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ABSTRACT
Objective: To examine the association between operator specialty and 30-day outcomes among patients undergoing
carotid endarterectomy and carotid artery stenting.
Methods: We conducted a population-based, observational cohort study of all individuals who underwent carotid
endarterectomy or stenting in Ontario, Canada (population, 13.6 million) between April 1, 2002, and March 1, 2015, using
administrative claims databases. We stratiﬁed endarterectomy and stenting patients according to operator specialty, and
followed them for 30 days after the procedure. For carotid endarterectomy, we compared outcomes between vascular
surgeons and nonvascular surgeons. For carotid artery stenting, we compared outcomes between radiologists and
neurosurgeons. We built multilevel multivariable logistic regression models adjusted for patient demographics,
comorbidities, carotid artery symptom status, and annual institutional and operator volume to examine rates of 30-day
stroke or death.
Results: A total of 16,544 patients were studied (n ¼ 14,301 endarterectomy and n ¼ 2243 stenting). Vascular surgeons
performed the majority (55.7%) of carotid endarterectomy procedures, followed by neurosurgeons (21.0%), general
surgeons (15.3%), and cardiac surgeons (7.9%). Radiologists (82.5%) and neurosurgeons (17.5%) performed carotid artery
stenting. In the endarterectomy group, the risk of stroke or death was higher among patients treated by nonvascular
surgeons (4.0%) compared with vascular surgeons (2.9%; adjusted odds ratio [OR], 1.32; 95% conﬁdence interval [CI],
1.08-1.62; P ¼ .008). This difference was driven by a higher rate of stroke among nonvascular surgery-treated patients
(3.6%) compared with vascular surgery-treated patients (2.5%; adjusted OR, 1.38; 95% CI, 1.11-1.71). The risk of death was
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similar between the two groups. With respect to speciﬁc nonvascular surgery specialties, the rate of 30-day stroke or
death was higher in endarterectomy patients treated by neurosurgeons (4.1%; adjusted OR, 1.27; 95% CI, 1.00-1.61) and
cardiac surgeons (4.4%; adjusted OR, 1.54; 95% CI, 1.04-2.30) compared with vascular surgeons (2.9%). Patients who
underwent carotid artery stenting by radiologists vs neurosurgeons experienced 30-day stroke or death at similar rates
(8.0% vs 7.9%, respectively; adjusted OR, 1.07; 95% CI, 0.66-1.74; P ¼ .79).
Conclusions: The risk for periprocedural stroke or death was signiﬁcantly higher among carotid endarterectomy patients
treated by nonvascular surgeons (neurosurgeons and cardiac surgeons) compared with vascular surgeons. Operator specialty did not seem to have a signiﬁcant effect on periprocedural outcomes among patients who underwent carotid artery
stenting. These results can have implications for physician referral practices and local policies. (J Vasc Surg 2018;67:478-89.)

Although carotid endarterectomy is considered the
gold standard treatment for stroke prevention in patients
with signiﬁcant carotid artery atherosclerosis, carotid
artery stenting has recently gained popularity as an alternative to surgical endarterectomy.1 Our previous work
showed that the clinical use of carotid artery stenting
has increased by 72% in Ontario, Canada, between
2002 and 2014, whereas carotid endarterectomy has
decreased by 36%.2 This is largely due to ﬁndings from
large, multicenter, randomized, controlled trials that
indicate carotid stenting may be a safe and efﬁcacious
alternative to endarterectomy.3-6
More recently, several studies have focused on identifying patient-, hospital-, or operator-level factors that
may inﬂuence outcomes after different carotid revascularization strategies. For example, high-quality data
from randomized trials indicate that older patients
($70 years old) who undergo carotid artery stenting
experience stroke or death at a higher rate compared
with endarterectomy.7,8 Furthermore, several authors
have reported an inverse relationship between hospital
or operator volume and periprocedural events, with
higher event rates among endarterectomy and stenting
patients treated at low-volume centers or by lowvolume operators.9-12 However, few studies have examined the effect of operator specialty on outcomes after
carotid revascularization. In Ontario, several different
operator specialties perform carotid endarterectomy
and stenting, and there have been signiﬁcant changes
in the use of these procedures based on operator
specialty.2 The inﬂuence of operator specialty on outcomes after carotid endarterectomy and stenting, however, is not clear. Therefore, the objective of our study
was to examine the impact of operator specialty on
the risk of periprocedural events after carotid artery
revascularization.

METHODS
Study design and setting. We designed a retrospective,
population-based, observational cohort study using linked
administrative claims databases in Ontario, Canada from
April 1, 2002, to March 31, 2015. These databases, listed in
the Supplementary Methods (online only), are linked using
a unique patient identiﬁer; they capture all healthcare
interactions of the 13.6 million residents of Ontario; they
are of high quality with validated coding algorithms to

measure cardiovascular health and healthcare services13;
they are routinely used for population-based epidemiologic studies of patients with vascular diseases2,14,15; and
they are stored at the Institute for Clinical Evaluative Sciences, which is a prescribed entity under the Personal
Health Information Privacy Act that houses and allows for
usage of patient health information for research purposes
without patient consent. The research ethics review
boards at St. Michael’s Hospital and Sunnybrook Health
Science Centre approved this study. The ﬁrst and last authors vouch for the accuracy of the analysis.
Patient population. We identiﬁed all patients aged
$40 years who underwent carotid endarterectomy or
carotid artery stenting between April 1, 2002, and March 1,
2015, using Canadian Classiﬁcation of Health Intervention
codes 1JE57Lx (endarterectomy) and 1JE50x (stenting).
These codes have been validated to accurately identify
patients treated by carotid endarterectomy (positive
predictive value, 99%; sensitivity, 90%) and carotid artery
stenting (positive predictive value, 87%; sensitivity, 93%)
in our databases.16 Patients who had both carotid
revascularization procedures during the same admission,
and those who had combined coronary and carotid
artery revascularization were excluded. We also excluded
patients who had missing operator data (such as
operator specialty or identiﬁcation number), and those
who were treated by specialists that performed <2% of
carotid revascularization procedures during the study
period. For example, vascular surgeons performed <1% of
carotid artery stenting in Ontario during the study period;
therefore, vascular surgery-treated stenting patients were
excluded from the analysis.
Covariates. We ﬁrst established individual operator
specialties using the Institute for Clinical Evaluative
Sciences Physicians Database that records data on
Ontario physicians. We then measured several baseline
patient-, procedure-, institution-, and operator-speciﬁc
variables that may confound the association between
operator specialty and outcomes after carotid revascularization. Details of these covariates are provided in the
Supplementary Methods (online only).
Outcomes. We examined the 30-day rates of any
stroke, death and composite of any stroke or death after
the carotid procedure. We used validated diagnostic
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codes based on the International Classiﬁcation of Diseases, Tenth Revision to deﬁne stroke (I60.x, I61.x, I62.x,
I63.x, I64.x, H34.1). Stroke coding has shown to be 92%
accurate in our administrative databases.17
Analytical approach. We ﬁrst stratiﬁed our cohort by
carotid revascularization procedure, and then stratiﬁed
further on the basis of operator specialty. For endarterectomy, we compared baseline characteristics and outcomes between vascular surgeons and nonvascular
surgeons. For carotid artery stenting, we compared baseline characteristics and outcomes between radiologists
and neurosurgeons. We used standardized differences
to compare baseline characteristics among our cohorts
because standardized differences are not as sensitive to
sample size as traditional signiﬁcance testing; therefore,
they provide a sense of relative magnitude of differences.18 A standardized difference of >0.1 indicates
signiﬁcant difference.19 To compare outcomes by operator specialty, we performed multilevel multivariable
logistic regression analysis using generalized estimating
models. We ﬁrst used baseline variables listed in the
Supplementary Methods (online only) to build our
models, and then applied a forward-selection variable
reduction approach with a P value for inclusion of <.05 in
our ﬁnal models to calculate adjusted odds ratios (ORs);
these models also accounted for within-operator clustering. We also examined the rate of 30-day stroke or
death in several predeﬁned subgroups: age (<70 and
$70 years), sex, carotid artery symptoms, year of procedure, hospital type, and annual hospital and operator
volumes. In addition, we examined outcomes of endarterectomy patients treated by different nonvascular
surgery specialists (neurosurgeons, general surgeons, and
cardiac surgeons) compared with vascular surgeons.
Finally, we performed conﬁrmatory analyses using
propensity score methods to ensure results our results
were robust and reproducible. Details of the propensity
score methods are provided in the Supplementary
Methods (online only).
All statistical analyses were conducted using SAS Enterprise Guide, version 7.1 (SAS Institute, Cary, North
Carolina). All P values are two-sided, and P < .05 was
considered statistically signiﬁcant.

