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Preoperative Cardiac Assessment in Patients
Undergoing Aortic Surgery: Analysis
of Factors Affecting the Cardiac Outcomes
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Gian Franco Gensini,2 and Carlo Pratesi,1 Florence and Rome, Italy
Background: The purpose of this study was to evaluate the effectiveness of a standardized
preoperative cardiac assessment in reducing the rate of perioperative cardiac complications in
patients undergoing aortic surgery, paying particular attention to the analysis of the factors
affecting perioperative cardiac outcomes.
Methods: Between January 2005 and August 2008, a total of 531 elective interventions for
abdominal aortic aneurysms were performed at our institution. All patients underwent preopera-
tive evaluation on an outpatient basis, which included a standardized cardiac assessment
protocol to evaluate perioperative cardiac risk. A surgical (open or endovascular) intervention
was performed in all patients and perioperative (<30 days) results in terms of overall and cardiac
mortality and morbidity rates were recorded.
Results: Preoperative electrocardiogram, transthoracic echocardiography, and cardiology
consultation were performed in all patients. In 348 cases (65.5%), further evaluation of cardiac
functional capacity with noninvasive stress testing was recommended. A positive noninvasive
stress test was noted in 86 (24.7%) of 348 patients and coronary angiography was performed
in 34 (39.5%) of 86 patients. Thirteen of these patients underwent successful coronary revascu-
larization (11 percutaneous transluminal coronary angioplasty, two coronary artery bypass graft)
before vascular surgery. Thirty-day overall rate and cardiac mortality rate were 1.1% and 0.6%,
respectively, and 30-day overall and cardiac morbidity rates were 11.5% and 6.8%, respectively.
Univariate analysis demonstrated that in patients aged >80 years, chronic renal failure, conges-
tive heart failure, valvular heart disease, positive noninvasive stress testing, and open surgical
treatment significantly affected 30-day cardiac morbidity; however, only valvular heart disease
and positive noninvasive stress testing maintained their significance with multivariate analysis
( p ¼ 0.005; 95% CI, 1.6-14.4; and p ¼ 0.02; 95% CI, 1.2-8.1, respectively). None of the exam-
ined factors significantly affected 30-day cardiac mortality.
Conclusion: In our experience, the use of a routine preoperative cardiac assessment allowed
us to obtain satisfactory perioperative results in patients undergoing abdominal aortic surgery.
Very few patients, however, require cardiac revascularization before abdominal aortic surgery.
Patients with positive stress test may benefit from an endovascular treatment if anatomically
feasible.
INTRODUCTION

Cardiac complications (myocardial infarction,

acute congestive heart failure, fatal arrhythmias)
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represent the major cause of perioperative

morbidity and mortality in patients undergoing

vascular surgery.1-4 This is particularly related to

the frequent association of systemic atherosclerosis
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(carotid bifurcation, abdominal aorta, peripheral

arteries) with coronary artery disease (CAD).5,6 In

fact, it has been demonstrated that a history of

CAD, congestive heart failure, diabetes mellitus,

and chronic renal failure increases perioperative

cardiac morbidity and mortality rates.7,8

To reduce perioperative cardiac complications

in patients undergoing major vascular surgery,

cardiac assessment consisting of electrocardiogram

(ECG), echocardiography, cardiology consultation,

and, in selected cases, noninvasive stress testing

has been advocated by several authors.9 Noninva-

sive stress testing is widely used to assess the risk

of cardiac complications in the perioperative

period, even if its predictive power is controver-

sial.10 Perioperative beta-blocker or statin medical

therapy seems to be associated with a reduced risk

of in-hospital death among patients undergoing

major noncardiac surgery,9,11 even if recent large

randomized studies did not strongly support these

hyphoteses.12

At the moment, however, there is no strong data

to support prophylactic surgical or endovascular

myocardial revascularization in reducing periopera-

tive cardiac risk after major vascular surgery.13

Godet et al.14 demonstrated that preoperative coro-

nary intervention does not seem to significantly

reduce the risk of cardiac complications in the peri-

operative period in patients undergoing aortic

surgery. The recent American College of Cardi-

ology/American Heart Association (ACC/AHA)

