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From 1980 through 1982, intravenous extracranial digital sub-
traction angiography (DSA) was performed in 6684 patients at
the Cleveland Clinic. Of these, 290 previously unoperated pa-
tients had asymptomatic carotid stenosis exceeding 50% of lumen
diameter on unequivocal DSA studies. Either the presence or
the absence of carotid bruits substantially misrepresented the
severity ofangiographic stenosis on approximately 30% of sides.
Nonoperative management was employed in 195 patients, in-
cluding 104 (53%) who received antiplatelet therapy, while an-
other group of 95 patients underwent prophylactic carotid end-
arterectomy. During mean follow-up intervals of 33-38 months,
surgical treatment significantly reduced the cumulative incidence
of subsequent neurologic events in men (p = 0.05). Statistically
unconfirmed trends also suggested that carotid endarterectomy
tended to prevent late strokes in subsets of patients with >70%
stenosis or bilateral carotid lesions. The overall stroke rate for
women was higher in the surgical group (p = 0.03), in part be-
cause of their unusual risk for perioperative complications (9%)
in this particular series.

F ~akW TOPICS concerning vascular disease are as con-
troversial as the management of asymptomatic
carotid stenosis. The merit of prophylactic carotid

endarterectomy is debatable even among surgeons, and
scores of references may be cited to support the conflicting
opinions that elective surgical treatment either does or
does not prevent strokes among patients who never have
experienced transient ischemic attacks (TIA).1 Since the
introduction and wide deployment of reliable noninvasive
methods to detect asymptomatic extracranial lesions,
however, the number of carotid endarterectomies per-
formed throughout the United States has escalated dra-
matically during the past decade.2A4 In response to this
trend, some prominent neurologists contend that sudden
stroke without premonitory TIA is an unusual compli-
cation of carotid stenosis and have proposed a prospec-
tively randomized trial of antiplatelet agents as well as
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surgical treatment in asymptomatic patients.5'7 Chambers
and Norris7 calculated that such a study must identify a
subset of patients with an annual stroke rate in excess of
5% despite medical therapy in order to justify carotid re-
construction.
A number of independent attempts already have been

made to clarify the natural history of untreated asymp-
tomatic stenosis. In addition to population surveys in
Evans County, Georgia, and the Framingham Study,
clinical reports of patients with asymptomatic carotid
bruits have suggested that this nonspecific physical finding
is associated with higher risk for neurologic complications,
myocardial infarction and cardiac mortality than is an-
ticipated within the general population.8-" Nevertheless,
these and similar bruit studies are open to speculation
because of the inconsistent relationship of bruits, carotid
stenosis, and subsequent neurologic events.12'13 Other in-
vestigations employing noninvasive blood flow assessment
or ultrasound carotid imaging have demonstrated that
late TIA and strokes are significantly more common in
patients who have objective evidence of high-grade
asymptomatic stenosis at the time they entered the follow-
up period.'420 Despite their convincing data and the pre-
sumed accuracy of their noninvasive methods, however,
none ofthese important studies was monitored by cerebral
angiography. Unfortunately, angiographic confirmation
of the severity of stenosis under observation usually has
been restricted to the contralateral bifurcation in series of
patients who previously have undergone unilateral carotid
endarterectomy, a situation that may not accurately reflect
the natural history ofuntreated asymptomatic stenosis.2'22

In selected patients, the quality of intravenous digital
subtraction angiography (DSA) is comparable to that of
conventional intra-arterial techniques.23 Since the Cleve-
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FIG. 1. Representative intravenous digital subtraction angiograms demonstrating the quality necessary for inclusion in this study: (A) 50% stenosis
(arrow) of the left internal carotid artery; (B) 70% stenosis of the left internal carotid (long arrow), with approximately 60% stenosis (short arrow) of
the right internal carotid; (C) 90% stenosis (arrow) of the right internal carotid in conjunction with (D) left internal carotid occlusion (arrow).
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land Clinic has provided the facilities to test prototype
DSA equipment for several years, considerable experience
with intravenous contrast imaging of the carotid arteries
has been accumulated at this center. To compare the late
results of nonoperative and surgical treatment of carotid
stenosis documented by some form of angiography, we

have critically reviewed all carotid DSA examinations
performed during the study period of 1980-1982. Data
concerning 211 symptomatic patients who were evaluated
because of previous TIA or strokes have been presented
elsewhere.24 The present report is a review of290 patients
with asymptomatic carotid stenosis confirmed by un-

equivocal DSA studies.

