angiography (CTA) or MRA and Digital Subtraction 
Angiography (DSA). The neuroimaging characteristics of 
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interest were divided into three main categories: (1) clot, 
(2) vessel, and (3) tissue characteristics. These categories 
were further divided into subcategories.

Clot characteristics were subdivided into clot location 
and clot extent. Clot location was defined as the most proxi-
mal occlusion segment (intracranial internal carotid artery 
(ICA) / internal carotid artery terminus (ICA-T), middle 
cerebral artery segment 1 (M1), M2, other). Clot extent was 
measured on CTA by the clot burden score (CBS). This is a 
grading scale from 0 to 10, that quantifies the extent of the 
intracranial thrombus by assigning points for the presence 
of contrast on imaging within the intracranial ICA, M1, 
M2, and anterior cerebral artery (A1) vessel segments. A 
score of 10 indicates that no clot is present and a score of 0 
indicates complete occlusion of all vessel segments of the 
proximal intracranial anterior circulation.22 We calculated 
the median CBS and the proportion of participants with a 
CBS < 7, which is related to poor functional outcome.23

Vessel characteristics were subdivided into atheroscle-
rosis including stenosis, vessel tortuosity, vessel size, and 
collateral status. Intracranial atherosclerosis and extracra-
nial atherosclerosis, at the carotid bifurcation, was scored 
as absent or present on CTA. In addition, the proportion of 
patients with a cervical ICA stenosis of ⩾70% and ⩾99% 
was calculated using the North American Symptomatic 
Carotid Endarterectomy Trial (NASCET) criteria.24 These 
cut-offs were chosen based on their relevance when per-
forming EVT. Vessel tortuosity was assessed for supra-
aortic arteries, cervical internal carotid arteries, and aortic 
arch in two ways: the proportion of patients with one or 
more angles larger than 90° was assessed for the supra-
aortic and cervical ICA and the proportion of patients with 
severe elongation of the aortic arch (aortic arch type III, 
indicating that at least one of the supra aortic arteries arises 
below the level of the inner curvature of the aorta) was 
calculated.25 Vessel size was measured by calculating the 
radius of the ICA and M1. Finally, collateral status was 
divided into absent collaterals (0% filling of the vessel 
downstream of the occlusion as compared to the contralat-
eral hemisphere), poor collaterals (⩽50% filling), moder-
ate collaterals (51%–99% filling), and excellent collaterals 
(100% filling).26

Tissue characteristics were measured using the Alberta 
Stroke Program Early Computed Tomography Score 
(ASPECTS) on non-contrast CT. The ASPECTS is a grad-
ing scale from 0 to 10 for which the vascular territory of the 
middle cerebral artery is divided in 10 regions. Points are 
subtracted in the regions with any evidence of early 
ischemic tissue changes.27,28 We calculated the median 
ASPECTS, different categories of ASPECTS, and the pro-
portion of patients with an ASPECTS < 8, which is related 
to an increased probability of death or dependency.27

Clot and tissue characteristics, presence of intracranial 
and extracranial atherosclerosis, and collateral status were 
evaluated by an independent core lab of the MR CLEAN 

Registry, blinded to clinical findings.21 ICA stenosis and 
vessel tortuosity were evaluated by trained students under 
supervision of an experienced neuroradiologist.25 The inter-
rated agreement of the assessment of several of the charac-
teristics has been previously described.21,25 To calculate the 
ICA and M1 radius the intracranial vessels were segmented 
from the CTA data using custom Convolutional Neural 
Network (CNN) software (StrokeViewer v2.1.22, NICO.
LAB, Amsterdam, the Netherlands http://www.strok-
eviewer.nico-lab.com). The semi-automatic software iCafe 
(©2016–2020, The University of Washington, used with 
permission) was here used to extract the center line graph, 
to anatomically label arterial segments, and to determine 
the local vessel radius at each point.29

Radiological and functional outcome

Radiological outcome was the extended thrombolysis in 
cerebral infarction (eTICI) score post-EVT, rated on the 
final DSA run. The eTICI is a grading scale from 0 to 3, and 
measures the extent of reperfusion in the downstream terri-
tory of the occluded vessel. Grade 0 indicates no reperfu-
sion, with grade 1 there is a reduction in thrombus but with 
no reperfusion, grades 2A, B and C indicate respectively 
1%–49%, 50%–89%, and 90%–99% reperfusion, and grade 
3 indicates complete reperfusion.30,31 Successful reperfu-
sion is defined as a score of 2B or higher, and excellent 
reperfusion as a score of 2C or higher. To reach these scores, 
DSA runs including both anteroposterior and lateral views 
needed to be completed after EVT. If only an anteroposte-
rior view was present, the maximum score was 2A.