guidelines9 stated that myocardial intervention is

rarely necessary to simply lower the risk of vascular

surgery unless such intervention is indicated,

regardless of the patients’ preoperative status. As

a consequence, there is a general agreement that

myocardial revascularization before vascular

surgery should be reserved for patients with

unstable angina or stable angina with significant

(left main or 3-vessel) CAD.9

The purpose of this study was to evaluate the

effectiveness of a standardized preoperative cardiac

assessment in reducing the rate of perioperative

cardiac complications in patients undergoing aortic

surgery, paying particular attention to the analysis

of the factors affecting perioperative cardiac

outcomes.
MATERIALS AND METHODS

Between January 2005 and August 2008, a total

of 531 elective interventions for abdominal aortic

aneurysms (AAAs) were performed. All patients

underwent preoperative evaluation on an
outpatient basis which included a standardized

cardiac assessment protocol. Data from the preoper-

ative evaluations were prospectively collected in

a dedicated database, which included demographic

data, preoperative risk factors, and clinical and diag-

nostic assessment. All patients underwent surgical

(open or endovascular) intervention and periopera-

tive (<30 days) results in terms of overall and

cardiac morbidity, and mortality rates were

recorded.
Preoperative Diagnostic Assessment
All patients preoperatively underwent an extensive

assessment of clinical history and a physical exami-

nation, a two-view chest X-ray, an ECG, laboratory

tests including complete blood count, coagulative

parameters, and blood chemistries, and a Duplex

ultrasound scanning of the aortoiliac and carotid

arteries. Pulmonary functional capacity and

response to bronchodilators were investigated and

the presence of carbon dioxide retention through

arterial blood gas analysis was evaluated in patients

with history of chronic obstructive pulmonary

disease or asthma, according to American College

of Physicians guidelines.15

Regardless of the ECG findings, all patients

underwent cardiology consultation and transtho-

racic echocardiography. Because most of the

patients came from peripheral centers, the cardiolo-

gist recommended changes in medications so that

the best medical treatment can be given to all the

patients; statins and anti-platelet agents in all

patients, and beta-blockers in selected cases.

Our series comprised patients undergoing aortic

surgery. On the basis of ACC/AHA 2007 guidelines,9

patients undergoing open aortic surgery should be

considered at high cardiac risk (>5%) and patients

undergoing endovascular aortic surgery should be

considered at intermediate cardiac risk (1-5%).

The cardiologist performed the consultation before

the surgeon decided the kind of treatment for the

patient; hence, all patients were considered at high

surgical risk and the decision to make further preop-

erative tests was taken by the cardiologist on the

basis of history, physical examination, ECG, and

echocardiographic anomalies. In particular, the

cardiologist suggested a noninvasive stress testing

in presence of past or recent ischemic heart disease,

compensated or prior heart failure, past or recent

cerebrovascular disease, diabetes mellitus, chronic

renal failure (history), alterations at cardiac auscul-

tation (physical examination), significant arrhyth-

mias, abnormal Q waves (ECG anomalies), severe

valvular diseases, abnormal areas of motility, and



Fig. 1. Preoperative cardiac evaluation: our decisional

algorithm.
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left ventricular ejection fraction<40% (echocardio-

graphic anomalies). All noninvasive stress tests were

conducted after withdrawal of beta-blockers.

At this point, all patients underwent computed

tomography angiography of entire thoracic and

abdominal aorta to evaluate for the presence of other

aortic lesions and to determine the kind of repair

(assessment of feasibility for endovascular repair).

