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Abstract Carotid encarterectomy is a commonly per-
formed but controversial procedure. We developed from
the iiterature a list of 864 possioie reasons for performing
carotid endarterectomy, and asked a panei of nationaily
known experts to rate the appropriateness of each indica-
tion using a modified Delphi technique. On the basis of the
panet's ratings, we determined the appropriateness of ca-
rotid endarterectomy in a random sampie of 1302 Medi-
care patients in three geographic areas who had had the
procedure in 1981.

Thirty-five percent of the patients in our sampie had
carotid endarterectomy for appropriate reasons, 32 per-
cent for equivocal reasons, and 32 percent for inappropri-
ate reasons. Of the patients having inappropriate surgery,
48 percent had less than 50 percent stenosis of the carotid
artery that was operated on. Fifty-four percent of ail the

AROTID endarterectomy is a commonly used
procedure. From 1971 to 1982, the number
of carotid endarterectomies performed yearly in the
United States rose from 15,000 to 85,000.! An estimat-
ed 107,000 were performed in 1985.2 However, there
are substantial differences between geographic areas
in the population-based rates at which this procedure
is performed.® Two randomized, controlled trials have
compared the efficacy of carotid endarterectomy in
preventing stroke or death with that of medical ther-
apy or no therapy, but the results of the studies were
equivocal.*>
Proponents of carotid endarterectomy maintain
that if the operation had a low complication rate, it
would be beneficial in certain clinical situations. Sev-
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procedures were performed in patients without transient
ischemic attacks in the carotid distribution. Of these proce-
dures, 18 percent were judged appropriate, as compared
with 55 percent judged appropriate in patients with tran-
sient ischemic attacks in the carotid distribution. After ca-
rotid endarterectomy, 9.8 percent of patients had a major
complication (stroke with residual deficit at the time of hos-
pital discharge or death within 30 days of surgery).

We conclude that carotid endarterectomy.was substan-
tially overused in the three geographic areas we studied.
Furthermore, in situations in which the complication rate is
equal to or above the study's aggregate rate, carotid end-
arterectomy would not be warranted, even in cases with
an appropriate indication, because the risks wouid almost
certainly outweigh the benefits. (N Engl J Med 1988;
318:721-7.) .

eral studies have described the circumstances under
which carotid endarterectomy may be efficacious. The
best availabie data suggest that the procedure may
reduce the risk of stroke or death after an ipsilateral
transient ischemic attack (TIA) in the carotd distri-
bution in cases in which severe carotid artery stenosis
is noted on angiography.*’ The procedure is also
performed in patients who have had a stroke®'°
or have a stroke in evolution'! or in those who are
asymptomatic but are at high risk for a stroke.'*!* In
addition to our lack of data on the efficacy of carotid
endarterectomy, we know little about how the proce-
dure is actually being used throughout large geo-
graphic areas.

To learn more about the reasons for performing ca-
rotid endarterectomy, we investigated the appropri-
ateness with which the procedure was performed in
1981 in patients receiving Medicare in three large geo-
graphic areas in the United States. We have recently
reported the results of a study demonstrating the lack
of a relation between the appropriateness and the
rates of use of the procedure in these three areas.'* In
all three sites a substantial proportion of use was inap-
propriate. We report here the clinical characteristics
of the patients who underwent carotid endarterec-
tomy, the importance of these clinical factors in deter-
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mining npproonateness and the pcrloperauve com-
plication rates in the three geographic sites studied.

METHODS

We used data from physicians’ Medicare claims to measure popu-
lation-based rates of use of carotid endarterectomy and other health
services in 13 large geographic areas across the United States in
1981. The methods and results of this analysis have previously been
reported.’ In 1981 the average rate of carotid endarterectomy
among people 53 years of age or older in these 13 sites was 14 per
10.000 persons (adjusted for differences in age and sex). The rates

observed ranged from a low of 6 to a high of 23 per 10,000; the

differences were statistically significant (P<0.001).

