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Routine preoperative coronary angiography has been recom-
mended to all patients scheduled for elective lower extremity
revascularization at the Cleveland Clinic since 1978. Patients
found to have severe, correctable coronary artery disease
(CAD) have been advised to undergo myocardial revasculariza-
tion prior to surgical management of lower extremity ischemia
in an attempt to reduce the incidence of fatal postoperative
myocardial infarction. In order to provide an historic standard
with which the results of this approach may eventually be com-
pared, complete follow-up information has been obtained for
95% of 273 consecutive patients who underwent lower extremity
revascularization between 1969 and 1973. Fatal myocardial
infarction accounted for 52% of early postoperative deaths and
occurred in 3.3% of the entire series. Among the patients who
survived operation, the five-year mortality rate was 20% and
the 11-year mortality rate was 40%. Complications of CAD
caused 50% of the deaths that occurred within five years post-
operatively and 55% of the deaths that have occurred within 11
years. The incidence of fatal myocardial infarction within five
years after operation among patients who had preoperative evi-
dence of CAD was statistically significant (p < 0.01).

C ORONARY ARTERY DISEASE (CAD) is the most
common cause of early postoperative death and

late death following lower extremity revascularization
procedures. According to several large published
series 2'5-7"10,16,17,19,23 myocardial infarction is responsi-
ble for over 50% of all late deaths among patients who
undergo aortoiliofemoral or femoropopliteal recon-
struction and occurs with even greater frequency
among patients who have preoperative evidence of
CAD. Previous reports from the Cleveland Clinic'7 and
by Szilagyi and associates23 indicate that the five- and
ten-year mortality rates exceed the incidence of graft
occlusion following either aortofemoral or femoropop-
liteal bypass. DeWeese and Rob5'6 described similar
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results and advised earlier recognition and surgical
treatment of CAD for patients who have advanced
atherosclerosis requiring femoropopliteal bypass grafts
for disabling claudication or severe lower extremity
ischemia.

Several studies"1'4'18 suggest that patients who have
had previous direct myocardial revascularization sus-
tain fewer cardiac complications after subsequent vas-
cular and other major operations than would be antic-
ipated even in the absence of known CAD. Since late
postoperative cardiac complications appear to be par-
ticularly prevalent among patients who have lower"
extremity occlusive arterial disease. routine preopera-
tive coronary angiography has been recommended to
all patients scheduled for elective lower extremity re-
vascularization at the Cleveland Clinic since 1978. As
described in a previous report,9 severe, correctable
coronary artery lesions were documented using this-
format in 54% of the patients with aortoiliac disease
who had preoperative evidence of CAD and in 13%
of those with no clinical indication of CAD. Elective
myocardial revascularization was performed in 21%
of the patients in this investigation, and 45 patients un--
derwent aortoiliofemoral reconstruction without-,
operative mortality. During the same study period,A
12% of patients scheduled for elective femoropopliteal
or femorotibial bypass also required staged myocardial
revascularization.
Because routine preoperative coronary angiography

and, if indicated, myocardial revascularization con-,
tinue to be recommended without prospective randomi-
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TABLE 1. Indications for Operation

Indication for Operation

Rest Pain or
Claudication Tissue Necrosis Popliteal Aneurysm

Number Number Number
Group Patients of Patients Per Cent of Patients Per Cent of Patients Per Cent

Aortoiliac reconstruction 186 121 65 65 35
Femoropopliteal reconstruction 87 24 28 57 65 6 7

Total 273 145 53 122 45 6 2

zation to all patients under consideration for elective
peripheral vascular operations at this institution, his-
toric standards will be necessary to evaluate the effect
of this approach on late survival. A preVious publica-
tion8 described the influence of CAD ui3on survival of
343 patients -who Underwent abdominal aortic
aneurysm resection at the Cleveland Clinic between
1969 and 1973. This report presents a series of 273 con-
secutive patients who required lower extremity revas-
cularization during the same five-year period. Late fol-
low-up information was obtained by telephone contact
with each patient, a close surviving family member, or
the referring physician and is complete for 95% of the
patients.

