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Objectives

This study was undertaken to determine the impact of a strategy of systematic coronary angiography on

immediate- and long-term outcome of patients at medium-high risk who were undergoing surgical treatment of

peripheral arterial disease.

Background

Despite pre-operative risk stratification according to the current guidelines, vascular surgery patients still repre-

sent a high-risk population, as 30-day cardiovascular complications and mortality rates still remain as high as

15% to 20% and 3% to 5%, respectively.

Methods

In all, 208 consecutive patients scheduled for elective surgical treatment of major vascular disease and with a revised

cardiac risk index =2 were randomly allocated to either a “selective strategy” group (group A, n = 103), in whom
coronary angiography was performed based on the results of noninvasive tests, or to a “systematic strategy” group
(group B, n = 105), consisting of patients who systematically underwent pre-operative coronary angiography.

provided by Elsevier - Publisher Connector

Results The 2 groups were similar with respect to baseline clinical characteristics, revised cardiac risk index, and type of
vascular surgery performed. The myocardial revascularization rate in group B was higher than in group A (58.1%

vs. 40.1%; p = 0.01). In-hospital major adverse cardiovascular event rate was not significantly lower in group B

(p = 0.07). At 58 = 17 months of follow-up, group B showed significantly better survival (p = 0.01) and free-
dom from death/cardiovascular events (p = 0.003).

Conclusions

In this study, a strategy of routine coronary angiography positively impacted long-term outcome of peripheral

arterial disease surgical patients at medium-high risk. This is the first such demonstration in a randomized, pro-

spective trial. Multicenter trials to confirm this finding in a larger population are warranted.

(J Am Coll Cardiol

2009;54:989-96) © 2009 by the American College of Cardiology Foundation

The extent and severity of atherosclerotic lesions in major
peripheral artery vessels correlate with the extent and
severity of coronary artery disease (CAD) (1-4). Among
patients undergoing major surgery for peripheral artery
disease (PAD), the prevalence of CAD ranges from 37% to
78%, and myocardial infarction (MI) is the main cause of
perioperative death (5,6). As a consequence, it is thought by
many that these patients should be outright considered
candidates for coronary angiography and possible coronary
revascularization. Indeed, coronary artery revascularization
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before elective major vascular surgery has been advocated to
reduce perioperative mortality rate (7,8). However, this issue
is still hotly debated, as 2 recent randomized studies have
shown that, among patient candidates for major vascular

See page 997

surgery, coronary artery revascularization before vascular sur-
gery was not associated with an improved outcome (9,10). In
the American Heart Association (AHA)/American College of
Cardiology (ACC) guideline update, coronary angiography is
recommended only if the patient, after positive noninvasive
testing, is considered at increased risk for perioperative cardiac
complications (11).

According to current guidelines, pre-operative coronary
risk assessment is best achieved—in patients with 2 or more
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Abbreviations
and Acronyms

AAA = abdominal aortic
aneurysm

ACC = American College
of Cardiology

AHA = American Heart
Association

CABG = coronary artery
bypass graft surgery

CAD = coronary artery
disease

CCS = Canadian
Cardiovascular Society

risk factors by Lee’s revised cardiac
risk index (RCRI)—by means of
noninvasive testing (11,12). How-
ever, despite pre-operative risk
stratification according to the
guidelines, vascular surgery pa-
tients still represent a high-risk
population, as 30-day cardiovascu-
lar complication rates and mortal-
ity rates still remain as high as 15%
to 20% and 3% to 5%, respectively
(13). Thus, current recommenda-
tions seem to underestimate the
true incidence of CAD. Further-

DSE = dobutamine stress
echocardiography

more, it has long been held that
pre-treatment with beta-blockers
would dramatically reduce inci-
dence of perioperative cardiac
complications, thus making exten-
sive pre-operative work-up unnec-
essary (14-16); however, this no-
tion has recently been seriously
challenged (17-20).

Therefore, we are left with little
guidance on how to best manage
these patients pre-operatively, and
thus there is a need for an effective
strategy to curb their risk of cardiac
events.

