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Abstract

Background and purpose: It is unclear if sex differences explain some of the variability in the 

outcomes of stroke patients who undergo endovascular treatment (EVT). In this study we assess 

the effect of sex on radiological and functional outcomes in EVT-treated acute stroke patients and 

determine if differences in baseline perfusion status between men and women might account for 

differences in outcomes.

Methods: We included patients from the CRISP (Computed tomographic perfusion to Predict 

Response to Recanalization in ischemic stroke) study, a prospective cohort study of acute stroke 

patients who underwent EVT up to 18 hours after last seen well. We designed ordinal regression 

and univariable and multivariable regression models to examine the association between sex and 

infarct growth, final infarct volume and 90-day mRS score.

Results: We included 198 patients. At baseline, women had smaller perfusion lesions, more often 

had a target mismatch perfusion profile, and had better collateral perfusion. Women experienced 

less ischemic core growth (median 15 mL vs. 29 mL, p < 0.01) and had smaller final infarct 

volumes (median 26 mL vs. 50 mL, p < 0.01). Female sex was associated with a favorable shift on 

the modified Rankin Scale (adjusted cOR 1.79 [1.04 – 3.08; p = 0.04]) and lower odds of severe 

disability or death (adjusted OR 0.29 [0.10 – 0.81]; p = 0.02).
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Conclusions: The results suggest that women have better collaterals and, therefore, more often 

exhibit a favorable imaging profile on baseline imaging, experience less lesion growth, and have 

better clinical outcomes following endovascular therapy.
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INTRODUCTION

While the effect of reperfusion does not seem to be modified by sex, there may be 

differences in stroke outcomes between men and women.1,2 Studies of the intervention arms 

of randomized controlled trials (RCT) on endovascular treatment (EVT) for large vessel 

occlusion (LVO) ischemic stroke and studies on ischemic stroke registries have shown 

conflicting results, but suggest that functional outcome after EVT may differ between men 

and women.3–11 In addition, a subanalysis of the DEFUSE 3 (Endovascular Therapy 

Following Imaging Evaluation for Ischemic Stroke) study as well as other endovascular 

studies have found differences in collateral perfusion between men and women.4,5,12 These 

studies raise the question whether sex differences in outcome exist and can be attributed to 

differences in cerebral perfusion characteristics.

AIMS

In this study we examine the effect of sex on imaging characteristics and functional outcome 

in ischemic stroke patients treated with EVT in the CRISP (Computed tomographic 

perfusion to Predict Response to Recanalization in ischemic stroke) study.

METHODS

Data supporting the results of this study are available from the senior author (MGL) on 

reasonable request.

Study design and patient population

The design of the CRISP study has previously been described.13 In short, CRISP is a multi-

center prospective cohort study which enrolled 201 ischemic stroke patients with 

documented LVO in the anterior circulation treated with endovascular therapy within 18 

hours from last-known well time. All patients underwent non-contrast CT, CT angiography 

(CTA) and CT perfusion (CTP) imaging prior to EVT. EVT was initiated within 90 minutes 

following baseline imaging. Investigators were not blinded to CTP images, but were 

instructed not to use these images to guide their decision to offer endovascular therapy to 

eligible patients. Patients with a National Institutes of Health Stroke Scale (NIHSS) score 

lower than 5 or premorbid modified Rankin Score (mRS) of 2 or higher were excluded. 
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Informed consent was obtained from all patients or their proxy if the patient was unable to 

consent. The institutional review board at each study site approved the study.