Patient Information
The 273 patients in this series consisted of 200 men

and 73 women with an age range of 29-79 years (mean:
57 years). Forty-seven patients (17%) were less than 50
years of age at the time of operation, 121 patients (44%)
were 50-60 years of age, 89 patients (33%) were 60-70
years of age, and 16 patients (6%) were over 70 years
of,age. The mean follow-up interval was eight years.
The indications for operation are given in Table 1.

One hundred eighty-six patients (68%) underwent some
form of aortoiliac reconstruction consisting, in most in-
stances, of either aortoiliac or aortofemoral Dacron
bypass grafts. Eighty-seven other patients (32%) re-
quired femoropopliteal or distal revascularization with
grafts of autogenous saphenous vein or prosthetic
material. Disabling claudication was the indication for
operation in 53% of the 273 patients comprising the en-
tire series, while 45% of the patients had severe is-
chemia manifested by ischemic rest pain or tissue
necrosis. The majority of femoropopliteal reconstruc-
tions were performed for limb salvage rather than for
claudication alone, and six patients (2%) underwent
femoropopliteal bypass because ofthe presence ofpop-
liteal artery aneurysms.

-Atherosclerotic Risk Factors
One hundred fifteen patients (42%) were under medi-

cal treatment for hypertension or had blood pressure

measurements greater than 150/90 mmHg. Diabetes
mellitus under medical treatment, an abnormal glucose
tolerance test, or -a fasting or two-hour postprandial
blood glucose level greater than 120 mg/dl were present
in 91 patients (33%). The serum cholesterol value
(range: 106-455 mg/dl) was greater than 270 mg/dl in 45
patients (16%), and the serum triglyceride value (range:
55-650 mg/dl) was greater than 180 mg/dl in 90 patients
(33%). An overwhelming majority of patients (320
patients, 85%) either smoked cigarettes or had
discontinued their chronic use of cigarettes less than
five years before their operations. Two or more risk
factors were present in 145 patients (53%).

Preoperative Cardiac Status

No history of previous CAD symptoms or known
cardiac disease could be elicited from 212 patients
(78%). Information obtained from the remaining 61 pa-
tients, their families, or their referring physicians was
consistent with previous myocardial infarction in 31 pa-
tients (1 1%), angina pectoris in nine patients (3%), con-
gestive heart failure in three patients (1%), arrhythmia
requiring medical management in one patient, and two
or more of these factors in 17 patients (6%).
The preoperative electrocardiogram (EKG) was

normal in 162 patients (59%). Previous myocardial in-
farction was documented by EKG evidence in 35 pa-
tients (13%), while 62 patients (23%) had ischemic myo-
cardial changes within the ST-T segments. Three pa-
tients (1%) had arrhythmias on preoperative EKG
tracings, and 11 patients (4%) had two or more abnor-
mal EKG findings.
No statistically significant differences in the inci-

dence of abnormal cardiac histories or EKG results
could be identified between patients with aortoiliac dis-
ease and patients with femoropopliteal disease, or be-
tween patients who underwent operations because of
claudication and patients who had ischemic rest pain or
tissue necrosis. Considering those features which are
most suggestive of CAD by history (previous myocar-
dial infarction, angina pectoris) or by EKG findings
(previous myocardial infarction, ischemic myocardial
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TABLE 2. Fatal Postoperative Complications

Aortoiliac Reconstruction Femoropopliteal Recon- Total
(186 Patients) struction (87 Patients) (273 Patients)

Principal Cause Number Number Number
of Death of Patients Per Cent of Patients Per Cent of Patients Per Cent

Myocardial infarction 7 64 2 33 9 52
Pulmonary failure 1 9 1 17 2 12
Pulmonary embolism 1 9 0 - 1 6
Renal failure 1 9 0 1 6
Hemorrhage 1 9 0 - 1 6
Graft infection 0 1 17 1 6
Other 0 - 2 33 2 12

Total 11 100 6 100 17 100

Per cent of group 5.9 6.9 6.2

494

changes), 144 patients (53%) had no preoperative evi-
dence of CAD, 18 patients (6%) had CAD by his-
tory alone, 68 patients (25%) had CAD on the basis of
EKG findings alone, and 43 patients (16%) had CAD
according to both history and EKG information.

