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Sex Differences in Carotid Endarterectomy Outcomes
Results From the Ontario Carotid Endarterectomy Registry

Moira K. Kapral, MD, MSc, FRCPC; Hua Wang, PhD; Peter C. Austin, PhD; Jiming Fang, PhD;
Daryl Kucey, MD, MSc, MPH, FRCSC; Beverley Bowyer, RN; Jack V. Tu, MD, PhD, FRCPC; for the

Participants in the Ontario Carotid Endarterectomy Registry

Background and Purpose—The existing literature provides conflicting evidence on surgical risks of carotid endarterec-
tomy in women compared with men. We used data from a large population-based carotid surgery registry to determine
whether sex differences exist in the risk of perioperative complications from carotid endarterectomy.

Methods—We analyzed data from the Ontario Carotid Endarterectomy Registry, which contains data on all patients who
underwent carotid endarterectomy in the province of Ontario between 1994 and 1997. We compared the risk of death
or stroke at 30 days in women and men and used multivariate analyses to adjust for age, comorbid conditions, and
surgical factors. Secondary analyses compared the risks of death and/or stroke in women and men at 2 years after
surgery.

Results—The study sample consisted of 6038 patients (35% women). The risks of perioperative stroke or death were not
significantly different in women compared with men (adjusted hazard ratio, 1.10; 95% CI, 0.90 to 1.35). The combined
risk of stroke or death at 2 years after surgery was also similar in women and men (adjusted hazard ratio, 1.05; 95%
CI, 0.92 to 1.21). However, women were more likely to have a stroke (adjusted hazard ratio, 1.26; 95% CI, 1.05 to 1.51)
and less likely to die (adjusted hazard ratio, 0.82; 95% CI, 0.68 to 0.99) within 2 years after surgery.

Conclusions—Perioperative complication rates from carotid endarterectomy are similar in women and men. Women
should not be discouraged from carotid endarterectomy solely on the basis of surgical risks. (Stroke. 2003;34:1124-
1125.)
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Carotid endarterectomy can prevent strokes in individuals who
have moderate to severe symptomatic carotid stenosis.1–3 Like

any major surgical procedure, however, endarterectomy can cause
serious perioperative complications. The overall effectiveness of
carotid surgery is a balance between the short-term perioperative
risks and long-term benefits. It has been postulated that women may
be at an increased risk of surgical complications from carotid
endarterectomy and that risk this could negate the overall benefit of
the procedure in women, especially in subgroups at lower risk of
stroke with medical therapy.4–6

The existing literature provides conflicting evidence on the
risks of carotid surgery in women compared with men. Some
studies suggest higher perioperative complication rates in
women,4–10 but others have found no difference in surgical
risks for women and men.3,11–24 Many of the previous studies
were limited by either a lack of adjustment for other impor-

See Editorial Comment, page 1124

tant prognostic factors or a relatively small sample size,
leaving them underpowered to detect important differences.
Other studies included only patients participating in clinical
trials, thus limiting their generalizability to the typical end-
arterectomy population; used administrative data with little
clinical information and the potential for undercoding of
complications and comorbidity; or did not include outcomes
occurring after hospital discharge.

We undertook a study to further evaluate sex differences in
perioperative complications from carotid endarterectomy. We
used data from the Ontario Carotid Endarterectomy Registry,
which is a population-based registry of endarterectomies
performed in the province of Ontario, Canada. We compared
the risks of perioperative stroke and death in women and men,
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with adjustment for age and other prognostic factors. In
addition, through linkages with administrative data from the
Canadian Institute for Health Information (CIHI) hospital
discharge database and the Ontario Registered Persons Data-
base, we compared 30-day and 2-year rates of death or stroke
in women and men.