Imaging analysis

CTP ischemic core volumes and mismatch ratio were calculated with RAPID software 

(iSchemaView, Menlo Park, CA). A relative cerebral blood flow (rCBF) threshold of < 30% 

was used to define the ischemic core. Critically hypoperfused tissue (i.e. the perfusion 

lesion) was identified as the brain volume with a time-to-maximum of the tissue residue 

function (Tmax) of more than 6 seconds. Mismatch ratio was calculated as the ratio of the 

perfusion lesion volume over the volume of the ischemic core. Penumbra volume was 

calculated as the difference between the Tmax > 6s lesion volume and the ischemic core 

volume and the target mismatch ratio (TMM) profile was defined as 1) core volume <70mL, 

2) mismatch ratio ≥ 1.8, 3) a volume difference between Tmax >6s lesion and core lesion 

≥15 mL and 4) a Tmax >10s lesion <100mL. Collateral perfusion was assessed using the 

hypoperfusion intensity ratio (HIR; the proportion of tissue with a Tmax >10s within the 

Tmax > 6s volume).14 All RAPID outputs were manually reviewed by Stanford’s core 

imaging laboratory and artifacts were removed if needed. Alberta Stroke Program Early CT 

Score (ASPECTS) was independently assessed by four raters blinded to clinical data except 

for affected hemisphere.15 A common ASPECTS score for each patient was achieved by 

reviewing regions of disagreement between at least 2 raters during a joint consensus 

meeting. The Stanford core imaging laboratory analyzed digital subtraction angiography 

images for degree of recanalization using the modified Thrombolysis In Cerebral Infarction 

(mTICI) scale. Final infarct volume was visually outlined on the diffusion-weighted images 

(DWI) of the 24h magnetic resonance imaging (MRI). Ischemic core growth was calculated 

as the volume difference between the 24h DWI lesion and the baseline ischemic core lesion.

Outcomes

The primary outcome measure was the score on the modified Rankin Scale (mRS) at 90 

days. Secondary outcome measures were the proportion of patients who achieved 

independence at 90 days, defined as an mRS 0–2, poor outcome (defined as mRS 5–6) and 

mortality at 90 days. Imaging outcomes were day 1 DWI lesion volume and ischemic core 

growth between baseline and day 1.

Statistical analysis

The primary analysis tested the association between sex and 90-day functional outcome 

using ordinal regression analysis with and without adjustment for confounders. We used a 

test of parallel lines to assess the assumption of proportional odds. Clinical and imaging 

characteristics were compared between men and women with chi square test for categorical 

variables and the Mann-Whitney U test for continuous and ordinal variables. We used a 

Shapiro-Wilk test to examine variables for normal distribution. We used univariable and 

multivariable logistic regression to examine the association between sex and functional 

independence (mRS 0–2), poor outcome (mRS 5–6) and mortality at 90 days. Clinical or 

imaging covariates were considered relevant for inclusion in the multivariable model if they 

were previously described as independent predictors of outcome (age, baseline NIHSS, 

premorbid mRS, core volume, TMM, ASPECTS, thrombolytic treatment, onset to groin 
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puncture time interval, complete recanalization after EVT). We used the variance inflation 

factor to test covariables for multicollinearity before inclusion in the multivariable model. 

Population characteristics are described as mean (± SD) or median (interquartile range, IQR) 

unless otherwise specified. Odds ratios are described with a 95% confidence interval. All 

statistical analyses were 2-sided. Unless otherwise specified, an alpha of < 0.05 was 

considered significant. We used SPSS statistics (IBM Corp. Released 2017. IBM SPSS 

Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp) for all statistical analyses.

RESULTS

Patient Characteristics

Of the 201 patients included in the CRISP study, 3 patients were excluded because of 

incomplete 90-day functional outcome data. Ninety-one patients were female (46%). 

Population characteristics for men and women are shown in Table 1. Women were older than 

men (mean 68 [±14] vs. 64 [±15]; p = 0.05). With regards to baseline imaging, women had 

smaller perfusion lesion volumes (median Tmax > 6s lesion volume in women 105 mL [68–

160] vs 149 mL [81–210] in men; p < 0.001) and smaller penumbral volumes (median 96 

mL [57–132] vs. 129 [72–188] in men, p = 0.001), but there was no difference in ischemic 

core volume. TMM was more prevalent in women (95% vs. 84%, p = 0.03) and women 

presented with a more favorable HIR (median 0.39 [0.25–0.56] vs. 0.51 [0.35–0.66], p= 

0.02). There were no differences in thrombolytic treatment, onset-recanalization time, 

procedure duration or recanalization status after EVT (Table 1).