Material and Methods

From 1980 to 1982, the Cleveland Clinic maintained
the first, if not the only, DSA unit in northeastern Ohio.
During this interval, 6684 patients underwent intravenous
extracranial DSA examinations, and many then returned
to their referring physicians for subsequent management.
For the purpose of this report, each of these DSA studies
was personally reviewed, and complete follow-up data
were obtained from patients, their surviving family mem-
bers, or physicians for all candidates who met the following
requirements:

(1) The extracranial DSA was unquestionably diag-
nostic and demonstrated at least 50% stenosis of one or

both common carotid or internal carotid arteries.
(2) There was no history of prior cerebrovascular op-

erations.
(3) Any carotid endarterectomy following the DSA ex-

amination was performed by one ofthe authors. Patients
who required simultaneous carotid reconstruction and
coronary bypass were excluded.

(4) Complete late information was available (none lost
to follow-up).

No DSA was accepted unless it demonstrated both ex-
tracranial carotid systems clearly enough to be comparable
to standard angiography (Fig. 1). Under these strict cri-
teria, a total of 290 patients qualified for the study, in-
cluding 195 who received nonoperative management fol-
lowing their DSA examinations and 95 others who un-

derwent carotid endarterectomy. While this investigation
is neither prospective nor randomized in the traditional
sense, late information was obtained for all patients who
satisfied the entrance requirements, and their treatment
was as random as the advice of the many family physi-
cians, internists, neurologists, and surgeons who were re-

sponsible for it.

Clinical Features
A summary of several clinical features is presented in

Table 1. The 187 men (64%) and the 103 women (36%)

TABLE 1. Comparison of Clinical Features between the Nonoperated
and Surgical Groups

Carotid
No Operation Endarterectomy

Clinical Features No. % No. %

Patients 195 100 95 100
Men 124 64 63 66
Women 71 36 32 34

Age
Range 39-90 43-85
Mean 67 64

Risk Factors
Hypertension
Diabetes 121 62 67 71

mellitus 37 19 19 20

Follow-up interval
(mos.)

Range 1-53 0-54
Mean 33 38

comprising the two treatment cohorts ranged from 39 to
90 years of age (mean: 66 years). None had experienced
hemispheric or vertebrobasilar TIA or strokes preceding
DSA evaluation. Hypertension requiring medical man-

agement was present in 188 patients (65%), and 56 patients
(19%) were insulin-dependent diabetics. The follow-up
interval for all 290 patients presently extends to 54 months
(mean: 34 months).

Angiographic Carotid Disease

The severity of extracranial carotid disease demon-
strated by DSA is described in Table 2. The maximum
degree of angiographic stenosis was 50-69% oflumen di-

TABLE 2. Maximum Severity ofCarotid Disease Documented by
Intravenous Digital Subtraction Angiography in the

Nonoperated and Surgical Groups

Carotid
No Operation Endarterectomy
(N = 195) (N = 95)

Angiographic
Findings No. % No. %

Carotid
stenosis

50-69% 90 46 4 4
70-89% 51 26 36 38
>90% 19 10 48 51

Occlusion 35 18 7 7

Atheromatous
ulceration

None 114 58 68 72
Unilateral 68 35 21 22
Bilateral 13 7 6 6
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FIG. 2. Graphic correlation of asymptomatic carotid bruits and digital
angiographic findings in the 252 patients who had bruits.

ameter in 94 patients (32%), 70-89% of the diameter in
87 (30%), and >90% of the diameter in 67 (23%). Com-
plete occlusion ofthe common carotid or internal carotid
artery was demonstrated in another 42 patients (14%).
Conceding the fact that intimal erosion often may escape
detection by intravenous DSA, unilateral atheromatous
ulceration was identified in 89 patients (31%), and bilateral
changes were interpreted in another 19 (7%).