Methods

Data Sources
The Ontario Carotid Endarterectomy Registry includes data on all
patients who underwent isolated carotid endarterectomy in the
province of Ontario, Canada, between January 1, 1994, and Decem-
ber 31, 1997. A total of 6116 patients were identified from the CIHI
hospital discharge database through the use of the Canadian Classi-
fication of Procedure code 50.12. By law in Ontario, all separations
(discharges, transfers, deaths) from acute care hospitals are included
in the CIHI database. Patients who underwent coronary artery bypass
grafting on the same admission or who had a length of stay �365
days were excluded, leaving 6,038 patients in the registry. Chart
reviews and data abstraction were performed by 2 experienced
neurology research nurses. The registry database contains detailed
clinical data, including patient sociodemographics and comorbidity,
symptom status, degree of carotid stenosis, type of surgery and
anesthesia, and in-hospital surgical complications. Variable defini-
tions (eg, symptom status) were similar to those used in the North
American Symptomatic Carotid Endarterectomy Trial.1

Through record linkage, the CIHI database also provided data on
readmissions for stroke within 30 days and 2 years of surgery.
Validation studies of the CIHI database have established an accuracy
rate of 90% for the diagnosis of stroke based on International
Classification of Diseases, ninth revision, codes 431, 434, and 436.25

Data on 30-day and 2-year mortality, regardless of place of death,
were obtained from the Ontario Registered Persons Database.

Statistical Analysis
The primary outcome measure was the combined risk of death or
stroke within 30 days of surgery in women compared with men, with
secondary outcomes of death alone, stroke alone, length of stay, and
discharge destination, as well as death or stroke at 2 years. Descrip-
tive statistics were conducted to provide information on character-
istics of patients, hospitals, and surgeons, as well as crude outcomes
for women and men. Cox proportional-hazards models were devel-
oped to determine the relationship of sex to stroke and death over the
30-day postoperative period and the 2-year follow-up period through
the use of a competing risks analysis and with adjustment for age,
comorbid conditions, symptom status, and surgical, hospital, and
physician characteristics. Variables were selected on the basis of
backward stepwise regression and comparison of the �2 log likeli-
hoods of the Cox proportional-hazards model. A value of P�0.05
was considered statistically significant in the analyses. However,
patient sex was forced into the multivariate models regardless of
statistical significance. SAS (version 8.02) was used for all data
analyses.

Results
During the study time frame, a total of 6038 patients (35%
women) underwent carotid endarterectomy. Men and women
had the same average age, 68 years, at the time of surgery.
Baseline characteristics of men and women were similar,
except that women were less likely to have a history of
coronary artery or peripheral vascular disease and more likely
to have a history of hypertension (Table 1). Overall, comor-
bid illness was slightly less common in women than in men,
as reflected by a Charlson comorbidity index score of 0 (59%
of women versus 55% of men, P�0.0142). There were no
significant sex differences in symptom status before surgery,

TABLE 1. Baseline Characteristics of Patients in the Ontario
Carotid Endarterectomy Registry

Men Women

n (%) 3942 (65) 2096 (35) *

Mean age, y 68 68

Income quintile,† %

1 (low) 22 22

2 24 24

3 22 21

4 18 18

5 (high) 14 15

Symptomatic before surgery, % 70 69

Carotid stenosis (ipsilateral), %

Mild 2 1

Moderate 10 9

Severe or occlusion 85 86

Unavailable 4 4

Contralateral occlusion 10 6 *

Hypertension, % 61 71 *

Diabetes mellitus, % 23 23

Hyperlipidemia, % 35 37

Smoking (ever), % 76 63 *

Atrial fibrillation, % 6 4

Coronary artery disease, % 37 33 *

Peripheral vascular disease, % 28 25 *

Charlson comorbidity index score �1, % 55 59 *

*P�0.05.
†Income quintile corresponds to the median personal income of residents in

each of 493 Forward Sortation Areas in Ontario on the basis of 1996 Canada
Census data.