With this aim, we designed a
protocol to test whether for pa-
tients with RCRI =2 and in need of peripheral vascular
angiography before major vascular surgery, a systematic
strategy of routinely performed pre-operative coronary an-
giography would be more effective in reducing the occur-
rence of major adverse cardiovascular events (MACE) than
a strategy based on selective coronary angiography guided by
the results of noninvasive tests. Patients scheduled to
undergo elective major vascular surgery were randomly and
prospectively enrolled, and followed up for at least 3 years.

dTS = dipyridamole-
thallium scintigraphy

OPCABG = off-pump
coronary artery bypass
graft surgery

MACE = major adverse
cardiovascular event

MI = myocardial infarction
NYHA = New York Heart

Association

PAD = peripheral artery
disease

RCRI = revised cardiac
risk index

Methods

Study population. From January 2000 through December
2004, 672 consecutive patients were admitted for elective
major vascular surgery, aortoiliac obstructive disease, or
abdominal aortic aneurysm (AAA) repair. Diagnosis was
made by echo-duplex scanner and/or spiral computed to-
mography. Surgical indications for AAA were dimension
>5 c¢m, and for aortoiliac obstructive disease, the indication
was a stenosis >75% of the aortic bifurcation and/or of the
iliac arteries, not suitable to percutaneous repair. All pa-
tients were administered statins, beta-blockers, and low-
molecular-weight heparin 1 week before admission, discon-
tinuing antiplatelet therapy. The study was approved by the
ethics committee of all institutions.

JACC Vol. 54, No. 11, 2009
September 8, 2009:989-96

After a thorough medical and instrumental evaluation,
208 patients were found to have a RCRI =2 (12), and they
form the basis of this trial. In all of these patients, the
beta-blocker regimen was titrated to achieve a resting heart
rate of =60 beats/min. After a detailed description of the
procedure and having obtained written informed consent,
patients were allocated through a computer-generated ran-
domization list into 2 groups. The “selective strategy” group
A consisted of 103 patients who eventually underwent
coronary angiography at the time of peripheral angiography
as a result of a positive stress test (see the following text for
details), according to current guidelines (21). The “system-
atic strategy” group B consisted of 105 patients who
underwent outright coronary angiography at the time of
peripheral angiography, without a noninvasive test being
performed.

Cardiac testing. Left ventricular ejection fraction was as-
sessed by resting echocardiographic images using biplane
Simpson’s rule. Cardiac stress testing was performed by
dipyridamole-thallium scintigraphy (dTS) or dobutamine
stress echocardiography (DSE). All 103 group A patients
underwent pre-operative testing during hospital admission.
The DSE or dT'S was performed according to availability:
dTS was performed in 55 patients (56.3%), and DSE was
performed in 48 (43.7%, p = 0.4). Positivity was considered
to be the appearance of 1 or more reversible thallium-201
myocardial defects for dT'S and the occurrence or worsening
of wall motion abnormalities in at least 2 adjacent segments
for DSE.

Angiographic strategy. Peripheral angiography was per-
formed in all patients as part of a routine diagnostic workup
before major vascular surgery to confirm vascular pre-
operative noninvasive testing and/or to gain additional
anatomical information (e.g., location of aneurysmal neck in
AAA patients). In all patients for whom coronary angiog-
raphy was indicated, coronary and peripheral vascular an-
giography were performed at the same time and by the same
team. Stenoses of =70% of major epicardial vessels (=50%
for left main trunk) were considered significant. A patient
was considered eligible for myocardial revascularization
procedure if 1 or more major coronary vessels, suitable for
revascularization, showed a significant stenosis.

