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Coronary Revascularization before Noncardiac Surgery

 

Mauro Moscucci, M.D., and Kim A. Eagle, M.D.

 

The evaluation of cardiac risk before noncardiac
surgical procedures and interventions aimed to-
ward reducing that risk have become an integral
part of the contemporary practice of medicine. In
the nonoperative setting, it is generally accepted
that the pathophysiology of acute myocardial in-
farction is usually due to the disruption of a vulner-
able coronary-artery plaque followed by coronary-
artery thrombosis. Histopathological analyses of
coronary arteries in patients who had a fatal myocar-
dial infarction soon after noncardiac surgery have
confirmed this pathophysiology, with evidence of
an unstable plaque present in more than half of pa-
tients.

 

1

 

An association between fatal perioperative myo-
cardial infarction and advanced left main coronary
artery disease, severe three-vessel disease, or both is
also common. Perioperative activation of neurohu-
moral pathways, an increase in catecholamine lev-
els, a reduction in endogenous levels of tissue plas-
minogen activator, an increase in shear stress in
association with platelet activation, and possibly
coronary spasm have been postulated to be mecha-
nisms leading to plaque disruption and subsequent
coronary-artery occlusion. However, some patients
appear to have a myocardial infarction without
ST-segment elevation, perhaps caused primarily by
periods of prolonged ischemia as a result of peri-
operative stresses that occur in the presence of se-
vere fixed coronary-artery obstruction.

Previous studies have shown that patients at in-
creased risk for perioperative events can be identi-
fied on the basis of simple clinical markers (e.g.,
angina pectoris, previous myocardial infarction, di-
abetes mellitus, previous heart failure, renal insuf-
ficiency, poor functional capacity, or high-risk sur-
gery) available at the time of the initial evaluation.

 

2,3

 

The addition of noninvasive and invasive testing

further improves the accuracy of risk stratifica-
tion.

 

4

 

 Applying the lessons learned from risk strat-
ification to the care of patients, in an attempt to re-
duce risk, has been a challenge, particularly in light
of the large numbers of patients who currently un-
dergo noncardiac surgery and the variable risks.

There is today overwhelming agreement that
aggressive medical management to provide myo-
cardial protection in the perioperative state is a
central element in reducing the risk of adverse clin-
ical events. In a landmark clinical trial, patients un-
dergoing noncardiac surgery who had or were at
risk for coronary artery disease were randomly as-
signed to receive atenolol intravenously before and
immediately after surgery and orally thereafter for
the duration of hospitalization or to receive place-
bo.

 

5

 

 A significant reduction in the incidence of peri-
operative ischemia was observed among the pa-
tients who received atenolol. This reduction was
associated with a lower mortality in the atenolol
group six months after hospital discharge (0 per-
cent, vs. 8 percent in the placebo group; P<0.001),
after one year of follow-up (3 percent vs. 14 percent,
P=0.005), and after two years of follow-up (10 per-
cent vs. 21 percent, P=0.02). The lower mortality
was predominantly due to a reduction in deaths
from cardiac causes during the first six to eight
months after noncardiac surgery. 

Poldermans et al., in the Dutch Echocardio-
graphic Cardiac Risk Evaluation Applying Stress
Echocardiography (DECREASE) trial, investigated
the use of the beta

 

-

 

blocker bisoprolol in high-risk
patients referred for vascular surgery.

 

6

 

 In that study,
the group treated with bisoprolol had a significant
reduction in the incidence of death from cardiac
causes as compared with patients receiving stan-
dard care (3.4 percent vs. 17 percent, P=0.02) and
a significant reduction in the incidence of nonfatal
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myocardial infarction (0 percent vs. 17 percent,
P<0.001). 

The benefits of beta-blockers in these two studies
are consistent with the proposed cascade of events
that occur when sympathetic activation is triggered
by perioperative stresses. Interrupting this cascade,
even for a short period of time, might have long-
term benefits.

More recently, a large body of data have been re-
ported that support the pleiotropic and antiinflam-
matory effects of statins, which promote the stabili-
zation of potentially vulnerable coronary plaques
and a reduction in adverse coronary events. In par-
ticular, the prehospital or preprocedure use of stat-
ins has been found to be associated with reductions
in the incidence of in-hospital death in patients
with acute coronary syndromes, of periprocedural
myocardial infarction after percutaneous coronary
intervention, and of perioperative mortality in pa-
tients undergoing major noncardiac vascular sur-
gery.

 

7

 

 Although no large, randomized clinical trials
have been completed to confirm the efficacy of stat-
ins in these settings, the strong association shown
in large observational studies supports the inclu-
sion of statins in the perioperative management of
patients with known or strongly suspected coro-
nary artery disease who are undergoing noncardiac
surgery.

The role of preoperative coronary revasculariza-
tion in patients being evaluated before noncardiac
surgery has been controversial for several decades.
The limited size and number of observational stud-
ies and the absence of randomized clinical trials
have resulted in uncertainty concerning the benefits
and risks of preoperative coronary revasculariza-
tion for the purpose of improving perioperative
and longer-term coronary outcomes. 