We selected three sites in which to study the appropriateness of
carotid endarterectomy. We chose sites with rates at both extremes
of the distribution, as well as a site with an average rate; thus, site |
had a rate of 23 per 10,000, the highest rate we observed; site 3 had
the lowest rate (6); and site 2 had a rate of 16. The sites are large
geographic areas, together encompassing 1.5 million Medicare ben-
eficiaries. Each site is the location of at least one medical school,
with an overall totai of eight. The sites also represent different
degrees of urbanization; site | consists of a mixture of urban and
rural areas, site 2 is relatively rural, and site 3 is more urban.

We have previously reported the methods we used to develop a
catalogue of indications for carotid endarterectomy and to convene
a panel of expert physicians to rate each indication on a scale of
appropriateness.'3-!7 Briefly, we conducted an extensive literature
review primarily to determine the circumstances under which carot-
id endarterectomy had been shown or thought to be beneficial.
From this review we developed a list of 864 indications or specific
clinical situations in which the use of this procedure might be con-
sidered. The list included essentially all possible reasons for per-
forming the procedure.

We then convened a panel of nine nationally known experts
in vascular surgery (three physicians), neurosurgery (one), neuro-
radiology (one}, ncurology (two), internal medicine (one), and fam-
ily medicine (one). These physicians rated each indication on a 9-
point scale of appropriateness (where 9 = extremely appropriate,
5 = equivocal, and | = extremely inappropriate). We considered a
procedure appropriate if its expected heaith benefits exceeded its
expected negative consequences by a margin wide enough to indi-
cate that the procedure was worth doing. Panclists were provided
with our literature review and asked specificaily to rate the indica-
tions for carotid endarterectomy in 1981.

We used a modified Delphi technique in which panelists first
rated the indications by mail, after which they met at Rand (in
1984), discussed their areas of disagreement, and rated the indica-
tions again. Consistent with the Delphi method, all individual rat-
ings were kept confidential. To assist the panelists in the second
round of ratings, each panelist received a summary of the group's
ratings for each indication, displayed so that the panelist could
compare his own rating with those of the rest of the group. The
literature review and the list of 864 final rated indications are avail-
able elsewhere.'® We considered indications appropriate if the pan-
el’s median rating fell_hetween.7 and 9 on our scale and the panel
did not disagree. Inappropriate indications had median ratings of 1
to 3, without disagreement. We classified as equivocal alil indica-
tions with median ratings of between % and 6 and all indications
about which there was disagreement. For this purpose, we defined
disagreement as occurring when at least three panelists rated the
indication appropriate (7 to 9 on the scale) and at least three panel-
ists rated the indication inappropriate (1 to 3). )

The indications were structured to create homogeneous clinical
groups. The 864 indications were organized according to 16 differ-
ent clinical categories — 5 categories of carotid TIAs (Table 1), 2.
categories including patients who had had strokes, 1 category each
including patients with vertebrobasilar TIAs, stroke in evolution,
and dementia, and 6 categories of asymptomatic patients. Patients
were assigned to the TIA categories if their most recent TIA ook
place within three months of their surgery. Patients without symp-
toms were categorized according to whether they were to undergo

Table 1. Distribution of Patients with Carotid Endarterectomy,
According to Climeai Group and Geograohic Site.
Stre | Stre 2 SiTe 3
Cuivicat Grour (N = 600) (N = 392) (N = 210)
% of panenss at site
Patients with caroud TIAs* 44 44 53
Single 12 16 15
Muitipie in 2 patient not :tcexvmg 19 17 20
medical therapyt
Multipie in a panent receiving 8 8 13
medical therapy
Multiple in cases with 1 1 1
treatment success$
Crescendo 4 2 4
Asymptomatic patients§ ‘ 28 25 23
Patients who had a saoke >3 wk 16 17 11
before the procedure
Patients who had a sgoke =3 wk s 5 5
before the procedure
Pau with basilar TIAs 7 9 7
Patients with stroke in evolution <1 0 1
Patients with dementia <1 <1 <1

*The percentage of patients at sits 3 with carotid TIAs was significantly different from the
percentages at sites | and 2 (P<0.05).