Association of sex with functional outcome after EVT

Female sex was associated with a more favorable outcome on the full ordinal mRS after 

adjustment for age, premorbid mRS, admission NIHSS, ASPECTS, baseline ischemic core 

volume, the presence of target mismatch, thrombolysis, onset to groin puncture time interval 

and recanalization status (adjusted common OR 1.79 [1.04–3.08; p = 0.04])) (unadjusted 

analysis: common OR 1.57 [0.96 – 2.57; p = 0.08]) (Figure 1). Good functional outcome 

(mRS 0–2) did not differ between men and women (adjusted p = 0.35; Table 2 and 

supplemental Table I and III). However, women were less likely to have severe disability or 

death (mRS 5–6), adjusted confounders (11% vs 22%; OR 0.29 [0.10 – 0.81], adjusted p = 

0.02), Table 2 and supplemental Table II and IV).

Association of sex with follow-up imaging after EVT

Day 1 DWI volumes were available for 81% of women and 76% of men. There was less 

infarct growth between baseline and day 1 in women (median 15 mL [2–38]) than in men 

(29 mL [15–68]; p < 0.01), resulting in smaller day 1 DWI infarct volumes in women 

(median 26 mL [10–46]) than in men (50 mL [18–90]; p<0.01). Additional analyses in 

patient subsets, categorized according to recanalization status, demonstrated that the sex 

difference in infarct growth was present in patients with complete recanalization (mTICI 

2b-3), but not in patients with incomplete recanalization (mTICI 1–2a). (Supplemental Table 

V).
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DISCUSSION

We assessed the difference in outcomes between sexes among patients who received EVT 

and found that female sex was associated with better functional outcomes and lower 

mortality and severe disability in a population of unselected ischemic stroke patients who 

underwent EVT within 18 hours from last seen well. This is in contrast to the Multicenter 

Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the 

Netherlands (MR CLEAN) trial, which showed higher rates of severe disability and 

mortality among women in the intervention arm3, the DEFUSE 3 trial, which showed lower 

rates of good functional outcome (mRS 0–2) in women (38%) compared to men (67%, p = 

0.02), and a single-center cohort study of 279 patients, which reported lower rates of 

independence for women at 90 days adjusted for clinical confounders, recanalization rate 

and baseline ASPECTS (adjusted OR 0.37 [0.16–0.87]).7 Several other studies have shown 

similar outcomes between sexes after endovascular treatment, including the Highly Effective 

Reperfusion evaluated in Multiple Endovascular Stroke Trials (HERMES) meta-analysis 

(mRS 0–2 45% in women vs 47% in men, unadjusted for clinical and imaging variables)4, a 

large prospective Japanese registry (adjusted OR 0.83 [0.63–1.09]),6 a post-hoc analysis of 

the non-randomized Mechanical Embolus Removal in Cerebral Ischemia (MERCI) and 

Multi MERCI trials,10 a consecutive Swiss registry of EVT treated patients11 and two other 

single-center cohort studies, adjusted for clinical confounders, baseline ASPECTS and 

reperfusion rate.8,9 In summary, our results which show better outcomes among women, 

differ from prior studies that mostly show equal outcomes between men and women, except 

for the MR CLEAN and DEFUSE 3 studies which showed worse outcomes among women.

Although most abovementioned studies adjusted for a range of confounders, perfusion 

imaging profile or collateral status was rarely studied. In this study, women had better 

collateral perfusion assessed on baseline CTP and, likely as a result, less ischemic core 

growth and smaller final infarcts after successful recanalization. These sex differences were 

restricted to patients with complete recanalization, which suggests that women better 

preserved the admission core volume due to better collateral perfusion. The differences in 

final infarct volume may explain the superior functional outcomes and lower chance of 

severe disability and death among women.16 The sex differences in perfusion and collateral 

imaging in this study are in agreement with findings from several prior studies: DEFUSE 3, 

which showed more favorable collaterals on baseline CTP and a trend towards less ischemic 

core growth in women;5 the HERMES meta-analysis, which showed better baseline 

collaterals and smaller final infarct volumes among women;2 and the MR CLEAN registry, 

where an association between female sex and favorable collateral circulation on CTA was 

found.12 In contrast, post-hoc analyses of the IMS III (Interventional Management of Stroke 