In this issue of the 

 

Journal,

 

 McFalls et al. report
the results of the Coronary Artery Revasculariza-
tion Prophylaxis trial.

 

8

 

 Patients with clinically sig-
nificant, stable coronary artery disease who were
scheduled for elective vascular operations at 18
Veterans Affairs medical centers were randomly as-
signed to undergo coronary revascularization (per-
cutaneous coronary intervention or coronary-artery
bypass grafting, 258 patients) or medical therapy
alone (252 patients). Medical therapy was opti-
mized in both groups, with 84 percent of patients
in the revascularization group and 86 percent of
those who did not undergo revascularization re-
ceiving beta-blockers, 54 percent in both groups
receiving statins, and 70 percent and 76 percent,

respectively, receiving aspirin. Patients with a steno-
sis of the left main coronary artery of at least 50 per-
cent, a left ventricular ejection fraction of less than
20 percent, and severe aortic stenosis were exclud-
ed from randomization. The majority of patients
enrolled had single-vessel or two-vessel disease. Af-
ter vascular surgery, there were no differences be-
tween the two groups in the incidence of myocar-
dial infarction or in-hospital mortality. At a median
follow-up of 2.7 years, the mortality was 22 percent
in the revascularization group and 23 percent in
the no-revascularization group. 

Although the randomized study by McFalls et al.
was underpowered to detect differences in event
rates in high-risk subgroups, the study design and
the clinical question answered put the study at the
very top of the list of clinically relevant studies in
this field. The results should be interpreted in light
of its design, the exclusion criteria, and the ancil-
lary therapies. If one carefully screens candidates
for vascular surgery and excludes patients with
symptoms of unstable coronary disease, left main
coronary artery disease, aortic stenosis, or severe left
ventricular dysfunction, and if one provides excel-
lent perioperative medical treatment to those re-
maining, then coronary revascularization does not
appear to provide an additional benefit in reducing
the incidence of perioperative death or myocardial
infarction. The results mirror those of other ran-
domized clinical trials in the nonoperative setting
that have shown that elective coronary revascular-
ization in “low risk” patients who have stable coro-
nary artery disease does not provide a survival ben-
efit and does not reduce the risk of late myocardial
infarction as compared with excellent medical and
preventive therapies.

However, the issue of whom to screen and how to
screen preoperative patients beyond a history tak-
ing, physical examination, and preoperative electro-
cardiography is far from settled. The data reported
by McFalls et al. are about therapy for patients with
stable, well-defined coronary disease, not screen-
ing. There is clearly a tendency to view effective
beta-blockade as sufficient to preclude noninva-
sive screening in most patients being considered
for noncardiac surgery, especially in those with
known stable coronary disease who are facing low-
er-risk operations. The DECREASE trial showed a
nearly 85 percent reduction in the combined inci-
dence of nonfatal myocardial infarction and death
from cardiac causes after elective vascular surgery,
owing to effective preoperative, intraoperative, and
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postoperative beta-blockade. However, there was a
small group of patients with multiple clinical mark-
ers of risk and widespread ischemia on preoperative
stress echocardiography who were not adequately
protected by beta-blockers.

 

9

 

Cost-effective identification of this minority of
patients, who have extremely high preoperative risk,
is the subject of the American College of Cardiology–
American Heart Association guidelines for periop-
erative cardiovascular evaluation for noncardiac sur-
gery.

 

2,10

 

 The trial by McFalls and colleagues adds to
our foundation of knowledge, answering a critical
question about therapy. Now we need a series of ad-
ditional randomized studies to settle remaining
questions about screening and about the value of
medical therapies beyond beta-blockade with stat-
ins, angiotensin-converting–enzyme inhibitors, an-
tiplatelet agents, and other myocardial protective or
vascular stabilizing drugs that are in development.

 

From the Department of Internal Medicine, Division of Cardio-
vascular Medicine, University of Michigan Cardiovascular Cen-
ter, Ann Arbor.
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A New Treatment for Ocular Neovascularization

 

Frederick L. Ferris III, M.D.

 

Neovascularization leads to blindness in a large
number of ocular disorders, most notably age-
related macular degeneration, diabetic retinopathy,
retinopathy of prematurity, and other vascular oc-
clusive diseases. Various versions of scatter-photo-
coagulation (laser) treatment in the peripheral ret-
ina have been shown to reduce the loss of vision
that results from retinal vascular diseases but not
from age-related macular degeneration.

 

1-3

 

 For ex-
ample, scatter photocoagulation, along with vitrec-
tomy when necessary, can reduce the risk of blind-
ness in eyes with retinal neovascularization from
diabetic retinopathy by 90 percent.

 

4

 

 Current treat-
ments for the neovascular complications of age-
related macular degeneration are nowhere near this
effective, with the result that age-related macular
degeneration is the leading cause of blindness in
the United States.

 

5

 

Twenty years ago, ophthalmologists were hope-

ful that direct photocoagulation of the neovascu-
larization associated with age-related macular de-
generation would prove to be very effective. The
short-term results of a clinical trial of this direct ab-
lative treatment showed a reduction by 50 percent
in the risk of severe loss of vision.