TABLE 2. Hospital and Surgical Variables in Men and Women
in the Ontario Carotid Endarterectomy Registry

Men, % Women, %

Hospital volume high (�25/y) 91 91

Teaching hospital 62 61

Surgeon

Neurosurgeon 45 42 *

Vascular surgeon 52 54

Cardiovascular surgeon 3 4

Surgeon volume high (�12/y) 82 81

General anesthesia 91 91

Patch 16 19 *

Shunt 29 29

Emergency/urgent surgery 7 5 *

Surgery on left carotid artery 50 52

Participating in NASCET 2 1

Participating in ACE 8 6 *

NASCET indicates North American Symptomatic Carotid Endarterectomy
Trial; ACE, Aspirin and Carotid Endarterectomy Trial.

*P�0.05.
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degree of carotid stenosis, hospital type, anesthesia, or side of
surgery (Table 2).

The risks of perioperative stroke or death were not signif-
icantly different in women compared with men (6.2% versus
5.9%, P�0.28), even after adjustment for age, comorbidity,
and surgical variables (adjusted hazard ratio, 1.10; 95% CI,
0.90 to 1.35; P�0.53) (Table 3). The risk of perioperative
stroke or death was 7.3% in patients with previous stroke or
transient ischemic attack, 3.9% in those with a history of
amaurosis fugax, and 4.7% in asymptomatic patients. There
were no significant sex differences in the combined outcome
of death or stroke at 2 years after surgery (adjusted hazard
ratio, 1.05; 95% CI, 0.92 to 1.21) (Table 3 and the Figure).
However, within 2 years of surgery, the risk of death alone
was lower in women than in men (7.9% versus 9.7%;
P�0.05; adjusted hazard ratio, 0.82; 95% CI, 0.68 to 0.99),
whereas the risk of stroke alone was higher in women (9.9%
versus 8.5%; adjusted hazard ratio, 1.26; 95% CI, 1.05 to
1.51).

Discussion
We found no significant sex differences in the risks of
perioperative stroke or death and no significant difference in
the combined outcome of stroke or death at 2 years. However,
women were more likely to experience recurrent stroke and
were less likely to die in the 2 years after surgery. These data
represent the largest published population-based series of
consecutive patients undergoing carotid surgery in a “real-
world” setting and are strengthened by the linkages to
administrative data that allow the determination of postdis-
charge stroke and death risks.

These findings are consistent with several previous studies
that have failed to find any sex gradient in the perioperative
risks of carotid surgery and contribute to a growing body of
literature suggesting that carotid endarterectomy is equally
safe in women and men.12–21,23,24,26 However, other studies,
including some of the major randomized trials of carotid
endarterectomy, have documented higher perioperative com-
plication rates in women, reminiscent of those seen in women
undergoing coronary artery bypass surgery.4–10 In particular,
women in the European Carotid Surgery Trial and the
Asymptomatic Carotid Surgery Trial appeared to have higher
risks of perioperative complications, whereas those in the
moderate (50% to 69%) stenosis arm of the North American
Symptomatic Carotid Endarterectomy Trial did not appear to
benefit from surgery.2–4 Selection criteria for these random-
ized controlled trials may explain the discrepant findings.

Potential explanations for higher surgical risks in women
include the older age of onset of cerebrovascular disease in
women, when comorbid illness can increase operative com-
plication rates.27 In addition, as has been seen in the setting of
coronary artery disease, women may have smaller blood
vessels that can present technical obstacles to successful
surgery.28 Although we cannot comment on the relative size
of carotid arteries in women and men in our registry, age and
comorbidity were not significantly increased in women com-
pared with men; indeed, women tended to have less comorbid
illness than men. In addition, there were no significant sex
differences in other potential prognostic variables such as
degree of carotid stenosis or symptom status before surgery.