RESULTS
Study population. A total of 16,544 patients who had
undergone carotid artery revascularization met the inclusion criteria for this study (14,301 endarterectomy and
2243 stenting; Fig 1). Vascular surgeons performed the
majority (55.7%) of carotid endarterectomy procedures,
followed by neurosurgeons (21.0%), general surgeons
(15.3%), and cardiac surgeons (7.9%; Fig 2). Radiologists
(82.5%) and neurosurgeons (17.5%) performed carotid
artery stenting.

ARTICLE HIGHLIGHTS
d

d

d

Type of Research: Retrospective analysis of prospectively collected administrative database of Ontario,
Canada
Take Home Message: In Ontario, Canada, vascular
surgeons have signiﬁcantly lower stroke and death
rates after carotid endarterectomy than nonvascular
surgeons (2.9% vs 4%), whereas the rate of stroke and
death after carotid artery stenting is higher than the
threshold recommended by the American Heart
Association practice guidelines, with no difference
when performed by neurosurgeons or interventional
radiologists (7.9% vs 8.0%).
Recommendation: This study of an administrative
database suggests that in Ontario, Canada, vascular
surgeons provide superior outcomes at 30 days after
carotid endarterectomy than nonvascular surgeons
and that carotid artery stenting outcomes performed by neurosurgeons and interventional radiologists have stroke and death rates above the
thresholds recommended by American Heart Association practice guidelines.

With respect to baseline characteristics, there were
notable differences between vascular surgery and
nonvascular surgery-treated endarterectomy patients
(Table I). Vascular surgery patients were more likely to
have a rural residence and have asymptomatic carotid
stenosis (62% vs 54% for nonvascular surgery). Nonvascular surgeons were more likely to perform endarterectomy earlier in the study period between 2002 and
2006 (49% vs 32% for vascular surgeons), whereas
vascular surgeons were more likely to perform endarterectomy later in the study period, between 2011 and 2015
(37% vs 21% for nonvascular surgeons). Vascular surgeons
also performed endarterectomy more commonly at
academic hospitals, stroke centers, and at medium- or
high-volume hospitals. Furthermore, vascular surgeons
tended to be high-volume operators (37% vs 28% for
nonvascular surgeons), whereas nonvascular surgeons
were more likely to be low-volume operators (40% vs
31% for vascular surgeons). Baseline characteristics of
the matched endarterectomy cohort were similar
(Supplementary Table II, online only).
With regard to carotid artery stenting, patients treated
by radiologists tended to be older (mean age, 70 years
vs 68 years for neurosurgeons), reside in an urban area,
have hypertension or chronic kidney disease, and have
a history of coronary or peripheral arterial revascularization. Neurosurgeons were more likely to perform stenting later in the study period, between 2011 and 2015,
and to conduct the procedure at an academic or stroke
center. Radiologists, in contrast, were performing relatively more stenting earlier between 2002 and 2006,
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Fig 1. Study ﬂow diagram. CABG, Coronary artery bypass
graft.

and were more likely to perform the procedure in an urgent setting. Only radiologists performed stenting in
high-volume hospitals (38% vs 0% for neurosurgeons),
and high-volume radiologists treated 40% of patients.
The majority (62%) of neurosurgery-treated patients
were treated by low-volume operators, and no neurosurgeons were considered high-volume stenters. The
matched stenting cohort had similar baseline characteristics (Supplementary Table II, online only).
Endarterectomy outcomes. In the endarterectomy
group, the composite risk of 30-day stroke or death was
higher among patients treated by nonvascular surgeons
(4.0%) compared with vascular surgeons (2.9%; adjusted
OR, 1.32; 95% conﬁdence interval [CI], 1.08-1.62; P ¼ .008).
This difference was driven by a higher rate of stroke
among nonvascular surgery-treated patients (3.6%)
compared with vascular surgery-treated patients (2.5%;
adjusted OR, 1.38; 95% CI, 1.11-1.71). The risk of death was
similar between the two groups (0.9% vs 0.8% for
vascular surgery; adjusted OR, 1.19; 95% CI, 0.80-1.76).
With respect to speciﬁc nonvascular surgery specialties,
the rate of 30-day stroke or death was higher in endarterectomy patients treated by neurosurgeons (4.1%;
adjusted OR, 1.27; 95% CI, 1.00-1.61) and cardiac surgeons
(4.4%; adjusted OR, 1.54; 95% CI, 1.04-2.30) compared with
vascular surgeons (2.9%). General surgeons also had a
higher stroke or death rate compared with that of
vascular surgeons (3.7% vs 2.9%, respectively; adjusted
OR, 1.23; 95% CI, 0.88-1.72), although this did not reach
statistical signiﬁcance. The 30-day outcomes of endarterectomy patients treated by different operators are
presented in Fig 3.
In the propensity score-matched analysis, a total of 3197
nonvascular surgery-treated patients were successfully
matched with 3197 vascular surgery-treated patients.
The risk of 30-day stroke or death was signiﬁcantly higher
among nonvascular surgeons (4.4%) compared with
vascular surgeons (3.2%) in the matched cohort
(adjusted OR, 1.35; 95% CI, 1.01-1.80), which was consistent
with our ﬁndings from multivariable analyses.

Stenting outcomes. Patients who underwent carotid
artery stenting by radiologists vs neurosurgeons experienced 30-day stroke or death at similar rates (8.0% vs
7.9%, respectively; adjusted OR, 1.07; 95% CI, 0.66-1.74;
P ¼ .79). Moreover, there were no differences in the
individual rates of 30-day stroke or 30-day death. The
30-day outcomes of stenting patients treated
by different types of operators are presented in Fig 4.
With respect to the propensity score-matched analysis, a
total of 306 radiology-stented patients were matched
with 306 neurosurgery-stented patients. The risk of 30day stroke or death was also similar between radiologists (6.9%) and neurosurgeons (8.5%) in the matched
cohort (adjusted OR, 1.27; 95% CI, 0.59-2.72).
Subgroup analyses. Signiﬁcant differences were found
with respect to stroke or death rates after endarterectomy in various subgroups (Table II). Notably, a higher
risk was observed among asymptomatic patients treated
by nonvascular surgeons (3.3% vs 2.3% for vascular surgeons; adjusted OR, 1.42; 95% CI, 1.06-1.91; Fig 5). The risk
of stroke or death was similar among symptomatic
patients treated by vascular surgeons (4.0%) and
nonvascular surgeons (4.8%; adjusted OR, 1.23; 95% CI,
0.93-1.63). We also found that high-volume vascular surgeons had the lowest rate of stroke or death after endarterectomy (2.5%)dand this rate was considerably lower
that of high-volume nonvascular surgeons (4.5%;
adjusted OR, 1.96; 95% CI, 1.42-2.70; Fig 6).
Age, sex, carotid artery symptoms (Fig 5), hospital type,
and annual hospital and operator volume (Fig 6) did not
seem to inﬂuence the outcomes of carotid artery stenting patients treated by radiologists vs neurosurgeons
(Table II). However, we did ﬁnd the risk of stroke or death
was higher among patients treated by neurosurgeons
between 2002 and 2006 (13.9% vs 9.1% for radiologists;
adjusted OR, 1.74; 95% CI, 1.20-2.53); the rates of stroke
or death were similar in subsequent study periods
(2007-2010 and 2011-2015). The rates of 30-day stroke
after stenting and endarterectomy by subgroups are
presented in Supplementary Table III (online only).
Cause of death. With respect to causes of 30-day
death, we found that >80% of endarterectomy and
stenting patients died of cardiovascular-related causes,
regardless of operator specialty (Supplementary Table IV,
online only).