 

6

 

 Unfortunately,
there were two drawbacks. First, because photoco-
agulation damages the retina, the treatment was
limited largely to areas of neovascularization that
did not involve the center of the macula, and thus
only about 15 percent of the neovascularization
resulting from age-related macular degeneration
could be treated. Second, the follow-up data from
this five-year trial were much less impressive than
the initial results, largely owing to the recurrence
of neovascularization, with extension beneath the
fovea.

 

7

 

A major advance in our ability to treat the neovas-
cularization associated with age-related macular de-
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background

 

The benefit of coronary-artery revascularization before elective major vascular surgery
is unclear.

 

methods

 

We randomly assigned patients at increased risk for perioperative cardiac complications
and clinically significant coronary artery disease to undergo either revascularization or
no revascularization before elective major vascular surgery. The primary end point was
long-term mortality.

 

results

 

Of 5859 patients scheduled for vascular operations at 18 Veterans Affairs medical cen-
ters, 510 (9 percent) were eligible for the study and were randomly assigned to either
coronary-artery revascularization before surgery or no revascularization before surgery.
The indications for a vascular operation were an expanding abdominal aortic aneurysm
(33 percent) or arterial occlusive disease of the legs (67 percent). Among the patients
assigned to preoperative coronary-artery revascularization, percutaneous coronary in-
tervention was performed in 59 percent, and bypass surgery was performed in 41 per-
cent. The median time from randomization to vascular surgery was 54 days in the revas-
cularization group and 18 days in the group not undergoing revascularization (P<0.001).
At 2.7 years after randomization, mortality in the revascularization group was 22 per-
cent and in the no-revascularization group 23 percent (relative risk, 0.98; 95 percent
confidence interval, 0.70 to 1.37; P=0.92). Within 30 days after the vascular operation,
a postoperative myocardial infarction, defined by elevated troponin levels, occurred in
12 percent of the revascularization group and 14 percent of the no-revascularization
group (P=0.37).

 

conclusions

 

Coronary-artery revascularization before elective vascular surgery does not significantly
alter the long-term outcome. On the basis of these data, a strategy of coronary-artery re-
vascularization before elective vascular surgery among patients with stable cardiac symp-
toms cannot be recommended.
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he optimal treatment of patients

 

undergoing elective vascular surgery has
not been clearly defined. Because the prev-

alence of coronary artery disease among these pa-
tients approaches 50 percent,

 

1

 

 the incidence of peri-
operative cardiac complications is high, leading to a
rigorous process of risk stratification.

 

2-5

 

 In the
absence of any outcome-based studies, panels of
experts have recommended that preoperative cor-
onary-artery revascularization be reserved for sub-
groups of patients with unstable cardiac symp-
toms or for whom coronary-artery bypass grafting
(CABG) offers a long-term survival benefit.

 

6,7

 

 De-
spite these published guidelines, there is substan-
tial variability among clinicians concerning the
recommendations for preoperative cardiac inter-
vention,

 

8

 

 which reflects in part, the absence of any
randomized studies.

In support of the aggressive treatment of coro-
nary artery disease before vascular surgery, retro-
spective data indicate that revascularization im-
proves long-term outcomes.

 

9

 

 In addition, among
the cohort of patients from the Coronary Artery Sur-
gery Study with peripheral vascular disease, the sur-
vival after 3.5 years in the surgically treated group
was better than that in the group receiving medical
therapy.

 

10

 

 In support of a conservative management
plan, retrospective data from a large registry of pa-
tients who had undergone vascular surgery show
that procedure-related complications among pa-
tients undergoing preoperative revascularization
are frequent, often leading to critical delays in the
intended vascular surgery.

 

11

 

 Therefore, we under-
took the Coronary Artery Revascularization Prophy-
laxis (CARP) trial to assess the long-term benefit
of preoperative coronary-artery revascularization
among patients with stable coronary artery disease
who are scheduled for elective vascular surgery.

 

study patients

 

Patients were eligible for the study if they were
scheduled for an elective vascular operation for ei-
ther an expanding abdominal aortic aneurysm or se-
vere symptoms of arterial occlusive disease involv-
ing the legs. The exclusion criteria were a need for
urgent or emergency surgery, a severe coexisting ill-
ness, or prior revascularization without evidence of
recurrent ischemia.

 

12

 

 
Coronary angiography was recommended for el-

igible patients if the patient was considered by a car-

diology consultant to be at increased risk for a
perioperative cardiac complication. Guidelines for
coronary angiography were provided for each site
on the basis of combined clinical risk factors and
the presence or absence of ischemia on a noninva-
sive stress imaging study.

 

4

 

 During the study, cardi-
ology consultants were also influenced by other
recognized risk factors including a prior stroke, in-
sulin-dependent diabetes, and renal failure,

 

13 

 

as
well as by a greater reliance on stress imaging.

 

14

 

On the basis of the coronary angiogram, a pa-
tient was eligible for the study if one or more major
coronary arteries had a stenosis of at least 70 per-
cent and were suitable for revascularization. Local
investigators decided which revascularization pro-
cedure to use, either percutaneous coronary inter-
vention or CABG. Although percutaneous coronary
intervention and CABG are considered equivalent
before major noncardiac operations,

 

15

 

 the poten-
tial long-term advantage of CABG among patients
with diabetes and multivessel disease was recog-
nized.

