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BSTRACT

 

Background

 

Randomized clinical trials have dem-
onstrated the efficacy of carotid endarterectomy in
the prevention of stroke when the procedure is per-
formed in regional centers of surgical excellence.
However, the relative effects of these studies on the
rates of carotid endarterectomy in the United States
and Canada have been unclear.

 

Methods

 

We calculated the annual rate of carotid
endarterectomy in the U.S. states of California and
New York and in the Canadian province of Ontario
from 1983 through 1995. We also studied whether
patients in the early 1990s were selectively referred
to hospitals with high volumes of procedures and
historically low in-hospital mortality rates.

 

Results

 

Rates of carotid endarterectomy fell in all
three regions from 1984 to 1989 (from 126 to 66 per
100,000 adults 40 years of age or older in California,
from 65 to 40 per 100,000 in New York, and from 40
to 15 per 100,000 in Ontario), after the publication of
studies demonstrating that the rates of complica-
tions of carotid endarterectomy were unacceptably
high. However, the clinical trials of the 1990s, which
showed benefit from carotid endarterectomy, were
associated with a dramatic resurgence in the rates of
the procedure from 1989 to 1995 (from 66 to 99 per
100,000 in California, from 40 to 96 per 100,000 in
New York, and from 15 to 38 per 100,000 in Ontario).
These increased rates were not associated with pro-
portionally greater numbers of referrals of patients
to hospitals with low mortality rates.

 

Conclusions

 

There have been a dramatic fall and
a rise in the rates of carotid endarterectomy in both
the United States and Canada, which correlate with
the publication of first unfavorable and then favorable
clinical studies. The absence of selective referral of pa-
tients to centers with the lowest mortality rates raises
questions about whether the benefits of carotid end-
arterectomy in the general population are similar to
those demonstrated in the clinical trials. (N Engl J
Med 1998;339:1441-7.)
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INCE its introduction in 1954, carotid endar-
terectomy for the prevention of stroke has been
controversial.

 

1

 

 Rates of carotid endarterecto-
my rose until the mid-1980s, when a number

of studies were published demonstrating very high
rates of perioperative complications (stroke or death)
after the procedure, thus raising questions about its
benefits for the prevention of stroke.

 

2-4

 

 Concern about
carotid endarterectomy increased further when a study
by the Rand Corporation was published in 1988,
showing that 32 percent of the endarterectomies
performed in the United States in Medicare recipi-
ents were performed for inappropriate indications, as
judged by an expert panel using a modified Delphi
technique.

 

5

 

A series of randomized, controlled trials in the
1990s began to clarify the benefits and risks of carotid
endarterectomy. In 1991, the North American Symp-
tomatic Carotid Endarterectomy Trial (NASCET) un-
equivocally demonstrated that carotid endarterectomy
is an effective procedure to prevent stroke in symp-
tomatic patients with carotid stenosis of 70 percent
or more if it is performed in high-volume centers by
highly skilled surgeons whose patients have low com-
plication rates.

 

6

 

 Similar results were found in symp-
tomatic patients with high-grade stenosis enrolled in
the European Carotid Surgery Trial and the Veterans
Affairs Cooperative Symptomatic Carotid Stenosis
Trial.

 

7,8

 

 These studies were followed by release of the
Asymptomatic Carotid Atherosclerosis Study (ACAS)
results in late 1994, which suggested that the indi-
cations for the procedure could be broadened to in-
clude asymptomatic patients with carotid stenosis of
60 percent or more.

 

9,10

 

Separate studies in the United States

 

11

 

 and in On-
tario, Canada,

 

12

 

 have documented declining rates of

S
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carotid endarterectomy in the late 1980s and then
rising rates in the early 1990s, but the relation of the
changes in the rates of carotid endarterectomy in the
two countries has remained unclear. International
comparisons of the rates of carotid endarterectomy
are of particular interest because they indicate how
clinicians practicing in different health care systems
respond to the same medical literature. In our study,
we analyzed the changes in the rates of carotid end-
arterectomy from 1983 to 1995 in two large U.S.
states (California and New York) and a large Canadian
province (Ontario). We were particularly interested in
studying whether patients who underwent carotid
endarterectomy in the early 1990s were selectively
referred to regional centers of excellence (hospitals
with high volumes of carotid surgery and low peri-
operative mortality rates), as recommended by the
NASCET collaborators.