Coronary revascularization strategy. A staged approach
(myocardial revascularization followed by vascular surgery)
was typically performed. Combined procedures (i.e., repair
of AAA immediately after myocardial revascularization
procedure in the same surgical session) were reserved only
for patients with large aortic aneurysms (=6 cm) and/or
signs of impending rupture. Percutaneous coronary inter-
ventions were performed at the time of coronary angiogra-
phy, using bare metal stents. Patients were then discharged
on a double antiplatelet regimen of 75 mg/day clopidogrel
or 250 mg/day ticlopidine, plus 100 mg/day aspirin, and
were scheduled for vascular surgery within 30 to 60 days.
Only clopidogrel or ticlopidine were withdrawn 7 days
before surgery. When surgical revascularization was indicated,
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IR B Definitions

Nonfatal myocardial
infarction

Myocardial infarction after coronary artery bypass
graft surgery or percutaneous coronary
intervention was defined as a creatine kinase-
MB rise >3 times the upper limit of normal.
Myocardial infarction within 30 days after the
index surgical procedure was defined as a
troponin-T level >2 times the upper limit of
normal, in combination with new Q waves on
the electrocardiogram lasting >0.03 s. In all
other situations, myocardial infarctions were
defined by new Q waves lasting >0.03 s.

Cerebrovascular
accident

Any new episode of transient ischemic attack
or stroke.

Congestive heart
failure

Left ventricular ejection fraction <0.4, with need
for diuretic and/or angiotensin-converting
enzyme inhibitor therapy, requiring
hospitalization.

Need for new cardiac
revascularization
procedure

Any new surgical or percutaneous
revascularization procedure on a treated
vessel.

the off-pump coronary artery bypass graft (OPCABG) tech-
nique was always employed, and a 30- to 60-day interproce-
dure interval was observed.

Study end points. Patients were followed up for at least 3
years after surgery, and the primary end point was the
MACE incidence at follow-up; the occurrence of a MACE
between the screening and 30 days after the index surgical
procedure was considered as the secondary end point. The
MACE definitions are given in Table 1.

Follow-up. Follow-up data were obtained directly from
the patients and/or their family physician by telephone call
or by written questionnaire, at 30 days if a patient had been
discharged from the hospital and every 6 months thereafter.
Data collected included death, functional status according
to New York Heart Association (NYHA) functional clas-
sification, and anginal status according to the Canadian
Cardiovascular Society (CCS) classification, as well as any
new MACE.

Statistical analysis. As previously reported, the CARP
(Coronary Artery Revascularization Prophylaxis) trial (9)
shows a mortality of 22% in the revascularization group and
23% in the no-revascularization group, at a median of 2.7
years after randomization, and an incidence of MACE can
be observed in ~20% of cases within 30 days after major
vascular surgery. Therefore, our study enrolled a total
sample of >200 patients to observe a 10% reduction in
long-term and 30-day MACE rate, with a statistical power
of =80% (1 — beta) to detect a probability of <0.05 (alpha
error level). All variables are presented as mean and standard
deviation. The chi-square test for categorical variables and
the Mann-Whitney test for continuous data were used to
assess statistical significance. Differences resulting in a
p value <0.05 were considered significant. Intention-to-
treat analyses provided information about survival from the
time of randomization. If more than 1 end point occurred
within the follow-up period, only the first event was
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considered. Kaplan-Meier analysis was used to study patient
survival and event-free status, using the log-rank test (Cox-

Mantel) to ascertain differences between groups. All data
were analyzed using STATISTICA 6.0 (StatSoft Inc.,
Tulsa, Oklahoma).

Results

Patient population. In all, 672 consecutive patients were
screened. An RCRI <2 was found in 464 patients and
followed the published guidelines for pre-operative risk
assessment (11). The remaining 208 patients, with an RCRI
=2, were enrolled and randomly allocated to a selective
strategy or a systematic strategy. The selective strategy
group (group A = 103 patients) underwent a stress test
followed by coronary angiography if the test was positive.
The systematic strategy group (group B = 105 patients) was
assigned to outright coronary angiography, without a pre-
vious noninvasive test. Carvedilol, a nonselective beta,/
beta,-blocker with alpha-blocking activity, was used (12.5
to 25 mg twice daily) for all patients to obtain a resting heart
rate of =60 beats/min (58.1 * 3.8 beats/min and 57.5 *
4.4 beats/min in group A and group B, respectively; p =
0.3): the target heart rate was achieved in 95.1% of group A
patients and in 94.3% of group B patients (p = 0.8).
Clinical and demographic characteristics are summarized in
Table 2.

