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Three-year Results for 801 Patients and 917 Operations
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From 1983 through 1985, 801 consecutive patients (mean age:
66 years) underwent 917 primary carotid endarterectomies at
the Cleveland Clinic. Conventional arteriotomy closure was
performed during 483 operations, while patch angioplasty
using a distal segment of saphenous vein was employed in 434.
Preoperative risk factors, surgical management, and antiplate-
let therapy were equivalent in the vein patch (VP) and non-
patch (NP) groups. Early results were evaluated by intrave-
nous angiography (DSA) in 715 patients (89%), and 332 re-
constructions (36%) have been reassessed by objective imaging
during a mean follow-up interval of 21 months. Ischemic
strokes occurred after 18 (1.9%) of the 917 procedures (0.7%
VP, 3.1% NP; p = 0.0084), and symptomatic (N = 9) or unsus-
pected (N = 8) thrombesis of the internal carotid artery was
confirmed by neck exploration or routine DSA after 1.9% of all
operations (0.5% VP, 3.1% NP; p = 0.0027). Only ten patients
(1.2%) have required reoperations for severe recurrent lesions,
but the cumulative 3-year incidence of new defects (=30% ste-
nosis) documented by objective studies in the VP and NP
groups was 9% and 31%, respectively (p = 0.0066). These
results strongly suggest that VP angioplasty enhances the
safety and durability of carotid endarterectomy.

LAR surgery was abruptly intensified in 1985,

when the EC/IC Bypass Study Group con-
cluded that medical therapy was as effective as middle
cerebral revascularization in the treatment of intracra-
nial arterial disease.' In response to this investigation as
well as to the fact that carotid endarterectomy has be-
come one of the most common vascular procedures
performed in the United States, influential neurologists
have suggested that even extracranial reconstruction
may no longer be justified outside the framework of
prospectively randomized clinical trials.>* Without ex-
ception, these criticisms were supported by the high op-
erative stroke and/or death rates reported several years
ago by Easton and Sherman’® in southern Illinois (21%),
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and more recently by Brott et al.®” in Cincinnati
(6.5-9.5%).

Excessive surgical complications obviously have a le-
gitimate influence on medical opinion. For example,
Chambers and Norris* calculated in 1984 that asymp-
tomatic carotid bifurcation lesions should be corrected
only if a subset of patients could be identified in which
the annual incidence of stroke without operation was
5% or more. The same authors found in 1986 that the
spontaneous risk of severe stenosis (>75% by Doppler
ultrasonography) actually exceeded this figure (5.5%),
yet they again discouraged elective intervention because
four (13%) of the 30 patients in their series who under-
went carotid endarterectomy had perioperative strokes.?
Countless other studies have demonstrated that the
composite morbidity and mortality of carotid endarter-
ectomy is less than 3% at many centers, but it is inevita-
ble that the merit of this operation will be open to specu-
lation until its safety is universal.

Dependable technical results are essential to the suc-
cess of carotid endarterectomy. The bifurcation must be
widely patent and relatively resistant to platelet aggrega-
tion in order to prevent thrombosis or microemboliza-
tion, but in each of these respects, routine arteriotomy
closure occasionally may be inadequate. Turnipseed et
al.’ and Ortega et al.'® have documented postoperative
internal carotid occlusions in 3-5% of patients evaluated
by noninvasive methods, whereas others using intraop-
erative ultrasound have consistently discovered residual
intraluminal defects in 7-8% of their series.''~!> Early
thrombosis has been recognized after approximately 2%
of the carotid endarterectomies performed at the Cleve:
land Clinic, and neurologic deficits occurred with fewe:
than half of these events.!*'> In 1983, however, we ini-
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tiated a prospective study of vein patch (VP) angioplasty
in an attempt to eliminate, if possible, all serious com-
plications of an operation for which perfection appears
to be the only acceptable standard. This report is a sum-
mary of the first 3 years of our experience with carotid
patching,