 

6

 

METHODS

 

Sources of Data

 

We obtained hospital-discharge data on the use of carotid end-
arterectomy from the Office of Statewide Health Planning and
Development data base in California, the Statewide Planning and
Regional Cooperative System data base in New York, and the Ca-
nadian Institute for Health Information data base in Ontario. Pa-
tients who underwent carotid endarterectomy in New York and
California were identified by a search of the procedure fields in
these data bases for code 38.12 of the 

 

International Classification
of Diseases, Ninth Revision

 

 (ICD-9),

 

13

 

 and patients in Ontario
were identified by a search for code 50.12 of the Canadian Clas-
sification of Procedures.

 

14

 

 The age and sex of the patients were
determined, along with whether they were considered to have
died in the hospital or not. In-hospital death was defined as death
that occurred within 30 days after the procedure. In Ontario, 85
percent of all deaths that occur within 30 days after carotid end-
arterectomy occur during the initial hospital admission. Data on
out-of-hospital deaths were not readily available for the two U.S.
states. We could not obtain reliable data on the occurrence of
postoperative strokes because the two U.S. data bases did not ac-
curately distinguish whether patients coded as having stroke had
it as a preexisting condition or as a complication of surgery. Pa-
tients who underwent coronary-artery bypass graft surgery (ICD-
9 code 36.1) during the same hospital admission (less than 5 per-
cent of each cohort) were excluded from our study in order to
maintain the homogeneity of the cohorts.

 

Rates of Carotid Endarterectomy

 

The overall age- and sex-adjusted rates of carotid endarterecto-
my per 100,000 adults 40 years of age or older between 1983 and
1995 were calculated for each region, with the population of Cal-
ifornia in the 1990 U.S. Census serving as the standard popula-
tion.

 

15

 

 Age-specific rates of carotid endarterectomy per 100,000
population (for persons 40 to 64 years, 65 to 74 years, or »75
years of age) were also calculated in each region for the years
1984, 1989, and 1995. Only the residents of each region were in-
cluded in the numerators of these rate calculations. The denom-
inators for these rate calculations were obtained from census data
of the U.S. and Canadian governments.

 

Volume of Procedures for Hospitals and Surgeons

 

The numbers of hospitals performing carotid surgery and their
annual numbers of procedures performed (volumes) were drawn
from the hospital-discharge data base in each region. Data on the
volume of procedures for surgeons in New York were obtained

from the Statewide Planning and Regional Cooperative System
data base, and data on volume for surgeons in Ontario were ob-
tained from the Ontario Health Insurance Plan’s physician-billing
data base. We restricted our comparison of surgeons’ annual vol-
umes to the years from 1990 through 1995, since Canadian data
on surgeons’ volumes before 1990 were not available. Data on
volume for surgeons were not available for California.

 

Volume According to Type of Hospital

 

A minimal case volume of 50 carotid endarterectomies over a pe-
riod of 2 years, with a rate of perioperative complications (death
and stroke) within 30 days after the surgery of 6 percent or less,
was required for hospitals to be eligible for participation in the
NASCET.

 

6

 

 To determine whether patients were more likely to be
operated on in hospitals with high volumes of cases and low asso-
ciated mortality rates after the publication of the NASCET study
in 1991, we classified each hospital in the three regions according
to the following criteria. Hospitals were deemed to have historically
low mortality rates if the in-hospital mortality rate associated with
carotid endarterectomy was no more than 2 percent in the two
years (1989 and 1990) preceding the publication of the NASCET;
if the rates were more than 2 percent, the hospitals were considered
to have high mortality rates. The 2 percent threshold was based on
the guidelines of the Stroke Society of the American Heart Asso-
ciation for an acceptable mortality rate among patients undergoing
carotid endarterectomy.