III), SWIFT (Solitaire with the Intention for Thrombectomy), and STAR (Solitaire FR 

Thrombectomy for Acute Revascularisation) trials showed no sex difference in angiography-

scored collaterals and SWIFT-PRIME (Solitaire with the Intention for Thrombectomy as 

Primary Endovascular Treatment) showed no association between collateral grade and sex.
9,17 Given that the results of our study as well as prior studies indicate that women may have 

better collaterals than men when assessed with CTA or CTP and, likely as a result, less 

infarct growth, it is surprising that only our study showed better functional outcomes in 
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women. Although failure of collateral perfusion could theoretically explain inter-study 

differences, imaging-to-femoral puncture times in DEFUSE 3 and CRISP were very similar 

(median imaging-to-femoral puncture time of 59 min for both women [IQR 39–89] and men 

[IQR 41–86] in DEFUSE 3 and median CTP-femoral puncture time of 60 min [IQR 40–84] 

in CRISP), and thus likely do not explain the paradoxical finding that women had better 

collaterals but worse functional outcomes in DEFUSE 3.

Since all patients in the CRISP study underwent EVT we can only analyze sex differences in 

outcome after EVT treatment but could not study the interaction between sex and the 

treatment effect of EVT. Several studies have examined the association between female sex 

and the effect of EVT. A sub-analysis of the MR CLEAN trial revealed higher rates of 

severe disability and mortality and a reduced benefit of EVT for women.3 This analysis was, 

however, not prespecified and was uncontrolled for pretreatment imaging characteristics. A 

subsequent meta-analysis of individual patient data from 7 randomized controlled EVT 

trials, including the MR CLEAN trial, found no interaction of sex by treatment after 

adjustment for confounders (p = 0.93).2 The late treatment window DEFUSE 3 study also 

found no significant sex by treatment interaction.5 Available data thus suggests that the 

benefit of EVT is similar for men and women.

This study has limitations. Assessment of sex differences on functional outcome after EVT 

was not a prespecified analysis of the CRISP study. Second, follow-up imaging was not 

available in all patients. Third, although perfusion imaging was not a selection criterion for 

CRISP, investigators were not blinded from advanced imaging results and may therefore 

have introduced a selection bias towards women with better baseline perfusion status. The 

observed differences in collateral status in this study may therefore not necessarily reflect a 

biological difference between men and women. Fourth, this study lacks data on sex 

differences in therapy selection in the days following the endovascular procedure, which 

may explain differences if, for example, women were more likely transitioned to comfort 

care measures. Finally, admission ischemic core volumes, perfusion lesion volumes and 24-

hour DWI volumes were not adjusted for sexual dimorphism.

In conclusion, in patients who underwent EVT up to 18 hours after last seen well, female 

sex was associated with better collateral perfusion, less infarct growth and smaller final 

infarct volumes, which is in accordance with other large clinical studies using perfusion 

imaging. In this study, women also had better functional outcomes following EVT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Ninety-day modified Rankin Scores (mRS) for men and women. Proportions for each mRS 

are given. Adjusted common odds ratio for shift on the mRS in women vs. men = 1.79 (1.04 

– 3.08), p = 0.04.

Test of parallel lines p = 0.72
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Table 1.

Population characteristics. Italic = significant results at p < 0.05.