Materials and Methods

Patch angioplasty previously had been performed on
a selective basis in approximately 7% of patients who
required carotid endarterectomy at the Cleveland
Clinic, but one of us (N.R.H.) decided early in 1983 to
apply a routine patch of saphenous vein harvested from
the ankle to determine whether this precaution might
influence the perioperative complication rate and/or the
incidence of recurrent stenosis. Excluding late reopera-
tions and any procedures that were limited to the exter-
nal carotid artery, 801 patients underwent a total of 917
conventional bifurcation endarterectomies within the
subsequent 32 months of the investigation. The remain-
ing-authors continued to patch selectively during this
time, but Figure 1 illustrates that their preference for
primary closure declined throughout the study period.
In summary, there were 233 patients (273 operations) in
the routine patch group, whereas selective patching was
used in another 135 (161 operations). Only 14 entrants
(1.7%) received bilateral reconstructions with a patch on
one side but not on the other; demographic and survival
information for this small subset was included with the
non-patched (NP) group (Tables 1 and 4, Fig. 2), but the
cumulative neurologic data for these 14 patients were
calculated in the VP group as well (Fig. 3).

Patient Information

‘The VP and NP groups contained 368 and 433 pa-
ients, respectively. As indicated by the comparisons in
T'able 1, these two cohorts had similar clinical features.

Sex and Age

There were 563 men (70%) and 238 women (30%) in
he entire series. The men ranged in age from 40 to 84
rears (mean: 65 years), whereas the women were 47-87
réars of age (mean: 67 years).

iurgical Indications

Unilateral carotid endarterectomy was performed in
85 patients, but 116 (14%) required bilateral proce-
ures during the study period. Previous neurologic
vents had occurred in 393 patients (49%), including
41 (18%) with completed strokes followed by good
inctional recovery, 123 (15%) with cortical transient
chemic attacks (TIA), and 129 (16%) with amaurosis
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FIG. 1. Composition of the routine and selective patch groups in this
series.
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TABLE 1. Clinical Features for the 801 Patients in the Study Group
No Patch Patch
Clinical Features No. % No. %
Patients 433 100 368 100
Sex v
Men 319 74 244 66
Women 114 26 124 34
Age
Range 45-85 40-87
Mean 66 65
Procedures
Unilateral 369 85 316 86
Bilateral 64 15 52 14
Surgical indications
Symptomatic disease 222 51 171 46
Prior stroke 88 20 53 14
Transient ischemia 62 14 61 17
Amaurosis fugax 72 17 57 15
Asymptomatic stenosis 211 49 197 54
Risk factors
Hypertension 300 69 254 69
Diabetes mellitus 90 21 70 19
Antiplatelet therapy
Preoperative 249 58 194 53
Postoperative 376 87 288 78

fugax or microembolic retinal infarcts. The remaining
408 patients (51%) had asymptomatic carotid stenosis
(N = 385, 48%) or subtotal lesions associated with non-
specific vertebrabasilar symptoms (N = 23, 3%).

Risk Factors and Antiplatelet Therapy

A total of 554 patients (69%) either had hypertension
(BP = 180/90 mmHg) or already required antihyper-
tensive management. Diabetes mellitus under treatment
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FIG. 3. The cumulative incidence of all ipsilateral neurologic events
(left) and completed strokes (right) within the perioperative and late
study periods.
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with insulin or oral hypoglycemic agents was present in
160 patients (20%). Serum cholesterol values were avail-
able for 696 entrants (87%) and ranged from 91 to 995
mg/dL, with a mean of 245 mg/dL (NP, 240 mg/dL;
VP, 252 mg/dL). Triglyceride levels were obtained for
206 patients (26%) and ranged from 35 to 4400 mg/dL
with a median of 245 mg/dL (NP, 252 mg/dL; VP, 238
mg/dL).

Antiplatelet agents (aspirin and/or dipyridamole)
were prescribed before surgery for 443 patients (56%),
whereas 664 (83%) complied with antiplatelet therapy
during the early postoperative course as well as the late
follow-up interval. Another 52 patients (6%) received
coumadin before their operations, and 27 (3%) have re-
mained on formal anticoagulation after carotid endar-
terectomy.