DISCUSSION
In this population-level study, we found that endarterectomy patients treated by nonvascular surgeons had
an increased risk of 30-day stroke or death compared
with those treated by vascular surgeons. This difference
was driven by an increased risk of stroke among patients
treated by nonvascular surgeons, whereas the risk of
death was similar between the two groups. Patients
treated by neurosurgeons and cardiac surgeons seemed
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Fig 2. Specialties of operators who performed carotid endarterectomy (A) and carotid artery stenting (B).

to be at the greatest risk of events compared with
vascular surgeons. General surgeons also had an
increased risk of stroke or death relative to vascular surgeons; however, this did not attain statistical signiﬁcance,
perhaps owing to lack of statistical power. Furthermore,
some of these general surgeons likely also have formal
training in vascular surgery, but used their general surgery certiﬁcation for the purposes of billing. With respect
to carotid artery stenting, we found rates of stroke or
death to be similar between radiologists and neurosurgeons, although neurosurgery-treated patients experienced worse outcomes before 2007.
Few other authors have examined the effect of operator
specialty on outcomes of carotid revascularization procedures. Enomoto et al20 recently used the National Surgical Quality Improvement Program database to
measure outcomes among 34,493 patients who underwent endarterectomy between 2005 and 2010, and
found a >1.5 increased risk of 30-day stroke among
patients treated by general surgeons vs vascular surgeons. However, only 4% of patients in their database
had endarterectomy performed by general surgeons,
and patients treated by neurosurgeons or cardiothoracic
surgeons were excluded owing to low numbers, thus
limiting their conclusions. AbuRahma et al21 also
observed higher rates of perioperative stroke or death
among 953 endarterectomy patients treated by general
surgeons (4.1%) or cardiothoracic surgeons (2.9%)
compared with those treated by vascular surgeons
(1.3%) at a single center in West Virginia between 2010
and 2011. Much like our study, these differences were
most pronounced in the asymptomatic group, with a
signiﬁcantly lower risk of stroke or death in vascular

surgery-treated asymptomatic patients (0.72% vs 3.2%
for nonvascular surgery). However, their study was
limited by a small sample size and single-center design.
Other older studies conducted in cohorts of patients
who underwent endarterectomy in the 1990s have
provided conﬂicting evidence on the effect of operator
specialty on outcomes.22-25
Several factors may help to explain the differences seen
in outcomes seen in our study among endarterectomy
patients treated by different operators. Nonvascular surgeons are performing fewer endarterectomy in Ontario,
with a 64%, 36%, and nearly 100% decrease in endarterectomy performed by neurosurgeons, general surgeons,
and cardiac surgeons between 2002 and 2014, respectively.2 Vascular surgeons, in contrast, performed approximately 10% more endarterectomy during this period,
and they accounted for approximately 70% of all endarterectomy procedures performed in 2014. Therefore, the
superior outcomes observed among vascular surgerytreated patients may be related to greater operator
expertise and familiarity with the endarterectomy procedure. This argument is supported by our observation
that, even among high-volume operators, vascular surgeons had a lower event rate after endarterectomy
(2.5%) compared with nonvascular surgeons (4.5%).
Furthermore, this trend was also observed in the Carotid
Revascularization Endarterectomy vs Stenting Trial
(CREST), in which vascular surgeons performed the
majority (65%) of the 1184 endarterectomy procedures,
and the periprocedural stroke or death rate was nearly
70% lower among vascular surgery vs nonvascular
surgery-treated patients (1.2% vs 3.8%, respectively;
hazard ratio, 0.32; 95% CI, 0.14-0.72; P ¼ .006).26 This
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Table I. Baseline characteristics
Carotid endarterectomy
Vascular surgery
(n ¼ 7964)

Nonvascular surgery
(n ¼ 6337)

69.9 6 9.1

70.0 6 9.4

Carotid artery stenting
SDiffa

Radiology
(n ¼ 1850)

Neurosurgery
(n ¼ 393)

0.02

70.4 6 10.8

68.0 6 10.5

0.23

0.03

72 (63-79)

69 (61-76)

0.24

SDiffa

Age, years
Mean 6 SD
Median (IQR)

71 (64-76)

71 (64-77)

Range, years
<70

3664 (46.0)

2859 (45.1)

0.02

794 (42.9)

197 (50.1)

0.14

$70

4300 (54.0)

3478 (54.9)

0.02

1056 (57.1)

196 (49.9)

0.14

2650 (33.3)

2173 (34.3)

0.02

629 (34.0)

119 (30.3)

0.08

1801 (22.6)

1052 (16.6)

0.15

197 (10.6)

67 (17.0)

0.19

1692 (21.2)

1300 (20.5)

0.02

308 (16.6)

70 (17.8)

0.03

2

1717 (21.6)

1387 (21.9)

0.01

387 (20.9)

94 (23.9)

0.07

3

1601 (20.1)

1261 (19.9)

0.01

377 (20.4)

76 (19.3)

0.03

4

1526 (19.2)

1183 (18.7)

0.01

385 (20.8)

75 (19.1)

0.04

5 (Highest)

1391 (17.5)

1187 (18.7)

0.03

386 (20.9)

76 (19.3)

0.04
0.06

Female sex
Rural residenceb
Neighborhood income quintileb
1 (Lowest)

Charlson comorbidityb
0

2351 (29.5)

1596 (25.2)

0.09

426 (23.0)

81 (20.6)

1

1649 (20.7)

1496 (23.6)

0.07

373 (20.2)

101 (25.7)

0.13

$2

2316 (29.1)

1921 (30.3)

0.03

719 (38.9)

152 (38.7)

0.00

Mean outpatient physician visits in
past year 6 SD

14.6 6 8.7

14.7 6 8.5

0.00

15.2 6 9.7

14.6 6 9.5

0.06

Mean emergency department visits
in past 3 years 6 SD

2.7 6 3.8

2.6 6 3.4

0.03

3.1 6 3.3

3.5 6 4.4

0.11

Mean hospital admissions in past
3 years 6 SD

1.9 6 1.3

1.9 6 1.3

0.03

2.2 6 1.6

2.2 6 1.4

0.01

Health service use

Comorbid conditions
Symptomatic carotid stenosis

3003 (37.7)

2938 (46.4)

0.18

1013 (54.8)

210 (53.4)

0.03

Coronary artery disease

1791 (22.5)

1240 (19.6)

0.07

499 (27.0)

106 (27.0)

0.00

Acute myocardial infarction

444 (5.6)