Although each angiographic subset was represented in
both treatment cohorts, several differences in the com-
position of the nonoperated and surgical groups could be
confirmed by statistical analysis. Intermediate degrees (50-
69%) of stenosis (p = 4.9 X 10-'5, Fisher exact test) and
documented internal carotid occlusions (p = 0.02) were
more common among patients receiving nonoperative
therapy. In comparison, the incidence of subtotal lesions
exceeding 90% stenosis was higher among patients selected
for carotid endarterectomy (p = 8.6 X 10-'4).

Carotid Bruits

The presence of asymptomatic carotid bruits clearly
comprised the most common indication for DSA inves-
tigation in this series. A total of 252 (87%) of the 290
patients had bruits, including 163 (83%) of the nonoper-
ated group and 89 (94%) of those who underwent carotid
endarterectomy. Bruits were absent in only 38 patients
(13%), and intravenous carotid imaging was obtained in
most of these patients because they had other evidence
of generalized vascular disease.

Figure 2 illustrates the correlation between carotid
bruits and angiographic findings in the 252 patients who
had bruits on physical examination. While carotid bruits
reflected >50% angiographic stenosis on 70% of sides, the
remaining 30% of bruit sides were associated either with
lesser degrees of involvement (26%) or internal carotid
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occlusions (4%). Conversely, DSA revealed >50% stenosis
on 22 (18%) of the sides without bruits, and another 18
silent sides (14%) had internal carotid occlusions. These
data support two preliminary conclusions regarding the
potential risk for neurologic complications represented
by carotid bruits in this series: (1) subsequent TIA or
strokes would not be anticipated on 26% of bruit sides
having trivial angiographic involvement; and (2) neuro-
logic events would not be inappropriate if they occurred
on 32% of silent sides having >50% stenosis or internal
carotid occlusions.

Management
Ofthe 195 patients in the nonoperated group, 104 (53%)

were prescribed and complied with antiplatelet therapy
(aspirin and/or dipyridamole), and nine others (5%) re-
ceived formal anticoagulation with CoumadinO. No spe-
cific medical treatment was recommended for the re-
maining 82 patients (42%). A total of 116 carotid endar-
terectomies (21 bilateral) were performed in the 95
patients who underwent surgical treatment, including
seven contralateral procedures in the subset with unilateral
internal carotid occlusions. In addition, empiric medical
management was continued throughout the follow-up
period with the use of antiplatelet agents in 74 patients
(78%) and with Coumadin anticoagulation in one.

Results

Surgical Complications
One (1.1%) ofthe 95 patients in the surgical group died

with a postoperative myocardial infarction. Four others
(4.2%) experienced operative strokes following 116 carotid
endarterectomies (3.4%), and each of these events is en-
tered into all appropriate life table calculations concerning
the results of surgical treatment in this report. In com-
parison, 11 iatrogenic strokes (2.4%) occurred within the
complete series of 466 carotid procedures performed by
the authors for asymptomatic carotid stenosis during the
same study period of 1980-1982, a figure that includes
patients who received simultaneous myocardial revas-
cularization (unpublished data).

Late Survival

During a mean follow-up interval of 35 months, there
have been 43 late deaths (22%) in the nonoperated group
and 13 late deaths (14%) in the surgical group. Late mor-
tality was attributed to cardiac events in 30 patients (54%),
to cancer in eight (14%), to fatal strokes in four (7%), and
to all other causes in 14 (25%). Life table data were cal-
culated according to Cutler and Ederer25 and were ana-
lyzed for statistical significance using the method described
by Lee and Desu.26 Actuarial survival for men, women,
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and the entire series is depicted in Figure 3, with 140
(48%) ofthe 290 patients eligible for consideration at least
through 4 years. Despite one death among eight remaining
patients in the final year of observation, overall 5-year

survival in the surgical group (mean age: 64 years) was

superior (p = 0.01) to nonoperated patients (mean age:

67 years). This difference attained significance in women
(p = 0.05) but not in men (p = 0.07).