Early outcome. Table 3 summarizes 30-day outcome data
for the 2 groups. In the selective strategy group A, the
noninvasive test was positive in 47 (45.6%) patients; they
underwent coronary angiography, which demonstrated sig-

Characteristics of Patients Randomized to Selective
(Group A) or Routine (Group B)
Coronary Angiography

Table 2

Group A Group B
Clinical Variables (n = 103) (n = 105) p Value

Age, yrs 731+ 43 744 +53 NS
Men 82.6 75.0 NS
NYHA functional class Il or IV 21 (20.4) 27 (25.7) 0.5
CCS class Il or IV 23 (22.3) 26 (24.8) 0.8
Peripheral arterial disease

Aortoiliac obstruction/stenosis 65 (63.1) 61 (58.1) NS

Abdominal aortic aneurysm 38 (36.9) 44 (41.9) NS
Diabetes mellitus 40 (38.8) 39 (37.1) NS
Hypertension 72 (69.9) 70 (66.6) NS
Ischemic heart disease 32(31.1) 35(33.3) NS
Previous CABG 16 (15.5) 18 (17.4) NS
Previous vascular surgery 13 (12.6) 14 (13.3) NS
CVA 18 (17.5) 22 (20.9) NS
Creatinine >1.7 mg/dl 35(33.9) 36 (34.3) NS
Chronic obstructive pulmonary 42 (40.1) 45 (42.8) NS

disease

RCRI score 3.2+0.7 3.3+0.6 NS
ASA score 1.7 £ 0.5 1.8 £ 0.4 NS

Values are mean *= SD or n (%).

ASA = American Society of Anesthesiologists; CABG = coronary artery bypass graft surgery; CCS =
Canadian Cardiovascular Society; CVA = cerebrovascular accident; NS = not significant; NYHA = New
York Heart Association; RCRI = revised cardiac risk index.
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Group A Group B

(n = 103) (n = 105) p Value OR (95% Cl)

Patients with CAD 46 (44.7) 65 (61.9) 0.02 2.07 (1.1-3.9)

Myocardial revascularization 42 (40.1) 61 (58.1) 0.01 2.01(1.1-3.6)
Major vascular surgery 99 (96.1) 100 (95.2) 0.9 —

Previous myocardial revascularization* 38 (36.9) 56 (53.3) 0.02 0.5 (0.3-0.9)
Interprocedure lost patients* 4(3.9) 4 (3.8) 0.8 —
Cardiac mortality 7 (6.8) 2(1.9) 0.08 —
Myocardial revascularization related 1(1.0) 1(0.9) 0.7 —
Interprocedure 1(1.0) — 0.5 —
Vascular surgery related 5(4.8) 1(0.9) 0.1 —
MACE 5(4.8) 3(2.8) 0.7 —
Myocardial infarction 4(3.9) 2(1.9) 0.6 —
Cerebrovascular accident 1(1.0) 1(0.9) 0.5 —
MACE, including cardiac mortality 12 (11.7) 5(4.8) 0.1 —
LOS, days 75*+25 68*+21 0.03 —

Values are mean = SD or n (%). *See the section “Results: Early Outcome” for explanation.
CAD = coronary artery disease; Cl = confidence interval; LOS = length of hospital stay; MACE = major adverse cardiovascular event; OR = odds ratio.

nificant coronary artery lesions in 46 (44.7%). Myocardial
revascularization was performed in 42 (40.8%) such pa-
tients, either by percutaneous coronary intervention (n =
30, 29.1%) or by OPCABG (n = 12, 11.6%), as appropriate
(22) (Table 4); it was staged in 37 (35.9%) patients and
combined in 5 (4.9%), with an operative mortality of 2.4%
(1 patient died of cardiogenic shock). Of the 41 surviving
patients undergoing myocardial revascularization, 3 did not
subsequently undergo vascular surgery: 1 patient died during
the interprocedure interval of cardiac-related causes, and 2
declined surgery. Thirty-eight patients underwent the
planned vascular operation within 2 months, with no
operative mortality. The remaining 61 patients (56 with
negative noninvasive tests, 1 with negative coronary angiog-
raphy, and 4 with coronary anatomy not amenable to
revascularization) directly underwent the planned vascular
operation. In this subgroup, there were 5 operative deaths (5
of 61, 6.5%), all cardiac related.