322 (5.1)

0.02

141 (7.6)

30 (7.6)

0.00

Congestive heart failure

283 (3.6)

224 (3.5)

0.00

137 (7.4)

31 (7.9)

0.02

Peripheral arterial disease

469 (5.9)

275 (4.3)

0.07

94 (5.1)

13 (3.3)

0.09

Diabetes mellitus

2737 (34.4)

2140 (33.8)

0.01

711 (38.4)

145 (36.9)

0.03

Hypertension

6598 (82.8)

5204 (82.1)

0.02

300 (76.3)

0.12

Chronic obstructive pulmonary disease

2401 (30.1)

1799 (28.4)

0.04

548 (29.6)

114 (29.0)

0.01

244 (3.1)

168 (2.7)

0.02

96 (5.2)

8 (2.0)

0.17

288 (3.6)

248 (3.9)

0.02

52 (2.8)

11 (2.8)

0.00

116 (1.5)

129 (2.0)

0.04

24 (1.3)

#5c

0.12

294 (3.7)

130 (2.1)

0.09

75 (4.1)

6 (1.5)

0.15

2529 (31.8)

3101 (48.9)

0.36

636 (34.4)

72 (18.3)

0.37

2007-2010

2521 (31.7)

1899 (30.0)

0.04

605 (32.7)

110 (28.0)

0.10

2011-2015

2914 (36.6)

1337 (21.1)

0.35

609 (32.9)

211 (53.7)

0.43

1477 (18.5)

998 (15.7)

0.07

975 (52.7)

85 (21.6)

0.68

Academic hospital

4241 (53.3)

2348 (37.1)

0.33

883 (47.7)

358 (91.1)

1.01

Stroke center

6430 (80.7)

3947 (62.3)

0.42

1578 (85.3)

393 (100)

0.59

Chronic kidney disease

1500 (81.1)

Prior procedures
Carotid endarterectomy
Coronary revascularization
Peripheral revascularization
Procedure, institution and operator
characteristics
Year of procedured
2002-2006

Urgent admission

(Continued on next page)
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Table I. Continued.
Carotid endarterectomy

Carotid artery stenting
SDiffa

Radiology
(n ¼ 1850)

Neurosurgery
(n ¼ 393)

749 (11.8)

0.19

#5c

35 (8.9)

996 (12.5)

1117 (17.6)

0.14

#5c

0 (0)

0.03

1488 (18.7)

370 (5.8)

0.40

310 (16.8)

48 (12.2)

0.13

998 (12.5)

1130 (17.8)

0.15

422 (22.8)

138 (35.1)

0.27

3008 (37.8)

2971 (46.9)

0.19

1117 (60.4)

172 (43.8)

0.34

2134 (26.8)

3045 (48.1)

0.45

741 (40.1)

189 (48.1)

0.16

3042 (38.2)

1788 (28.2)

0.21

414 (22.4)

204 (51.9)

0.64

2788 (35.0)

1504 (23.7)

0.25

695 (37.6)

0 (0)

1.10

2457 (30.9)

2545 (40.2)

0.20

539 (29.1)

243 (61.8)

0.70

2561 (32.2)

1991 (31.4)

0.02

567 (30.6)

150 (38.2)

0.16

2946 (37.0)

1801 (28.4)

0.18

744 (40.2)

0 (0)

1.16

Vascular surgery
(n ¼ 7964)

Nonvascular surgery
(n ¼ 6337)

Northern Ontario

1474 (18.5)

Central Ontario
Eastern Ontario

SDiffa

Geographic region

Southwestern Ontario
Golden Horseshoe

0.44

Annual hospital volume
Low
<50 carotid endarterectomy
<20 carotid artery stenting
Medium
50-99 carotid endarterectomy
20-39 carotid artery stenting
High
$100 carotid endarterectomy
$40 carotid artery stenting
Annual operator volume
Low
<10 carotid endarterectomy
<3.5 carotid artery stenting
Medium
10-24 carotid endarterectomy
3.5-19 carotid artery stenting
High
$25 carotid endarterectomy
$20 carotid artery stenting
IQR, Interquartile range; SD, standard deviation; SDiff, standardized difference.
Data are presented as number (%) unless otherwise indicated.
a
Standardized difference of >0.1 indicates a signiﬁcant difference.
b
Missing values for carotid endarterectomy cohort: #5 rural residence; 56 neighborhood income quintile; 2972 Charlson comorbidity; Missing values
for carotid artery stenting cohort: #5 rural residence; 9 neighborhood income quintile; 391 Charlson comorbidity.
c
Cells containing n # 5 observations are suppressed.
d
For 2002, only procedures performed after March 31, 2002, are included. For 2015, procedures performed after March 1, 2015, are not included.

was despite rigorous credentialing of all surgeons who
performed endarterectomy within the context of the
trial.4 Some of the differences seen in outcomes among
specialists may also be driven by variations in surgical
techniques and processes of care. For example, in a retrospective analysis of 3644 patients who underwent endarterectomy in New York hospitals, Hannan et al23 found
vascular surgeons had a lower risk of stroke or death
compared with other specialists, which was largely
related to the higher use of eversion endarterectomy,
protamine, or shunts by vascular surgeons. Unfortunately,
we were not able to capture these operative factors in
our study owing to limitations in our administrative
datasets.

With respect to carotid artery stenting, contemporary
population-level27,28 and registry-based studies29,30
from the United States suggest that different operator
specialties have similar outcomes, and institutional and
provider experience appears to be a stronger predictor
of outcomes after carotid stenting. Furthermore, a subanalysis of the CREST trial showed no differences in the
rates of periprocedural stroke or death among patients
who underwent stenting by vascular surgeons vs other
specialists (3.8% vs 4.5%, respectively).26 Unlike the
United States, however, where cardiologists (52%) and
vascular surgeons (17%) perform the majority of carotid
stenting procedures,9 radiologists and neurosurgeons
are the primary physicians delivering this intervention
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Fig 3. Thirty-day outcomes of patients who received carotid endarterectomy by operator specialty.

Fig 4. Thirty-day outcomes of patients who received carotid artery stenting by operator specialty.

in Ontario. Vascular surgeons perform <1% of carotid
stenting in Ontariodthe reason for this is unclear, but
could be due to a lack of training opportunities. Uptake
of carotid stenting in Ontario largely occurred between
2004 and 2005 after publication of the stentingfavorable SAPPHIRE trial (Stenting and Angioplasty
With Protection in Patients at High Risk for Endarterectomy); stenting rates have since remained stable at

approximately 15% of all carotid revascularization
procedures.2
Interestingly, we found that, although carotid stenting
is relatively centralized in Ontario (>85% of procedures
by radiologists and 100% by neurosurgeons were
performed in specialized stroke centers), the overall volumes of individual hospitals and operators were relatively low. For example, 40% of radiologists and 48% of
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Table II. Risk of 30-day any stroke or death after carotid endarterectomy and stenting by subgroup
Carotid endarterectomy
Vascular Nonvascular
surgerya
surgerya
(n ¼ 7964) (n ¼ 6337)

Unadjusted
OR for
nonvascular
surgery

Adjusted
OR for
nonvascular
surgery

Carotid artery stenting

P

Radiologya Neurosurgerya
(n ¼ 1850)
(n ¼ 393)

Unadjusted
OR for
neurosurgery

Adjusted
OR for
neurosurgeryb

0.78 (0.43-1.41)

0.78 (0.39-1.57)

P

Age
<70

86 (2.4)

94 (3.3)

1.41 (1.05-1.90)

1.28 (0.94-1.76)

.12

71 (8.9)