Results

Postoperative Mortality

The principal causes of early postoperative death are
given in Table 2. Seventeen patients (6.2%) died within
30 days of operation. The operative mortality rates were
5.9% following aortoiliac reconstruction and 6.9% fol-
lowing femoropopliteal bypass. Fatal myocardial in-
farctions occurred in 3.3% of the 273 patients in this
study and accounted for 52% of all postoperative
deaths, a figure representing four times the number of
deaths caused by pulmonary failure, the next most
common source of early mortality.
No postoperative deaths occurred among 45 patients

who were less than 50 years of age, and only two
deaths (1.2%) occurred among 166 patients who were
less than 60 years of age. Fifteen (14%) of the 105 pa-
tients in this series who were older than 60 years of age
died during the early postoperative period, and myo-

TABLE 3. Causes of Late Mortality Among 256 Postoperative
Survivors from One to Eleven Years after Operation

Per Cent Per Cent
Principal Cause of of Operative

of Death Number Deaths Surgery

Myocardial infarction 56 55 21
Malignant neoplasm 11 11 4
Stroke 7 7 3
Chronic renal disease 4 4 2
Pulmonary embolism 3 3 1
Intestinal ischemia 1 1 0.5
Graft infection 1 1 0.5
Other 18 18 7
Total 101 100 39

cardial infarctions were responsible
of the deaths in this age group.

for seven (47%)

Late Mortality Rate
Thirteen patients (4.8%) were lost to follow-up dur-

ing the maximum observation interval of 11 postopera-
tive years. The principal sources of late mortality
among 256 patients who died in this series are
given in Table 3. A total of 101 patients (39o) have
died, and myocardial infarction was the principal cause
ofdeath in 56 patients (55%). Myocardial infarction was
responsible for five times the number oflate deaths pro-
duced by either of the next leading sources of late mor-
tality, malignant neoplasm or stroke.
Complete life table data for the 256 patients who sur-

vived operation are given in Table 4. Fifty patients
(20%) died within five years of operation. Myocardial
infarction was the principal cause of death in 25 pa-
tients, accounting for 50% of the deaths and affecting
10% of the patients who survived lower extremity re-
vascularization. Of the 206 patients who lived at least
five years after operation, 51 patients (25%) have subse-
quently died within 5 to 11 years. Myocardial infarc-
tion was responsible for 31 (60%) of these deaths, af-
fecting 15% of the five-year survivors. A total of 56-
(22%) of the 256 operative survivors have had myocar-
dial infarctions during the full follow-up interval of 11
years.

Graphic representation of life table data, including
patients who died during the early postoperative
period, is presented in Figure 1. The slope of the sur--
vival curve at the eleventh year following femoropopli-
teal bypass reflects four deaths in a group of 16 patients
who were still eligible for consideration. Although the
late survival following aortoiliac reconstruction ap-
pears to exceed that following femoropopliteal bypass,
statistical analysis of survival curves3 did not confirm,
significant differences between these groups of pa-
tients. For example, life table survival at the sixth
postoperative year for patients who underwent aorto-
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TABLE 4. Complete Life Table Data for 256 Operative Survivors

Number of
Number of Number of Number of Patients Number of Proportion Proportion
Patients Patients Patients Exposed Patients of Patients Proportion of Patients

Post- Alive at Lost to Observed for to Risk Dying Dying of Patients Alive to
operative Beginning Follow-up Only Part Dying During During Surviving End of
Year of Year During Year of Year During Year Year Year Year Year