In patients with a negative cardiac stress test,

surgery was performed without any other investiga-

tions. Patients with a positive stress test (a peak

heart rate <85% of the maximum predicted at the

dobutamine stress echocardiography16 or reversible

defects that involved>20% of myocardial segments

at the radionuclide myocardial perfusion imaging17)

underwent new consultation and the cardiologist,

also on the basis of surgeon’s decision, proposed

higher levels of postoperative care in the Intensive

Care Unit (ICU) and further changes in medications

with the adjunct of beta-blockers or suggested to

perform a classical coronary angiography with

possible therapeutic procedures (percutaneous

transluminal coronary angioplasty [PTCA] or coro-

nary artery bypass graft [CABG]). Coronary revas-

cularization before vascular surgery was performed

in patients who had unstable angina, stable angina

with 3-vessel disease, or a significant stenosis of

the left main coronary artery.

In these patients, the vascular intervention was

consequently delayed. If PTCA was performed,

patients received a single antiplatelet therapy

(aspirin) for 4 weeks. If a stent was inserted, a dual

antiplatelet therapy was administered (aspirin and

clopidogrel) for 4 weeks (bare-metal coronary

stents) or 6 months (drug-eluting coronary stents).

Our decisional algorithm is summarized in Fig. 1.
Definition of Parameters
Our database included demographic data, preopera-

tive risk factors, and clinical and diagnostic assess-

ment. Definitions of these parameters are shown

in Table I.
Statistical Analysis
Statistical analysis was performed by SPSS 15.0 for

Windows (SPSS Inc., Chicago, IL,). General charac-

teristics, cardiovascular risk factors, results of preop-

erative diagnostic assessment, and different surgical

approaches for perioperative (<30 days) cardiac

mortality and morbidity rates were analyzed and

compared by mean of c2 test or Fisher test when

necessary. Statistical significance was defined at

p < 0.05 level.
Multivariate analysis (stepwise logistic regression

analysis) was performed to identify independent

predictors of overall and of cardiac death and

complications.
RESULTS
Study Group
Patients were predominantly men (474, 89.3%),

with a mean age of 73 years (range, 51-90). Demo-

graphic data, preoperative risk factors, and clinical

assessment are shown in Table II.
Preoperative Cardiac Assessment and

Operative Management
According to our decisional algorithm (Fig. 1), 183

patients (34.5%) underwent aortic surgery without

any further evaluations. The remaining 348 patients

(65.5%) underwent additional evaluation with

dobutamine stress echocardiography (208 cases,

59.8%) or radionuclide myocardial perfusion

imaging (140 cases, 40.2%).

Of these 348 patients, 262 (75.3%) had a negative

stress test, and the remaining 86 patients (24.7%)

had a positive one. In 52 (60.5%) of these 86

patients, consultant suggested beta-blocker medical

therapy and postoperative ICU stay. In the remain-

ing 34 patients (39.5%) coronary angiography was

performed; no significant CAD was noted in 21 cases

and the patients proceeded to vascular surgery,

whereas the remaining 13 patients had significant



Table I. Parameters used to elaborate the perioperative cardiac risk

Parameter Definition

Sex Male/female

Older age >80 yr

Smoking Current or previous (within 10 yr) smoker

Hypertension A systolic blood pressure of 140 mm Hg or greater, a diastolic blood

pressure of 90 mm Hg or greater, or use of antihypertensive

medications

Hypercholesterolemia Total cholesterol serum level >200 mg/dL or low-density-lipoprotein

(LDL) cholesterol >140 mg/dL or use of statins

Diabetes mellitus Fasting glucose of 126 mg/dL or greater, oral glucose tolerance test