14 (7.1)

$70

147 (3.4)

159 (4.6)

1.35 (1.08-1.70)

1.37 (1.09-1.73)

.008

77 (7.3)

17 (8.7)

1.21 (0.70-2.09)

.49

1.22 (0.62-2.40) .56

Sex
Female

93 (3.5)

87 (4.0)

1.15 (0.85-1.55)

1.14 (0.85-1.53)

.39

62 (9.9)

14 (11.8)

140 (2.6)

166 (4.0)

1.53 (1.22-1.93)

1.44 (1.08-1.91)

.012

86 (7.0)

17 (6.2)

Symptomatic

120 (4.0)

142 (4.8)

1.22 (0.95-1.56)

1.23 (0.93-1.63)

.14

79 (7.8)

17 (8.1)

1.04 (0.60-1.80)

1.05 (0.54-2.03) .88

Asymptomatic

113 (2.3)

111 (3.3)

1.45 (1.11-1.89)

1.42 (1.06-1.91)

.021

69 (8.2)

14 (7.7)

0.92 (0.51-1.68)

0.89 (0.46-1.72)

2002-2006

66 (2.6)

120 (3.9)

1.50 (1.11-2.04)

1.47 (1.03-2.12)

.036

58 (9.1)

10 (13.9)

2007-2010

73 (2.9)

77 (4.1)

1.42 (1.02-1.96)

1.35 (1.05-1.75)

.021

35 (5.8)

7 (6.4)

2011-2015

94 (3.2)

56 (4.2)

1.31 (0.94-1.84)

1.26 (0.91-1.73)

.16

55 (9.0)

14 (6.6)

0.72 (0.39-1.32)

Academic

127 (3.0)

100 (4.3)

1.45 (1.11-1.89)

1.43 (1.08-1.90)

.013

76 (8.6)

31 (8.7)

1.01 (0.65-1.56)

Community

106 (2.9)

153 (3.8)

1.36 (1.06-1.75)

1.33 (1.00-1.79)

.053

72 (7.5)

-

-

Low

64 (3.0)

110 (3.6)

1.21 (0.89-1.66)

1.11 (0.74-1.65)

.62

64 (8.6)

20 (10.6)

1.25 (0.74-2.13)

Medium

85 (2.8)

71 (4.0)

1.44 (1.04-1.98)

1.41 (0.99-2.00)

.059

30 (7.3)

11 (5.4)

0.73 (0.36-1.49)

0.70 (0.34-1.46)

High

84 (3.0)

72 (4.8)

1.60 (1.16-2.20)

1.19 (0.84-1.68)

.32

54 (7.8)

-

-

-

Low

73 (3.0)

111 (4.4)

1.49 (1.10-2.01)

1.37 (0.99-1.89)

Medium

87 (3.4)

61 (3.1)

High

73 (2.5)

81 (4.5)

Male

1.22 (0.66-2.26)
0.87 (0.51-1.49)

1.13 (0.52-2.43) .76
0.87 (0.51-1.48)

.60

Carotid artery
symptoms

.74

Year of procedure
1.61 (0.78-3.30)

1.74 (1.20-2.53)

1.11 (0.48-2.56) 0.89 (0.38-2.11)
0.86 (0.32-2.35)

.003
.79
.78

Hospital type
1.15 (0.70-1.89) .57
-

-

Annual hospital
volume
1.28 (0.68-2.43) .44
.34
-

Annual operator
volume

0.90 (0.64-1.25) 0.90 (0.64-1.28)
1.85 (1.34-2.56)

1.96 (1.42-2.70)

.057

55 (10.2)

23 (9.5)

0.92 (0.55-1.54)

0.99 (0.51-1.91)

.97

.57

46 (8.1)

8 (5.3)

0.64 (0.29-1.38)

0.66 (0.36-1.24)

.20

<.001

47 (6.3)

-

-

-

-

OR, Odds ratio.
a
Values are presented as number (%).
b
For subgroups with low (<20) outcome events in one of the comparison groups, ORs are based on simple multilevel logistic regression models.

neurosurgeons performed carotid stenting in lowvolume centers (<20 procedures per years); and 29% of
radiologists and 62% of neurosurgeons were considered
low-volume operators, as they performed <3.5 carotid
stenting procedures per year. This may help to explain
the overall high event rates seen in patients treated
by carotid stenting relative to endarterectomy. The
American Heart Association (AHA) practice guidelines
recommend that carotid revascularization should be
considered in symptomatic patients who have an anticipated periprocedural stroke or death rate of <6%, or in
selected asymptomatic patients who have a periprocedural risk of <3%.31,32 In the current study, the rates of
stroke or death were 7.8% and 8.1% among symptomatic
patients treated by radiologists and neurosurgeons,
respectively; and 8.2% and 7.7% among asymptomatic
patients, respectivelydthese were well above the AHA
recommended thresholds. In contrast, stroke or death
rates among symptomatic endarterectomy patients
were within the 6% AHA threshold, regardless of

operator specialty (4.0% for vascular surgeons and 4.8%
for nonvascular surgeons), and within the 3% threshold
for asymptomatic patients treated by vascular surgeons
(2.3%). The rate among asymptomatic endarterectomy
patients treated by nonvascular surgeons (3.3%) was
modestly higher than the <3% AHA threshold. Furthermore, these higher rates of periprocedural stroke or
death with stenting compared with endarterectomy
have also been observed in several other registry-based
studies,33 including a recent long-term (13-year) analysis
of 15,525 Ontario individuals that showed stenting is associated with an early and sustained 55% increased risk for
major events compared with endarterectomy.34 To
achieve low event rates after carotid stenting equivalent
to those seen in clinical trials, rigorous operator training
and experience is required, along with meticulous
patient selection after considering several patient, disease, and anatomic factors.1 Nonetheless, whether
patients receive endarterectomy or stenting in Canada
is generally guided by operator and institutional
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Fig 5. Rates of 30-day stroke or death stratiﬁed by carotid artery symptom status among patients who
underwent endarterectomy (A) and stenting (B). aP value based on multivariable multilevel logistic regression
model. bP value based on simple multilevel logistic regression model.

Fig 6. Rates of 30-day stroke or death stratiﬁed by annual operator volume among patients who underwent
endarterectomy (A) and stenting (B). aP value based on multivariable multilevel logistic regression model.
b
P value based on simple multilevel logistic regression model.

preference and experiencedthis is in contrast with other
health systems (such as Medicare in the United States),
where reimbursement policies may also inﬂuence selection of carotid revascularization strategy.

Our study results should be interpreted in light of some
limitations. First, inaccurate coding in our databases
could have biased our results; however, we used diagnostic and procedure codes that have been previously
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validated to conduct our analyses.16 Second, owing to
limitations of our datasets, we were not able to capture
intraoperative factors that may confound the relationship between operator specialty and carotid revascularization outcomes, such as conventional vs eversion
endarterectomy, use of shunts or patches during endarterectomy, or embolic protection device usage during
stenting. Third, the actual number of patients who had
symptomatic carotid artery stenosis may not be precise,
because we were not able to decipher whether patients
had a prior ipsilateral or contralateral neurologic event,
nor were we able to capture neurologic events in the
community that did not result in a hospitalization or
emergency department visit. Therefore, the actual proportion of asymptomatic patients may have been
overestimated in our study. Certainly, lower rates of periprocedural stroke or death after endarterectomy in
asymptomatic patients have been reported in contemporary clinical trials (1.2%-1.7%)4,6 compared with our
study (2.3%-3.3%). Therefore, the possibility exists that
some symptomatic patients may have been inaccurately
identiﬁed as asymptomatic in our study, thus inﬂating
the overall event rate among asymptomatic patients.
However, this would have affected all patients equally
regardless of treating operator specialty. Nonetheless,
the subgroup analyses of patients by symptom status
should be interpreted in the context of this limitation.
Fourth, we were not able to further characterize the
type of periprocedural stroke. Finally, our results were
limited to 30-day follow-up; long-term differences in outcomes are not known.