1 256 1 0 255.5 6 .023 .977 .977
2 249 6 0 246 4 .016 .984 .961
3 239 1 0 238.5 9 .038 .962 .925
4 229 1 0 228.5 16 .070 .930 .860
5 212 1 0 211.5 15 .071 .929 .799
6 196 1 0 195.5 14 .072 .928 .742
7 181 1 33 164 9 .055 .945 .701
8 138 0 24 126 12 .095 .905 .634
9 102 1 33 85 11 .129 .871 .552
10 57 0 28 43 1 .023 .877 .484
11 28 0 24 16 4 .250 .750 .363

iliac reconstruction (0.718-0.854) was within two
standard deviations of that for patients who had
femoropopliteal reconstruction (0.544-0.752). Ac-
cordingly, subsequent life table data in this report in-
corporates all 256 patients who survived operation.
One hundred seventeen of the 256 operative sur-

vivors had some indication of CAD on the basis of the
previous cardiac history or preoperative EKG findings,
while 139 patients had no clinical evidence of CAD.
Graphic representation of life table data for these
groups is presented in Figure 2. The 5- and 11-year sur-
vival rates were 89 and 52%, respectively, for patients
without evidence of CAD, and 69 and 26%, respec-
tively, for patients suspected to have CAD. Dif-
ferences in survival beyond five postoperative years
between patients suspected to have CAD on the basis
of preoperative history and EKG findings and those
without clinical indications of CAD were statistically
significant (p < 0.05).

Figure 3 presents graphic representation of life table
data for 256 operative survivors in this series ac-

cording to whether preoperative evidence ofCAD was
present, together with similar information for a normal
1970 male population of the same age (57 years)24 and
for a group of 601 patients with known CAD docu-
mented by coronary angiography at the Cleveland
Clinic which has previously been reported by Proudfit
and associates.20 Survival of patients who had no clini-
cal indication of CAD at the time of operation was
nearly identical to that of a normal male population
throughout the first five postoperative years, and dif-
ferences in late survival between these two groups
never attained statistical significance during the maxi-
mum follow-up period. Late survival beyond the fifth
postoperative year for patients in this series who were
suspected to have CAD, however, was significantly
worse than that expected for a normal population (p
< 0.05). Moreover, there was no statistical difference
in life table survival beyond the fourth postoperative
year between patients suspected to have CAD in this
series and those with proven CAD described by
Proudfit.
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POSTOPERAinVE YEARS

FIG. 3. Life table survival curves for 256 operative survivors ac-
cording to preoperative cardiac status, in comparison with those of
a normal male population25 and a group of 601 patients with CAD
documented by coronary angiography.20

The influence of age at the time of operation on mor-
tality rates and the incidence of fatal myocardial infarc-
tion is shown in Figure 4. As might be expected, advanc-
ing age was associated with higher late mortality rates
from all causes, including CAD, but younger patients
faced a substantial risk for fatal myocardial infarction
as well. Of 45 patients under 50 years of age at the time
of operation, myocardial infarction caused seven
deaths (15%) within five years and nine deaths (20%)
within 11 deaths. Fatal myocardial infarction was re-
sponsible for 57% of all deaths among the 166 patients
who were less than 60 years of age.

Disabling claudication was the indication for lower
extremity revascularization for 145 patients in this
series. The postoperative mortality rate for this group
was 3.4%, and the overall late mortality rate was 34%.
Severe ischemia manifested by ischemic rest pain or
tissue necrosis was the indication for operation in 128
patients. The postoperative mortality rate in this group
was 9.4%, and the overall late mortality rate was 47%.
The difference in late mortality rates was found to be
significant (p < 0.05), but the incidence of fatal myo-
cardial infarction for patients with claudication (17%)
was comparable to that for patients with severe lower
extremity ischemia (25%).
The preoperative cardiac status is correlated with the

incidence of fatal myocardial infarction during the early
postoperative and late follow-up periods in Table 5. Chi
square analysis confirmed significant differences (p
< 0.01) in the incidence of fatal myocardial infarction
during the immediate postoperative period between
patients with no preoperative evidence of CAD and
those who had both a positive cardiac history as well as

abnormal EKG findings. Statistical testing also deter-
mined (p < 0.01) that death from myocardial infarction
within five years of operation was more likely to occur