 

16

 

 Hospitals were classified as having his-
torically low volumes of cases if they performed fewer than 50 ca-
rotid endarterectomies in 1989 and 1990. Those that performed
50 or more carotid endarterectomies during this period were clas-
sified as having high volumes. The relative proportions of patients
undergoing carotid endarterectomy and the in-hospital mortality
rates at different types of hospitals before (1989 and 1990) and
after (1992 and 1993) the publication of the NASCET were de-
termined in each of the three regions.

 

Statistical Analysis

 

All categorical variables were compared with the use of chi-square
statistics.

 

17

 

 All P values were two-sided. Rate ratios comparing
rates of carotid endarterectomy between years and across regions
were calculated with 95 percent confidence intervals, determined by
a Taylor series expansion.

 

15

 

 Adjusted mortality rates were calculat-
ed according to hospital category in each region, after adjustments
were made for the age and sex distribution of the patient popu-
lation of each region.

 

15

 

 The overall mortality rates for the three
regions were adjusted according to the age and sex distribution of
California’s population of patients undergoing carotid endarter-
ectomy in 1992–1993. The SAS statistical program (Release 6.11,
SAS Institute, Cary, N.C.) was used for all statistical analyses.

 

18

 

RESULTS

 

Trends in Rates of Carotid Endarterectomy

 

The overall age- and sex-adjusted rates of carotid
endarterectomy peaked in all three regions in the mid-
1980s and then gradually declined to a low point in
the late 1980s, with the rates in California and New
York being persistently two to three times as high as
that in Ontario throughout this period (Fig. 1). The
publication of the NASCET in 1991 was associated
with a substantial rise in the rates of carotid endar-
terectomy in all three regions in the early 1990s. A
further increase in the rates occurred after the re-
lease of the ACAS results in late 1994, with the most
striking increase occurring in New York. By 1995,
New York’s overall rate of carotid endarterectomy
(96 per 100,000 adults 40 years of age or older) was
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similar to that of California (99 per 100,000), where-
as the rate in Ontario (38 per 100,000) remained less
than half that of New York.

 

Age-Specific Rates and Volumes 
of Carotid Endarterectomy

 

Age-specific rates and volumes of carotid endar-
terectomy in California, New York, and Ontario in
1984, 1989, and 1995 are shown in Table 1. These
years were chosen because they corresponded to the

initial peak, subsequent trough, and most recent
peak in rates of carotid endarterectomy. Ontario had
the greatest relative decline in rates of carotid end-
arterectomy in all age groups between 1984 and
1989, although the absolute decline in the rate was
greatest in California. Conversely, the subsequent in-
crease in rates was proportionately greatest in Ontario,
with the smallest increase occurring in those under
the age of 65 in California. By 1995, the rate of ca-
rotid endarterectomy in New York in patients 40 to
64 years of age (33 per 100,000) actually exceeded
that in California (27 per 100,000), whereas the rate
for those 75 or older (236 per 100,000) remained
between that of California (301 per 100,000) and
Ontario (73 per 100,000).

Eighty-nine percent of the difference between Cal-
ifornia and Ontario in the rates of carotid endarter-
ectomy in 1995 could be explained by higher rates
for patients 65 or older. The number of women hav-
ing endarterectomies was also higher in all age groups
in the two U.S. states. In 1995, women represented
43 percent of patients undergoing carotid endarter-
ectomy in California and 44 percent in New York, as
compared with 33 percent in Ontario (P<0.001 for
the comparisons with both California and New York).

 

Numbers of Hospitals and Volumes
of Procedures Performed

 

The numbers of hospitals offering carotid endar-
terectomy on a per capita basis and the mean annual
volumes of carotid surgery at these hospitals in 1984,
1989, and 1995 in the three regions are shown in

 

Figure 1.