Surgical Considerations

All 917 procedures in this series were conducted using
general anesthesia, routine carotid shunting, and sys-
temic heparinization that was at least partially reversed
with protamine sulfate at the conclusion of each opera-
tion. The saphenous patch usually was obtained at the
medial malleolus, but it was removed from the upper
calf whenever the arterial circulation appeared inade-
quate to heal a harvesting incision near the foot. There
were no wound complications with this approach, and
the loss of a segment of vein close to the ankle did not
interfere with subsequent in situ saphenous grafts in the
few patients who already were scheduled for elective
lower extremity revascularization at the time their ca-
rotid disease was discovered.

The carotid arteriotomy was repaired primarily dur-
ing 483 operations, whereas patch angioplasty was per-
formed in 434. Additional surgical considerations were
comparable in both groups (Table 2).

Associated Procedures

Only nine (1%) of the 917 operations were necessary -
to correct incidental carotid lesions in patients who orig-
inally were evaluated because of other manifestations of
peripheral vascular disease. Another 161 procedures
(18%), however, were either staged (N = 53, 6%) or
combined (N = 108, 12%) with open heart surgery in
cardiac patients. Altogether, 122 (26%) of the 464 en-
darterectomies for asymptomatic carotid stenosis were
done in conjunction with myocardial revascularization.

Angiographic Status

Preoperative angiograms demonstrated severe
(=70%) stenosis of the ipsilateral common carotid or
internal carotid artery preceding 724 operations (79%).
Severe stenosis or occlusion of the contralateral internal
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carotid was present at the time of 215 procedures (23%),
but the incidence of advanced contralateral carotid dis-
ease was similar in the VP (25%) and NP cohorts (22%).

Postoperative Assessment

Early technical results were documented by intrave-
nous digital subtraction angiography (DSA) during the
same hospital admission in 715 (89%) of the 801 pa-
tients. Although 14 operative survivors (1.8%) have been
lost, late clinical results were available for the remainder
of the series during a maximum follow-up interval of 40
months (mean: 21 months). Within this period, 332
(36%) of the 917 carotid endarterectomies were reas-
sessed by DSA (N = 290, 87%) or Doppler ultrasonogra-
phy (N = 42, 13%). Long-term objective imaging was
obtained for 43% of the VP group and for 30% of the NP
group.

Statistical Analysis

Paired data were compared using Fisher’s exact test.
Life table calculations were performed according to
Cutler and Ederer'6 and were evaluated with the method
described by Lee and Desu.!”

Results
Early Results

A summary of perioperative complications for all 917
operations in the series is presented in Table 3.
Operative mortality. Although 14 patients (1.7%) died
as the result of cardiac or other peripheral vascular pro-
cedures that were performed within the first month after
carotid endarterectomy, only four fatal complications
‘0.5%) were related directly to extracranial reconstruc-
tion. Two of these patients (1 VP, 1 NP) had delayed
serebral hemorrhage and another sustained a myocar-
lial infarction following endarterectomy alone. The
‘ourth patient experienced a brainstem stroke during
imultaneous coronary and carotid revascularization
ind eventually developed irreversible multisystem fail-
ire. Nevertheless, early mortality was identical irrespec-
ive of whether patch angioplasty had been employed.
Ischemic neurologic deficits. Seven transient neuro-
ogic deficits (0.8%) were evenly distributed (4 VP, 0.9%;
' NP, 0.6%) and disappeared completely within hours
fter recovery from general anesthesia. Ischemic strokes
vith persistent functional impairment occurred in con-
unction with 18 operations (1.9%), and all involved the
ssilateral cerebral hemisphere. The difference between
arly stroke rates in the VP (0.7%) and NP groups (3.1%)
7as statistically significant (p = 0.0084).
Internal carotid occlusion. Postendarterectomy
wrombosis of the internal carotid artery was docu-
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TABLE 2. Surgical Considerations for the 917 Carotid
Endarterectomies Performed During the Study Period