Additional comparisons suggested that associated cor-

onary artery disease (CAD) had a substantial influence
on late survival after carotid enderterectomy. Cumulative
5-year survival was 80% for 21 patients receiving surgical
treatment who had no evidence ofCAD either by history
or by electrocardiographic findings. Another 38 patients
in the surgical group were suspected to have CAD by these
criteria, and 36 others have at some time required myo-

cardial revascularization. Cumulative survival for these
two respective subsets was 48% and 94%, but this differ-
ence was not statistically significant (p = 0.1).
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TABLE 3. Comparison ofthe Crude Incidence ofLate Stroke Occurring
in the Nonoperated and Surgical Groups

Carotid
No Operation Endarterectomy
(N = 195) (N = 95)

Late Stroke No. % No. %

Total 18 9 7 7
Men 16 13 2 3
Women 2 3 5 16

Age
Range 48-90 43-71
Mean 65 62

Risk factors
Hypertension
Diabetes 10 8 6 9

mellitus 4 11 3 16

Follow-up interval
(mos.)

Range 0-43 0-36
Mean 15 11

Neurologic Events

(19S) .8o9 \ .724 Crude incidence. Late neurologic events thus far have
(180) (6) occurred in 17% of the 195 patients in the nonoperated

(154) .724
7

group (16 TIA, 18 strokes) and, including four operative
(81) .665 deficits, in 12% ofthe 95 patients who underwent carotid

ALL PATIENTS (N: 290)
(8) endarterectomy (4 TIA, 7 strokes). All but one of the 45oA NO OPEATIONS N

2 0O NO OPERATION events were associated with hemispheric motor and/or

CAROTIDENDARTERECTOMY_ sensory deficits or with monocular retinal ischemia, and
.953 27 (79%) of the 34 patients who experienced neurologic
(63) .873 symptoms during nonoperative management had their
0 .(8534) 789 789 complications on the same side as uncorrected >50% ca-

(124) .845< * (33) (4) rotid stenosis. A summary of the crude incidence of late
(114) stroke in both treatment cohorts is presented in Table 3.

758) 680 0 Five of the 18 strokes in the nonoperated group occurred
(98) .680 .680

(51) (4) at the time of open heart procedures or resection of a
MEN (N-187) thoracoabdominal aortic aneurysm, and since the etiology
*

NO OPERATION of such events could be completely unrelated to incidental
carotid stenosis, none of these five patients has been con-

.969 .969 .969 .969 sidered in the life table calculations comprising the re-

(32) (31) (31) (26)

e * * * mainder of this report.
.030 o0 Cumulative data. Figure 4 illustrates cumulative free-

(71) .885 o o o dom from all neurologic events (TIA and strokes) and
(66) .807 .807 .807 the incidence of late stroke in the nonoperated and surgical

(56) (30) \(2) groups. During the 5 years following carotid endarterec-
581 tomy, 91% of men have remained asymptomatic, and

WOMEN (Nz 103)
.8

NO OPERATION
(4) their cumulative stroke rate was only 4%. In comparison,

* CAROTID ENDARTERECTOMY 32% of men in the nonoperated group have experienced
either transient or permanent deficits (p = 0.05), and

2 3 4YE nearly 18% have sustained late strokes (p = 0.07). Con-
YEARS

versely, freedom from symptoms was not enhanced by
e-year cumulative survival for men, women, and the entire surgical treatment in women. In fact three (9.4%) of the
mbers in parentheses indicate patients who are still eligible
ration.) 32 women who underwent carotid reconstruction had
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FIG. 4. Cumulative neurologic results for men, women, and the entire
series.

iatrogenic deficits, and their 5-year stroke rate (16%) thus
exceeded stroke risk in the nonoperated group (p = 0.03).

Clinical outcome is displayed according to age in Figure
5. Surgical intervention had no apparent effect on the
incidence of TIA or stroke among 132 patients ranging
from 60 to 69 years of age. In smaller subsets of patients
less than 60 and over 70 years of age, 95% ofthose in the
surgical group remained asymptomatic, and only 4% had
strokes within 5 years of their operations. Although
symptoms occurred in approximately 30% and strokes in
9-12% of patients of similar ages in the nonoperated
group, none of these differences achieved statistical sig-
nificance (p 2 0.09).

