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Background: The American College of Cardiology (ACC)/
American Heart Association (AHA) guidelines for Perioperative
Cardiovascular Evaluation for Noncardiac Surgery recommend
an algorithm for a stepwise approach to preoperative cardiac
assessment in vascular surgery patients. The authors’ main ob-
jective was to determine adherence to the ACC/AHA guidelines
on perioperative care in daily clinical practice.

Methods: Between May and December 2004, data on 711 con-
secutive peripheral vascular surgery patients were collected
from 11 hospitals in The Netherlands. This survey was con-
ducted within the infrastructure of the Euro Heart Survey Pro-
gramme. The authors retrospectively applied the ACC/AHA
guideline algorithm to each patient in their data set and subse-
quently compared observed clinical practice data with these
recommendations.

Results: Although 185 of the total 711 patients (26%) fulfilled
the ACC/AHA guideline criteria to recommend preoperative
noninvasive cardiac testing, clinicians had performed testing in
only 38 of those cases (21%). Conversely, of the 526 patients for
whom noninvasive testing was not recommended, guidelines
were followed in 467 patients (89%). Overall, patients who had
not been tested, irrespective of guideline recommendation, re-
ceived less cardioprotective medications, whereas patients who
underwent noninvasive testing were significantly more often
treated with cardiovascular drugs (�-blockers 43% vs. 77%, st-
atins 52% vs. 83%, platelet inhibitors 80% vs. 85%, respectively;
all P < 0.05). Moreover, the authors did not observe significant
differences in cardiovascular medical therapy between patients
with a normal test result and patients with an abnormal test
result.

Conclusion: This survey showed poor agreement between
ACC/AHA guideline recommendations and daily clinical prac-
tice. Only one of each five patients underwent noninvasive
testing when recommended. Furthermore, patients who had
not undergone testing despite recommendations received as
little cardiac management as the low-risk population.

PATIENTS undergoing vascular surgery are known to be
at increased risk of perioperative mortality and other
cardiac complications due to frequently underlying
(a)symptomatic coronary artery disease. Mortality rates
of 1.5–2% for endovascular procedures and 3–4% for
surgical repair have been reported.1,2 Myocardial infarc-
tion accounts for 10–40% of postoperative fatalities and
can therefore be considered as the major determinant of
perioperative mortality associated with noncardiac sur-
gery.3–5 Furthermore, a nonfatal myocardial infarction in
the perioperative period is associated with a 20-fold
increased risk of late mortality.6

When considering a patient for vascular surgery, a
careful preoperative clinical risk evaluation and subse-
quent risk-reduction strategies are essential to reduce
postoperative cardiac complications. The American Col-
lege of Cardiology (ACC)/American Heart Association
(AHA) guidelines, which are commonly used in clinical
practice in The Netherlands, recommend an algorithm
for a stepwise approach to preoperative cardiac assess-
ment (fig. 1).7 This decision-making process integrates
clinical markers, early coronary evaluation, functional
capacity, and the type of surgery planned. According to
the guidelines, preoperative noninvasive testing is rec-
ommended for all patients undergoing high-risk proce-
dures and patients with intermediate clinical predictors
of perioperative complications and poor functional ca-
pacity undergoing intermediate-risk surgery.

Several studies showed that this stepwise approach to
the assessment of significant coronary artery disease is
both efficacious and cost effective.8,9 However, the use
of such preoperative cardiac evaluation does not seem to
predict or improve outcome.10–12 In addition, little is
known about the adherence to the ACC/AHA guidelines
in daily clinical practice and the effect on patient out-
come. Therefore, the primary aim of this study was to
determine to what extent the ACC/AHA guidelines are
followed in routine clinical practice.