 

 Age- and Sex-Adjusted Rates of Carotid Endarterectomy
per 100,000 Adults 40 Years of Age or Older in California, New
York, and Ontario from 1983 to 1995.
All rates have been adjusted for age and sex according to the
population of California as ascertained by the 1990 U.S. Census.
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*CI denotes confidence interval. Overall rates have been adjusted for age and sex according to the
age and sex distributions of the population of California in 1990 and are calculated per 100,000
adults 40 years of age or older.
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 R

 

ATIO
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1995 

 

VS

 

. 1989

 

REGION

 

 

 

IN

 

 1995 

 

VS

 

.
O

 

NTARIO

 

 

 

IN

 

 1995

 

rate per 100,000 (no.)

 

California
40–64 yr
65–74 yr
»75 yr
Overall

51 (3124)
301 (4894)
294 (3153)
126 (11171)

24 (1676)
160 (2918)
167 (2070)
66 (6664)

27 (2193)
244 (4775)
301 (4503)
99 (11471)

1.15 (1.08–1.23)
1.52 (1.45–1.59)
1.81 (1.72–1.91)
1.51 (1.47–1.56)

1.61 (1.47–1.77)
2.46 (2.28–2.65)
4.12 (3.72–4.57)
2.59 (2.46–2.72)

New York
40–64 yr
65–74 yr
»75 yr
Overall

37 (1721)
152 (1983)
91 (848)
65 (4552)

19 (928)
97 (1300)
72 (712)
40 (2940)

33 (1691)
242 (3263)
236 (2544)
96 (7498)

1.70 (1.57–1.84)
2.49 (2.33–2.66)
3.30 (3.04–3.59)
2.38 (2.28–2.48)

1.95 (1.77–2.15)
2.45 (2.27–2.65)
3.24 (2.91–3.60)
2.52 (2.39–2.66)

Ontario
40–64 yr
65–74 yr
»75 yr
Overall

25 (599)
97 (548)
37 (137)
40 (1284)

10 (265)
36 (245)
15 (66)
15 (576)

17 (537)
99 (796)
73 (394)
38 (1727)

1.72 (1.48–1.99)
2.75 (2.38–3.17)
4.93 (3.80–6.40)
2.52 (2.29–2.77)

1.00 
1.00 
1.00 
1.00 
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Table 2. The two U.S. states had two to four times as
many hospitals offering carotid surgery on a per capita
basis as Ontario throughout the study period. Sharp
decreases followed by increases in the annual volume
of carotid surgery per hospital rather than large chang-
es in the numbers of hospitals performing the pro-
cedure per capita were factors associated with the ob-
served changes in surgical rates in all three regions.

 

Numbers of Surgeons and Volumes
of Procedures Performed

 

Changes in the numbers of surgeons performing
carotid endarterectomy and the volumes of proce-
dures performed by these surgeons in New York and
Ontario between 1990 and 1995 are shown in Table
3. The number of surgeons on a per capita basis was
approximately three to four times as high in New
York as in Ontario throughout this period. However,
the proportion of high-volume surgeons (those per-
forming more than 15 carotid endarterectomies per
year) was greater in Ontario than in New York. The
increase in the rates of carotid endarterectomy in
Ontario in the 1990s was driven primarily by the in-
creasing volume of procedures performed per sur-
geon, whereas the increase in New York was a func-
tion of both increasing volume per surgeon and an
increasing number of surgeons performing the pro-
cedure. Despite this difference, there was still a large
number of surgeons with very low annual volumes
(one to five cases per year) in both New York and
Ontario in the mid-1990s, as shown in Table 3.