 

16

 

 Anatomical exclusion criteria were a steno-
sis of the left main coronary artery of at least 50 per-
cent, a left ventricular ejection fraction of less than
20 percent, and severe aortic stenosis.

Study patients were recruited for a 12-month fea-
sibility trial (from August 1997 through July 1998)
involving five Veterans Affairs (VA) medical centers.
Enrollment for the main study, involving 18 VA med-
ical centers, occurred from March 1999 through
February 2003. As planned, the efficacy results from
the pilot study were not evaluated at its completion
so that they could be combined with the results of
the main study. Follow-up ended on February 28,
2004. The human rights committee of the VA Co-
operative Studies Program and the institutional re-
view board at each participating VA medical center
approved the study.

 

randomization and treatment

 

We used a stratified randomization process with
permuted blocks. The stratification factors were the
hospital and, because intraabdominal and infra-
inguinal operations have different outcomes, the
proposed vascular surgery.

 

17

 

 After randomization,
we expected the intended procedure (either cardiac
or vascular) to be performed within three weeks. If
CABG was planned, we expected the vascular oper-
ation to occur within three months. If percutaneous
coronary intervention was planned, we expected the
vascular operation to be delayed for at least two
weeks, owing to an increased risk of an in-stent cor-

t

methods
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onary-artery thrombus.

 

18

 

 For three days after vas-
cular surgery, blood was collected and sampled for
cardiac enzymes and an electrocardiogram was ob-
tained. Three months after surgery, the left ventric-
ular ejection fraction was determined with the use
of radionuclide angiography. All patients who un-
derwent randomization had follow-up visits at the
local site every three months for the first year and
every six months for the remainder of the study.

 

outcomes

 

The primary end point was long-term mortality and
was ascertained through follow-up and by means of
the Veterans Affairs Beneficiary Identification and
Records Locator Subsystem. Secondary end points
included myocardial infarction, stroke, limb loss,
and dialysis. Eighty-six percent of patients in the re-
vascularization group and 85 percent of patients in
the no-revascularization group had follow-up visits
within one year before the end of the study. After re-
vascularization (CABG or percutaneous coronary in-
tervention), myocardial infarction was diagnosed on
the basis of a combination of elevated levels of cardi-
ac enzymes and changes in the electrocardiogram.
A myocardial infarction after the vascular surgery
was diagnosed on the basis of elevated levels of car-
diac enzymes and was characterized by associated
ischemic changes on the electrocardiogram. The
end-points committee, which was independent of
the study and blinded to the assigned treatment,
validated all outcomes.

 

statistical analysis

 

We predicted mortality on the basis of the outcomes
of patients from the Coronary Artery Surgery Study
registry who had peripheral vascular disease.

 

10

 

 A
5 percent one-sided log-rank test was used, indi-
cating that a sample of 559 patients would be need-
ed to provide the study with 90 percent power to
detect differences in the 3.5-year survival rates of
75 percent in one group and 85 percent in the other.
Because recruitment was slower than expected in
the main study, the three-year enrollment period,
with a minimal follow-up of two years, was changed
to a four-year enrollment period, with a one-year
follow-up. Total recruitment was 510 patients (of
whom 98 percent were male), who were randomly
assigned to one of the two study groups.

Intention-to-treat analyses provided information
about survival, from the time of randomization. Sur-
vival curves were generated with the use of Kaplan–
Meier product-limit estimates, and intergroup dif-

ferences were evaluated by the log-rank test. The
Cox proportional-hazards model was used to cal-
culate estimates of relative risk and 95 percent con-
fidence intervals, comparing treatments within
high-risk subgroups of patients. Data are expressed
as means ±SD, or as medians with interquartile
range when specified. All tests were two-sided.

 

screening

 

Of 5859 patients scheduled for vascular surgery,
4669 (80 percent) were initially excluded. The main
reasons were insufficient cardiac risk (1654 pa-
tients), an urgent need for vascular surgery (1025),
prior CABG or percutaneous coronary intervention
without ischemia (626), and a severe coexisting ill-
ness (731). The patient’s decision not to participate
and ineligibility because of participation in other
research studies accounted for 633 exclusions. Of
the patients who underwent coronary angiography
without any clinical exclusions, 680 were excluded
for reasons that were specified in the protocol. The
primary reason was either nonobstructive coronary
arteries (363 patients) or coronary artery disease that
was not considered amenable to successful revas-
cularization (215). Other anatomical reasons for ex-
clusion included a stenosis of the left main coronary
artery of at least 50 percent (54 patients), a left ven-
tricular ejection fraction of less than 20 percent (11),
and severe aortic stenosis (8). Refusal to participate,
by either the patient or the referring physician, ac-
counted for 29 exclusions.