No Patch Patch
Surgical I
considerations No. % No. %
Operations 483 100 434 100
Associated
Cardiac procedures
Staged 29 6 24 6
Simultaneous 53 11 55 13
Ipsilateral
Carotid stenosis :
<50% 47 10 28 6
50-69% 63 13 55 13
70-89% 198 41 144 33
290% 175 36 207 48
Contralateral
Carotid stenosis
<50% 324 67 279 64
50-69% 53 11 46 11
70-89% 41 8 26 6
=>90% 12 3 20 5
Occlusion 53 11 63 14

mented by immediate neck exploration or angiography
in nine of the 15 patients who experienced perioperative
strokes in the NP cohort, and all nine of these patients
underwent urgent thrombectomy with secondary patch
angioplasty. In comparison, symptomatic thrombosis
did not occur in the primary patch group (p = 0.0041).
Eight other patients (1%) were found to have asymptom-
atic internal carotid occlusions during routine postoper-
ative DSA studies performed before their discharge from
the hospital (2 VP, 0.5%; 6 NP, 1.2%). Thus, a total of 15
early occlusions (3.1%) were associated with standard
arteriotomy closure, whereas only two clinically silent
events (0.5%) were identified in the patch group (p
= 0.0027).

TABLE 3. Operative Complications for the Complete Series
of 917 Carotid Endarterectomies

No Patch Patch
(N = 483) (N = 434)
Operative Complications No. % No. %
Related mortality 2 0.5 2 0.5
Neurologic events 19 39 8 1.8
Transient ischemia 3 0.6 4 0.9
Completed stroke 15 3.1 3 0.7
Hemorrhagic infarction 1 0.2 1 0.2
Internal carotid thrombosis 15 3.1 2 0.5
Symptomatic 9 1.9 0 —_
Asymptomatic 6 1.2 2 0.5
Miscellaneous
Cervical hematoma 7 14 7 1.6
Patch disruption —_ —_ 3 0.7
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TABLE 4. Selected Comparisons Concerning Perioperative Ischemic
Stroke and Internal Carotid Thrombosis Among

the 801 Patients Studied
No Patch Patch
(N = 433) (N = 368)
Patient Comparisons N No. % No. %
Ischemic stroke
Sex
Men 563 10/319 3.1 2/244 0.8
Women 238 5/114 44 1/124 0.8
Neurologic status
Asymptomatic stenosis 408 4/211 1.9 1/197 05
Previous TIA* 252 7/134 52 1/118 0.8
Prior stroke 141 4/88 45 1/53 1.9
Contralateral carotid
Patent 685 12/380 3.2 1/305 0.3
Occluded 116 3/53 57 2/63 32
Perioperative thrombosis
Sex
Men 563 13/319 4.1 1/244 04
Women 238 2/114 1.8 1/124 0.8
Preoperative
Antiplatelet therapy
Yes 443 8/249 32 1/194 0.5
No 358 7/184 38 1/174 0.6

* TIA = transient ischemic attack or amaurosis fugax.

Patch disruption. Semielective evacuation of simple
cervical hematomas was necessary after 14 (1.5%) of the
917 procedures (7 VP, 1.6%; 7 NP, 1.4%). Another three
patients (0.7%) in the patch group, however, developed
acute false aneurysms during the early postoperative pe-
riod and underwent urgent reoperations to correct this
serious complication. One patient was found to have an
unexplained rent in the center of the patch and awak-
ened after its replacement with a contralateral mono-
paresis that resolved within the following week. The re-
maining two patients had anastomotic disruptions. One
was repaired successfully but the other recurred because
of infection 1 month later and required carotid ligation.
Neither of these patients sustained neurologic deficits.

Clinical Correlations. The risk of early stroke or
thrombosis is correlated with selected clinical features in
Table 4. The results of patch angioplasty were measur-
ably superior only with respect to the stroke rate among
patients with patent contralateral internal carotid arter-
ies (0.3% VP, 3.2% NP; p = 0.0085) and the incidence of
postendarterectomy occlusion among men (0.4% VP,
4.1% NP; p = 0.005). Nevertheless, these data also sug-
gested several other trends even though they could not
be fully confirmed by statistical testing. Patch closure
was associated with three to five times fewer periopera-
tive strokes in women and in patients with previous
neurologic symptoms. Moreover, patching appeared to
discourage carotid thrombosis irrespective of whether
antiplatelet agents had been administered before surgery

HERTZER AND OTHERS

Ann. Surg. » November 1987

(0.05 < p < 0.1). Considering all complications (death,
stroke, thrombosis, patch disruption) and counting no
patient twice, the combined surgical morbidity and
mortality rate was 2.4% (9/368) when patches were ap-
plied and 6.0% (26/433) when they were not (p = 0.015).