Carotid stenosis. Since an unequivocal DSA exami-
nation was an entry requirement for this study, subsets
of patients who might be at special risk for neurologic
complications could be classified according to discrete
angiographic criteria. In Figure 6, late results are stratified
according to the maximum severity of carotid stenosis
that either was corrected by endarterectomy or was placed
under observation. This illustration represents 157 ofthe
190 follow-up patients in the nonoperated group because
the remaining 33 only had stable internal carotid occlu-
sions rather than patent, stenotic lesions.

A total of 96 patients had angiographic stenosis com-
promising the internal carotid lumen by 50-69%, but only
eight received surgical management. While adequate sta-
tistical analysis was precluded by the small size of this
subset, 84% ofcomparable nonoperated patients have re-
mained asymptomatic, and late strokes have occurred in
but 4%. Eighty-seven of the 95 patients in the surgical
group underwent carotid endarterectomy to correct either
70-89% or >90% stenosis. The cumulative incidence of
neurologic symptoms and late strokes in each of these
two subsets was 8-12% and 7%, respectively. In compar-
ison, 33-51% of nonoperated patients with higher grades
of angiographic stenosis have experienced some type of
neurologic complications, and 24-33% have had com-
pleted strokes. Nevertheless, none ofthese differences has
yet attained statistical significance (p 2 0.23).

Bilateral carotid involvement. The composite risk of
bilateral carotid disease is illustrated in Figure 7. The
nonoperated group contains a total of 33 patients who
had internal carotid occlusions on one side, including 22
with trivial contralateral carotid changes (Fig. 7A) and 11
with >50% contralateral stenosis (Fig. 7B). Equivalent
cumulative results were obtained among patients having
unilateral lesions in both treatment cohorts. In the pres-
ence of bilateral >50% stenosis, 36% of patients in the
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FIG. 5. Cumulative neurologic results according to age.
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nonoperated group eventually experienced neurologic
symptoms, and 20% have had completed strokes. In
comparison, 91% ofthose with bilateral carotid disease in
the surgical group have remained asymptomatic, and
the 5-year stroke rate in this subset was only 6%. None
of these differences, however, was statistically significant
(p 0.08).

Other factors. Of the 190 patients in the nonoperated
group for whom cumulative neurologic results were cal-
culated, 11 1 received antiplatelet therapy (N = 102) or

Coumadin anticoagulation (N = 9), while 79 had no

medical treatment (Fig. 8A). Although the overall inci-
dence oflate neurologic events was similar in both subsets,
21% of untreated patients sustained strokes in comparison
to 7% ofthose under some form ofmedical management.
Neurologic events occurred in 34% and strokes in 15% of
patients who had angiographic evidence of atheromatous
ulceration, but none of these features attained statistical
significance.

For several years, two angiographic criteria generally
have been employed to select asymptomatic patients for
prophylactic carotid reconstruction at the Cleveland
Clinic: (1) >70% stenosis of either common or internal
carotid artery; (2) >50% stenosis in conjunction with
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FIG. 6. Cumulative neurologic results according to the maximum severity
of documented carotid stenosis.
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FIG. 7. Cumulative neurologic results for unilateral and bilateral carotid
stenosis.

contralateral internal carotid occlusion. In this context,
106 of the patients in the nonoperated cohort did not
have a surgical lesion at the time of their original DSA
studies, while the remaining 84 had traditionally surgical
disease for which carotid endarterectomy was not per-
formed (Fig. 8B). During the 5 years comprising the fol-
low-up investigation, 86% of the subset without surgical
lesions have remained free of symptoms, and only 5%
have had subsequent strokes. In comparison, neurologic
events have occurred in 38% of the 84 patients with un-

corrected surgical lesions, and 22% of this subset have
experienced permanent strokes. At the present time,
however, neither of these apparent trends is statistically
significant (p 2 0.13).