(OGTT) of 200 mg/dL or greater, or use of oral antidiabetics/insulin

Chronic obstructive pulmonary disease Chronic parenchymal X-ray changes or pulmonary function tests less

than 80% of predicted

Chronic renal failure Creatinine serum level greater than 2.0 mg/dL

Coronary artery disease Documented history of at least one of the following: positive ECG

changes consistent with myocardial ischemia, angina, myocardial

infarction, PTCA, CABG

Myocardial infarction History of previous myocardial infarction

PTCA History of previous myocardial endovascular revascularization

CABG History of previous myocardial surgical revascularization

Congestive heart failure Presence of any of the following: history of congestive heart failure,

pulmonary edema or paroxysmal nocturnal dyspnea, bilateral rales or

S3 gallop at physical examination, pulmonary vascular redistribution

at chest radiograph

Valvular heart disease Presence of any of the following: echocardiographic features: aortic

stenosis with a maximal jet velocity �2.5 m/s, mitral stenosis with a

valve area �2 cm2, aortic regurgitation with a grade �2/4, mitral

regurgitation with a grade �2/4, patients who have undergone any

intervention on a cardiac valve

Arrhythmia Presence of any of the following: atrial fibrillation, high grade

atrioventricular block, ventricular or supraventricular ectopy

Implanted devices Presence of a pace-maker or a implantable cardioverter defibrillator

(ICD)

Positive stress testing Poor cardiac functional capacity diagnosed at radionuclide myocardial

perfusion imaging or dobutamine stress echocardiography or treadmill

exercise test

Cardiac treatment PTCA or CABG prior to vascular surgery
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coronary artery lesions and were successfully

treated (11 PTCA, 2 coronary artery bypass graft)

before vascular surgery (Table III).

Conventional open aneurysm repair with a trans-

peritoneal approach was carried out in 298 (56.1%)

of 531 patients, whereas in the other 233 cases

(43.9%) the AAA was excluded through the

implantation of an endoluminal graft. Overall, 144

patients (27.1%) required a higher level of postop-

erative monitoring in the ICU (Table III).

In the perioperative period, a beta-blocker

therapy was continued in all the patients receiving

it before the vascular intervention, whereas in the

remaining patients it was administered only in the

perioperative period. Furthermore, regarding

cardiac management the surveillance for periopera-

tive myocardial infarction was obtained with the
measurement of troponin T in the recovery room

after operation and on the next two postoperative

mornings; the troponin T monitoring was

continued, if indicated. The diagnosis of myocardial

infarction was determined by troponin T values

combined with changes on either ECG or symptoms

referred by the patient.
Early Results (<30 Days)
In our series, 30-day overall mortality rate was 1.1%

(6/531 patients). Four deaths occurred in patients

operated on with an open surgical approach: in

three cases, a cardiac-related death (two acute

congestive heart failure with pulmonary edema

and one myocardial infarction) was identified, and

in one patient the cause of death was a multiple



Table II. Demographic data, preoperative risk

factors, and clinical assessment

Number of patients (%)

Male sex 474 (89.3%)

Median age (yr) 73

Older age (>80 yr) 114 (21.5%)

Smoking 478 (90%)

Hypertension 377 (71%)

Hypercholesterolemia 207 (39%)

Diabetes mellitus 60 (11.3%)

Chronic obstructive

pulmonary disease

296 (55.7%)

Renal chronic failure 50 (9.4%)

Coronary artery disease 161 (30.3%)

Myocardial infarction 99 (18.6%)

PTCA 58 (10.9%)

CABG 37 (7%)

Congestive heart failure 33 (6.2%)

Valvular heart disease 53 (10%)

Arrhythmia 76 (14.3%)

Implanted devices 16 (3%)

Table III. Preoperative cardiac assessment and

operative management

Number of patients (%)

Stress testing 348/531 (65.5%)

Positive stress testing 86/348 (24.7%)

Coronary angiography 34/86 (39.5%)

PTCA 11/34 (32.4%)

CABG 2/34 (5.9%)

Endovascular treatment 233/531 (43.9%)

Postoperative ICU 144/531 (27.1%)

Table IV. Early results (<30 days)

Number of patients (%)

Overall mortality 6 (1.1%)