TMedical therapy was defined as any dosage of
taken regularty.

$Treatment success was defined as multiple TIAs within the previous year but no recurrence
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coronary-artery bypass surgery, intraabdominal or other intratho-
racic surgery, or no surgery. Each of these categories was further
subdivided into groups of patients with a normal or elevated risk of
stroke. Patients with a high risk of stroke were identified with use of
data from the Framingham study defining a probability of more
than 10 percent that an atherothrombotic brain infarction would
deveiop in eight years. The calculations of these probabilities take
into account the patients’ age, sex, smoking status, blood pressure,
and serum cholesterol level as well as whcther or not they had left
ventricular hypertrophy and diabetes.'®

Within each clinical category were three critical factors that
defined the indications and therefore determined the appropriate-
ness rating: the resulits of the carotid angiographic assessment, the
estimated surgical risk, and when applicable, whether surgery
was performed on the carodd artery ipsilateral or contralateral to
the cerebral hemisphere associated with the patient’s symptoms.
The angiography resuits were classified according to the percent-
age reduction in the extracranial luminal diameter and the pres-
ence or absence of an ulcerative lesion. When the angiography
report did not specify the exact percentage of stenosis, we assigned
patients to the categories of stenosis as follows: “severe,” “high-
grade,” and “tight” were inicluded in the 70 to 99 percent category;
“moderate” in the 50 to 69 percent category; and “mild,” “mini-
mal,” and “normal” in the 0 to 49 percent category. The degree of
intracranial stenosis was not included as a critical factor in defining
indicadons. Ulcerative lesions were classified as small, large, or
multicentric, according to the description in the angiography re-
port. If the surgical team’s interpretation of the angiography
findings differed from that of the radiologist, we chose the reading
that assigned patients to the category of greatest possxble surgical
benefit.

The patients were assigned to one of three categories of surgical
risk with use of the Goldman index'® and the Dripps-American
Society of Anesthesiology (ASA) criteria.'® Low risk was defined as
Goidman Class I or Dripps~ASA Classes 1 and 2, medium risk as
Goldman Classes 11 and 11II or Dripps—ASA Classes 3 and 4, and
high risk as Goldman Class I'V or Dripps-ASA Class 5. Patients in



the high-surgical-risk category had a more than 10 percent chance
ot having a maijor perinperaave complication. .

. Using the claims data from which we calculated overalil rates of
use, we selected a random sample of 1389 cases in the three sites.
We have described elsewhere the approach we used to obtain the
participation of the community-basgd sampie of physicians who
performed the carotid endarterectomies.”® The overall rate of physi-
cian participation was 89 percent (256 physicians). There were no
significant differences between the sites in the rates of physician
participation (91 percent at site |, 85 percent at site 2, and 90
percenc at site 3). Participating physicians had performed 89 per-
cent (n = 1414) of the total number of procedures in the patient
sample. The hospitais at which these procedures were performed
also participated, except for one hospital in site 1 (whose physicians
had agreed to participate). This hospital represented 3.2 percent
(n = 24) of the patients selected for study in this site.