CONCLUSIONS
In the current population-level study, we found that
endarterectomy patients treated by vascular surgeons
had a lower rate of periprocedural stroke or death
compared with those treated by nonvascular surgeons.
Furthermore, in the context of decreasing rates of endarterectomy performed by nonvascular surgeons over the
last decade, our results indicate that vascular surgeons
seem to have emerged as the primary specialists to
deliver this intervention with the lowest event ratesdthis
ﬁnding can have implications for physician referral practices and local policies. Further research is necessary to
identify operative factors that may contribute to higher
event rates among endarterectomy patients treated by
nonvascular surgeons. Operator specialty did not seem
to have a signiﬁcant effect on periprocedural outcomes
among patients who underwent carotid artery stenting.
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APPENDIX (online only).
Supplementary Methods
Sources of data. The following administrative databases were used to conduct this study: the Canadian
Institute for Health Information Discharge Abstract Database (records all hospitalizations in Ontario acute care
hospitals); the Ontario Health Insurance Plan Claims
Database (records data on physician and health care provider billing claims); the Registered Persons Database
(records demographic and vital statistics data); the National Ambulatory Care Reporting System (records data
on ambulatory and emergency department visits); and
the Institute for Clinical Evaluative Sciences Physicians
Database (records information on physicians practicing
in Ontario).
Covariates. With respect to patient demographics, we
measured age, sex, residence (rural vs urban), and socioeconomic status (approximated by linking the patient’s
home postal code to Statistics Canada population
census data to establish neighborhood income quintiles).1 We measured overall patient comorbidity burden
using the Carlson Comorbidity Index within 1 year before
the index carotid proceduredthis comorbidity index has
been validated to predict the risk of death from comorbid conditions in patients with vascular disease.2 We also
measured individual medical comorbidities and prior
coronary and peripheral revascularization procedures
#5 years before the index procedure date using
validated coding algorithms in our databases
(Supplementary Table I, online only). Prior carotid endarterectomy was captured #10 years before the index
date. We deﬁned symptomatic carotid artery stenosis as
a prior hospitalization or emergency department visit
within the last 6 months with ischemic stroke or transient ischemic attack. We also estimated patient health
services use by establishing the numbers of hospitalizations and emergency department visits in the past
3 years, and outpatient physician visits in the past year
before the index date. See Supplementary Table I (online
only) for coding deﬁnitions of all comorbid conditions
and their validity in our databases.
Procedure-speciﬁc factors measured included year of
procedure (2002-2006, 2007-2010, or 2011-2015) and
urgent vs elective admission. We also measured the
following institution-speciﬁc variables: type of hospital
(academic vs community; stroke center vs nonstroke
center), geographic region, and annual hospital volume
of carotid revascularization procedures. We established
annual hospital volumes of endarterectomy and stenting
by ﬁrst establishing the total number of procedures performed at each hospital during the study period. We
then annualized this number by dividing it by study
duration in years. Finally, we stratiﬁed annual hospital
volumes for endarterectomy and stenting into three categories (low, medium, high) based on tertiles. We also

used the same approach to established annual operator
volumes of carotid procedures.
Variables used in multivariable analyses. To build a
list of variables to enter in our multivariable analyses,
we ﬁrst assessed for multicollinearly among all our baseline covariates. We excluded variables that were highly
collinear (income quintile 5 and stroke center) as indicated by a variance inﬂation factor of >5, and entered
the following variables in our multivariable analyses:
age, sex, rural residence, income quintile 1, income quintile 2, income quintile 3, income quintile 4, Carlson
Comorbidity Index, mean outpatient physician visits in
past year, mean emergency department visits in past
3 years, mean hospital admissions in past 3 years, symptomatic carotid stenosis, coronary artery disease, acute
myocardial infarction, congestive heart failure, peripheral
arterial disease, diabetes mellitus, hypertension, chronic
obstructive disease, chronic kidney disease, prior carotid
endarterectomy, coronary revascularization, peripheral
arterial revascularization, year of procedure, urgent
admission, academic hospital, geographic region, annual
hospital volume, and annual operator volume.
Propensity score methods. To perform conﬁrmatory
propensity score-matched analyses, we ﬁrst calculated
propensity scores for the endarterectomy and stenting
cohorts by building logistic regression models that
accounted for all baseline covariates (age, sex, rural residence, income quintile, Carlson Comorbidity Index,
mean outpatient physician visits in past year, mean
emergency department visits in past 3 years, mean hospital admissions in past 3 years, symptomatic carotid
stenosis, coronary artery disease, acute myocardial
infarction, congestive heart failure, peripheral arterial
disease, diabetes mellitus, hypertension, chronic
obstructive disease, chronic kidney disease, prior carotid
endarterectomy, coronary revascularization, peripheral
arterial revascularization, year of procedure, urgent
admission, academic hospital, geographic region, annual
hospital volume, and annual operator volume). We then
matched endarterectomy patients treated by nonvascular surgeons to those treated by vascular surgeons in a
1:1 manner on the basis of this propensity score and the
following additional important confounders: year of
procedure, urgent admission, academic hospital, annual
hospital volume, annual operator volume, age, and history of peripheral arterial disease. Stenting patients
treated by neurosurgeons were matched in a 1:1 ratio to
those treated by radiologists on the basis of the propensity score, year of procedure, urgent admission, academic hospital, annual hospital volume, annual operator
volume, Carlson Comorbidity Index, and history of
peripheral arterial revascularization.
Standardized differences were then calculated after
matching to ensure all of the baseline covariates were
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equally distributed between the cohorts; a standardized
difference of >0.1 was considered signiﬁcant. In the endarterectomy cohort, all baseline variables were equally
distributed after matching, except rural residence and
geographic region. In the stenting cohort, only hypertension and geographic region remained unequally distributed after matching. Finally, we built multilevel logistic
regression models that accounted for clustering of individual operators to compare the risk of 30-day stroke or
death in the matched endarterectomy and stenting cohorts. We also adjusted for important covariates that
remained unbalanced after matching in these models
(rural residence was added in the model for endarterectomy and hypertension was added in the model for
stenting).
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Supplementary Table I (online only). Coding deﬁnitions for identifying patients, comorbid conditions and outcomes
Database

Codes

Validity

Carotid revascularization procedure
Carotid endarterectomy

CIHI-DAD

CCI 1JE57Lx

99% PPV, 90% sensitivity (3)

Carotid artery stenting

CIHI-DAD

CCI 1JE50x

87% PPV, 93% sensitivity (3)

CIHI-DAD

ICD-10 I60.x I61.x I62.x I63.x,
I64.x, H34.1 (excluding I63.6)

92% accurate (4)

Symptomatic carotid
stenosisa

CIHI-DAD

ICD-10 I63, I64, G45, H34.1
(excluding I63.6 and G45.4)
ICD-9 362.3, 433.x1, 434.x1,
436, 435.x

85% PPV (ischemic stroke
diagnosis) (4)
97% PPV (TIA diagnosis) (4)
85% PPV (ischemic stroke
diagnosis) (4)
70% PPV (TIA diagnosis) (4)