Our finding of higher long-term stroke rates in women
treated with carotid endarterectomy has not been documented
consistently in the existing literature, with several previous
studies finding no sex differences in long-term postoperative
stroke rates.20,24,29,30 However, a small study found an in-
creased risk of ipsilateral stroke at 34 months in women
compared with men,26 and other studies have documented
higher rates of operative site thrombosis and asymptomatic
late restenosis in women, again raising the possibility that sex
differences in the size or anatomy of carotid vessels may
influence surgical outcomes.21–23 Alternatively, higher late
stroke admission rates in women might be unrelated to the
carotid surgery and instead may be explained by factors such
a higher risk of hypertensive lacunar stroke or variations in
stroke admission thresholds for women and men. Our admin-
istrative data do not contain sufficient clinical detail to
evaluate these hypotheses. Higher long-term postoperative
stroke rates in women would be a concern if they negated the
overall benefit of carotid endarterectomy, and we were unable

TABLE 3. Outcomes After Carotid Endarterectomy in Women
and Men

Men
(n�3942),

n (%)

Women
(n�2096),

n (%)

Adjusted
Hazard Ratio

(95% CI)*

Death or stroke within 30 d 231 (5.9) 130 (6.2) 1.10

(0.90–1.35)

Death within 30 d 69 (1.8) 25 (1.2) 0.74

(0.46–1.17)

Nonfatal stroke within 30 d 167 (4.2) 105 (5.0) 1.21

(0.97–1.50)

Death or stroke within 2 y 604 (15.3) 315 (15.0) 1.05

(0.92–1.21)

Death within 2 y 383 (9.7) 165 (7.9)† 0.82†

(0.68–0.99)

Stroke within 2 y 311 (8.5) 195 (9.9) 1.26†

(1.05–1.51)

*Adjusted for age, comorbid illness, contralateral carotid artery occlusion,
previous stroke or transient ischemic attack, and surgeon type.

†P�0.05 for male/female comparison.

Adjusted 2-year stroke-free survival curves for men and women.
Difference between survival curves is not significant.
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to address this issue given the lack of a medical control arm
in our study. However, it is reassuring that the clinical trials
of carotid endarterectomy confirm the superiority of surgical
over medical therapy for both women and men with severe
carotid artery stenosis.3,31,32

Some study limitations merit comment. Because we do not
have a comparison group of medically treated patients with
carotid stenosis, we cannot compare the overall effectiveness of
carotid surgery with medical therapy in women and men. In
addition, we cannot comment on sex differences in access to
surgery. Other studies have raised the possibility of underuse of
carotid endarterectomy in women, given the low rates of surgery
in women relative to men.33,34 The low proportion of women
(�30%) undergoing carotid surgery is a consistent finding
across many studies and may or may not reflect the underlying
prevalence of carotid stenosis in women and men.34–39 Our
finding that women and men had the same average age at the
time of surgery, despite the older age of onset of cerebrovascular
disease in women, could reflect decreased use of carotid endar-
terectomy in older women.

It is notable that the perioperative stroke or death rates
observed in this study (7.3% and 4.7% for symptomatic and
asymptomatic patients, respectively) are higher than those rec-
ommended from the results of clinical trials.40 During the
registry time frame, 9% of procedures were performed at
low-volume institutions, and 18% were done by low-volume
surgeons. Although our study does not evaluate the effect of
hospital and surgeon volume on endarterectomy outcomes, this
might in theory have led to higher-than-expected complication
rates. These findings illustrate the challenges that exist in
applying the results of clinical trials to typical clinical settings.

The selection of patients for carotid endarterectomy will
always involve careful consideration of the risks and benefits for
each individual patient, including not only sex-specific periop-
erative complication rates but also surgeon- and institution-
specific complication rates, as well as the expected stroke risks
without surgery. Our results from a large, representative data-
base provide strong evidence that sex is not a significant
determinant of perioperative complication rates. Accordingly,
women should not be discouraged from carotid endarterectomy
solely on the basis of the surgical risks.