Functional outcome was the modified Rankin Scale 
(mRS) score at 90 days.32 The mRS is a grading scale rang-
ing from 0 to 6 in which 0 indicates no symptoms and six 
indicates dead. Functional independence is defined as a 
score of 2 or lower. Furthermore we assessed early neuro-
logical outcome with the NIHSS at 24–48 h, and the occur-
rence of symptomatic intracranial hemorrhages, defined as 
a hemorrhage with a related decline of four points or more 
on the NIHSS, according to the Heidelberg criteria.33

Missing data

If the baseline NIHSS score was missing, it was retrospec-
tively scored with a standardized chart based on the neuro-
logical examination in the electronic patient record.34 In 
case successful reperfusion was not achieved, time of the 
last contrast bolus was used as a proxy for the time of rep-
erfusion. If the mRS was assessed within 30 days of symp-
tom onset instead of at 90 days and the score was 0–5, it 
was considered invalid. These values were regarded as 
missing and replaced by mRS scores resulting from multi-
ple imputations. Regression analyses were performed with 
imputed data except for part of the vessel characteristics 
(extracranial atherosclerosis including stenosis, vessel 
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tortuosity, and vessel size). Because the measurements of 
these characteristics were only available in a small selec-
tion of patients, regression analyses in this subset were 
executed without multiple imputations.

Statistical analysis

We performed descriptive statistics for baseline character-
istics. Neuroimaging characteristics were compared 
between men and women using t-tests for continuous vari-
ables and chi-square tests for dichotomous variables. 
Multivariable regression analyses were performed to assess 
the association between sex and neuroimaging characteris-
tics: binary logistic regression analyses to assess the asso-
ciation between sex and clot location, atherosclerosis and 
vessel tortuosity; linear regression analyses to assess the 
association between sex and CBS, vessel radius and 
ASPECTS; and ordinal logistic regression analyses to 
assess the association between sex and collateral status. No 
adjustments were made in the analyses of clot location and 
vessel radius, since we assumed it to be unlikely that these 
characteristics would be significantly influenced by con-
founders. Analyses of CBS were adjusted for age, onset-to-
groin time and collateral status; analyses of vessel tortuosity 
were adjusted for age and hypertension; analyses of athero-
sclerosis were adjusted for age, smoking, hypertension, 
hypercholesterolemia and diabetes mellitus; and analyses 
of collateral status and ASPECTS were adjusted for age and 
onset-to-groin time. The association between sex and eTICI 
post-EVT, mRS, and NIHSS at 24–48 h was assessed using 
ordinal logistic regression (shift) analyses. Binary logistic 
regression analyses were performed to assess the associa-
tion between sex and successful and excellent reperfusion, 
functional independence, mortality, and symptomatic 
intracranial hemorrhages. Analyses of eTICI post-EVT 
were adjusted for age, eTICI pre-EVT, CBS, and additional 
neuroimaging characteristics that appeared to be signifi-
cantly different between men and women; analyses of mRS 
and NIHSS were adjusted for age, diabetes mellitus, pre-
stroke mRS, NIHSS on admission (and for mRS NIHSS at 
24–48 h), onset to groin time, eTICI post-EVT, and addi-
tional neuroimaging characteristics that appeared to be sig-
nificantly different; and analyses of symptomatic 
intracranial hemorrhages were adjusted for age, hyperten-
sion, NIHSS on admission and NIHSS at 24–48 h. 
Unadjusted and adjusted (pooled) effect estimates were 
expressed as mean differences or (common) odds ratios 
(OR) with 95% confidence intervals. For all statistical anal-
yses SPSS for Windows version 25.0.0 was used.