Coronary Angiography Results
Table 4 >
and Revascularization Procedures

Group A Group B
(n = 42) (n =61) p Value
Number of diseased vessels
1 vessel 11 (26.2) 17 (27.9) 0.9
LAD 9(21.5) 13 (21.3)
2 vessels 15 (35.7) 17 (27.9) 0.8
3 vessels or more 16 (38.1) 27 (44.3) 0.5
Left main disease 4 (9.5) 8(13.1) 0.8
PCI 30(71.4) 32(52.5) 0.08
Complete revascularization 30 (100) 31(96.8)
OPCABG 12 (28.6) 29 (47.5) 0.08
Complete revascularization 11 (91.7) 29 (100)

Values are n (%).
LAD = left anterior descending coronary artery; OPCABG = off-pump coronary artery bypass
graft surgery; PCl = percutaneous coronary intervention.

Overall, of the 103 group A patients, 99 (96.5%) under-
went vascular surgery with an intention-to-treat hospital
mortality (including patients not undergoing vascular sur-
gery or patients who died during the interprocedure inter-
val) of 6.8% (7 of 103 patients).

In the systematic strategy group B, 65 (61.9%) patients
showed significant coronary stenosis (p = 0.02; odds ratio:
2.07; 95% confidence interval: 1.1 to 3.9, vs. group A). No
major complications related to coronary angiography were
observed. Of the 65 patients with coronary angiography
positive for CAD, 61 (58.1%) had indications for myocar-
dial revascularization, either percutaneous coronary inter-
vention (n = 42, 40.0%) or OPCABG (n = 19, 18.1%), as
appropriate (22) (Table 4). Staged myocardial revascularization
was petformed in 50 (47.6%) patients, and a combined
approach was carried out in 11 (10.5%). One in-hospital death
was observed (1.6%). Forty-four patients (41.9%), 40 with
absence of CAD at coronary angiography and 4 with CAD
deemed unfit for myocardial revascularization, directly under-
went the planned vascular operation. There were no hospital
deaths. Four patients who had undergone prior myocardial
revascularization did not subsequently undergo vascular sur-
gery: 1 patient died during the interprocedure interval of
cardiac-related causes, and 3 patients declined surgery. The
remaining 56 patients underwent the planned vascular opera-
tion within 2 months, with no 30-day mortality.

Overall, of the 105 group B patients, 100 (94.3%)
underwent vascular surgery with an intention-to-treat hos-
pital mortality of 1.9% (2 of 105 patients, p = 0.08, vs.
group A).

The overall incidence of MACE, including cardiac mortal-
ity, was higher in group A (n = 12) than in group B (n = 5,
p = 0.1), although not reaching statistical significance, whereas
the length of hospital stay was significantly higher in group A
than in group B patients (p = 0.03).
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Follow-up. Follow-up ranged from 36 to 95 months, with
a mean of 58 * 17 months. No patients were lost to
follow-up. No difference was observed in functional status:
10 (10.6%) patients and 14 (14.1%) patients were in NYHA
functional class III or IV in group A and B, respectively
(p = 0.6); a significantly better outcome was observed with
respect to CCS anginal class: there were 29 (30.8%) patients

in group A and 17 (17.2%) patients in group B (p = 0.03)
in CCS class >2.