 

study patients

 

Of the 510 patients (9 percent of the 5859 originally
screened) who underwent randomization, 258 were
assigned to a strategy of preoperative coronary-
artery revascularization, and 252 to no revascular-
ization. There were no significant differences in the
baseline characteristics of the two groups (Table 1).
According to the criteria of Eagle and colleagues re-
garding preoperative assessment of cardiac risk,

 

4

 

28 percent had three or more clinical risk factors,
and 65 percent had either three or more clinical risk
factors or one or two risk factors with ischemia, as
demonstrated on a stress test. According to the Re-
vised Cardiac Risk Index, 49 percent had two or
more risk factors, and 13 percent had three or more
risk factors.

 

13

 

 Nuclear stress imaging was per-
formed in 316 (62 percent) of the study patients.
The size of the reversible defect relative to total my-

results
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ocardial perfusion was determined at each site and
graded semiquantitatively as small, moderate, or
large. The size of the perfusion defect was moder-
ate or large in 226 patients. Overall, 74 percent of
the study patients had three or more of the Eagle
clinical criteria, two or more variables defined by the
Revised Cardiac Risk Index, or a moderate or large
reversible defect on stress imaging. In the majority

of the remaining patients, angina or abnormal re-
sults on the stress test were the reason for preoper-
ative coronary angiography.

 

coronary-artery revascularization

 

Of the 258 study patients assigned to preoperative
coronary-artery revascularization, 240 (93 percent)
underwent either CABG (99 patients) or percutane-

 

* Plus–minus values are means ±SD. TIA denotes transient ischemic attack, LDL low-density lipoprotein, and HDL high-
density lipoprotein. To convert the values for hemoglobin to millimoles per liter, multiply by 0.6206. To convert the values 
for cholesterol to millimoles per liter, multiply by 0.02586. 

† A single P value is provided for the entire group (two-by-four chi-square test with three degrees of freedom). A dash de-

 

notes not applicable.

 

Table 1. Baseline Clinical Variables According to the Assigned Treatment before the Elective Major Vascular Surgery.*

Variable
Revascularization

(N=258)

No
Revascularization

(N=252) P Value

 

Age — yr 65.6±11.1 67.2±10.4 0.10

Angina — no. (%) 103 (39.9) 95 (37.7) 0.61

Previous myocardial infarction — no. (%) 111 (43.0) 103 (40.9) 0.62

Previous congestive heart failure — no. (%) 31 (12.0) 19 (7.5) 0.09

Previous stroke or TIA — no. (%) 54 (20.9) 47 (18.7) 0.50

Diabetes — no. (%)

Treated with oral agents 49 (19.0) 52 (20.6) 0.84

Treated with insulin 48 (18.6) 49 (19.4) 0.84

Current smoker — no. (%) 128 (49.6) 114 (45.2) 0.41

Albumin — g/dl 3.7±0.6 3.7±0.5 0.99

Hemoglobin — g/dl 14.0±2.4 13.8±1.9 0.26

Total cholesterol — mg/dl 175±45 182±51 0.13

LDL cholesterol — mg/dl 105±37 107±42 0.60

HDL cholesterol — mg/dl 37±10 37±11 0.95

Glycosylated hemoglobin — % 6.6±1.7 6.8±1.9 0.41

C-reactive protein — mg/dl 0.12

Median 0.4 0.3

Interquartile range 0.05–1.4 0.04–1.3

Homocysteine — mg/dl 0.63

Median 10.3 9.8

Interquartile range 0.8–13.6 0.3–12.8

Left ventricular ejection fraction — % 54±12 55±12 0.36

Three-vessel coronary artery disease — no. (%) 91 (35.3) 79 (31.3) 0.69

Previous CABG — no. (%) 38 (14.7) 39 (15.5) 0.83

Indication for surgery† 0.61

Abdominal aneurysm — no. (%) 88 (34.1) 81 (32.1) —

Claudication — no. (%) 100 (38.8) 89 (35.3) —

Pain at rest — no. (%) 30 (11.6) 35 (13.9) —

Tissue breakdown — no. (%) 40 (15.5) 47 (18.7) —
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ous coronary intervention (141 patients). Of the 18
patients who did not undergo preoperative revascu-
larization, 8 (3 percent) required urgent vascular
surgery and 9 (3 percent) chose not to undergo re-
vascularization. In one patient, a stroke precluded
proceeding with the scheduled CABG. Table 2 sum-
marizes the results for the 240 patients who under-
went CABG or percutaneous coronary intervention
as part of the assigned treatment. Of four deaths
associated with revascularization, two deaths in the
percutaneous-coronary-intervention group and one
death in the CABG group occurred after successful
revascularization and shortly after vascular surgery.
Those three deaths were considered complications
of revascularization because they occurred during
the same hospitalization period.

After randomization, 9 of the 252 patients as-
signed to undergo no revascularization before vas-
cular surgery (4 percent) required preoperative re-
vascularization because of an unstable change in
cardiac status. Seven of them subsequently under-
went vascular surgery after revascularization.