Results

Of the 3637 consecutive EVT patients, 3180 were included in 
our analysis, 1526 (48%) of whom were women (Figure 1). 
Women were 5 years older than men (median age 75vs 

All consecu�ve EVT pa�ents
(n = 3637)

Included pa�ents
(n = 3180)

Exclusion criteria:
- Age <18 years (n = 9)
- Posterior circula�on (n = 172)
- Onset to groin �me >390 min. (n = 99)
- No MR CLEAN trial center (n = 177)

Women
(n = 1526, 48%)

Men
(n = 1654, 52%)

Figure 1.  Flow chart of patient selection.
Extent of reperfusion: acOR 0.94; 95% CI 0.83–1.07*.
Successful reperfusion (eTICI ⩾ 2B): aOR 0.94; 95% CI 0.81–1.10*.
Excellent reperfusion (eTICI ⩾ 2C): aOR 0.90; 95% CI 0.78–1.05*.
*Adjusted for: age, eTICI pre-EVT, CBS, intracranial atherosclerosis, 
collateral score.

70 years, Table 1), more frequently had a history of hyperten-
sion and less often a history of smoking or myocardial infarc-
tion. Women were more often functionally dependent prior to 
the stroke (pre-stroke mRS ⩽ 2 in 1259/1526 (85%) vs 
1487/1654 (92%)). There was no difference in NIHSS score 
on admission (median 16 in both groups). The median time 
from stroke onset to hospital admission (57vs 50 min) and to 
groin puncture (200vs 189 min) was longer in women, and 
procedural time was somewhat shorter (60vs 62 min). The 
overall time from stroke onset to reperfusion or last contrast 
bolus was longer in women (255vs 246 min).

Neuroimaging characteristics

There were no statistically significant differences in clot 
location, although in women the clot tended to be less often 
located in the ICA (360/1458 (25%) vs 435/1566 (28%), 
OR 0.85; 95% CI 0.73–1.00) and more often in the M1 seg-
ment (874/1458 (60%) vs 890/1566 (57%), OR 1.14; 95% 
CI 0.98–1.31) than in men (Tables 2–4). No difference was 
seen in CBS (median 6; IQR 4–8 in both groups).

The prevalence of intracranial atherosclerosis was equal 
in women and men (877/1462vs 959/1588, both 60%). 
However, after adjustment for age, smoking, hypertension, 
hypercholesterolemia and diabetes mellitus, intracranial 
atherosclerosis was less frequent in women (adjusted OR 
(aOR) 0.73; 95% CI 0.62–0.87). Women also less often had 
extracranial atherosclerosis (275/398 (69%) vs 306/421 
(73%), aOR 0.64; 95% CI 0.43–0.95), an ICA stenosis 
⩾70% (90/679 (13%) vs 203/471 (27%), aOR 0.34; 95% 
CI 0.25–0.47), or ⩾99% (70/679 (10%) vs 183/741 (25%), 
aOR 0.27; 95% CI 0.19–0.39). Women more often had one 
or more angles ⩾90° in the cervical ICA (226/366 (62%) vs 
155/344 (45%), aOR 1.89; 95% CI 1.39–2.57), and more 
often an aortic arch type III (129/537 (24%) vs 88/570 
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Table 1.  Baseline characteristics of the patients according to sex.

Baseline characteristics All (n = 3180) Women (n = 1526) Men (n = 1654)

Median age (IQR) – yr 72 (61–81) 75 (63–84) 70 (60–77)
Cardiovascular risk factors - no. (%)  
  Hypertension 1633 (52) 851 (57) 782 (48)
  Hypercholesterolemia 938 (31) 435 (30) 503 (32)
  Diabetes mellitus 510 (16) 256 (17) 254 (16)
  Atrial fibrillation 756 (24) 383 (26) 373 (23)
  Myocardial infarction 441 (14) 161 (11) 280 (17)
  Peripheral artery disease 292 (9) 121 (8) 171 (11)
  Previous stroke 531 (17) 264 (18) 267 (16)
  Current smoking 677 (28) 294 (25) 383 (31)
Medication use on admission - no. (%)  
  Antiplatelet 982 (31) 439 (29) 543 (33)
  Coumarin 409 (13) 200 (13) 209 (13)
  DOAC 104 (3) 47 (3) 57 (4)
  Heparin 98 (3) 50 (3) 48 (3)
  Statin 1099 (35) 501 (34) 598 (37)
Pre-stroke mRS - no. (%)  
  Pre-stroke mRS 0 2107 (68) 926 (62) 1181 (73)
  Pre-stroke mRS 1 and 2 639 (21) 333 (22) 306 (19)
  Pre-stroke mRS 3 206 (7) 138 (9) 68 (4)
Mean systolic blood pressure on admission ± SD - mmHg 150 ± 25 151 ± 26 149 ± 24
Median NIHSS score on admission (IQR) 16 (11–19) 16 (11–19) 16 (11–20)
Intravenous thrombolysis treatment - no. (%) 2427 (77) 1145 (75) 1282 (78)
Median time (IQR) - mins.  
  From stroke onset to hospital admission 53 (36–90) 57 (37–95) 50 (35–80)
  From hospital admission to intravenous thrombolysis 24 (18–33) 25 (19–35) 23 (18–30)
  From stroke onset to groin puncture 195 (150–250) 200 (155–260) 189 (145–240)
  From start to end of procedure* 60 (40–85) 60 (40–85) 62 (41–89)
  From onset of stroke to recanalization/last contrast bolus 250 (199–311) 255 (202–317) 246 (195–305)