Materials and Methods

Study Population
Between May and December 2004, a survey of routine

clinical practice was conducted in 11 hospitals in The
Netherlands (see appendix). This survey was conducted
within the infrastructure of the Euro Heart Survey Pro-
gramme in The Netherlands, which evaluates the imple-
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Fig. 1. Application of the American College of Cardiology/American Heart Association algorithm for perioperative cardiovascular
evaluation for noncardiac surgery to the study population. Adapted from Eagle et al.7, with permission. CHF � congestive heart
failure; ECG � echocardiogram; MET � metabolic equivalent; MI � myocardial infarction.
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mentation of guidelines in daily clinical practice. Five
hospitals were located in the central part of the country,
3 were located in the northern region, and 3 were
located in the southern region. Two centers were uni-
versity hospitals, which act as tertiary referral centers.

All consecutive patients who were admitted to the
vascular surgery department of the participating hospital
were screened. Patients older than 18 years who were
undergoing peripheral vascular repair were eligible for
participation in the survey, except those undergoing
thoracic or brain surgery. The total study population
consisted of 711 patients. Patients had to provide in-
formed consent. The medical ethics committees of the
participating hospitals approved the study.

Data Collection
Trained research assistants obtained data on patient

characteristics, applied diagnostic procedures, cardio-
protective treatment, and the surgical procedure from
the patients’ hospital charts. All data were entered into
the electronic Case Record Form and transferred regu-
larly to the central database at the Erasmus Medical
Center (Rotterdam, The Netherlands) via the Internet.
Data entered into the electronic case record form were
automatically checked for completeness, internal consis-
tency, and accuracy. The data management staff at the
Erasmus Medical Center performed additional edit
checks. If necessary, queries were resolved with the
local research assistants.

ACC/AHA Guidelines
The ACC/AHA Task Force published Practice Guide-

lines for Perioperative Cardiovascular Evaluation for
Noncardiac Surgery in 1996 and an update in 2002.7 The
core of the ACC/AHA guidelines is an algorithm that
summarizes the stepwise process leading to practical
recommendations as performing noninvasive testing
(fig. 1).7 According to this algorithm, after the urgency of
the surgery and the cardiac status of patients having
previous coronary revascularization within 5 yr or pre-
vious cardiac evaluation within 2 yr are assessed, the
patients are classified as major, intermediate, or minor
perioperative cardiovascular risk. Major, intermediate,
and minor clinical predictors of risk, together with sur-
gical risk and degree of functional capacity, can be de-
termined as predictors of perioperative cardiac compli-
cations. Patients with only minor or intermediate
clinical predictors and adequate functional capacity
represent a low-risk population, irrespective of type of
surgery, and further evaluation is unnecessary. How-
ever, if any of the clinical markers of cardiac risk
present, additional noninvasive evaluation should be
considered.

The main purpose of performing preoperative cardiac
risk assessment is to identify patients at high risk for
perioperative cardiac events. In general, two strategies

have been used to reduce the incidence of perioperative
myocardial infarctions and other cardiac complications:
preoperative coronary revascularization and pharmaco-
logic treatment. The ACC/AHA guidelines recommend
�-blockers for patients at high cardiac risk. Evidence for
statins and �-blockers in intermediate-risk patients is less
clearly described.

We applied the ACC/AHA guideline definitions to the
study population. Because the guidelines were not explicit
on the definition of advance age, we defined it as older than
70 yr. Poor functional capacity was defined as a patient
being unable to walk four blocks on level ground or climb
two flights of stairs without symptomatic limitation. Proce-
dures were divided into high, intermediate, and low sur-
gery-specific risk. High-risk procedures included major vas-
cular surgery, and intermediate-risk procedures included
carotid endarterectomy. Endovascular procedures were de-
fined as low-risk procedures.

Endpoints
This survey was designed to evaluate the application of

guidelines in patients undergoing peripheral vascular sur-
gery. We specifically looked at noninvasive imaging, car-
diovascular medication (�-blockers, statins, and antiplatelet
therapy), and preoperative revascularization. Antiplatelet
therapy included aspirin, dipyridamole, clopidogrel, or any
of combination of these agents. All-cause mortality and
adverse events were reported at 30 days and 1 yr after
surgery by the local research assistants. Cardiovascular
complications were defined as cardiac death, myocardial
infarction, cardiac arrhythmias, congestive heart failure,
cerebrovascular events, or revascularization.