 

vascular surgery

 

Of the 258 patients assigned to undergo preopera-
tive revascularization, 225 (87 percent) underwent
the planned vascular operation, as did 237 of the
252 patients (94 percent) assigned to no preopera-
tive revascularization. Of the 33 patients randomly
assigned to revascularization who did not undergo
vascular surgery, 10 died after uncomplicated CABG
or percutaneous coronary intervention, 18 declined
the surgery (5 on the advice of the primary physi-
cian), and a severe coexisting condition developed
in 5. Of the 15 patients randomly assigned to no pre-
operative revascularization who did not undergo
vascular operation, 1 died after urgent CABG, 9 de-
clined (3 on the advice of the primary physician),
and a severe coexisting condition developed in 5.
Among the patients who underwent vascular sur-
gery, there was a significantly longer time to vascular
surgery in the group assigned to revascularization
than in the group assigned to no revascularization.
In the group assigned to revascularization, the vas-
cular operation occurred a median of 48 days after
CABG and 41 days after percutaneous coronary in-
tervention. There were no other intergroup differ-
ences in perioperative management (Table 3). With
the exception of the use of intravenous nitroglyc-
erin, there were no significant differences in peri-
operative medications.

 

postoperative outcomes

 

Before vascular surgery, there were 10 deaths in the
revascularization group and 1 death in the no-revas-
cularization group. Within the 30-day period after
the vascular surgery, there were seven deaths (3 per-
cent) in the revascularization group and eight deaths
(3 percent) in the no-revascularization group (Table
3). Two of the deaths in the revascularization group
occurred in patients who had undergone successful
percutaneous coronary intervention but required
urgent vascular surgery seven days later. The core
laboratory for measurement of cardiac enzymes re-
ceived blood samples from 88 percent of the pa-
tients, and a postoperative myocardial infarction,
defined by elevated troponin levels, occurred in 16
percent of those patients; this rate is consistent with
the percentage of myocardial infarctions recorded
for all patients at the individual sites (Table 3).

 

* Plus–minus values are means ±SD. NA denotes not applicable.
† Completeness of revascularization indicates the percentage of major epicar-

dial vessels with stenosis of more than 70 percent that were revascularized.
‡ One of the deaths in the CABG group and the two in the PCI group occurred 

within two weeks of the revascularization and after the vascular operation. 
They are listed as complications of both the revascularization and the vascular 
procedures, because they occurred within the same hospitalization period. 
Myocardial infarction associated with CABG or PCI was defined by cardiac-

 

enzyme elevations and ischemic changes on the electrocardiogram.

 

Table 2. Procedural Characteristics and Postprocedural Complications 
of CABG and Percutaneous Coronary Intervention (PCI) in 240 Patients 
Assigned to Undergo Coronary-Artery Revascularization before Elective 
Major Vascular Surgery.*

Characteristic
CABG

(N=99)
PCI

(N=141)

 

Days since randomization

Median 18 1

Interquartile range 7–34 0–7

Urgent or emergency cardiac status — no. (%) 2 (2.0) 1 (0.7)

No. of vessels revascularized 3.0±0.8 1.3±0.8

Completeness of revascularization — %† 98.0 61.9

Death — no. (%)‡ 2 (2.0) 2 (1.4)

Myocardial infarction — no. (%) 7 (7.1) 7 (5.0)

Stroke, loss of leg, or renal dialysis — no. 0 0

Reoperation — no. (%) 6 (6.1) NA

Urgent CABG — no. (%) NA 1 (0.7)

Days in hospital after procedure

Median 7 1

Interquartile range 5–12 1–2
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long-term outcome

 

Three months after vascular surgery, the left ven-
tricular ejection fraction was 54±13 percent in the
revascularization group and 55±12 percent in the
no-revascularization group (P=0.69). The median
follow-up time for mortality was 2.8 years (inter-

quartile range, 1.7 to 3.9) in the revascularization
group and 2.6 years (interquartile range, 1.6 to 3.8)
in the no-revascularization group. There were 137
deaths (70 in the revascularization group and 67 in
the no-revascularization group). At a median of 2.7
years after randomization, mortality was 22 percent

 

* No information was available for two patients in each group. 
† An altered surgical procedure refers to a surgical procedure (abdominal or infrainguinal) that differed from the projected 

surgical procedure that was planned before randomization.
‡ No information was available for six patients in the revascularization group and two in the no-revascularization group.
§ No information was available for 11 patients in the no-revascularization group.
¶Myocardial infarction was defined by any elevation in cardiac enzymes after surgery, as well as by any elevation in cardiac 

 

enzymes with ischemic changes on the electrocardiogram (ECG).

 

Table 3. Clinical Features and Outcomes of Vascular Surgery According to the Assigned Treatment before the Elective 
Major Vascular Surgery.