Baseline characteristics, with the exception of the median time from start to end of procedure, were described in all 3180 patients.
*Patients were excluded in whom EVT was not performed due to recovery of symptoms before start of the procedure or reperfusion of the oc-
cluded vessel, established during digital subtraction angiography.
IQR: interquartile range; DOAC: direct oral anticoagulant; mRS: modified Rankin Scale; SD: standard deviation; NIHSS: National Institutes of Health 
Stroke Scale.

Table 2.  Radiological parameters compared between women and men.

Neuroimaging characteristics Women Men p Value

Clot characteristics  
  Clot location  
    Intracranial ICA / ICA-T – no. (%) 360/1458 (25) 435/1566 (28) 0.05
    M1 – no. (%) 874/1458 (60) 890/1566 (57) 0.08
    M2 – no. (%) 214/1458 (15) 227/1566 (15) 0.89
    Other: M3/anterior – no. (%) 10/1458 (1) 14/1566 (1) 0.52
  Clot extent  
    Median clot burden score (IQR) 6 (4–8) 6 (4–8) 0.71
    Clot burden score < 7 – no. (%) 721/1187 (61) 729/1247 (59) 0.25
Vessel characteristics  
  Vessel aspects  
    Presence of intracranial atherosclerosis – no. (%) 877/1462 (60) 959/1588 (60) 0.82
    Presence of extracranial atherosclerosis (ICA) – no. (%) 275/398 (69) 306/421 (73) 0.26
    ICA stenosis ⩾ 70% – no. (%) 90/679 (13) 203/741 (27) <0.001
    ICA stenosis ⩾ 99% – no. (%) 70/679 (10) 183/741 (25) <0.001

(Continued)
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Neuroimaging characteristics Women Men p Value

  Anatomical aspects  
    ⩾ 1 angles > 90   in supra-aortic arteries – no. (%) 175/410 (43) 163/453 (36) 0.04
    ⩾1 angles > 90   in cervical internal carotid arteries – no. (%) 226/366 (62) 155/344 (45) <0.001
    Aortic arch type III – no. (%) 129/537 (24) 88/570 (15) <0.001
    Median radius ICA – mm. (IQR)# 2.3 (2.1–2.6) 2.5 (2.3–2.8) 0.002
    Median radius M1 – mm. (IQR)# 1.6 (1.4–1.8) 1.7 (1.5–1.9) 0.11
  Collateral status  
    Absent collaterals – no. (%) 69/1434 (5) 117/1544 (8) 0.002
    Filling < 50% of occluded area – no. (%) 470/1434 (33) 602/1544 (39) <0.001
    Filling > 50% but less than 100% – no. (%) 593/1434 (41) 561/1544 (36) 0.005
    Filling 100% of occluded area – no. (%) 302/1434 (21) 264/1544 (17) 0.006
Tissue characteristics  
  Median ASPECTS (IQR),* 9 (8–10) 9 (7–10) 0.05
  ASPECTS 0–4 – no. (%),* 65/1366 (5) 72/1499 (5) 0.98
  ASPECTS 5–7 – no. (%),* 266/1366 (20) 321/1499 (21) 0.20
  ASPECTS 8–10 – no. (%),* 1035/1366 (76) 1106/1499 (74) 0.22
  ASPECTS<8 – no. (%),* 331/1366 (24) 393/1499 (26) 0.22

ICA: internal carotid artery; ICA-T: internal carotid artery terminal; M1/2/3: middle cerebral artery segment 1/2/3; IQR: interquartile range;  
ASPECTS: Alberta stroke program early CT score.
#ICA and M1 radius available in 122/3180 patients.
*Cases with an anterior cerebral artery segment 1 or 2 occlusion excluded.