Late Results

Survival. Cumulative survival and the number of eli-
gible patients at each follow-up interval are illustrated in
Figure 2. A total of 294 entrants were available for con-
sideration during the third postoperative year, and the
survival rates for the VP and NP cohorts at the conclu-
sion of the study period were 80 and 87%, respectively.
Attrition was comparable among symptomatic and
asymptomatic surgical candidates, and none of the ac-
tuarial differences was statistically significant. Of 81 late
deaths, 28 (35%) were attributed to cardiac disease, 11
(14%) to cancer, and nine (11%) to cerebrovascular
events. Fatal strokes have occurred in only 1.1% of each
treatment group (4 VP, 5 NP).

Neurologic events. There were 31 perioperative TIAs,
strokes or deaths. Of the remaining 770 patients, 42
(5.4%) have experienced subsequent neurologic symp-
toms involving the ipsilateral (N = 27, 3.5%) or contra-
lateral cerebral hemisphere (N = 15, 1.9%) during a
mean follow-up interval of 20 months. Completed
strokes have occurred on the same side as previous ca-
rotid endarterectomy in 11 (2.7%) of the 412 patients in
the NP group and in seven (2.0%) of the 358 who re-
ceived patch angioplasty. Figure 3 illustrates the cumu-
lative incidence of all ipsilateral neurologic events in the
entire series. None of the observed differences was sta-
tistically valid beyond the early postoperative period.
Therefore, patching did not appear to influence the late
stroke rate.

Recurrent stenosis. There were 21 perioperative
deaths or internal carotid occlusions. Only ten (1.1%) of
the remaining 896 endarterectomies (3 VP, 0.7%; 7 NP,
1.5%) have required reoperations for recurrent stenosis
during the follow-up period (Fig. 4). As indicated in
Table 5, however, objective reassessment has been ob-
tained for just 332 arteries (37%) despite the fact that all
patients were encouraged to schedule annual DSA or
Doppler ultrasound examinations for at least 3 years
after their original procedures. Recurrent lesions (=30%
of lumen diameter) have been documented with this
approach in 4.8% of the VP group and in 14% of the NP
group (p = 0.0137). Furthermore, the cumulative recur-
rence rate (Fig. 5) was 9% and 31%, respectively (¢
= 0.0066). The actuarial difference between the VP and
NP cohorts (3.7% VP, 39% NP) was especially signifi-
cant (p = 0.0019) when asymptomatic carotid stenosis
had been the initial indication for surgical treatment.
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FIG. 4. Intra-arterial digital subtraction angiogram demonstrating a
high-grade “collar” senosis (arrow) at the junction of the common
carotid artery and the saphenous vein patch 1 year after carotid endar-
terectomy.

Discussion

Despite lingering controversy concerning its per-
ceived overuse, countless studies have established that
carotid endarterectomy is an exceedingly effective ap-
proach to stroke prevention in selected patients, pro-
vided its immediate risk meets acceptable standards.
Previous reports from the Cleveland Clinic indicated
‘that surgical treatment should be a serious consideration
for either symptomatic or asymptomatic patients who
have severe (=70%) carotid stenosis or advanced, bilat-
eral bifurcation disease.'®-? Moore et al.>"??> have pre-
sented similar data, but the fact remains that long-term
‘benefit in appropriate candidates is greatly compro-
'mised by excessive complication rates at the centers in
‘which their procedures are to be performed. Since acute
'or unstable strokes and chronic hemiplegic deficits now
-are universally accepted as contraindications to surgical
intervention, poor results after extracranial reconstruc-
tion generally reflect imperfect surgical technique.
There is abundant evidence that carotid endarterectomy
can be done safely, and if surgeons are to respond effec-
tively to their critics, it must be done safely.
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In addition to reservations about its early risk, there
currently is speculation concerning the durability of ca-
rotid endarterectomy. Although large, retrospective in-