 

Referrals after the Publication of the NASCET

 

We assessed the extent to which the increase in
the rates of carotid endarterectomy after the
NASCET was published occurred among high-vol-
ume hospitals with historically low mortality rates.
In 1989–1990, 55.1 percent of the patients in Cal-
ifornia, 52.3 percent of those in New York, and 20.6
percent of those in Ontario underwent carotid end-
arterectomy at hospitals with low mortality rates and
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V

 

ARIABLE

 

1984 1989 1995

 

number 

 

Hospitals offering carotid surgery
California
New York
Ontario

357
171
35

329
144
36

312
161
40

Hospitals offering carotid endarterectomy/
million adults »20 yr of age

California
New York
Ontario

20.1
13.4
5.5

16.3
11.0
4.9

14.6
12.2
4.9

Mean annual volume of carotid-
endarterectomy cases per hospital

California
New York
Ontario

31
26
38

20
20
16

36
52
44

*Data on volume of procedures performed were not available for surgeons in California. Percentages do not all total
100 because of rounding.
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OF PROCEDURES PERFORMED IN NEW YORK AND ONTARIO FROM 1990 THROUGH 1995.*

VARIABLE 1990 1991 1992 1993 1994 1995

Surgeons performing carotid endarterec-
tomy — no.

New York
Ontario

406
78

429
98

444
102

462
95

492
97

518
98

Surgeons performing carotid endarterec-
tomy/million adults »20 yr of age
— no.

New York
Ontario

30.8 
10.4 

32.5 
12.8 

33.6
13.1

34.9 
12.0 

37.3 
12.1 

39.4
11.9

Surgeons performing carotid endarterec-
tomy according to region and
volume — no. (%)

New York
1–5 cases/yr
6–15 cases/yr
>15 cases/yr

Ontario
1–5 cases/yr
6–15 cases/yr
>15 cases/yr

278 (68)
77 (19)
51 (13)

39 (50)
24 (31)
15 (19)

260 (61)
97 (23)
72 (17)

44 (45)
31 (32)
23 (23)

255 (57)
103 (23)
86 (19)

44 (43)
28 (27)
30 (29)

253 (55)
129 (28)
80 (17)

32 (34)
36 (38)
27 (28)

261 (53)
131 (27)
100 (20)

35 (36)
30 (31)
32 (33)

250 (48)
129 (25)
139 (27)

28 (29)
31 (32)
39 (40)
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high volumes of procedures (Table 4). However, the
publication of the NASCET in 1991 did not result
in a substantial increase in the relative proportion of
patients referred to these institutions in any of the
three regions. Increases in the volume of carotid-
endarterectomy cases at hospitals with historically low
mortality rates were similar to those at other types
of institutions (Table 4). Although the overall mor-
tality rates declined between 1989 and 1990 and
1992 and 1993, particularly in hospitals with histor-
ically high rates, the adjusted mortality rates in 1992
and 1993 for patients undergoing carotid surgery at
hospitals with historically high mortality rates and
low volumes of procedures continued to be signifi-
cantly higher than those at hospitals with historically
low mortality rates and high volumes of procedures;
this was true in California (mortality, 1.92 percent
vs. 0.80 percent; P<0.05) and Ontario (2.39 percent
vs. 0.97 percent, P<0.05), but not in New York
(0.99 percent vs. 0.84 percent, P=0.30). The high-
er overall in-hospital mortality rate in Ontario (1.72
percent) in 1992–1993, as compared with New York

(0.95 percent) and California (0.94 percent), should
be interpreted cautiously, because it could reflect un-
measured differences in the case mix or differences
in the proportion of deaths that occurred outside
the hospital.

DISCUSSION

Between 1983 and 1995, several landmark studies
on carotid endarterectomy were published. We ob-
served considerable regional variation in the rates of
carotid endarterectomy during this period, with rates
in California and New York consistently higher than
those in Ontario. Rates of carotid endarterectomy
declined in all three regions during the late 1980s after
the publication of several studies showing unaccept-
ably high complication rates for this procedure.2-5

However, there was a dramatic resurgence in perform-
ance of the surgery during the 1990s after the pub-
lication of the NASCET and ACAS, with a particu-
larly striking increase in New York. By 1995, the rate
of carotid endarterectomy in New York had exceeded
the rate in California among nonelderly persons,

*Percentages do not all total 100 because of rounding. NASCET denotes North American Symptomatic Carotid End-
arterectomy Trial.