Data Analyses
For each patient in our data set, we retrospectively

determined whether ACC/AHA guidelines were fol-
lowed. We described the number of patients for
whom guidelines were followed with percentages and
corresponding confidence intervals (CIs). Differences
in following guidelines were analyzed with chi-square
tests and Fisher exact test, when appropriate. Mortal-
ity rates were only described with percentages and CIs
because small subgroup sample sizes limited statistical
power for statistical testing. All statistical analyses
were undertaken using version 13.0 of the SPSS pro-
gram for Windows (SPSS Co., Chicago, IL). In all anal-
yses, a P value less than 0.05 was considered statisti-
cally significant.

Results

The mean age of the total 711 patients was 67 yr (SD �
10 yr), with many patients having a history of associated
risk factors (table 1). When stratified into surgery-spe-
cific risk categories according to the ACC/AHA guide-
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lines, 328 (46%) underwent high-risk procedures, 29
patients (4%) underwent intermediate-risk procedures,
and 354 (50%) underwent low-risk procedures. The 328
open vascular procedures included infrainguinal arterial
reconstruction (52%), abdominal aortic surgery (42%),
and 21 other procedures (6%).

Risk Evaluation
As shown in the algorithm in figure 1, 92 of the total

711 patients (13%) underwent emergency surgery. Of

the 619 patients undergoing urgent or elective surgery,
25 patients (4%) underwent recent coronary revascular-
ization, of which 19 patients had no recurrent symptoms
or signs. One other patient had a recent coronary eval-
uation without recurrent symptoms or unfavorable re-
sults. According to the ACC/AHA guidelines algorithm,
those patients can undergo surgery directly without pre-
vious noninvasive testing. The remaining 599 patients
were classified according to the guidelines as having
major (n � 2), intermediate (n � 295), and minor or no
clinical risk predictors (n � 302). Depending on this
clinical risk profile, functional capacity and surgical risk
profile, noninvasive testing is recommended as shown in
the algorithm and outlined in table 2. For example,
within the 295 patients with intermediate clinical risk
factors, 48 patients had a poor functional capacity
and are recommended to undergo noninvasive testing,
whereas the 150 patients undergoing low-surgical-risk
procedures can go directly to surgery. In total, 185
patients (26%) fulfilled the criteria to recommend pre-
operative noninvasive cardiac testing. However, clini-
cians had performed testing in only 38 of those cases
(21%; 95% CI, 15–28%). Of those 38 patients, 17 (45%)
had abnormal test results. Conversely, of the 526 pa-
tients for whom testing was not recommended, guide-
lines were followed in 467 patients (89%; 95% CI, 86–
91%) in clinical practice, as shown in the last columns of
table 2. So 59 (11%; 95% CI, 9–14%) patients were
noninvasively tested while not recommended.

As inherent to the algorithm, the 185 patients who
fulfilled the guideline criteria to undergo noninvasive
cardiac testing had a significantly higher cardiac risk
profile than the patients for whom testing was not rec-
ommended (table 3). In clinical practice, a sex differ-
ence was observed because 84% of those patients who

Table 1. Baseline Characteristics (n � 711)

Demographics
Mean age � SD, yr 67 � 10
Male sex, n (%) 496 (70)

Cardiovascular history, n (%)
Angina pectoris 99 (14)
Myocardial infarction 106 (15)
Heart failure 38 (5)
Stroke or TIA 123 (17)
Arrhythmia 77 (11)
Valvular disease 50 (7)
Previous revascularization 116 (16)

Clinical risk factors, n (%)
Obesity 77 (11)
Current smoker 256 (36)
Hypertension 273 (38)
Diabetes mellitus 149 (21)
Renal insufficiency 51 (7)
COPD 101 (14)

Procedure, n (%)
Low risk 354 (50)
Intermediate risk 29 (4)
High risk 328 (46)

Functional capacity, n (%)
Poor 240 (34)
Moderate 471 (66)

COPD � chronic obstructive pulmonary disease; TIA � transient ischemic
attack.