TABLE 5. Recurrent Stenosis During a 3-Year Interval Following
896 Carotid Endarterectomies*

No Patch Patch
(N = 466) (N= 430)
Recurrent Carotid I —
Stenosis No. % No. %
Reoperations 7 1.5 3 0.7
Objective follow-up
imaging 146 31 186 43
Documented lesions 21 14 9 4.8
30-49% 5 34 4 2.2
50-69% 6 4.1 1 0.5
70-89% 6 4.1 1 0.5
290% 2 14 1 0.5
Occlusion 2 1.4 2 1.1

* Operative deaths and early occlusions have been omitted.
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vestigations have suggested that the incidence of recur-
rent stenosis warranting reoperation is 3% or less, this
conclusion necessarily was based on incomplete follow-
up and imprecise criteria (new symptoms or cervical
bruits) for diagnostic angiography.?*-?" Since the intro-
duction of noninvasive hemodynamic testing and ca-
rotid imaging, however, recurrence rates have been re-
ported to be substantially higher than expected in small
series of patients who were evaluated prospectively. Ac-
cording to several of these studies, recurrent stenosis
exceeding 50% of lumen diameter occurred in 9-19% of
patients within 2-5 years after conventional endarterec-
tomy.23-32 The vast majority of these lesions were caused
by myointimal hyperplasia, and this complication ap-
peared to be especially common in women and in ciga-
rette smokers.>3* Even if the perioperative risks of ca-
rotid endarterectomy were negligible, an unacceptable
incidence of early hyperplastic recurrence undoubtedly
would be cited as sufficient reason not to correct pri-
mary asymptomatic stenosis irrespective of its severity.

Sundt,* Imparato,* and their associates have long
maintained that patch angioplasty was singularly im-
portant in the reduction of early morbidity and late re-
currence throughout their extensive experience with ca-
rotid reconstruction. Archie®’ also found that vein
patching eliminated neurologic complications and re-
current hyperplastic stenosis in his series of 200 prospec-
tively randomized operations, and Deriu et al.>® de-
scribed similar success with prosthetic patch material
following 86 procedures. In our study of over 900 en-
darterectomies, saphenous patch angioplasty was asso-
ciated with perioperative strokes in 0.7% and internal
carotid thrombosis in 0.5%. In comparison, early strokes
(p = 0.0084) or occlusions (p = 0.0027) each occurred
after 3.1% of routine arteriotomy closures. Although
their clinical importance is not yet known, recurrent
defects were objectively documented in only 4.8% of the
patch group during the first 3 postoperative years, com-
pared with 14% of the NP group (p = 0.0137).

This investigation has at least two unique features.
First, it contains a sufficient number of patients and
operations that its conclusions should be reliable. Sec-
ond, neither treatment cohort was prejudiced by poor
results. If VP angioplasty can make good results even
better at our center, then it could substantially enhance
the mediocre outcome that apparently is encountered at
many others. The success of the saphenous patch proba-
bly is related to several factors. Clearly, it alters the con-
figuration of the carotid bulb by making it larger.3¢ In
addition, its intimal surface may prevent early mi-
croembolic strokes and carotid thrombosis by discour-
aging platelet aggregation at the endarterectomy site. Fi-
nally, it may reduce the incidence of myointimal hyper-
plasia by promoting rapid endothelial coverage of the
bifurcation.
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The adjunctive use of a shunt is a logical considera-
tion simply because patch angioplasty takes more time
than primary closure. Accordingly, surgeons who ordi-
narily prefer not to shunt might choose to restrict patch-
ing to specific subsets of patients who seem to have the
most to gain from this precaution. Women comprise
one such group because of the small size of their carotid
arteries and their propensity for hyperplastic recurrence,
and patients with contralateral internal carotid occlu-
sions are another because their risk for perioperative
stroke is relatively high under any circumstances.3**
Whatever the criteria for its use, our experience suggests
that patch angioplasty helps to fulfill the high expecta-
tions that surgeons, patients, and critics alike have es-
tablished for carotid endarterectomy: the early results
must be perfect, and the late results have to stay that
way.
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