among patients suspected to have CAD on the basis of
either previous history or EKG findings. Differences
in the incidence of fatal myocardial infarction were not
statistically significant throughout the entire follow-up
period only because of an increase in the number of
deaths caused by CAD from 5 to years postopera-
tively in the group without preoperative evidence of
CAD. Overall, myocardial infarction accounted for 25
(60%) of 42 late deaths in this group and for 31 (52%) of
59 late deaths among patients suspected to have CAD.
Although atherosclerotic risk factors were not asso-

ciated with significant differences in early postopera-
tive mortality, diabetes mellitus had a statistically
significant correlation with late mortality caused by
myocardial infarction. Eighty-four diabetics and 172
nondiabetics survived lower extremity revasculariza-
tion. Of these, 30 diabetics (37%) and 34 nondiabetics
(20%) died within five years of operation (p < 0.01);
myocardial infarction was the principal cause of death
in 19 patients (23%) and 13 patients (8%), respectively
(p < 0.01). The total 11-year mortality rate was 55%
for diabetics and 33% for nondiabetics (p < 0.01), and
the incidence of fatal myocardial infarction of 37%
among diabetics was significantly greater (p < 0.001)
than that among nondiabetics (15%).

Discussion

The results of this study suggest that late survival
among patients who have any indication of CAD on
the basis of previous cardiac symptoms or abnormal
EKG findings at the time of lower extremity revascu-
larization is much more closely comparable to survival
demonstrated by patients with significant CAD docu-
mented by coronary angiography than to that ofthe nor-
mal population of the same age. Patients with preoper-
ative evidence of CAD sustained a statistically signifi-
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TABLE 5. Total Incidence of Fatal Myocardial Infarction According to Preoperative Cardiac Status
(Late Incidence Calculated on the Basis of Operative Survivors)

Fatal Myocardial Infarction

Postoperative Late (1-11 Years)

Number Number
Preoperative Cardiac Status Patients of Patients Per Cent of Patients Per Cent

Negative cardiac history and normal EKG 144 1 0.7 25 17.5
Previous myocardial infarction or angina
by history alone 18 1 5.6 8 47.1

Previous myocardial infarction or
myocardial changes by EKG alone 68 2 2.9 11 17.5

Positive cardiac history and abnormal EKG 43 5 11.6 12 31.6

cant number of fatal myocardial infarctions within five
years of operation. Late deaths from complications of
CAD appeared to be especially prevalent among dia-
betics and among patients less than 60 years of age.
Myocardial infarction was the most common source of
mortality in this series by severalfold, accounting for
four times the number of early postoperative deaths
caused by pulmonary failure and for five times the num-
ber of late deaths caused by malignant neoplasms.
Even patients who had no preoperative evidence of
CAD have eventually experienced a substantial num-
ber of cardiac complications. Although the operative
mortality rate was low for patients without known
CAD and five-year survival was similar to that of a nor-
mal population, 18% ofthese patients thus far have died
between the sixth and the eleventh postoperative years.
Sixty per cent of these deaths were caused by myo-
cardial infarction.

Late survival in this series is comparable to that
.described for other series of patients who underwent
lower extremity revascularization over a decade ago.
Five-year and ten-year survival in this report was 79
and 54% following aortoiliac reconstruction, and 72 and
53% following femoropopliteal or distal bypass. Previ-
ous series presented by DeBakey and associates,4
Malone and associates,16 and Starrett and Stoney22 re-
ported five-year survival following aortoiliac recon-
struction of 58 to 80% and ten-year survival of 37 to
51%. Maini and Mannick,'5 Reichle and associates,21
and Szilagyi and associates23 described five-year sur-
vival following femoropopliteal bypass of 44 to 70%
and ten-year survival of 23 to 54%. Others2'5'6'12 have
concluded that certain preoperative atherosclerotic
risk factors impose predictable limitations upon late
survival. DeWeese and Rob5'6 found that myocardial
infarction caused 60% of all late deaths following
femoropopliteal bypass procedures and clearly demon-
,strated that patients who had preoperative evidence of
CAD, diabetes mellitus, or multisegmental athero-
sclerotic lesions in the lower extremities had twice
the late mortality rate of patients who did not have

these risk factors. The five- and ten-year mortality rates
for patients in their series who did not have evidence
of CAD were 35 and 62% whereas the five- and ten-
year mortality rates for patients suspected to have
CAD were 71 and 91%.