Table 2. Agreement with the ACC/AHA Guidelines Regarding Noninvasive Testing

ACC/AHA Guideline Category

Noninvasive Testing Recommended

Yes No

Clinical
Category

Functional
Capacity

Surgical
Risk

Expected According
to Guidelines

Observed in
Clinical Practice

Expected According
to Guidelines

Observed in
Clinical Practice

Emergency 92 89 (97%)
Revascularization

within 5 yr
19 13 (68%)

Recent coronary
evaluation

1 1 (100%)

Major 2 1 (50%)
Intermediate Low 150 128 (85%)
Intermediate Poor 48 9 (19%)
Intermediate Moderate/excellent Intermediate 8 6 (75%)
Intermediate Moderate/excellent High 89 20 (23%)
Minor or no Poor Intermediate/low 68 64 (94%)
Minor or no Poor High 46 8 (17%)
Minor or no Moderate/excellent 188 166 (88%)
Total 185 38 (21%) 526 467 (89%)

ACC � American College of Cardiology; AHA � American Heart Association.
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underwent noninvasive testing were men, compared
with 68% males in the not-tested group (P � 0.002).
Furthermore, tested patients were more likely to have
evidence of an ischemic heart disease. Regarding the
procedural risk, we observed a clear difference between
guideline recommendation and clinical practice because
one third of the tested patients underwent a low-risk
procedure, whereas testing was hardly recommended in
this group.

Risk Modification
Regarding the above guideline-based risk evaluation, dif-

ferences were observed in cardiovascular medical therapy
among different subgroups of patients. Overall, patients
who had not been tested, irrespective of guideline recom-
mendation, received less cardioprotective medications,
whereas patients who underwent noninvasive testing were
significantly more often treated with cardiovascular drugs
(�-blockers 43% vs. 77%, statins 52% vs. 83%, platelet in-
hibitors 80% vs. 85%, respectively; all P � 0.05). No differ-
ences in medical treatment were observed between pa-
tients who had not been tested in accordance and
discordance with the guidelines (�-blockers 42% vs. 48%,
statins 52% vs. 52%, platelet inhibitors 80% vs. 78%, respec-
tively; all P � 0.20; fig. 2).

Moreover, we did not observe significant differences in
cardiovascular medical therapy between patients with a

normal test result and patients with an abnormal test result.
For example, in the 38 patients who were tested according
to the guidelines, the percentages of �-blocker users were
71% and 77% for patients with normal and abnormal test
results, respectively (P � 0.73). These percentages are in
line with the group tested while not recommended, 78% in
patients with a normal test result, and 83% in patients with
an abnormal result (P � 0.60). Preoperative revasculariza-
tion was observed in a small number of patients.

Thirty-six patients (5%) had cardiovascular complica-
tions within 30 days after surgery. In patients treated
according to the guidelines with respect to noninvasive
testing, the percentage complications at 30 days was 7%
(95% CI, 5–9%). In contrast, the complication rate was
4% (95% CI, 1–7%) in patients tested in discordance with
the guidelines. After 1 yr, total mortality was 11%. Mor-
tality was 11% (95% CI, 8–14%) in patients tested according
to the guidelines and 12% (95% CI, 8–16%) in patients who
were tested in discordance with the guidelines.