Survival and freedom from any cardiac-related event,
including mortality, are shown in Figures 1 and 2, respec-
tively. At Kaplan-Meier survival analysis, there was a
significant difference between group A and group B survival
(p = 0.01) and freedom from any cardiac-related event
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Freedom from major adverse cardiac events (MACE) for patients (pts) of group A (solid line [n = 103]) and group B (dashed line [n = 105]), intention-to-treat.
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including mortality (p = 0.003). For this end point, the
4-year freedom from events was 69.6 = 4.7% for group A
and 86.6 * 3.6% for group B, with an absolute risk
reduction of 16.7%, corresponding to a relative risk reduc-
tion of 59.4% (95% confidence interval: 1.4 to 6.8; p =
0.04); the 8-year freedom from events was 53.5 = 6.3% for
group A and 77.5 * 4.8% for group B, with an absolute risk
reduction of 19.8%, corresponding to a relative risk reduc-
tion of 53.6% (95% confidence interval: 1.4 to 5.7, p =
0.002).

Discussion

For patients in preparation for major vascular surgery, the
present study shows that a strategy of “prophylactic” coro-
nary artery angiography for all patients at medium-high
risk, followed by coronary revascularization as needed, is
more effective in curbing the rate of post-operative cardiac
events and death than is a conservative strategy of coronary
angiography and revascularization performed on the basis of
a positive noninvasive test. Furthermore, the benefits of this
systematic approach extended well beyond the perioperative
phase, as the rate of cardiac events at late follow-up was
one-half of that among patients for whom coronary angiog-
raphy was performed only in selected cases.

There is general agreement that CAD remains the major
cause of perioperative mortality after major vascular surgery
(6,23-25). The pre-operative screening of patients in need
of major vascular surgery is therefore of paramount impor-
tance to decrease surgical risk and obtain good long-term
results. The RCRI discriminates patients with low proba-
bility (Class I and II, risk 0.4% and 0.9%) from those with
high probability (Class III and IV, risk 6.6% and 11%) of
major cardiac events (26). For such patients in Class III and
IV, ACC/AHA guidelines recommend pre-operative non-
invasive cardiac evaluation (21). However, the use of non-
invasive tests in the pre-operative assessment of these
patients may at times prove inaccurate. Bursi et al. (27)
recently reported that, despite adherence to pre-operative
risk stratification according to the ACC/AHA guidelines,
patients undergoing elective major vascular surgery are still
at high risk of MI and death; Back et al. (28) demonstrated
that the presence of 3-vessel angiographic CAD was an
independent predictor of cardiac morbidity, whereas induc-
ible ischemia by stress imaging was not. Moreover, among
some high-risk patients, namely, patients undergoing liver
or kidney transplantation, a systematic coronary angiogra-
phy approach may be of benefit (29,30).

A meta-analysis involving 8,008 subjects, showed a 0.5%
of annualized event rate of M1 or cardiac death and a 1.25%
annualized event rate of myocardial revascularization or
unstable angina after a normal myocardial perfusion stress
test (31). Although myocardial perfusion testing provides
accurate clinical information, there are instances in which
potentially life-threatening CAD may be present, even
though there are no significant abnormalities on the
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perfusion-imaging test (32). Diamond et al. (33) recently
reported an incidence of 29% of significant CAD (9.1% left
main and/or 3-vessel disease) among patients with normal
myocardial perfusion test who subsequently underwent cor-
onary angiography within 6 months from the stress test.
Noninvasive testing as a tool to predict and reduce pre-
operative risk may rest with the relative suboptimal perfor-
mance in particular population. Patients with 1-vessel CAD
often exhibit negative stress tests (34). Furthermore, among
the elderly, a negative and/or an equivocal noninvasive test
does not necessarily exclude an important CAD involve-
ment (35). Finally, vascular patients are often unable to
perform adequate exercise, they may also have concomitant
pulmonary morbidity that prevents executing stress echo-
cardiography, and they are less likely to be left off drugs to
undergo diagnostic testing. The results of the present
study lend support to this interpretation as we observed
that in the systematic strategy patients, a significantly
greater proportion underwent coronary revascularization
before vascular surgery compared with selective strategy
patients. It is unlikely that we inadvertently selected 2
groups with significantly different prevalences of CAD,
since patients were allocated to either strategy on a
random basis, and since baseline characteristics were
similar in the 2 groups; a more likely explanation is that
noninvasive testing missed a substantial portion of pa-
tients with CAD.