Coronary artery disease

CIHI-DAD

ICD-10 I21.x, I22.x, I23.x, I24.x, I25.x,
Z95.5, Z95.8, Z95.9, R93.1, T82.2
ICD-9 410.x, 412.x, 414.x, 429.2, 429.5,
429.6, 429.7
CCI 1IJ26x, 1IJ27x, 1IJ54x, 1IJ57x,
1IJ50x, 1IJ76x
CCP 48.01, 48.02, 48.03, 48.04,
48.05, 48.1, 48.2, 48.3

Codes based on previous study (5)

OHIP

R741, R742, R743, G298, E646, E651,
E652, E654, E655, G262, Z434,
Z448

Myocardial infarction

CIHI-DAD

ICD-10 I21.x, I22.x
ICD-9 410.x

87% PPV, 89% sensitivity (6)
89% PPV, 89% sensitivity, 93%
speciﬁcity (7)

Congestive heart failure

CIHI-DAD

ICD-10 I50.x
ICD-9 428.x

85% PPV, 79% sensitivity (6)

Peripheral arterial
disease

CIHI-DAD

ICD-10 I70.2, I73.9, I74.3, I74.4
ICD-9 440.2, 443.9, 444.2

Codes suggested by Cardiovascular
Health in Ambulatory Care
Research Team (CANHEART)
investigators (8)

Diabetes mellitus

Ontario Diabetes
Database

Diagnosis date in Ontario
Diabetes Database that
precedes the index date

80% PPV, 86% sensitivity, 97%
speciﬁcity (9)

Hypertension

Ontario Hypertension
Database

Diagnosis date in Ontario
Hypertension Database that
precedes the index date

87% PPV, 73% sensitivity, 95%
speciﬁcity, 88% NPV (10)

COPD

Ontario COPD
Database

Diagnosis date in Ontario COPD
Database that precedes the
index date

85% sensitivity, 78% speciﬁcity,
94% NPV (11)

Chronic kidney disease

CIHI-DAD

ICD-10: N032-N037, N052-N057, N18,
N19, N250, Z490-Z492, Z940, Z992
ICD-9: 4030, 4031, 4039, 4040,
4041, 4049, 582, 5830-5837,
585, 586, 5880, V420, V451, V56

As deﬁned in the calculation of
Charlson Comorbidity Index
by the Institute of Clinical
Evaluative Sciences

Coronary
revascularization

CIHI-DAD

CCI 1IJ50x, 1IJ54x, 1IJ57GQ, 1IJ76x
CCP 48.02, 48.03, 48.1x

94-96% PPV (12)

CIHI-DAD
OHIP

CCI 1KG76
CCP 51.29
J025 (excluding records with
the following associated OHIP
diagnosis codes: 435 436 437
584 585 403)

88% PPV, 87% sensitivity (6)
91% PPV (13)

Outcomes
Any stroke
Comorbid conditions

Peripheral
revascularization

CCI, Canadian Classiﬁcation of Health Interventions; CCP, Canadian Classiﬁcation of Diagnostic, Therapeutic, and Surgical Procedures; CIHI-DAD, Canadian Institute for Health Information Discharge Abstract Database; COPD, chronic obstructive pulmonary disease; ICD, International Statistical Classiﬁcation of Diseases; NPV, negative predictive value; OHIP, Ontario Health Insurance Plan; PPV, positive predicative value; TIA, transient ischemic attack.
a
Symptomatic carotid stenosis deﬁned as a prior admission or emergency department visit within the last 6 months with ischemic stroke or transient
ischemic attack.
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Supplementary Table II (online only). Baseline characteristics of matched cohorts
Carotid endarterectomy
Vascular
surgery
(n ¼ 3197)

Nonvascular
surgery
(n ¼ 3197)

70.5 6 9.0

70.2 6 9.3

Carotid artery stenting

SDiffa

Radiology
(n ¼ 306)

Neurosurgery
(n ¼ 306)

0.03

67.4 6 10.7

68.1 6 10.5

0.06

0.02

69 (60-76)

69 (61-76)

0.06

SDiffa

Age, years
Mean 6 SD
Median (IQR)

71 (64-76)

71 (64-77)

Range, years
<70

1400 (43.8)

1400 (43.8)

0.00

158 (51.6)

156 (51.0)

0.01

$70

1797 (56.2)

1797 (56.2)

0.00

148 (48.4)

150 (49.0)

0.01

1093 (34.2)

1086 (34.0)

Female sex
Rural residence

452 (14.1)

0.00

103 (33.7)

90 (29.4)

0.09

661 (20.7)

0.17

47 (15.4)

56 (18.3)

0.08
0.01

b

Neighborhood income quintile
1 (Lowest)

642 (20.1)

599 (18.7)

0.03

55 (18.0)

56 (18.3)

2

702 (22.2)

694 (21.7)

0.01

69 (22.5)

80 (26.1)

0.08

3

634 (19.8)

643 (20.1)

0.01

67 (21.9)

62 (20.3)

0.04

4

673 (21.1)

595 (18.6)

0.06

62 (20.3)

51 (16.7)

0.09

5 (Highest)

531 (16.6)

655 (20.5)

0.09

50 (16.3)

56 (18.3)

0.05

898 (28.1)

842 (26.3)

0.04

69 (22.5)

70 (22.9)

0.01

Charlson comorbidityb
0
1

711 (22.2)

723 (22.6)

0.01

63 (20.6)

63 (20.6)

0.00

$2

921 (28.8)

946 (29.6)

0.02

119 (38.9)

119 (38.9)

0.00

Mean outpatient physician visits in
past year 6 SD

15.1 6 8.4

14.7 6 8.6

0.05

15.2 6 10.4

15.3 6 9.6

0.00

Mean emergency department visits
in past 3 years 6 SD

2.6 6 3.5

2.6 6 3.4

0.01

3.1 6 3.1

3.2 6 3.8

0.05

Mean hospital admissions in past
3 years 6 SD

1.9 6 1.3

1.8 6 1.2

0.03

2.1 6 1.4

2.1 6 1.3

0.04

0.00

Health service use

Comorbid conditions
Symptomatic carotid stenosis

1380 (43.2)

1476 (46.2)

0.06

154 (50.3)

154 (50.3)

Coronary artery disease

700 (21.9)

572 (17.9)

0.10

76 (24.8)

79 (25.8)

0.02

Acute myocardial infarction

180 (5.6)

145 (4.5)

0.05

20 (6.5)

22 (7.2)

0.03

119 (3.7)

96 (3.0)

0.04

20 (6.5)

23 (7.5)

0.04

Congestive heart failure
Peripheral arterial disease

93 (2.9)

93 (2.9)

0.00

10 (3.3)

0.08

Diabetes mellitus

1136 (35.5)

1114 (34.8)

0.01

106 (34.6)

6 (2.0)

104 (34.0)

0.01

Hypertension

2741 (85.7)

2625 (82.1)

0.09

221 (72.2)

238 (77.8)

0.13

Chronic obstructive pulmonary disease

935 (29.2)

892 (27.9)

0.03

91 (29.7)

88 (28.8)

0.02

Chronic kidney disease

106 (3.3)

73 (2.3)

0.06

6 (2.0)

7 (2.3)

0.03

129 (4.0)

114 (3.6)

0.02

#5c

8 (2.6)

0.07

31 (1.0)

54 (1.7)

0.06

0 (0)

#5c

0.08

99 (3.1)

57 (1.8)

0.09

0 (0)

0 (0)

Prior procedures
Carotid endarterectomy
Coronary revascularization
Peripheral revascularization

e

Procedure, institution and operator
characteristics
Year of procedured
2002-2006

1218 (38.1)

1218 (38.1)

0.00

64 (20.9)

64 (20.9)