We requested the medical records of the 1390 cases in which the
participating physicians and hospitals had been invoived. A de-
tailed abstraction form was developed to collect the data necessary
to assign indications to each case. For example, we collected data on
the presenting and previous neurologic symptoms (carotid TIAs,
stroke, and vertebrobasilar TI1As), whether the patient was receiv-
ing medical therapy (anticoagulants or platelet-inhibiting drugs),
the dates of any previous strokes. the patient’s functional status at
the time of admission and at discharge, previous carotid endarterec-
tomies, risk factors for siroke (high cholesterol level, high blood
pressure, smoking, and diabetes), surgicai risk factors (comorbid
conditions — e.g., a previous myocardial infarction), and noninva-
sive neurovascular studies and carotid angiograms. We defined a
TIA in the carotid distribution as a transient unilateral neurologic
deficit consistent with hemispheric ischemia and lasting less than 24
hours. We used Goldstone and Moore’s definition of crescendo
TIAs!!' — i.c., the occurrence of two or more carotid TIAs within a
24-hour period. We obtained photocopies of the results of all re-
ports on carotid angiographic procedures and of most admission
histories and physical examinations. The abstraction form and
guidelines for its use are available eisewhere.!> We obtained data on
deaths occurring within 30 days of the operation from the health
insurance master file of the Health Care Financing Administration;
this information is based on data pertaining to eligibility for Social
Security. Information on operative complications (clinical details of
any perioperative stroke or myocardial infarction) was also ob-
tained from the medical records.

The medical records were abstracted by data collectors who were
screened, trained, and monitored in order 1o ensure the collection of
reliable and valid data. Each compieted ahstraction form was re-
viewed by both a physician and a nonphysician to assess the com-
pleteness and y of the clinical information. The physician
aiso coded the results of all carotid angiograms from the carotid
angiography reports and assigned cases to the clinicai groups.

To obtain complete clinical data, the data collection took piace in
hospitais, physicians’ offices, and clinics. Among the 1390 cases
sampied from the claims data. we determined that there were errors
in the claims data for 63 (4.5 percent): 40 of the procedures were not
carotid endarterectomies, 7 were not performed in 1981, and | was
not performed within the-geographic area studied; for 15 proce-
dures, the physician had no record of having seen the patient.

Data were incomplete in 25 cases (2 percent), which were
excluded cither because medicai records known to exist couid
not be found (24 cases) or because available medical records
from all sources did not provide cnough data to allow us to deter-
mine the indication for the procedure (! case). Thus, we were able
to obtain complete information on 1302 cases, or 98 percent of ail
cases cligible for inclusion in the study after the claims errors were
excluded.

On the basis of the data recorded in the abstraction forms, one or
more indications were assigned to each case. In cases with more
than one indication, the one with the highest appropriateness rating
was designated the primary indication and was used throughout the
subsequent anaiysis. We have previously reported studies of the
validity of the compiete process of medical-records abstraction,
physician review, and assignment of indications.?®

Our calculations indicated that with 300 cases in =ach site. we
couid expect 0 detect a true difference of 8 percentage points 'n
appropriate or inappropriate use in at least 80 percent of repeated
trials. In sites 2 and 3, all Medicare patients who had a caroud
endarterectomy in 1981 were selected for study. A random sampie
of patients, representing abour half of all procedures, was seiected
for site 1.

Our sampling methods were designed so that all patients had an
cqual probability of being included. In order to obtain unbiased
estimates. we used inverse sampie-probability weighting to calcu-
late the staustical values for all sites. We tested the differences
between sites in the distributions of patients’ characteristics and
indications for carotid endarterectomy by using chi-square tests.

REesuLTs

Table 2 shows the demographic and clinical charac-
teristics of patients who underwent carotid endarter-
ectomy in 1981 in the three geographic sites studied.
The table also shows the sample size and the rate of
carotid endarterectomy per 10,000 Medicare bene-
ficiaries 65 years of age or oider in each site. Except
for age, there were no significant differences between
the sites in any of the patients’ characteristics. Site 3
had a smaller proportion of patients who were over 80
years old.

Table 1 lists the various clinical groups or present-
ing symptoms of the patients in the three sites. Slight-
ly less than half the carotid endarterectomies in all
three sites were performed in patients with carotd
TIAs. Site 3 had a significantly higher proportion of
patients who presented with carotid TI1As than did the
other two sites (53 vs. 44 and 44 percent; P<0.05).
Patients who were asymptomatic or presented with
nonspecific symptoms represented about one fourth of
the entire sample of patients. Dementia and stroke in
evolution were uncommon reasons for carotid endar-
terectomy.