Comparison with previous studies. In spite of the obvious
clinical relevance of the issue, there is a relative paucity of
data to precisely address the role of coronary angiography in
preparation for a major vascular intervention. That aggres-
sive treatment of CAD before vascular surgery may reduce
the coronary risk and improves long-term outcomes has
been suggested by several studies (7,8,36); however, they
were retrospective, nonrandomized reports. In contrast, the
CARRP trial (9) randomized 510 patients, and showed that
pre-operative coronary artery revascularization before an
elective vascular operation does not improve long-term
post-operative outcome. However, it should be noted that
the vast majority of patients in the CARP trial had
single-vessel or 2-vessel disease, with normal left ventricular
ejection fraction. For these patients, adequate cardioprotec-
tion can be expected by medical therapy (37). Hence, the
DECREASE (Dutch Echocardiographic Cardiac Risk
Evaluation Applying Stress Echo Study Group)-V random-
ized pilot study was more recently performed in patients
with extensive stress-induced myocardial ischemia; in this
study, also, pre-operative coronary revascularization was not
associated with an improved outcome (10). This trial,
however, considers as end points only cardiac death and MI
and excludes all cardiovascular events (cerebrovascular acci-
dent, congestive heart failure) and repeated revasculariza-
tion, and patients were followed up for only 1 year after
surgery, whereas in our study, both survival and freedom
from MACE curves start to diverge from 2 years. Further-
more, the DECREASE-V study randomized a highly
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selected group of patients, who underwent coronary revas-
cularization without exception, and had an extremely high
mortality and MI rate. Moreover, both the CARP study and
the DECREASE-V trial recommended coronary angiogra-
phy only on the basis of the presence of ischemia on a
noninvasive stress imaging study: patients with CAD but
negative or limited ischemia at stress testing may have been
left out of coronary revascularization, thus reducing its
possible benefits.

The issue is, therefore, still much debated to this very day
(38-40). To our knowledge, ours is the first study that
prospectively and randomly evaluates “all comers” for pro-
phylactic coronary angiography, extending the observations
into follow-up for several years.

Study limitations. The present study randomly allocated
208 patients, and therefore results cannot be immediately
extended to the large population of patients at medium-
high risk who need vascular surgery. As demonstrated by
others (9), however, because of the obvious difficulties in
randomizing this type of patient, it is not easy to recruit
substantially larger populations. Another limitation is the
lack of blinding of investigators that is inherent to the trial
design, and the lack of an independent events adjudication
committee. However, we believe that the choice of the end
points of death and major cardiac events helps minimize this
limitation.

Implications. In addition to the possibility of reducing
perioperative risk, a strategy of systematic coronary angiog-
raphy for patients at medium-high risk who are candidates
for major vascular surgery may also have additional benefi-
cial effects, thus improving the AHA/ACC guidelines.
Coronary angiography precisely assesses coronary anatomy,
allowing the physician to treat more effectively the under-
lying CAD as well as coronary risk factors, and that
conceivably will translate into better long-term secondary
prevention of cardiac events and into a patient’s increased
compliance with and adherence to life-long medical multi-
therapy. In addition, the reduced length of hospital stay
connected with the vascular surgery procedure and the
possibility of performing in the same session both coronary
and vascular angiography may also help defray higher costs
connected with performing more coronary angiographies; in
this respect, one should also factor in the further cost-
effectiveness advantage of not performing noninvasive
evaluation.

Conclusions

Patients at medium-high risk of cardiovascular events
scheduled to undergo major vascular surgery, and in whom
coronary angiography was systematically performed as part
of their pre-operative workup, scored significantly better
than patients in whom coronary angiography was selectively
performed only on the basis of positive noninvasive tests.
Our data indicate that the advantages of such a systematic
approach may significantly offset its disadvantages, and call
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for larger, multicenter trials to thoroughly investigate this
important clinical issue.

Reprint requests and correspondence: Dr. Luigi Di Tommaso, 33
Via V. Gemito, Caserta 81100, Italy. E-mail: lditommaso@tin.it.
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