Table 3.  Unadjusted and adjusted effect estimates of sex on neuroimaging characteristics (imputed data).

Neuroimaging characteristics Effect variable Unadjusted value (95% CI) Adjusted value (95% CI)

Clot location  
  Intracranial ICA / ICA-T OR (95% CI) 0.85 (0.73–1.00) Xa

  M1 OR (95% CI) 1.14 (0.98–1.31) Xa

  M2 OR (95% CI) 1.02 (0.83–1.24) Xa

  Other: M3 / anterior OR (95% CI) 0.77 (0.34–1.73) Xa

Clot burden score ß (95% CI) –0.05 (–0.25 to 0.15) 0.10 (–0.09 to 0.30)b

Presence of intracranial 
atherosclerosis

OR (95% CI) 0.98 (0.84–1.13) 0.73 (0.62–0.87)c

Collateral status cOR (95 CI) 1.40 (1.23–1.60) 1.48 (1.29–1.70)d

ASPECTS,* ß (95% CI) –0.14 (–0.31 to 0.03) –0.14 (–0.31 to 0.02)d

ICA: internal carotid artery; ICA-T: internal carotid artery terminal; M1/2/3: middle cerebral artery segment 1/2/3; ASPECTS: Alberta stroke pro-
gram early CT score; OR: odds ratio; CI: confidence interval; β: mean difference; cOR: common odds ratio.
aAdjustments not desirable methodologically.
bAdjusted for age, time to groin, and collateral status.
cAdjusted for age, smoking, hypertension, hypercholesterolemia and diabetes mellitus.
dAdjusted for age and time to groin.
*Cases with an anterior cerebral artery segment 1 or 2 occlusion excluded.

Table 4.  Unadjusted and adjusted effect estimates of sex on neuroimaging characteristics (unimputed data).

Neuroimaging characteristics Effect variable Unadjusted value (95% CI) Adjusted value (95% CI)

Presence of extracranial atherosclerosis (ICA) OR (95% CI) 0.84 (0.60–1.18) 0.64 (0.43–0.95)a

ICA stenosis ⩾70% OR (95% CI) 0.33 (0.24–0.46) 0.34 (0.25–0.47)a

ICA stenosis ⩾99% OR (95% CI) 0.27 (0.19–0.38) 0.27 (0.19–0.39)a

⩾1 angles >90° in supra-aortic arteries OR (95% CI) 1.30 (0.98–1.71) 1.11 (0.82–1.49)b

⩾1 angles >90° in cervical internal carotid arteries OR (95% CI) 1.98 (1.46–2.67) 1.89 (1.39–2.57)b

Aortic arch type III OR (95% CI) 1.75 (1.29–2.38) 1.38 (1.00–1.91)b

Radius ICA ß (95% CI) 0.22 (0.09–0.35) Xc

Radius M1 ß (95% CI) 0.09 (−0.02–0.21) Xc

ICA: internal carotid artery; OR: odds ratio; CI: confidence interval; β: mean difference.
aAdjusted for age, smoking, hypertension, hypercholesterolemia and diabetes mellitus.
bAdjusted for age and hypertension.
cAdjustments not desirable methodologically.

Table 2. (Continued)
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(15%), aOR 1.38; 95% CI 1.00–1.91). Vessel tortuosity in 
the supra-aortic arteries was essentially equal (175/410 
(43%) vs 163/453 (36%), aOR 1.11; 95% CI 0.82–1.49). 
The ICA and M1 radius, data available in 122/3180 patients, 
were smaller in women, but differences were only minimal 
(median radius ICA: 2.3 mm (IQR 2.1–2.6 mm) vs 2.5 mm 
(IQR 2.3–2.8 mm), mean difference 0.22; 95% CI 0.09–
0.35, median radius M1: 1.6 mm (IQR 1.4–1.8 mm) vs 
1.7 mm (IQR 1.5–1.9 mm), mean difference 0.09; 95% CI 
−0.02 to 0.21). Absence of collaterals or less than 50% fill-
ing was less often seen in women (539/1434 (38%) vs 
719/1544 (47%) and, overall, women had better collateral 
status (adjusted common OR (acOR) 1.46; 95% CI 
1.27–1.67).