0.00

2007-2010

1002 (31.3)

1002 (31.3)

0.00

96 (31.4)

96 (31.4)

0.00

2011-2015
Urgent admission

977 (30.6)

977 (30.6)

0.00

146 (47.7)

146 (47.7)

0.00

522 (16.3)

522 (16.3)

0.00

68 (22.2)

68 (22.2)

0.00

(Continued on next page)
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Supplementary Table II (online only). Continued.
Carotid endarterectomy
Vascular
surgery
(n ¼ 3197)

Carotid artery stenting

Nonvascular
surgery
(n ¼ 3197)

SDiffa

Radiology
(n ¼ 306)

Neurosurgery
(n ¼ 306)

SDiffa

Academic hospital

1456 (45.5)

1456 (45.5)

0.00

305 (99)

305 (99)

0.00

Stroke center

2247 (70.3)

2363 (73.9)

0.08

306 (100)

306 (100)

e

455 (14.2)

328 (10.3)

0.12

#5c

#5c
#5c

0.08

Geographic region
Northern Ontario

0.08

Central Ontario

219 (6.9)

650 (20.3)

0.40

#5

Eastern Ontario

450 (14.1)

307 (9.6)

0.14

40 (13.1)

36 (11.8)

0.04

78 (25.5)

121 (39.5)

0.30

Southwestern Ontario
Golden Horseshoe

c

712 (22.3)

511 (16.0)

0.16

1361 (42.6)

1401 (43.8)

0.03

187 (61.1)

148 (48.4)

0.26

1220 (38.2)

1220 (38.2)

0.00

124 (40.5)

124 (40.5)

0.00

1258 (39.3)

1258 (39.3)

0.00

182 (59.5)

182 (59.5)

0.00

719 (22.5)

719 (22.5)

0.00

0 (0)

0 (0)

e

1539 (48.1)

1539 (48.1)

0.00

168 (54.9)

168 (54.9)

0.00

1023 (32.0)

1023 (32.0)

0.00

138 (45.1)

138 (45.1)

0.00

635 (19.9)

635 (19.9)

0.00

0 (0)

0 (0)

e

Annual hospital volume
Low
<50 carotid endarterectomy
<20 carotid artery stenting
Medium
50-99 carotid endarterectomy
20-39 carotid artery stenting
High
$100 carotid endarterectomy
$40 carotid artery stenting
Annual operator volume
Low
<10 carotid endarterectomy
<3.5 carotid artery stenting
Medium
10-24 carotid endarterectomy
3.5-19 carotid artery stenting
High
$25 carotid endarterectomy
$20 carotid artery stenting
IQR, Interquartile range; SD, standard deviation; SDiff, standardized difference.
Data are presented as number (%) unless otherwise indicated.
a
Standardized difference of >0.1 indicates signiﬁcant difference.
b
Missing values for carotid endarterectomy cohort: 26 neighborhood income quintile; 1353 Charlson comorbidity; Missing values for carotid artery
stenting cohort: #5 neighborhood income quintile; 109 Charlson comorbidity.
c
Cells containing n # 5 observations are suppressed.
d
For 2002, only procedures performed after March 31, 2002, are included. For 2015, procedures performed after March 1, 2015 are not included.
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Supplementary Table III (online only). Risk of 30-day any stroke after carotid endarterectomy and stenting by subgroup
Carotid endarterectomy
Vascular
surgerya
(n ¼ 7964)

Nonvascular
surgerya
(n ¼ 6337)

Adjusted
OR for
nonvascular
surgery

<70

74 (2.0)

88 (3.1)

1.39 (1.00-1.92)

$70

128 (3.0)

140 (4.0)

1.40 (1.10-1.78)

Carotid artery stenting
Adjusted
OR for
neurosurgery

Radiologya
(n ¼ 1850)

Neurosurgerya
(n ¼ 393)

.049

53 (6.7)

8 (4.1)

.007

60 (5.7)

15 (7.7)

1.36 (0.64-2.88)

P value

P value

Age
0.57 (0.31-1.02)

.057
.42

Sex
Female

85 (3.2)

80 (3.7)

1.10 (0.81-1.48)

.54

48 (7.6)

8 (6.7)

0.76 (0.30-1.93)

.57

Male

117 (2.2)

148 (3.6)

1.50 (1.14-1.98)

.004

65 (5.3)

15 (5.5)

1.23 (0.71-2.15)

.46

Carotid artery symptoms
Symptomatic

107 (3.6)

127 (4.3)

1.19 (0.88-1.59)

.26

60 (5.9)

13 (6.2)

1.05 (0.48-2.34)

.90

Asymptomatic

95 (1.9)

101 (3.0)

1.53 (1.13-2.07)

.006

53 (6.3)

10 (5.5)

1.09 (0.60-2.00)

.77

Year of procedure
2002-2006

54 (2.1)

111 (3.6)

1.63 (1.14-2.33)

.007

45 (7.1)

7 (9.7)

1.86 (1.33-2.61)

<.001

2007-2010

62 (2.5)

67 (3.5)

1.55 (1.18-2.02)

.001

27 (4.5)

#5b

0.69 (0.25-1.92)

.48

2011-2015

86 (3.0)

50 (3.7)

1.20 (0.88-1.65)

.24

41 (6.7)

Suppressedb

1.06 (0.35-3.21)

.92

109 (2.6)

94 (4.0)

1.52 (1.15-2.01)

.003

58 (6.6)

23 (6.4)

1.08 (0.61-1.89)

.79

93 (2.5)

134 (3.4)

1.36 (1.02-1.81)

.034

55 (5.7)

e

e

e

.74

52 (7.0)

14 (7.4)

1.07 (0.46-2.49)

.88

Hospital type
Academic
Community

Annual hospital volume
Low

53 (2.5)

92 (3.0)

1.07 (0.70-1.63)

Med

76 (2.5)

68 (3.8)

1.55 (1.05-2.29)

.027

22 (5.3)

9 (4.4)

0.81 (0.42-1.57)

.54

High

73 (2.6)

67 (4.5)

1.21 (0.89-1.65)

.22

39 (5.6)

e

e

e

Annual operator volume
Low

64 (2.6)

99 (3.9)

1.38 (0.97-1.97)

.072

40 (7.4)

16 (6.6)

0.92 (0.42-2.06)

.86

Medium

71 (2.8)

55 (2.8)

0.98 (0.68-1.42)

.93

38 (6.7)

7 (4.7)

0.71 (0.41-1.23)

.22

High

67 (2.3)

74 (4.1)

1.81 (1.47-2.23)

<.001

35 (4.7)

e

e

e

OR, Odds ratio.
a
Values are presented as number (%).
b
Cells containing n # 5 observations are suppressed. Cells that would allow calculation of small (n # 5) cells are also suppressed.

Supplementary Table IV (online only). Causes of death during the 30-day follow-up period
Carotid endarterectomy
a

Carotid artery stenting

Vascular surgery,
63 total deaths

Nonvascular surgery,
59 total deaths

Radiology,a
56 total deaths

Neurosurgery,a
11 total deaths

Circulatory

50 (83.3)

49 (89.1)

44 (89.8)

8 (100)

Endocrine

6 (10.0)

#5

#5

#5

Cause of death

a

Neoplasm

#5

#5

#5

#5

Respiratory

#5

#5

#5

#5

Digestive

#5

#5

#5

#5

External/trauma

#5

#5

#5

#5

Infection

#5

#5

#5

#5

a

Causes of death data were missing for 7 patients that died after endarterectomy. Causes of death data were missing for 10 patients that died after
stenting. Values are presented as number (%). Cells containing n # 5 observations are suppressed.