Table 3 shows the appropriateness of carotid end-
arterectomy, according to site, and two important
factors that, in addition to the clinical presentation,
determine the appropriateness of carotid endarterec-
tomy — stenosis of the carotid artery operated on and
surgical risk. Overall, 32 percent of the carotid cndar-

Table 2. Demographic and Clinical Characteristics of Patients
Undergoing Carotid Endarterectomy in Three Geographic

Sites in 1981.
Stre ¢t Srre 2 Sete 3
No. of patients 600 492 210
Rate of carotid endarterectomy 23 16 6
per 10,000 eiderly persons
Age (%)*
64-69 34 35 45
70-74 30 32 n
7579 px) 20 19
=80 13 13 S
Sex (% male) 55 58 56
Race (% biack) B 1.2 0 4
Previous stroke (%) 30 29 27
Previous myocardial 25 26 20
infarction (%)
Diabetes (%) 16 19 22

*p<0.08 for site 3 as compared with sites 1 and 2.



Tabte 3. Clinical Determinants ot Appropriateness of Carotid
Endarterectomy, According to Geographic Site.

Sire { SiTe 2 Site 3 ALL SITES
(N =600y (N =>492) (N =200 (N =1302)
percent of patients®
Appropriateness category
Appropriate 37 30 42 35
Equivocal 34 30 29 32
Inappropriate 30 40 29 2
% Stenosis in artery operated ond
0-49 ! 24 20 19
50-69 18 17 17 17
70-99 64 56 61 62
Occluded t 2 3 1
Surgical riskt
Low 38 32 “ 38
Medium 57 63 54 58
High 3 5 2 4

*Percentages may not sum o {00 decause of rounding.
+P<0.05 for site 2 as compared with site | and for site 2 as compared wuh sue 3.
$P<0.0S for site 2 as compared with site 1.

terectomies were performed for inappropriate reasons.
Site 2 had a significantly higher percentage of in-

stenosis of the arterv operated on: however. this artery
was contralaterat to the involved hemisphere when the
ipsilateral artery had severe stenosis.

Table 3 presents data on patients who did not pre-

_ sent with carotid TIAs and were therefore considered

appropriate procedures (40 percent) than did sites |

and 3 (30 and 29 percent). A partial explanation
for the higher percentage of inappropriate procedures
in site 2 is that a higher percentage of patients
had minimal (0 to 49 percent) carotid stenosis. For
the most part, our panelists rated carotid endarter-
ectomies as inappropriate when they were performed
for indications ‘associated with minimal stenosis of
the artery. A few patients had carotid endarterec-
tomies on an occluded vessel. The panel rated this
indication as inappropriate regardless of the symp-
toms at presentation.

The majority of the patients were classified as hav-
ing a medium surgical risk. Site 2 had the highest
percentage of patients in this category. Surgery in this
group, as compared with that in the low-risk group,
was found, on the average, to be less appropriate,
which contributed further to the higher percentage of
inappropriate cases in site 2.

Tables 4 and 5 summarize the critical factors ac-
cording to appropriateness category. Among ail pa-
tients who presented with a carotid TIA (Table 4),
carotid endarterectomy was judged appropriate in 35
percent. Eighty-threg percent of the appropriate cases
were in patients with low or medium surgical risk and
severe (70 to 99 percent) stenosis of the carotid artery
operated on. No carotid endarterectomies in patients
witl} minimal stenosis and with no ulcer on carotid
angiography were judged to be appropriate. Oper-
auons on patients at high surgical risk were rated as
equivocal or inappropriate; they were never consid-
ered appropriate.