Discussion

Experienced surgeons recognize that stroke is not an

inevitable outcome of carotid stenosis and that many
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to whether medical therapy (antiplatelet agents or formal a
was administered and whether a traditional surgical lpsi
(see text).

asymptomatic patients would never have
complications even if prophylactic operatio
performed. Encouraged by the safety and su
results of carotid endarterectomy for sympton
however, most vascular centers in the United
surgical treatment to selected asymptomatic F
severe carotid stenosis under the fundament
tion that the risks of its natural history surpz
sociated with elective reconstruction. Althoi
ingly little information is available concernin
of patients with asymptomatic lesions who ar
der observation or medical treatment, at leas
reports indicate that the 5-year cumulative sti
those having objective evidence of 250% car(
exceeds 20%. In a heterogeneous group of 12.
vascular patients with asymptomatic bruits
normal Doppler ultrasound examinations, Ba
discovered that strokes occurred in 22% and

:EVENTS other 34% during follow-up intervals of 2-44 months
(mean: 22 months). Using similar diagnostic methods,
Moore et al.'9 determined that 21% of patients with .50%
stenosis sustained permanent deficits within 5 years and

r92 792 found that only one of the 36 strokes in this study was
o 0 preceded by a herald TIA.
* 7 The composite 5-year incidence of completed strokes

*l.721 or delayed surgical intervention for TIA also was 22%
among patients receiving nonoperative treatment in our
series, and our data further suggest that stroke risk was
concentrated among those who were documented to have
at least 70% unilateral stenosis or bilateral 50% carotid

08_ .208 involvement by digital angiography. The 5-year cumu-
lative stroke rate ranged from 20 to 33% for unoperated

. *_ _ r patients in these specific angiographic subsets, and such
)74 .074 results are consistent with the repeated observation that

high-grade carotid lesions often undergo subintimal hem-

162 .862 orrhage or plaque necrosis, which may precipitate eithero 0 cerebral microembolization or sudden occlusion of the
internal carotid artery.27-30 Late strokes occurred in 22%
of patients in the nonoperated group who otherwise had

* * sufficient extracranial disease to merit traditionally their
,21 .621 consideration as candidates for surgical treatment at this
[ N384 ) center. In comparison, the 5-year stroke rate in the surgical

group was 8%, a figure that is identical to our previous
experience with carotid endarterectomy.3' Although sev-

225 .225 eral of the trends established in this study have not yet
attained statistical significance, they clearly suggest that

)48 .048 some asymptomatic lesions simply are more dangerous
LiU~~~~Z2a than others. Provided the severity of carotid stenosis is
4 5 objectively documented, however, its risk appears to fol-

~roup according low a logical pattern.
inticoagulation) The incidence of perioperative stroke (9.4%) among 32
on was ignored women in the surgical group does not accurately represent

the complication rate (2.4%) for all 466 asymptomatic
patients who underwent carotid reconstruction at the

neurologic Cleveland Clinic from 1980 to 1982. Nevertheless, early
Ins were not results obviously influenced the late success of carotid re-
iccessful late construction in this limited subset, and it must be con-
natic lesions, ceded that an unacceptable operative risk would seriously
I States offer jeopardize the benefit of surgical management if it were
)atients with the rule rather than the exception. In two publicized com-
al presump- munity surveys, the combined morbidity and mortality
ass those as- of carotid endarterectomy was found to be 21% in Spring-
ugh surpris- field, Illinois, and 9.5% in Cincinnati.32'33 While those op-
ig the course posed to surgical treatment of asymptomatic extracranial
e placed un- disease have interpreted these data to reflect the results
t two recent of carotid endarterectomy throughout the United States,
roke rate for similar reports have demonstrated that the combined risk
atid stenosis of elective surgical management ranges from 2 to 4.4%
5 peripheral in Cleveland, San Francisco, and Allentown, Pennsyl-
and/or ab- vania.34-36 Obviously, only one equitable conclusion may
rnes et al.14 be drawn from such studies: the safety of carotid endar-
TIA in an- terectomy must be established at every hospital in which

--s= t 8 - o- _ _ _ _170
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it is conducted. Perhaps the most serious obligation of
any prospectively randomized investigation regarding ca-
rotid endarterectomy for asymptomatic stenosis will be
to measure the intrinsic merit of the operation, not the
surgeons selected to perform it.
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