3 cardiac

2 ischemic colitis

1 MOF

Cardiac mortality 3 (0.6%)

2 pulmonary edema

1 myocardial infarction

Overall morbidity 61 (11.5%)

36 cardiac

7 bleeding

4 pancreatitis

3 ischemic colitis

3 acute lower limb ischemia

2 stroke

2 acute renal failure

(1 in dialysis)

1 multiple organ

failure (MOF)

1 peripheral embolization

1 paraplegia

1 hemorrhagic gastritis

1 bowel obstruction

1 epileptic seizure

Cardiac morbidity 36 (6.8%)

17 myocardial infarction

14 atrial fibrillation

5 congestive heart failure
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organ failure. In the endovascular subgroup, two

patients died from acute ischemic colitis. One of

the three cardiac deaths occurred in a patient who

had undergone a preoperative coronary revascular-

ization with PTCA. Overall for our series, 30-day

cardiac mortality rate was 0.6% (3/531 patients)

(Table IV). At univariate analysis, none of the exam-

ined factors significantly affected 30-day cardiac

mortality.

At 30 days, 61 patients (11.5%) developed 63

major complications, requiring a prolonged hospital

stay or a reintervention: 36 had at least one cardiac

complication (17 myocardial infarction requiring

a primary PTCA in seven cases, 14 episodes of atrial

fibrillation, and five acute congestive heart failure).

Sixteen of the 17 perioperative myocardial infarc-

tions occurred in untreated patients. Overall

30-day cardiac morbidity rate was 6.8% (Table IV).
Univariate analysis demonstrated that in patients

aged >80 years, chronic renal failure, congestive

heart failure, valvular heart disease, positive nonin-

vasive stress testing, and open surgical treatment

significantly affected 30-day cardiac morbidity.

Valvular heart disease and positive noninvasive

stress testing maintained their significance also

with multivariate analysis ( p ¼ 0.005; 95% CI,

1.6-14.4; and p ¼ 0.02; 95% CI 1.2-8.1,

respectively).
DISCUSSION

Approximately 15 million adult patients undergo

noncardiac surgery each year in the United States.18

Cardiovascular morbidity and mortality account for

most postoperative complications.19 In particular,

in patients undergoing major vascular surgery,

perioperative adverse cardiac outcomes are very

high (5-15%) and thus reflect the systemic nature

of the atherosclerotic process with common risk

factors between CAD and peripheral vascular

disease.9 As a consequence, there exists a significant

need for a simple, safe, and cost-effective method to
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accurately predict perioperative cardiac risk before

noncardiac surgery.

Historically, many attempts to accurately stratify

cardiac risk have been made.7,20,21 In these studies,

history of CAD, congestive heart failure, diabetes

mellitus, and chronic renal failure all increased the

risk of perioperative cardiac adverse events. In our

experience, no parameter significantly affected peri-

operative cardiac mortality; however, age >80

years, chronic renal failure, congestive heart failure,

and valvular heart disease affected cardiac

morbidity. Only valvular heart disease demon-

strated to be an independent risk factor for perioper-

ative nonfatal myocardial infarction in patients

undergoing abdominal aortic surgery.

In 1996, the American College of Cardiology/

American Heart Association (ACC/AHA) published

the first clinical guidelines for preoperative cardiac

risk stratification in patients undergoing noncardiac

surgery. These guidelines were recently updated in

2007.9 Other societies published their own guide-

lines,22,23 and numerous discrepancies exist

between them. Several authors reported controver-

sial results with the use of these guideline recom-

mendations and the cardiac risk indexes to

improve perioperative adverse cardiac

outcomes.10,24,25 In our experience, the use of a stan-

dardized preoperative cardiac algorithm with the

selective use of stress testing suggests that patients

with a positive stress test have a higher risk of cardiac

complications in the perioperative period.