Discussion

The value of using the ACC/AHA guidelines in patients
undergoing vascular surgery is still under debate. Whereas
some demonstrated improved risk stratification8–9 and de-
creased resource use,13 others showed that this did not
result in a beneficial outcome.10–12,14 Our study demon-

Table 3. Differences in Baseline Characteristics

Guideline Recommendation Observed in Clinical Practice

Testing Not
Recommended

(n � 526)

Testing
Recommended

(n � 185) P Value

Testing Not
Performed
(n � 614)

Testing
Performed
(n � 97) P Value

Demographics
Mean age � SD, yr 67 � 11 68 � 9 0.084 67 � 11 67 � 9 0.716
Male sex, n (%) 360 (68) 136 (73) 0.196 415 (68) 81 (84) 0.002

Cardiovascular history, n (%)
Angina pectoris 59 (11) 40 (22) �0.001 72 (12) 27 (28) �0.001
Myocardial infarction 68 (13) 38 (21) 0.012 83 (14) 23 (24) 0.009
Heart failure 27 (5) 10 (5) 0.886 37 (6) 1 (1) 0.046
Stroke or TIA 99 (19) 24 (13) 0.070 109 (18) 14 (14) 0.422
Arrhythmia 44 (8) 33 (18) �0.001 69 (11) 8 (8) 0.378
Valvular disease 31 (6) 19 (10) 0.045 44 (7) 6 (6) 0.726
Previous revascularization 83 (16) 33 (18) 0.515 89 (15) 27 (28) 0.001

Clinical risk factors, n (%)
Obesity 53 (10) 24 (13) 0.275 63 (10) 14 (14) 0.219
Current smoker 188 (36) 68 (37) 0.805 229 (37) 27 (28) 0.071
Hypertension 181 (34) 92 (50) �0.001 232 (38) 41 (42) 0.399
Diabetes mellitus 90 (17) 59 (32) �0.001 131 (21) 18 (19) 0.532
Renal insufficiency 33 (6) 18 (10) 0.117 44 (7) 7 (7) 0.986
COPD 70 (13) 31 (17) 0.248 86 (14) 15 (16) 0.702

Procedure, n (%) �0.001 0.007
Low risk 353 (67) 1 (1) 320 (52) 34 (35)
Intermediate risk 29 (6) 0 23 (4) 6 (6)
High risk 144 (27) 184 (99) 271 (44) 57 (59)

Functional capacity, n (%) �0.001 0.795
Poor 146 (28) 94 (51) 208 (34) 32 (33)
Moderate 380 (72) 91 (49) 406 (66) 65 (67)

COPD � chronic obstructive pulmonary disease; TIA � transient ischemic attack.
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strated poor agreement between clinical practice and the
ACC/AHA guideline recommendations for perioperative
cardiovascular evaluation for noncardiac surgery. Only one
of each five patients underwent noninvasive testing when
recommended. Furthermore, high-risk patients defined by
ACC/AHA guidelines who did not undergo testing although
recommended, received as little cardiac management as
the low-risk population.

The core of the ACC/AHA guidelines is an algorithm that
summarizes the stepwise process leading to practical rec-
ommendations as performing noninvasive cardiac testing.
In general, two strategies have been used to reduce the
incidence of perioperative myocardial infarctions and other
cardiac complications: preoperative coronary revasculariza-
tion and pharmacologic treatment. In recent years, more
attention has focused on the role of pharmacologic treat-
ment, whereas controversy remains to the appropriate
management of patients identified preoperatively as having
significant but correctable coronary artery disease. In our
study population, only a small number of patients under-
went preoperative coronary revascularization. Recently,
the Coronary Artery Revascularization Prophylaxis trial
demonstrated that in the short term, there is no reduction
in the number of postoperative myocardial infarctions,

deaths, or duration of stay in the hospital, or in long-term
outcomes in patients who underwent preoperative coro-
nary revascularization compared with patients who re-
ceived optimized medical therapy.15 These findings apply
to patients with stable coronary artery disease, but the
optimal perioperative management for patients with left
main disease, severe left ventricular dysfunction, unstable
angina pectoris, and aortic stenosis must be investigated in
controlled clinical trials.