Early tissue changes were essentially similar with a 
median ASPECTS of nine in both groups and an 
ASPECTS < 8 in 331/1366 (24%) versus 393/1499 (26%), 
adjusted mean difference −0.13; 95% CI −0.30 to 0.02.

Radiological and functional outcome

The difference in proportions between the various eTICI 
and mRS scores are presented in Figure 2(a) and (b). The 

extent of reperfusion (eTICI) was similar in women and 
men (acOR 0.94; 95% CI 0.83–1.07). Successful reperfu-
sion (eTICI ⩾ 2B) was reached equally often in both groups 
(61%vs 63%, aOR 0.94; 95% CI 0.81–1.10) as was excel-
lent reperfusion (eTICI ⩾ 2C) (38%vs 40%, aOR 0.90; 95% 
CI 0.78–1.05). There was a substantial shift toward a worse 
functional outcome in women versus men in the distribu-
tion of mRS scores at 90 days (acOR 0.81; 95% CI 0.69–
0.94) and women less often reached functional independence 
(34%vs 46%, aOR 0.68; 95% CI 0.53–0.86). Mortality was 
slightly higher in women compared with men (32%vs 27%, 
aOR 0.76; 95% CI 0.53–0.99). Median NIHSS after 24–
48 h (early neurological outcome) was 11 (IQR 4–18) in 
women versus 9 (IQR 4–16) in men, acOR 1.08; 95% CI 
0.95–1.24. Symptomatic intracranial hemorrhage rates 
were similar (7%vs 5% (aOR 1.22; 95% CI 1.00–1.48)).

Discussion

In this large, real-world, cohort of patients with acute ante-
rior LVO stroke, performed in the Netherlands, we found 
sex differences in vessel characteristics. Women less often 
had intra- and extracranial atherosclerosis and had a better 

Figure 2.  (a) Distribution of eTICI after EVT.
Extent of reperfusion: acOR 0.94; 95%CI 0.83 to 1.07*.
Successful reperfusion (eTICI ⩾ 2B): aOR 0.94; 95%CI 0.81 to 1.10*.
Excellent reperfusion (eTICI ⩾ 2C): aOR 0.90; 95%CI 0.78 to 1.05*.
*Adjusted for: age, eTICI pre-EVT, CBS, intracranial atherosclerosis, collateral score.
(b) distribution of mRS at 90 days.
Distribution of mRS scores: acOR 0.81; 95%CI 0.69 to 0.94*.
Functional independence (mRS ⩽ 2): aOR 0.68; 95%CI 0.53 to 0.86*.
Mortality (mRS 6): aOR 0.76; 95%CI 0.59 to 0.99*.
*Adjusted for: age, diabetes mellitus, pre-stroke MRS, baseline NIHSS, follow-up NIHSS, onset to groin time, eTICI post-EVT, intracranial athero-
sclerosis, collateral score.
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collateral status, whereas vessel tortuosity was less often 
seen in men. Clot and tissue characteristics were the same 
or only minimally different in men and women with LVO. 
Despite sex differences in vessel characteristics, eTICI 
scores were similar in both sexes. Nevertheless, at 90 days, 
women had a worse functional outcome.

Women in our study tended to less often have an occlu-
sion in the intracranial ICA and more often an occlusion of 
the M1 segment than men. This difference was also found 
in previous smaller studies, but never reached statistical 
significance (Table 5). Even in our large sample, statistical 
significance was not reached, implicating that if sex differ-
ences in clot location are present they are probably only 
minimal and will not have a substantial effect on treatment 
success or outcome. The finding that women had less 
intracranial atherosclerosis in our study compared to men 
contradicts with a Chinese study of 2864 patients with an 
acute ischemic stroke that found a higher frequency of 
intracranial atherosclerosis in women.15 A recent analysis 
of the DUST study group showed comparable intracranial 
atherosclerosis presence in a general ischemic stroke popu-
lation of 1397 Dutch men and women.35 Differences 
between the current study and the previous studies might be 
explained by differences in ethnic background or in stroke 
population. We found that women more often had tortuous 
vessels than men. Both the presence of atherosclerosis and 
vessel tortuosity may increase the technical difficulty of 
EVT and therefore prolong procedural duration, which may 
negatively affect functional outcome.36 In our study, proce-
dural times were equal between sexes. However, the num-
ber of patients in whom vessel characteristics were complete 
was relatively small so we refrained from performing a 
subanalysis investigating a direct relationship between ves-
sel characteristics and procedural time. Finally, in line with 
a recent meta-analysis and a sub-analysis of the DEFUSE 
three trial women had a better collateral status.37,38 This bet-
ter collateral circulation in women could lead to better pro-
tection against cerebral ischemia. In addition, early 
ischemic tissue changes as measured with the ASPECT 
score were comparable between sexes, but unfortunately no 
data were available on final infarct volumes. The similar 
ASPECTS in our study is in accordance with previous stud-
ies as presented in Table 5.