Most of the guidelines recommend the select use

of supplemental preoperative noninvasive cardiac

testing to provide an objective measure of cardiac

functional capacity, to identify the presence of

significant myocardial ischemia, and to evaluate

the risk of perioperative cardiac adverse outcomes.9

In particular, cardiac stress testing has been advo-

cated to assess patients before major vascular

surgery. In contrast, several authors26-29 demon-

strate that the positive predictive value of stress

testing is very poor (5-25%) and conclude that its

use to predict perioperative adverse cardiac events

is very limited. Our experience in aortic surgery

partially supports these conclusions; in fact, in our

population study a positive preoperative cardiac

stress testing represents a risk factor for postopera-

tive cardiac adverse events, although its positive

predictive power remains still low (9/86 cases,

10.5%).

As a consequence, a positive preoperative nonin-

vasive cardiac stress testing seems to propose the

value of appropriate perioperative medical therapies

to lower the cardiac risk rather than extensive use of

myocardial revascularization. ACC/AHA 2007
guidelines9 recommend beta-blockers should be

given to patients undergoing major vascular

surgery, such as open aortic surgery, owing to the

finding of ischemia on preoperative noninvasive

cardiac testing. The most recent Perioperative

Ischemic Evaluation (POISE) trial12 minimized the

benefits resulting in the assumption of beta-

blocker medical therapy in the perioperative period;

in fact, this large randomized trial demonstrated that

beta-blocker therapy reduced cardiac deaths and

complications at 30 days, but it increased the

mortality from all causes and the cerebrovascular

events with respect to placebo administration. In

our preoperative cardiac assessment, beta-blocker

medical therapy and a high level of postoperative

care in ICU is the most used approach in patients

with a poor cardiac functional capacity undergoing

endovascular treatment. In selected cases, when

an endovascular approach is not feasible, the

consultant suggested a supplemental evaluation of

the status of the coronary arteries with invasive

procedures.

Controversial data exist regarding benefits of

myocardial revascularization in reducing periopera-

tive cardiac adverse events in patients undergoing

major vascular surgery;9,13,14,30 ACC/AHA 2007

guidelines9 stated that coronary revascularization

before noncardiac surgery is useful in patients

with stable angina and significant left main coro-

nary artery stenosis or a 3-vessel disease, or in

patients with unstable angina. In our population

study, more than of one-third of patients (34/86,

39.5%) with positive preoperative noninvasive

cardiac stress testing underwent coronary angiog-

raphy; 13 patients were successfully treated and

one of these developed a postoperative fatal myocar-

dial infarction, whereas in the untreated group we

did not record any cardiac deaths. Overall, <4%

(13/531) of the patients underwent preoperative

coronary revascularization before their vascular

surgical procedure.

The need for minimizing perioperative risks has

led to the broad application of endovascular tech-

niques for AAA management. Endovascular tech-

niques allow the treatment of patients whose

comorbidities make conventional open repair diffi-

cult or high risk.31 For this reason, patients with

a positive stress test could be treated with endovas-

cular treatment when anatomically feasible. In

our experience, endovascular treatment reduced

perioperative cardiac morbidity rates compared

with patients undergoing standard open surgical

repair (3.9% vs. 9.1%; p ¼ 0.01). This should

encourage many surgeons to stress the indications

to endovascular treatment in this subgroup of



Vol. 24, No. 6, August 2010 Preoperative cardiac assessment in patients undergoing aortic surgery 739
patients so as to decrease cardiac morbidity in the

perioperative period.
CONCLUSIONS

In our experience, the use of an accurate preopera-

tive cardiac assessment allowed us to obtain satisfac-

tory perioperative results in patients undergoing

abdominal aortic surgery. Valvular heart disease

seems to be an independent factor predictive of peri-

operative cardiac complications. A positive nonin-

vasive stress testing represents a strong

independent predictive factor of cardiac complica-

tions in the perioperative period. These patients

could benefit from a less invasive interventional

approach, such as endovascular treatment.
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