Twenty-eight percent of the carotid endarterec-
‘tomies in patients who presented with carotid TIAs
were inappropriate. Most of these patients (62 per-
cent) had minimal carotid stenosis or complete occlu-
sion of the artery (7 percent). In 10 percent of the
inappropriate cases, the patients had a high degree of

to be less likely to benefit from surgerv. A larger pro-
portion of these patients than those with caroud TIAs
were considered to have had inappropriate surgerv
(38 percent), and a smaller proportion were consid-
ered to have had appropriate surgery (18 percent). As
compared with patients who presented with a TIA, a
higher percentage of patients with either appropriate
or equivocal procedures had severe (70 to 99 percenr)
stenosis of the carotid artery operated on. All patients
at high surgical risk were considered to have had inap-
propriate surgery.

Table 6 shows the rate of major complications in
each site. Operative mortality, defined as death occur-
ring within 30 days of surgery, was 3.4 percent, repre-
senting 44 deaths in the entire sample. Perioperative
stroke, defined as a new stroke occurring during or
after surgery and causing a residual (still present on
hospital discharge) neurologic deficit that impaired
function in a patient who did not die within 30 days
after surgery, occurred in 5.4 percent of all patients.
There were differences between the sites, but they
did not reach statistical significance (P>0.05). The
rate of major operative complications (stroke with re-
sidual deficit or 30-day mortality) in all three sites
combined was 9.8 percent. Postoperative nonfatal
myocardial infarctions in patients who did not have
a stroke occurred in 1.8 percent of cases in the entir
sample. '

Whether an operation was appropriate did not af-
fect the complication rate, although there tended to be
more complications in patients who had inappropriate
operations. The rates of major complications were 8.3
percent for the appropriate procedures, 10.0 percent
for the equivocal procedures, and 10.8 percentfor the

Table 4. Characteristics of 593 Patients Who Presented with
Carotid Transient ischemic Attacks.

APPROPRIATENESS CATEGORY

APPROPRIATE  EQUIVOCAL  INAPPROPRIATE
(N = 328) (N = 99) (N = 166)
percent of panents*®
Patients with low or medium surgical riskt
0-49%
Without ulcer 0 i5 45
With uicer 4 7 17
50-69%
Without ulcer 10 17 i0
With uicer L3 10 5
70-99% 83 44 10
Occluded artery 0 4] 7
Patients with high surgical risk 0 6 1
All patients presenting with 55 17 28
carotid TlAs
*Percentages may not sum to 100 because of rounding.
TPy are the X d on caroud angiography in the luminal diameter

of the artery operated on. “Ulcer” rwa defined to include possible as well as definue
ulcers. |



inappropriate procedures. The differences between
these rates were not statistically significant.

DiscussioN

We studied the appropriateness of the use of carotid
endarterectomy in 1981 in the elderly Medicare popu-
lation in three large geographic areas. The sites were
selected because they represented a spectrum of rates
at which the procedure was used. Previously, we re-
ported that the 3.8-fold difference in the population-
based rates of use between the sites of high and low
use was not explained by differences in appropriate-
ness.'* Approximately one third of the procedures in
the three sites were considered inappropriate. Four
factors accounted for three fourths of all inappropnate
procedures: operations on arteries with minimal ste-
nosis (48 percent), operations on patients at high
surgical risk (11 percent), operations on arteries con-
tralateral to the hemisphere associated with the symp-
toms when the ipsilateral artery had severe stenosis
(9 percent), and operations on compietely occiuded
vessels (6 percent). These data suggest that there is
substantial overuse of carotid endarterectomy in the
three geographic areas studied.