Characteristic Women (n=91) Men (n = 107) p-value

Age (yr), mean (SD) 68 (14) 64 (15) 0.05

Premorbid mRS score, median (IQR) 0 (0–0) 0 (0–0) 1.00

 0, No. (%) 77 (84.6) 90 (84.1)

 1, No. (%) 12 (13.2) 15 (14)

 2, No. (%) 1 (1.1) 1 (0.9)

 3, No. (%) 1 (1.1) 1 (0.9)

Cardiovascular risk factors

 Hypertension, No. (%) 63 (69.2) 71 (66.4) 0.67

 Hyperlipidemia, No. (%) 32 (35.2) 46 (43) 0.26

 Diabetes, No. (%) 15 (16.5) 27 (25.2) 0.13

 History of stroke, No. (%) 8 (8.8) 13 (12.1)
1 0.43

 History of myocardial ischemia, No. (%) 8 (8.8)
2 10 (9.3) 0.91

 History of atrial fibrillation, No. (%) 29 (31.9) 35 (32.7) 0.90

Median admission NIHSS score (IQR) 15 (12–20) 17 (12–22) 0.47

Left-sided lesion, No. (%) 47 (51.6) 59 (55.1) 0.59

Baseline imaging characteristics

 Ischemic core volume (mL), Median (IQR) 6 (0–17)
2

6 (0–27)
3 0.49

 Tmax > 6s lesion volume (mL), Median (IQR) 105 (68–160)2 149 (81–210)3 < 0.001

 Penumbra volume (mL), Median (IQR) 96 (57–132)2 129 (72–188)3 0.001

 Mismatch ratio, Median (IQR) 13.7 (6.7 –inf)
2

24.1 (6.1 – inf)
4 0.74

 Target mismatch, No. (%) 86 (94.5)2 90 (84.1)4 0.03

 Hypoperfusion Intensity Ratio, Median (IQR) 0.39 (0.25–0.56)2 0.51 (0.35–0.66)5 0.02

 ASPECTS, Median (IQR) 7 (5–9)
6

7 (5–8)
7 0.90

Treated with intravenous thrombolysis, No. (%) 44 (48.4) 44 (41.1) 0.31

Procedural characteristics

 Time Onset-Perfusion Imaging (min), Median (IQR) 271 (170–415)
2 255 (152–387) 0.62

 Time Onset-Groin puncture (min), Median (IQR) 328 (237–511)
2

305 (221–444)
8 0.31

 Time Onset-Procedure end (min), Median (IQR) 427 (300–569)
9

396 (315–549)
10 0.54

 Complete recanalization (mTICI 2b-3), No. (%) 76 (83.5)
2

93 (86.9)
4 0.30

1
data available for 106 patients;

2
data available for 90 patients;

3
data available for 102 patients;

4
data available for 104 patients;
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5
data available for 101 patients:

6
data available for 86 patients;

7
data available for 101 patients;

8
data available for 105 patients;

9
data available for 89 patients;

10
data available for 103 patients.

Abbreviations: SD = standard deviation; IQR = interquartile range; mRS = modified Rankin Scale; NIHSS = National Institutes of Health Stroke 
Scale; Tmax = Time-to-maximum; inf = infinity; ASPECTS = Alberta Stroke Program Early Computed Tomography Score; mTICI = modified 
Thrombolysis in Cerebral Infarction.
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Table 2.

Functional outcomes for women and men at 90 days after treatment. Italic = significant results at p < 0.05. 

Multivariable analysis was adjusted for age, baseline NIHSS, premorbid mRS, admission ischemic core 

volume, target mismatch ratio, ASPECTS, thrombolytic treatment, onset to groin puncture time interval and 

complete recanalization after endovascular treatment.

Functional outcome day 90 Women (n=91) Men (n = 107) Unadjusted OR (95% CI) Adjusted OR (95% CI)

Day 90 mRS, Median (IQR) 2 (1–4) 3 (1–4) 1.57 (0.63 – 2.57) 1.79 (1.04 – 3.08)

mRS 0–2, No (%) 54 (59.3) 52 (48.6) 1.54 (0.88 – 2.72) 1.40 (0.69 – 2.86)

mRS 5–6, No (%) 9 (9.9) 24 (22.4) 0.38 (0.17 – 0.87) 0.29 (0.10 – 0.81)

Abbreviations: OR = odds ratio; CI = confidence interval; IQR = interquartile range; mRS = modified Rankin Scale, NIHSS = National institutes of 
Health Stroke Scale; ASPECTS = Alberta Stroke Program Early CT score.
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