Characteristic
Revascularization

(N=225)

No
Revascularization

(N=237) P Value

 

Surgical management

Abdominal surgery — no. (%)* 89 (39.9) 99 (42.1) 0.89

Urgent or emergency status — no. (%) 13 (5.8) 14 (5.9) 0.90

General anesthesia — no. (%) 180 (80.0) 199 (84.0) 0.50

Altered surgical procedure — no. (%)† 33 (14.7) 27 (11.4) 0.30

Days after randomization <0.001

Median 54 18 

Interquartile range  28–80 7–42

Perioperative medications — no. (%)

Beta-adrenergic blockers 188 (83.6) 204 (86.1) 0.45

Aspirin‡ 168 (76.7) 165 (70.2) 0.12

Statins§ 121 (53.8) 122 (54.0) 0.93

Heparin* 209 (93.7) 219 (93.2) 0.82

Intravenous nitroglycerin 63 (28.0) 87 (36.7) 0.05

Postoperative events (within 30 days)

Death — no. (%) 7 (3.1) 8 (3.4) 0.87

Myocardial infarction¶

Enzymes — no. (%) 26 (11.6) 34 (14.3) 0.37

Enzymes and ECG — no. (%) 19 (8.4) 20 (8.4) 0.99

Stroke — no. (%) 1 (0.4) 2 (0.8) 0.59

Loss of leg — no. (%) 1 (0.4) 5 (2.1) 0.11

Renal dialysis — no. (%) 1 (0.4) 1 (0.4) 0.97

Reoperation — no. (%) 17 (7.6) 18 (7.6) 0.99

Total days in the intensive care unit 0.25

Median 2.0 2.0

Interquartile range  1–3 1–4

Total days in the hospital  0.29

Median 6.5 7.0

Interquartile range 4–10 5–12
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in the revascularization group and 23 percent in the
no-revascularization group (relative risk, 0.98; 95
percent confidence interval, 0.70 to 1.37; P=0.92)
(Fig. 1). Among the patients assigned to no preop-
erative coronary-artery revascularization, 21 (8 per-
cent) underwent postoperative coronary-artery re-
vascularization after vascular surgery. When the
analysis was repeated according to treatment re-
ceived rather than treatment assigned at randomiza-
tion, the rate of death at 2.7 years was 22 percent of
the patients who underwent revascularization (249
patients) and 23 percent of the patients who did not
undergo revascularization (261 patients) (relative
risk, 0.97; 95 percent confidence interval, 0.69 to
1.36; P=0.86).

A Cox regression model used to analyze sub-
groups of patients with characteristics indicating a
high risk showed that coronary-artery revascular-
ization did not impart a survival benefit in any of
the high-risk subgroups (Table 4). Beta-blockers,
antiplatelet agents (aspirin or inhibitors of adeno-
sine diphosphate), angiotensin-converting–enzyme
inhibitors, and statins were used by the vast major-
ity of patients 24 months after randomization, and
their use did not differ between the groups (Fig. 2).

The principal finding of this cooperative study at
18 VA medical centers is that, among patients with
stable coronary artery disease, coronary-artery re-
vascularization before elective major vascular sur-
gery does not improve long-term survival. Although
the study was not designed to test the short-term
benefit of prophylactic revascularization, there was
also no reduction in early postoperative outcomes,
including death, myocardial infarction, and length
of the hospital stay. The findings support the opin-
ions of the task force of the American College of
Cardiology and the American Heart Association
and of the American College of Physicians, which
have recommended that CABG or percutaneous
coronary intervention be reserved for patients with
unstable cardiac symptoms or advanced coronary
artery disease, for whom a survival benefit with
CABG has been proved.

 

6,7

 

 Despite these published
guidelines, there is a lack of consensus among car-
diologists regarding the indications for preopera-
tive coronary-artery revascularization,

 

8

 

 which prob-
ably reflects the absence of published data.

The results reported here differ from the find-
ings of the prospectively designed Coronary Artery

discussion

 

Figure 1. Long-Term Survival among Patients Assigned to Undergo Coronary-
Artery Revascularization or No Coronary-Artery Revascularization before 
Elective Major Vascular Surgery.

 

Kaplan–Meier estimates were used to generate survival curves, from the time 
of randomization, for all study patients.
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* CI denotes confidence interval.
† The stress imaging test refers to a moderate or large reversible defect.
‡ The criteria include at least three of the following clinical risk factors: an age 

greater than 70 years, previous myocardial infarction, Q waves on an electro-
cardiogram, previous congestive heart failure, previous ventricular tachycar-
dia, angina, or diabetes mellitus.

§ The index includes at least two of the following clinical risk factors: prior 
stroke or transient ischemic attack, congestive heart failure, coronary artery 
disease (excluding previous coronary-artery revascularization), a serum creat-
inine concentration greater than 2.0 mg per deciliter (177 µmol per liter), insu-

 

lin-dependent diabetes mellitus, or a suprainguinal operation.

 

Table 4. Influence of Coronary-Artery Revascularization on Long-Term Survival 
among High-Risk Subgroups of Patients Scheduled for Vascular Surgery.*

High-Risk Variable
Patients
(N=510)

Hazard Ratio 
(95% CI) P Value

 

no. (%)

 

Angina 198 (38.8) 1.45 (0.79–2.64) 0.23

Positive stress imaging test† 226 (44.3) 1.26 (0.77–2.06) 0.35

Fulfillment of criteria of Eagle 
and colleagues

 

4

 

‡
142 (27.8) 0.90 (0.51–1.62) 0.73

With large stress-induced defect 37 (7.3) 3.96 (0.82–19.11) 0.09

Category of revised Cardiac Risk 
Index

 

13

 

§
248 (48.6) 1.20 (0.76–1.89) 0.44

With large stress-induced defect 50 (9.8) 1.65 (0.64–4.25) 0.30

Prior CABG 77 (15.1) 1.81 (0.81–4.05) 0.15

Three-vessel disease and left 
ventricular dysfunction

74 (14.5) 1.29 (0.62–2.65) 0.50

Pain at rest and tissue breakdown 152 (29.8) 0.76 (0.43–1.34) 0.34
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Surgery Study, which showed a survival benefit as-
sociated with CABG among patients with severe
vascular disease.