†Hospital categories were defined as follows: low mortality, in-hospital mortality rate of «2 percent in 1989 and 1990;
high mortality, in-hospital mortality rate >2 percent in 1989 and 1990; low volume, «50 carotid endarterectomies per-
formed in 1989 and 1990; and high volume, >50 carotid endarterectomies performed in 1989 and 1990.

‡Rates do not include patients at hospitals that offered carotid endarterectomy in 1992 and 1993 but not in 1989 and
1990.

§Adjusted rates are adjusted to the age and sex distribution of patients in that region in those years. Overall rates are
adjusted to the age and sex distribution of the patient population that underwent carotid endarterectomy in California
in 1992 and 1993.

¶P<0.05 for the comparison with low-mortality, high-volume hospitals in that region.

¿P<0.05 for the comparison with the mortality rate in California in 1992 and 1993.

TABLE 4. CHANGES IN NUMBERS OF PATIENTS UNDERGOING CAROTID ENDARTERECTOMY 
AND IN MORTALITY RATES ACCORDING TO HOSPITAL TYPE.*

REGION AND HOSPITAL CATEGORY† BEFORE NASCET (1989 AND 1990) AFTER NASCET (1992 AND 1993)‡

NO. OF

PATIENTS (%)
IN-HOSPITAL 

MORTALITY RATE

NO. OF

PATIENTS (%)
IN-HOSPITAL 

MORTALITY RATE

crude adjusted§ crude adjusted§

% %

California
Low mortality, high volume
Low mortality, low volume
High mortality, high volume
High mortality, low volume
Overall

7,203 (55.1)
3,345 (25.6)
1,606 (12.3)

917 (7.0)
13,071

0.58
0.00
2.93
4.69
1.00

0.58
0.00¶
2.96¶
4.80¶
1.02

9,399 (56.7)
4,399 (26.5)
1,680 (10.1)
1,111 (6.7)

16,589

0.81
0.91
1.13
1.89
0.94

0.80
0.92
1.13¶
1.92¶
0.94

New York
Low mortality, high volume
Low mortality, low volume
High mortality, high volume
High mortality, low volume
Overall

2,971 (52.3)
1,280 (22.5)

737 (13.0)
697 (12.3)

5,685

0.64
0.23
3.25
4.30
1.34

0.64
0.24¶
3.29¶
4.24¶
1.43¿

4,138 (48.4)
2,259 (26.4)
1,045 (12.2)
1,106 (12.9)
8,548 

0.84
1.11
0.77
0.99
0.92

0.84
1.11
0.78
0.99
0.95

Ontario
Low mortality, high volume
Low mortality, low volume
High mortality, high volume
High mortality, low volume
Overall

258 (20.6)
270 (21.6)
645 (51.6)
77 (6.2)

1,250

0.78
0.00
2.94
3.90
1.92

0.78
0.00¶
2.99¶
5.38¶
2.42¿

434 (18.1)
634 (26.4)

1,095 (45.7)
235 (9.8)

2,398

0.92
1.74
1.46
2.55
1.54

0.97
1.73¶
1.49
2.39¶
1.72¿
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whereas among older patients it remained between
the rates in California and Ontario.

The results of our study provide new insights into
the previously observed phenomenon of wide geo-
graphic variations in rates of carotid endarterectomy.19

We found that each region we studied had a unique
“surgical signature” that reflected the practice pat-
terns of local physicians in that region with respect to
the performance of carotid endarterectomy.20 We have
shown that the publication of new scientific data did
not lead to a convergence toward a uniform rate in
these geographic areas. Rather, the new information
appeared to be interpreted by physicians in the con-
text of their own community’s pattern of practice,
with physicians rapidly decreasing or increasing their
enthusiasm for the procedure according to the base-
line rates in their communities. The rapid change in
surgical rates after the publication of the major studies
of carotid endarterectomy probably reflects the heavy
publicity surrounding the release of these studies and
the definitive and consistent nature of their results.