Besides coronary revascularization, an extensive pre-
operative cardiac evaluation with noninvasive cardiac
testing might improve outcome by inciting an improve-
ment in medical management in the perioperative pe-
riod. Perioperative �-blockers and statins have in this
way shown a significant benefit in decreasing perioper-
ative cardiac mortality and morbidity.16–18 Because of
increasing evidence of the beneficial effect of �-blocker
in the perioperative period, recently the guidelines sec-
tion on perioperative �-blocker therapy is updated.19

Results on �-blocker use from this survey, published
before, showed an underuse of �-blockers in vascular
surgery patients and also in high-risk patients.20 In the
current study, we found that patients who had not been
tested, irrespective of guideline recommendation, re-

Fig. 2. Risk evaluation and modification. CI � confidence interval.
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ceived less cardioprotective medications compared with
patients who underwent noninvasive testing. All of these
patients were apparently regarded as a low-risk popula-
tion and consequently received less medical treatment.
Thus, high-risk patients in whom testing was recom-
mended but who did not undergo testing received low
medical therapy comparable to that of the real low-risk
population. That is, underdiagnosis seems to lead to
undertreatment. Conversely, patients who were tested
while it was not recommended were medically treated
as high-risk patients. This was irrespective of the test
result.

A variety of barriers to guideline adherence have been
pointed out: out-of-date guidelines; lack of awareness,
agreement, or self-efficacy; lack of outcome expectancy;
the inertia of previous practice; and external barriers.21

It should also be noted that the treatment of individual
patients is more complex than simply following guide-
lines. In addition, the algorithm proposed in the guide-
lines had to rely predominantly on observational data
and expert opinion because there were no randomized
trials to help define the process. Several of those barriers
may be responsible for the poor adherence to guidelines
as we observed. For example, the ACC/AHA guidelines
do not incorporate the Revised Cardiac Risk Index,
which is nowadays a commonly used perioperative risk-
stratification approach in the selection of noninvasive
cardiac testing and medical treatment in the intermedi-
ate-risk patients. Furthermore, the recent DECREASE-II
study showed that cardiac testing for intermediate-risk
patients before major vascular surgery, as recommended
by the guidelines of the ACC/AHA, provided no benefit
in patients receiving �-blocker therapy with tight heart
rate control.22 In addition, the ACC/AHA guidelines rec-
ommend that the patient’s functional capacity should be
incorporated into the overall risk assessment. Although
many studies have indeed shown that better functional
capacity indicates a better long-term survival,23 good
exercise tolerance does not necessarily signify the ab-
sence of significant coronary disease. Furthermore, pa-
tients with severe peripheral artery disease frequently
have intermittent claudication that can give limitations
to the assessment of functional capacity and could there-
fore be not a very good discriminative factor in this
patient population. Another reason for the poor adher-
ence to guidelines that we observed may be a lack of
agreement between guidelines. In addition to the ACC/
AHA guidelines, the American College of Physicians also
developed guidelines for preoperative risk assessment. A
recent study reported that the recommendations for
preoperative cardiac testing significantly differed when
applying these two different guidelines.24 Successful
perioperative evaluation and management of high-risk
cardiac patients undergoing noncardiac surgery requires
careful teamwork and communication between the sur-
geon, anesthesiologist, cardiologist, and patient’s primary

care physician. In addition, the algorithm of the ACC/AHA
guidelines could be too complicated for use in routine care,
as evident by several publications of the ACC/AHA algo-
rithm as a simplified formula.25 This reflects that guide-
lines must be straightforward, simple to use, uniform,
and based on recent scientific evidence.

The limitations of this study are those inherent to
observational studies involving voluntarily participating
hospitals. Although we included a wide spectrum of
hospitals, the results could be biased toward better-than-
average practices. Nevertheless, because patient inclu-
sion was consecutive in all participating sites, we trust
that the survey depicts ongoing clinical practice. It
should be noted also that our study was limited by its
sample size, reflected by the limited number of patients
in the subgroups. Larger studies are needed to confirm
observed findings.

In conclusion, our study showed poor agreement be-
tween ACC/AHA guideline recommendations and daily
clinical practice for both noninvasive testing and cardiac
management.
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