The goal of a caroud endarterectomy is to reduce
the risk of stroke in patients with extracranial vascular
disease. For the procedure to be effective, the risk of
stroke should be lower after surgery than before sur-
gery. Patients who would be most likely to benefit
from the procedure are those with carotid TIAs in
whom severe carotid-artery stenosis is present on an-
giography.*’ Several studies of the natural history of
untreated TIAs suggest that such patients have an
annual risk of stroke of about 10 percent.?!"?3* Less is
known about the natural history of cerebrovascular
disease in patients with asymptomatic carotid-artery
disease.?+30 The wide range of annual rates of stroke
and mortality in these patients may reflect the hetero-
geneity of the populations studied. The incidence of
stroke or death increases progressively with the sever-

Tabie 5. Characteristics of 709 Patients Who Did Not Present with
Carotid Transient Ischemic Attacks.

APPROPRIATENESS CATEGORY

e s APPROPRIATE  EQUIVOCAL  INAPPROPRIATE
(™ = 127) (N = 313) (N = 269)
percems of panienss
Patients with low or medium surgical risk®
0-19%
Without uicer 0 0 24
With uicer 3 1 15
50-69%
Without vicer 4 4 21
With uicer 2 8 12
70~-99% 91 87 9
Qccluded 0 0 5
Patients with high surgical risk 0 0 14
All patierus not presenting 18 4“4 38
with carotid TIAs
ges are the d on carond in the luminal diameter of

the antery operated oo, “Ulcer” was ;eﬁned to include 'pomble as well as definite ulcers.

Table 6. Major Compiications of Carotid Endarterectomy.
According to Geographic Site.

Site t Srre 2 SrTe 3 ALL SITES
(N =600) (N=492) (N =210 (N=1302

percens of panenss®
Thirty-day montality 36 2.6 43 3.4
Stroke with residual deficit 5.8 6.9 8.1 6.4
on discharge . _ — -
Total with major complicatonst 9.4 9.6 124 9.8
Nonfatal myocardial infarction 2.0 14 1.4 1.8

“Percentages may not sum to 100 because of rounding.
tNone of the differences betwoen the sites were suisucally significant (P>0.05).

ity of carotid-artery stenosis, but the estimated aver-
age risk of stroke is 3 percent per year. Even this
estimate may be too high for assessing the possible
benefit of carotid endarterectomy, however, because
several of the studies of the natural history of strokes
have reported the rates of all strokes, including those
involving the hemisphere contralateral to the stenosis,
those occurring in the vertebrobasilar circulation, and
those that are probably caused by cardiac emboli.?**°
In addition, in estimating the current risk of stroke in
asymptomatic patients, these investigations did not
take into account the well-documented declining inci-
dence of stroke.*!

The rate of major complications in our sample was
9.8 percent. There were no statistically significant dif-
ferences between the sites studied. The rate of serious
perioperative complications from carotid endarterec-
tomy has been found to range from 0 to 21 per-
cent,”'3324! with the majority of the complication
rates under 4 percent observed in academic medical
centers. Rates of 9 to 10 percent have been reported in
some community practices.**? Researchers have sug-
gested that rates of 3 to 4 percent would result in a net
reduction in the incidence of stroke over a five-year
period.'3*2 The panel in our study thought that if the
rate of major complications among an individual sur-
geon’s patients was above 8 percent, it would be inap-
propriate for that surgeon to perform carotid endarter-
ectomy under any circumstances.*? Since our sample
sizes were too small to allow us to estimate physician-
specific complication rates precisely, the rate of 9.8
percent we report here is an aggregate one. However,
our data suggest that the complication rates among
the patients of most individual physicians exceeded
3 to 4 percent, implying that because we did not ad-
just for the physician-specific rates of complications in
our definition of appropriateness, we underestimated
the rate of inappropriate use of carotid endarterec-
tomy. If a surgeon’s patients have a complication rate
of 10 percent (the average in our study), the efficacy
and appropriateness of that surgeon’s performing
carotid endarterectomy in any group of patients are
questionable.