The rate of carotid surgery remained much lower
in Ontario than in the two U.S. states during the pe-
riod of our study. Our data suggest a strong relation
between the number of hospitals and surgeons per-
forming the procedure and the overall surgical rates
observed. For example, the fact that four times as
many hospitals in California offered carotid surgery as
in Ontario, after adjustment for the size of the pop-
ulation, almost certainly contributed to the markedly
higher rates of surgery observed in California in the
mid-1980s. Although there are no formal restric-
tions on the availability of carotid endarterectomy in
Ontario, the relatively low number of surgeons per
capita who perform carotid endarterectomy and their
relatively high surgical volumes may limit the num-
ber of procedures that are performed. Interestingly,
the smallest proportional increase in rates of carotid
surgery in the 1990s was among persons under the
age of 65 in California, which may be a reflection of
the high penetration of managed care in this age
group in the state.

The NASCET and ACAS have proved that a low
rate of perioperative complications (e.g., a 30-day
mortality rate of 0.6 percent in the NASCET and
0.1 percent in the ACAS) is important if patients are
to derive a long-term benefit from carotid surgery.6,10

However, we found the mortality rates at many hos-
pitals in both countries to be substantially higher
than the rates reported in these trials. We also
found no evidence that patients were selectively re-
ferred to high-volume centers with historically low
mortality rates, even though the mortality rates of
the low-volume hospitals with historically high mor-
tality rates in 1992 and 1993 were two to three
times as high in both California and Ontario. The
absence of selective referral may reflect a lack of
awareness of local rates of mortality and stroke in

patients undergoing carotid endarterectomy in the
two countries, with patient referrals depending
more on local availability and convenience than on
better outcomes. A recent nationwide survey of
U.S. physicians found that only 19 percent were
aware of the mortality rate associated with carotid
endarterectomy at their local hospital.21

Our study had certain limitations. First, details
were not available on the clinical characteristics (e.g.,
the degree of stenosis) and postoperative outcomes
(e.g., stroke) that would have allowed us to compare
more definitively the appropriateness and outcomes
of carotid surgery in the two countries. More de-
tailed clinical data would have allowed us to deter-
mine whether unmeasured differences in the case
mix (e.g., the proportion of asymptomatic patients)
or in other factors accounted for the higher in-hos-
pital mortality after carotid endarterectomy in Ontar-
io. Second, we relied on historical data on in-hospital
mortality and the volume of procedures to classify
hospitals that performed carotid endarterectomy in
each region. Data on the occurrence of death and
stroke within 30 days after carotid endarterectomy
would have allowed us to identify high-quality cen-
ters more accurately. Centers with lower mortality
rates may not necessarily have had lower rates of
stroke, since perioperative deaths are mostly due to
myocardial infarction. Third, our findings may not
be generalizable to other states in the United States
or to other provinces in Canada.

In conclusion, we found substantial variation in
the rates of carotid endarterectomy among California,
New York, and Ontario throughout the 1980s and
the first half of the 1990s. These rates fell dramati-
cally in all three regions in the late 1980s and then
rose again in the 1990s, as scientific studies ques-
tioned the value of carotid endarterectomy and then
defined the appropriate indications for the proce-
dure. Striking variations in the use of carotid surgery
in older patients account for much of the difference
in the rates of carotid endarterectomy between the
two countries; large differences in the numbers of
surgeons who performed the procedure and in the
numbers of hospitals offering the procedure proba-
bly contributed to the variations observed. The ab-
sence of selective referral of patients to high-volume
centers with historically low mortality rates suggests
that caution should be exercised in drawing conclu-
sions about the effectiveness of carotid endarterecto-
my in the general population on the basis of trials of
clinical efficacy conducted at highly selected facili-
ties. The benefits of carotid endarterectomy demon-
strated in the NASCET and ACAS were highly sen-
sitive to the ability of the participating centers to
maintain low rates of perioperative complications,
and the lack of more selective referral may blunt the
effectiveness of carotid endarterectomy in the com-
munity setting.
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