In our study, women less often reached functional inde-
pendence after 90 days. In contrast, in most RCTs, func-
tional outcomes were similar in men and women treated 
with EVT.8,9,39 A subgroup analysis of 1762 patients from 
seven RCTs found that functional independence was 
reached in 39% of men and women 90 days after EVT.37 
The difference with our study might be selection of a 
healthier and younger study population in the RCTs. In our 
study, both men and women were 5–7 years older than the 
RCT populations. The worse outcome in women after EVT 
in our study is also in contrast with two previous small 
observational studies, that again included a younger study 

population compared with our study, but in line with 
another small observational study that found relatively poor 
functional outcome after 90 days in women (Table 5).9,39,40

Our study has limitations. Because our analyses were 
exploratory, we did not correct for multiple testing. Results 
should thus be interpreted with caution due to the potential 
risk of type I errors. Although we corrected for possible 
confounders we cannot exclude that residual confounding 
occurred. Also, because the MR CLEAN Registry was not 
a randomized trial and did not include a non-treated control 
group, we were not able to investigate sex differences in 
treatment effect.8,37 Furthermore, because the MR CLEAN 
Registry only included patients eligible for EVT, we cannot 
exclude a selection bias in case there may be sex differ-
ences in neuroimaging characteristics leading to abstaining 
from EVT. Strengths of our study are the prospective study 
design and the large number of patients studied in a real-
world setting.

Why women in our study, a real-world, non-trial set-
ting, do worse than men after EVT remains unclear. In 
accordance with earlier findings, the time from stroke 
onset to hospital admission and in-hospital delays were 
slightly longer in women than in men. This might be 
because older women more often live alone than men, 
leading to larger prehospital delays.14 However, EVT 
treatment times were slightly shorter in women and the 
overall difference in onset to recanalization times was less 
than 10 min. Differences in outcome can also develop as a 
result of other in-hospital treatments, such as IVT or 
stroke-unit care. Both better and worse functional out-
comes have been reported win women receiving IVT.43,44 
In our cohort there were slight differences in the propor-
tion of women receiving IVT compared with men (75%vs 
78%) and time from hospital admission to intravenous 
thrombolysis was on average 2 min longer in women, but it 
is unlikely that these small differences account for the 
worse outcome in women. Moreover, a large prospective 
registry in Austria did not show a difference in quality of 
stroke unit care between women and men.43 Another likely 
explanation is higher frailty in women. Women have a 
higher life expectancy and more often suffer from stroke at 
a later age compared with men.13,44,45 Consistent with pre-
vious studies, women in our study were more often func-
tionally dependent before their stroke.46 Although we 
adjusted for age and pre-stroke mRS, we cannot exclude 
that women had more additional co-morbidity. This frailty 
and co-morbidity probably increases the risk of complica-
tions or impaired recovery after discharge from the hospi-
tal. These social determinants of health might become 
clearer in a real-world versus a controlled research setting. 
This hypothesis is in line with two previous studies that 
found similar outcomes at discharge but impaired func-
tional outcome at 90 days in women compared with men 
and supported by the similar NIHSS in men and women at 
24 h in our study.9,11 Data on outcome at discharge were 
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unfortunately not available. Impaired recovery after dis-
charge from the hospital could be caused by differences 
between men and women during inpatient rehabilitation. 
However, a recent Canadian study comparing 9459 women 
and 10,684 men admitted to inpatient rehabilitation after 
stroke did not show a difference in length of stay, and 
women were more likely to be discharged home compared 
to men.49 In conclusion, substantial sex differences in ves-
sel characteristics exist in a large population of LVO 
patients in a real-world setting in the Netherlands. 
However, these sex differences do not affect radiological 
outcome and are therefore unlikely to explain the worse 
functional outcome in women. Our data, therefore, provide 
no argument that, based on neuroimaging characteristics, 
decisions on treatment with EVT should be taken differ-
ently in men and women with LVO.
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