Acknowledgments
Dr Tu is supported in part by a Canada Research Chair in Health
Services Research. This work was funded in part by operating grants
(No. T4495 and No. NA4909) from the Heart and Stroke Foundation
of Ontario. Dr Kapral is supported in part by a scholarship from the
Canadian Stroke Network and the Women’s Health Program at
University Health Network. The Institute for Clinical Evaluative
Sciences is supported by the Ontario Ministry of Health. Neither the
findings nor their interpretation should be attributed to any support-
ing or sponsoring agencies. The authors thank Ms Francine Duquette
and Ms Desiree Chanderbhan for their assistance in the preparation
of the manuscript.

References
1. North American Symptomatic Carotid Endarterectomy Trial Collaborators. Ben-

eficial effect of carotid endarterectomy in symptomatic patients with high-grade
carotid stenosis. N Engl J Med. 1991;325:445–453.

2. European Carotid Surgery Trialists’ Collaborative Group. Randomised trial of
endarterectomy for recently symptomatic carotid stenosis: final results of the
MRC European Carotid Surgery Trial. Lancet. 1998;351:1379–1387.

3. Barnett HJM, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG, Haynes
RB, et al. Benefit of carotid endarterectomy in patients with symptomatic
moderate or severe stenosis. N Engl J Med. 1998;339:1415–1425.

4. Executive Committee for the Asymptomatic Carotid Atherosclerosis
Study. Endarterectomy for asymptomatic carotid artery stenosis. JAMA.
1995;273:1421–1428.

5. Sarac TP, Hertzer NR, Mascha EJ, O’Hara PJ, Krajewski LP, Clair DG,
et al. Gender as a primary predictor of outcome after carotid endarterec-
tomy. J Vasc Surg. 2002;35:748–753.

6. Bond R, Narayan SK, Rothwell PM, Warlow CP, European Carotid
Surgery Trialists’ Collaborative Group. Clinical and radiographic risk
factors for operative stroke and death in the European Carotid Surgery
Trial. Eur J Vasc Endovasc Surg. 2002;23:106–116.

7. Rothwell PM, Slattery J, Warlow CP. Clinical and angiographic pre-
dictors of stroke and death from carotid endarterectomy: systematic
review. BMJ. 1997;315:1571–1577.

8. Golledge J, Cuming R, Beattie DK, et al. Influence of patient-related
variables on the outcome of carotid endarterectomy. J Vasc Surg. 1996;
24:120–126.

9. Hertzer NR, O’Hara PJ, Mascha EJ, et al. Early outcome assessment for
2228 consecutive carotid endarterectomy procedures: the Cleveland
Clinic experience from 1989 to 1995. J Vasc Surg. 1997;26:1–10.

10. Karp HR, Flanders D, Shipp CC, et al. Carotid endarterectomy among
Medicare beneficiaries: a statewide evaluation of appropriateness and
outcome. Stroke. 1998;29:46–52.

11. Riles TS, Imparato AM, Jocobowitz GR, et al. The cause of perioperative
stroke after carotid endarterectomy. J Vasc Surg. 1994;19:206–216.

12. Davies AH, Hayward JK, Currie I, et al. Risk prediction of outcome
following carotid endarterectomy. Cardiovasc Surg. 1996;4:338–339.

13. Sternbach Y, Perler BA. The influence of female gender on the outcome
of carotid endarterectomy: a challenge to the ACAS findings. Surgery.
2000;127:272–275.

14. Kucey DS, Bowyer B, Iron K, Austin P, Anderson GM, Tu JV. Deter-
minants of outcome after carotid endarterectomy. J Vasc Surg. 1998;28:
1051–1058.

15. Rockman CB, Castillo J, Adelman MA, Jacobowitz GR, Gagne PJ,
Lamparello PJ, et al. Carotid endarterectomy in female patients: are the
concerns of the Asymptomatic Carotid Atherosclerosis Study valid? J
Vasc Surg. 2001;33:236–241.

16. James DC, Hughes JD, Mills JL, Westerband A. The influence of gender
on complications of carotid endarterectomy. Am J Surg. 2002;182:
654–657.