 

10

 

 It is unlikely that our failure to
demonstrate a long-term benefit with revascular-
ization was a result of procedural complications.
The mortality and morbidity associated with CABG
and percutaneous coronary intervention in this trial
were lower than that in previous reports involving
prophylactic revascularization before vascular sur-
gery

 

11

 

 and are more consistent with the expected
rates in a general medical population.

 

19

 

 It is also un-
likely that our trial failed to detect differences in
treatment because of insufficient power. Although
enrollment was 9 percent lower than the target sam-
ple size and the minimal follow-up was slightly re-
duced, the follow-up in the patients from the pilot
study was longer than expected, and the actual num-
ber of deaths in the trial was higher than expected.
Therefore, the power of this study, recalculated at a
two-sided 

 

a

 

 level of 0.05, was 90 percent, showing
no net loss of power.

We believe our findings can be generalized to a
large group of male patients who are considered at
increased risk for cardiac complications of elective
vascular surgery. Before patients were enrolled in
our study, a cardiology consultant at each site ini-

tially screened all patients and recommended coro-
nary angiography on the basis of his or her interpre-
tation of the cardiac risk. Analysis of the baseline
data showed that at least 74 percent of the study
patients would have been considered to be at least
at intermediate risk because of either clinical cri-
teria

 

4,13

 

 or results from noninvasive imaging tests
showing a high risk.

 

14

 

 The majority of the remain-
ing patients were considered to be at risk because
of either an abnormal stress test or the presence of
angina, which has been shown to be a risk factor.

 

20

 

Although the results may help guide preoperative
therapy for a broad group of patients with stable car-
diac symptoms, they cannot be extrapolated to all
patients in need of vascular surgery, particularly
those with unstable angina, aortic stenosis, or se-
vere left ventricular dysfunction.

The potential effect of advances in medical ther-
apy since the Coronary Artery Surgery Study cannot
be overemphasized. The widespread use of beta-
blockers, antiplatelet agents, angiotensin-convert-
ing–enzyme inhibitors, and statins in our study pop-
ulation throughout the follow-up period may have
improved the outcomes in all patients and dimin-
ished the differences in long-term survival between
those treated according to an initial aggressive pre-
operative strategy and those treated according to a
conservative strategy. Moreover, in the perioperative
period, beta-adrenergic–blocking agents, which
have been demonstrated to improve outcomes
among patients undergoing vascular surgical pro-
cedures,

 

21,22

 

 were judiciously administered to most
study patients. This treatment, as well as the use of
statins, may have adequately protected the medical
therapy group at the time of the vascular surgery.

The intense perioperative management by the
study investigators may also have influenced favor-
ably the outcome of the patients who did not under-
go revascularization. This management included
the perioperative care by the anesthesiologists and
surveillance by the vascular surgical team in the ear-
ly postoperative period. With staff available 24 hours
a day in the catheterization laboratory to intervene if
necessary, patients with acute coronary syndromes
in the present era may have an improved postoper-
ative prognosis. The incidence of postoperative
myocardial infarctions was not reduced by coronary
interventions, suggesting that the mechanism of
cardiac-enzyme release after vascular surgery in-
volves more complex mechanisms than the number
of coronary arteries with critical stenoses. There is

 

Figure 2. Long-Term Use of Medical Therapy in the 
Revascularization and No-Revascularization Groups 
at 24 Months after Randomization.

 

The cardiac medications used were beta-blockers, anti-
platelet agents (ASA) such as aspirin or inhibitors of 
adenosine diphosphate, angiotensin-converting–enzyme 
(ACE) inhibitors, and statins.
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emerging evidence that postoperative myocardial
infarctions are commonly associated with disease
progression in vessels with minimal stenosis.

 

23

 

 In-
complete revascularization could be a factor in the
lack of protection against postoperative myocardial
infarctions, but the completeness of both percutane-
ous coronary intervention and CABG in the present
study were similar to those in previous studies.

 

16

 

In conclusion, this multicenter, randomized trial
shows that coronary-artery revascularization before
elective vascular surgery does not alter long-term

survival. Although the study was not powered to de-
tect a beneficial effect in the short term, there also
appears to have been no reduction in the number of
postoperative myocardial infarctions, deaths, or
days in the hospital. On the basis of these data, cor-
onary-artery revascularization before elective vascu-
lar surgery among patients with stable cardiac symp-
toms cannot be recommended.
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Good Clinical Practice

 

 — C. Haaken-
son; 

 

Study Coordinators
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