Two factors may limit the generalizability of our
findings. First, we studied carotid endarterectomies
performed in 1981, and our panel rated the appropri-
ateness of the procedures on the basis of information



that was available in 1981. Advances in medical prac-
tice have occurred since that time, and the periopera-
tive mortality and morbidity rates may have im-
proved. Brott et al.’® have reported that the rates
of perioperative stroke and operative mortality de-
creased {rom 1980 to 1984 in their series of patients.
The population they studied was similar to ours in
that 50 percent of the patients had the procedure be-
cause of asymptomatic carotid disease. Their com-
bined rate of stroke or death in (984 (6.5 percent),
however, was still well above that acceptable for pro-
phylactic surgery in asymptomatic padents. In addi-
tion, Dvken has documented an inpatient mortality
rate of 3.3 percent among patients undergoing carotid
endarterectomy in Indiana between 1984 and 1986.%3
This figure is higher than the inpatient mortality rate
in our study (3.0 percent).

Improved techniques for diagnosing carotid artery
disease, such as digital subtraction angiography, were
not commonly available in 1981 but are widely used
today. Noninvasive techniques such as periorbital di-
rectional Doppler ultrasonography, ophthalmodyna-
mometry, and oculoplethysmography now allow bet-
ter definition of disease processes. These improved
diagnostic techniques would not, however, be expect-
ed to affect the appropriateness of carotid endarter-
ectomy.

The second factor that may limit the generalizabili-
ty of our results is that we studied elderly patients. We
do not know whether carotid endarterectomies are
used more appropriately in younger persons, but most
of these procedures are performed in people who are
65 years old or older; in 1985, of the 107,000 carotid
endarterectomies performed in the United States, 70
percent were performed in patients in that age group.?

Our standards for determining the appropriate use
of carotid endarterectomy reflect the mainstream of
medical opinion. The reliability and validity of our
ratings have been described, and they are consistent
with the literature on carotid endarterectomy.** Our
panel was selected to represent various specialties and
practices. Although the ratings may reflect the compo-
sition of that panel, most physicians would agree, for
example, that carotid endarterectomy is inappropriate
in asymptomatic patients who also have either mini-
.mal carotid stenosis-er-cemplete occlusion of the ca-
rotid artery operated on.

In summary, our findings show that 32 percent of
the carotid endarterectomies we evaluated were per-
formed for inappropriate reasons. Fifty-four percent of
the procedures were performed in patients without ca-
rotid T1As, and 19 percent in patients with minimal
(O to 49 percent) stenosis of the artery operated on.
Moreover, because of the high rate of complications,
carotid endarterectomy may not benefit even patients
who are operated on for appropriate indications. The
Committee on Health Care Issues of the American
Neurological Association recently concluded that in
patients with TIAs, “carotid endarterectomy may be
of value, provided the procedures are performed with
a very low surgical complication rate.”?3* We believe

that our findings raise important questions about the
ase of carouid endarterectomy in ciderly patients. {n
the absence of solid clinical evidence that this proce-
dure reduces the risk of stroke, and because of the
high rate of complications we observed, the use of this
procedure should be curtailed and perhaps limited to
surgeons and hospitais performing few inappropriate
procedures, with acceptable rates of complications.
Physicians should review both the reasons carotid
endarterectomy is performed and the current level of
complicatons associated with the procedure in their
own insututions.

We are indebted to the physicians and hospitais who permitted us
to review their records; to Mary-Frances Flynn, M.P.H., Lois
McCloskey, M.P.H., joan Keesey, Barbara Genovese, and Carole
Oken. M.A,, for their determination in seeing the field work and
data analysis through to their conclusions; to Diane Kolasinki, Eliz-
abeth Sullivan. and Kathieen Luzzo for their patience in editing and
preparing the manuscript: and to the paysicians who served on the
expert panel: Drs. William H. Baker, Richard R. Brummert. Ran-
dall M. Cebul, John Paui Conomy, Robert W. Hobson 11, James T.
Robertson. John R. Roehm, Jr., Hugh Henry Trout III, and jack
Page Whisnant.
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