17. Mattos MA, Sumner DS, Bohannon WT, Parra J, McLafferty RB, Karch
LA, et al. Carotid endarterectomy in women: challenging the results from
ACAS and NASCET. Ann Surg. 2002;234:438–445.

18. Dardik A, Bowman HM, Gordon TA, Hsieh G, Perler BA. Impact of race
on the outcome of carotid endarterectomy: a population-based analysis of
9,842 recent elective procedures. Ann Surg. 2000;232:704–709.

19. Brook RH, Park RE, Chassin MR, Kosecoff J, Keesey J, Solomon DH.
Carotid endarterectomy for elderly patients: predicting complications.
Ann Intern Med. 1990;113:747–753.

20. Ferguson GG, for the NASCET Collaborators. The North American
Symptomatic Carotid Endarterectomy Trial (NASCET): surgical results.
Stroke. 1998;29:275.

21. Akbari CM, Pulling MC, Pomposelli FBJ, Gibbons GW, Campbell DR,
LoGerfo FW. Gender and carotid endarterectomy: does it matter? J Vasc
Surg. 2000;31:1103–1109.

22. Frawley JE, Hicks GL, Woodforth IJ. Risk factors for perioperative stroke
complicating carotid endarterectomy: selective analysis of a prospective
audit of 1000 consecutive stroke patients. Aust N Z J Surg. 2000;70:
52–56.

23. Ballotta E, Renon L, Da Giau G, Sarzo G, Abbruzzese E, Saladini M, et
al. Carotid endarterectomy in women: early and long-term results.
Surgery. 2000;127:264–271.

24. Schneider JR, Droste JS, Golan JF. Carotid endarterectomy in women
versus men: patient characteristics and outcomes. J Vasc Surg. 1997;25:
890–898.

25. Mayo NE, Chockalingam A, Reeder BA, Phillips S. Surveillance for
stroke in Canada. Health Rep. 1994;6:62–72.

26. Tretter JF, Hertzer NR, Mascha EJ, O’Hara PJ, Krajewski LP, Beven EG.
Perioperative risk and late outcome of nonelective carotid endarterecto-
my. J Vasc Surg. 1999;30:618–631.

27. Sacco RL, Wolf PA, Kannel WB, McNamara PM. Survival and recur-
rence following stroke: the Framingham study. Stroke. 1982;13:290–295.

Kapral et al Sex Differences in Carotid Surgery Outcomes 1123

 by on July 30, 2007 stroke.ahajournals.orgDownloaded from 

http://stroke.ahajournals.org


28. Fisher LD, Kennedy JW, Davis KB, Maynard C, Fritz JK, Kaiser GC, et
al. Association of sex, physical size, and operative mortality after coro-
nary artery bypass in the Coronary Artery Surgery Study (CASS).
J Thorac Cardiovasc Surg. 1982;84:334–341.

29. Frericks H, Kievit J, van Baalen JM, van Bockel JH. Carotid recurrent
stenosis and risk of ipsilateral stroke: a systematic review of the literature.
Stroke. 1998;29:244–250.

30. Plestis KA, Kantis G, Haygood K, Earl N, Howell JF. Carotid endarter-
ectomy with homologous vein patch angioplasty: a review of 1006 cases.
J Vasc Surg. 1996;24:109–119.

31. Barnett HJ, Meldrum H, Eliasziw M, for the North American Symptom-
atic Carotid Endarterectomy Trial Collaborators. The appropriate use of
carotid endarterectomy. Can Med Assoc J. 2002;166:1169–1179.

32. Kapral MK, Redelmeier DA. Carotid endarterectomy for women and
men. J Women’s Health Gender-Based Med. 2000;9:1–8.

33. Ramani S, Byrne-Logan S, Freund KM, Ash A, Yu W, Moskowitz MA.
Gender differences in the treatment of cerebrovascular disease. J Am
Geriatr Soc. 2000;48:741–745.

