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 Among the seminal trials of CEA 

performed in the 1990’s, neither the 

original report of NASCET nor the 

ECST specifically analyzed data by 

sex. 

 At that time, only the ACAS trial both 

included a significant number of 

female patients and reported the 

surgical results in both sexes 

individually.

Original sin…….



ACAS – Are CEA results worse in women?

Only 281 women underwent CEA in the ACAS Study



ACAS – Are CEA results worse in women?

 CEA reduced the 5-year event rate by 66% in 

men compared to 17% in women

 This difference was not statistically significant

 The proportion of women with perioperative 

complications was 3.6% compared to 1.7% for 

men (some from cerebral arteriography)

 However, among patients who had no

perioperative event, the 5-year risk was 

reduced by 56% for women compared with 

79% for men



Carotid stenosis in women: 
management remains 
controversial

Women and Asymptomatic Carotid Disease

 ACAS and ACST enrolled only 34% women

 ACST had pre-specified sex subgroup analysis

 Women had a lower ARR than men at 5 years ( 4.1% vs. 8.2%).

Marulanda-Londoño E, Chaturvedi S.

Stroke Vasc Neurol. 2016



Carotid stenosis in women: 
management remains controversial

 Women and Asymptomatic Carotid Disease

 A meta analysis of data from ACAS and ACST1 showed a 

benefit of CEA for men,  but not women, in the 5 year risk 

of any stroke or perioperative death.  

 (Rothwell, Lancet 2004)

Marulanda-Londoño E, Chaturvedi S.

Stroke Vasc Neurol. 2016



Results of carotid intervention in women:
CEA for asymptomatic disease, trial data

 Among female patients undergoing CEA in 

CREST, there was no significant difference in 

the risk of perioperative stroke or death as 

compared to male patients.

 There was also no significant difference n the 

four-year risk of stroke or death between male 

and female patients.

 Preplanned analysis of sex differences in 

asymptomatic patients in the CREST trial did 

not show significant differences in 30 day 

composite perioperative risk of stroke / death / 

MI 

 (3.7% in women, 3.5% in men) 

 (Howard VJ, Lancet Neurology 2011)



Results of carotid intervention in women:
CEA for asymptomatic disease, trial data

 ACST-2 Trial

 No significant differences in outcome based on sex.



Results of carotid intervention in women:
CEA for asymptomatic disease, trial data

 Although women were underrepresented in major trials of CEA vs medical 

management for asymptomatic carotid disease, most demonstrated an increased 

perioperative stroke rate, and therefore decreased efficacy in stroke prevention 

when compared to men.



Carotid stenosis in women: 
management remains controversial

 Women and Symptomatic Carotid Disease

 NASCET enrolled 30% women.  ECST enrolled 28% women.   

 Combined analysis from NASCET and ECST showed that the 30 day risk of 

perioperative stroke or death after CEA was higher in women compared to 

men. (8.7% vs. 6.8%)

 Five year ARR of ipsilateral stroke and any perioperative stroke or death with 

surgery was higher in men (2.8% women, 11 % men) 

 (Rothwell Lancet 2004)

Marulanda-Londoño E, Chaturvedi S.

Stroke Vasc Neurol. 2016



Results of carotid intervention in women:
CEA for symptomatic disease, trial data

• For symptomatic patients undergoing 

CEA in CREST, there were no significant 

differences noted in the risk of 

perioperative stroke or death between 

female and male patients (2.7% vs. 3.5%) 

or in the four year risk of stroke or death 

(6.9% vs. 6.2%).



Results of carotid intervention in women:
CEA for symptomatic disease, trial data

 Summary : women were similarly underrepresented in trials of CEA vs medical 

management for symptomatic disease.  The benefit of surgery in stroke 

prevention in most of these studies was significantly greater in men than in 

women.



Results of carotid intervention in women:
CEA , non-trial data



Multiple additional studies from the literature: female sex is not a 
predictor of poor outcome following CEA

 Sex was not an independent predictor of perioperative death or stroke

 Although female patients had an increased risk 

of stroke, death, MI following CEA, upon 

multivariate analysis sex was not an 

independent risk factor for any of these 

complications.

 Sex not a predictor of poor outcome

 In this decade long national population based 

study of CEA, women had lower perioperative 

cardiac morbidity and mortality rates than men. 



Meta-analysis of association between sex and CEA outcome

Conclusions:  The effects of sex on the operative 

risk of CEA are not consistent with those observed 

in RCTs.  

….meta analysis of databases with sex as a primary

aim showed no increase in the operative risk of 

stroke and death in women compared to men.



Results of carotid intervention in women:
CEA , non-trial data

 Summary:  Non trial data 

including large institutional, 

registry and database analyses 

demonstrate mixed results; 

however, many studies 

demonstrated equivalent 

perioperative results following 

CEA in women and men, in 

contrast to most clinical trial 

results.



What about CAS?



CAS in Women

 Subgroup analysis of women in 

CREST demonstrated a higher 

periprocedural stroke rate with 

TF CAS treated women in 

comparison to those treated 

with CEA.  

 Males had no significant 

difference in outcomes by 

treatment type.

 There was no significant 

interaction in the primary 

endpoint (stroke, death, MI) by 

gender.



Results of CAS in women

CAS in symptomatic women was 

associated with increased 

periprocedural morbidity and mortality 

when compared to CEA 

 Female sex was one of the strongest 

overall predictors of adverse 

outcome after CAS

Female sex was a significant risk 

factor for any complication or death



Results of CAS in women

Among asymptomatic patients undergoing 

CAS, females experienced higher rates of 

stroke and death

Female sex was NOT an independent 

predictor of stroke or death on 

multivariate analysis

No difference in outcomes based on 

sex.



TCAR in women



TCAR in women



Results of carotid intervention in women:
TF-CAS and TCAR

 Summary:  Trial and non-trial data provided mixed results on the outcome of TF 

CAS in women as compared to men.  Several studies, however, demonstrate 

worse results with TF CAS in women when compared to the results of CEA in 

women.  Recently published data on the results of TCAR suggests equivalent 

results in women as compared to men.



Persistent underrepresentation



Current guidelines regarding carotid intervention

 No current major guidelines provides different 

recommendations for the choice of an appropriate carotid 

intervention based upon the sex of the patient



SVS guidelines
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