Previous publications from the Cleveland Clinic
have demonstrated significant reduction in late sur-
vival following abdominal aortic aneurysm resection
for patients who have preoperative evidence ofCAD or
diabetes mellitus,8 and following aortobifemoral ar-
terial bypass for patients with multisegmental athero-
sclerosis of the lower extremities.'7 Despite a dif-
ference in mean age of nine years, the incidence of
late death from myocardial infarction among 343 pa-
tients who underwent aortic aneurysm resection at this
institution between 1969 and 1973 is remarkably similar
to that described in the present report of 273 patients
who required lower extremity revascularization dur-
ing the same study period. During a maximum follow-
up interval of 11 years, fatal myocardial infarctions
have occurred in 24% of operative survivors following
aortic aneurysm resection and in 21% ofthose following
lower extremity revascularization. Considering only
patients who had no preoperative evidence of CAD,
16% of operative survivors from the aneurysm group
have died with myocardial infarctions compared
with 18% of patients with occlusive arterial disease.
Among patients who were suspected to have CAD on
the basis of preoperative history ofEKG findings, 28%
of patients in the aneurysm group have had fatal myo-
cardial infarctions compared to 26% of those described
in this report. Of a total of 616 patients who underwent
aortic reconstruction or femoropopliteal bypass at the
Cleveland Clinic between 1969 and 1973, myocardial
infarction has been responsible for 41% of early post-
operative deaths, affecting 4.9% of all patients, and for
47% of all late deaths, affecting 22% of all operative
survivors.
As late follow-up information concerning patients

with documented CAD who undergo direct myocardial
revascularization with the use of coronary artery by-
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pass grafts has been accumulated, several reports have
implied that such patients sustain fewer cardiac
complications after subsequent vascular and other
major operations than otherwise would be ex-
pected. 1'14"18 Crawford and associates1 presented a
series of 358 patients who underwent 484 subsequent
operations at various intervals following direct myo-
cardial revascularization, including 308 vascular pro-
cedures in 232 patients. Only four operative deaths
(0.8%) occurred following the subsequent procedures,
and only 12 patients (3%) died from cardiac causes
within a five-year follow-up period. Convincing re-
ports'113 from medical centers with extensive experi-
ence with coronary artery bypass indicate that five-year
survival rates of 90% or greater may be expected fol-
lowing direct myocardial revascularization, even in pa-
tients who previously had CAD involving multiple
coronary arteries. In a representative group of 3000
patients who underwent direct myocardial revasculari-
zation at the Cleveland Clinic between 1971 and 1973,
Loop and associates13 reported a 1% risk for postopera-
tive myocardial infarction or death and a five-year sur-
vival of 92.2%.
While the operative risk of aortoiliac reconstruction

may be reduced in selected patients by compromise
procedures such as axillofemoral or femorofemoral by-
pass, such precautions alone will not influence the late
incidence of fatal cardiac complications among patients
with occlusive arterial disease. Accordingly, routine
preoperative coronary angiography has been recom-
mended to all patients under consideration for elective
lower extremity revascularization at the Cleveland
Clinic since 1978. Data concerning the incidence of sig-
nificant CAD which may be detected using such an
approach and the safety with which elective aortoiliac
reconstruction may be performed following coronary
artery bypass procedures in patients found to have
severe CAD have previously been presented.9 Al-
though late follow-up information is not yet available
for patients whose management presently is deter-
mined with the use of routine preoperative coronary
angiography, this report describes an historic standard
with which these patients will eventually be compared
in an effort to define those for whom preoperative
coronary angiography is advisable for safe surgical
management oflower extremity ischemia and improved
late survival rates. The results of this report suggest
that coronary angiography should be a serious consid-
eration for all patients with preoperative coronary
artery symptoms, abnormal EKG findings, or dia-
betes mellitus.
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