34. DiBardino D, Vicente DC, Kazmers A. Is there differential access to carotid
endarterectomy based on gender? Ann Vasc Surg. 2000;14:340–342.

35. Fine-Edelstein JS, Wolf PA, O’Leary DH, Poehlman H, Belanger AJ.
Precursors of extracranial carotid atherosclerosis in the Framingham
study. Neurology. 1994;44:1046–1050.

36. Ramsey DE, Miles RD, Lambeth A, Sumner DS. Prevalence of
extracranial carotid artery disease: a survey of an asymptomatic pop-
ulation with noninvasive techniques. J Vasc Surg. 1987;5:584 –588.

37. Wityk RJ, Lehman D, Klag M, et al. Race and sex differences in the
distribution of cerebral atherosclerosis. Stroke. 1996;27:1974–1980.

38. Caplan LR, Gorelick PB, Hier DB. Race, sex and occlusive cerebro-
vascular disease: a review. Stroke. 1986;17:648–655.

39. O’Leary DH, Polak JF, Kronmal RA, et al. Distribution and correlates of
sonographically detected carotid artery disease in the cardiovascular
health study. Stroke. 1992;23:1752–1760.

40. Biller J, Feinberg WM, Castaldo JE, et al. Guidelines for carotid endar-
terectomy: a statement for healthcare professionals from a special writing
group of the stroke council, American Heart Association. Stroke. 1998;
29:554–562.

Editorial Comment

Female Sex: A Questionable Risk Factor for Carotid Endarterectomy

The misconception that clinical manifestations of cardiovas-
cular disease are a much more significant problem among
male patients is hard to eliminate, supported by the higher
incidence of cardiac, cerebrovascular, and peripheral arterial
diseases in men than in women.1

Our understanding of cerebrovascular disease in women is
hampered by a paucity of studies including an adequate
number of female patients. Most studies are heavily biased
toward the male sex. The efficacy of aspirin in primary and
secondary stroke prevention trials has been demonstrated
almost exclusively in men.2 Men were also the majority of the
population recruited in the major clinical trials on symptom-
atic (North American Symptomatic Carotid Endarterectomy
Trial [NASCET] and European Carotid Surgery Trial
[ECST])3,4 and asymptomatic (Asymptomatic Carotid Ath-
erosclerosis Study [ACAS]) carotid stenoses,5 and no women
were enrolled in the Veteran Administration trials.6,7 Unfor-
tunately, neither the original report from the NASCET nor the
one from ECST analyzed data specifically by sex. Although
the superiority of carotid endarterectomy (CEA) over the best
medical management in protecting against stroke for selected
symptomatic and asymptomatic patients with carotid lesions
was well demonstrated,3–7 post-hoc analyses,8,9 along with
several reviews and large single-center studies, have
prompted a reevaluation of the role of CEA in women.10–14

The NASCET results did not distinguish, however, be-
tween men and women with regard to perioperative risk in
patients with severe stenosis,3 and they showed no apparent
benefit from CEA in women with moderate stenosis.8 Fur-
thermore ACAS investigators found a slightly higher, albeit
statistically insignificant, perioperative stroke and/or death
rate in women (3.6% versus 1.7%), that probably meant an
estimated 5-year relative risk reduction for ipsilateral stroke
of just 17% in women compared with 66% in men.5 On the
other hand, several other studies specifically focusing on

sex-related differences in perioperative stroke and death rates
failed to find any such differences in the perioperative risks of
CEA, suggesting that CEA is equally safe in men and
women.15–21

In the accompanying article, Kapral et al analyze the
findings on sex-related differences in perioperative outcome
emerging from an impressive population-based series of 6038
consecutive patients undergoing CEA in a real-world setting
over a 4-year period, ie, more than 4 and 3 times the number
of patients enrolled in the surgical arm of NASCET and
ECST, respectively, and nearly 4 times the entire population
of the ACAS.3–5 Women accounted for more than one third of
the whole surgically treated population of the NASCET.3 The
baseline characteristics of men and women were similar,
except that the women were less likely to have a history of
coronary artery or peripheral vascular disease and more likely
to have a history of hypertension; there were no significant
sex differences in the preoperative symptom status, degree of
carotid stenosis, need for shunting, or type of anesthesia. Sex
did not affect the risk of perioperative stroke or death in
symptomatic and asymptomatic patients. In addition, women
were more likely to have a stroke and less likely to die within
2 years of CEA.

This study is interesting for several reasons. First, given
that the role of CEA in the management of women with
symptomatic, and especially asymptomatic, carotid stenoses
remains debatable, any additional information on this issue is
welcome. This is particularly relevant at a time when some
are advocating carotid angioplasty and stenting as a less
invasive and potentially less risky treatment of carotid disease
in symptomatic and asymptomatic patients.

Second, women had a slightly higher incidence, albeit
statistically insignificant, of adverse events (6.2% versus
5.9%), confirming a trend observed in large randomized trials
and real-world clinical experience, possibly due to the sample
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of women being smaller than that of the men (2096, 35%
versus 3942, 65%). The reported overall crude perioperative
complication rates (7.3% and 4.7% for symptomatic and
asymptomatic patients, respectively) also exceeded the rec-
ommended upper limits for perioperative risk and mortality
rates supporting the beneficial effects of CEA in symptomatic
and asymptomatic patients.22 This potential drawback of the
study could be explained by the fact that 9% of the CEAs
were performed at low-volume (albeit teaching) institutions
and 18% by low-volume surgeons, leading to higher-than-
expected complication rates and revealing the challenge in
translating the efficacy demonstrated in clinical trials (CEA
performed in an ideal scenario of selected patients and
selected surgeons) into typical clinical setting effectiveness.
However, it would be interesting to know the incidence of
perioperative stroke and death relating to urgent CEA proce-
dures and the frequency of perioperative thrombosis of the
endarterectomized vessel, all matters relating to the surgeon’s
expertise rather than to the patient’s baseline characteristics.

Third, patch closure of the internal carotid artery was
statistically more frequent among women. This is important,
especially if we consider that in the ACAS only a few women
were patched selectively, and results such as those reported in
the ACAS have clearly affected medical practice. However,
because the data were reviewed retrospectively and the
decision to use a patch was subjective, and because the study
was not designed specifically to address the association
between the type of arteriotomy closure and perioperative
neurologic morbidity, we can only speculate as to the reasons
behind this and the implications in the comparison of out-
come between the two sexes.

Finally, the intriguing finding of a higher incidence of late
stroke in women is unexplained. Because no information is
available in the study regarding the characteristics of late
stroke (ie, ischemic or hemorrhagic, fatal or nonfatal, cardio-
embolic or lacunar, ipsilateral or contralateral to the operated
side) and given the higher incidence of lacunar strokes in the
female population in general23 and the higher incidence of
hypertension in the women in the study, one might expect to
find a higher incidence of lacunar cerebral infarctions in this
group. Lacunae are caused by an intrinsic disease of the
single perforating branch artery that supplies the infarct
(either lipohyalinosis or atheromatous branch disease), how-
ever, so they are unrelated to the surgical procedure. More-
over, lacunar strokes have a relatively good prognosis, and
this could account for the lower late mortality rate in women
than in men.

The results from this study strongly support the hypothesis
that female sex is not a risk factor for perioperative stroke and
death after CEA. I am also convinced that the outcome of
CEA is affected exclusively by the surgeon and his technique,
which demands a meticulous performance, expert intraoper-
ative judgment, optimal anesthesiologic management, and
appropriate patient selection.

Enzo Ballotta, MD, Guest Editor
Section of Vascular Surgery

Department of Medical and Surgical Sciences
University of Padua School of Medicine

Padua, Italy
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