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Abstract Bariatric surgery has serious associated medical
comorbidity and procedure-related risks and is thus consid-
ered an intermediate- to high-risk noncardiac surgery. Most
patients referred for bariatric surgery have a low or very
low functional capacity, making cardiac risk assessment
imperative. Stress echocardiography has a high negative
predictive value and can avoid some of the table weight
and torso diameter problems associated with myocardial

perfusion imaging. Echocardiograph contrast agents improve
the ability to identify endocardial borders and assess
ventricular wall motion and may be used with stress and
nonstress imaging protocols. Single photon emission com-
puter tomography (SPECT) imaging with attenuation correc-
tion, combined supine and prone imaging, use of technetium
isotope, and positron emission tomography (PET) imaging
may all provide some advantage for myocardial perfusion
imaging for the obese patient.
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Obese patient

Surgical treatment of obesity is increasing throughout
the world and so, consequently, is the need for effective
preoperative risk assessment in this challenging patient
population. About 140,000 bariatric surgeries were per-
formed in the United States in 2004, a tenfold increase from
the early 1990s [1]. Although data are limited, the reported
in-hospital mortality for bariatric surgery is 0.1% to 0.2%;
pulmonary complications range from 4% to 7%; and cardiac
complications occur in 1.0% to 1.4% of patients [2]. Given
its associated medical comorbidity and procedure-related
risks, bariatric surgery should thus be considered an
intermediate- to high-risk noncardiac surgery.

As obesity itself is an independent risk factor for
cardiovascular disease, clinicians often recommend further
cardiac evaluation in obese patients even when other
significant risk factors are absent [3–6]. However, unneces-
sary or inappropriate evaluations increase expense, prolong
the preoperative assessment process, increase patient
anxiety, and lead to further testing to confirm findings
from suboptimal procedures. Finally, abnormal noninvasive
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tests may trigger downstream invasive testing with its
attendant risks and discomfort.

In general, there is a paucity of literature to guide the
clinician in the preoperative cardiovascular risk assessment
of the obese patient. In this paper, we review available data
and suggest clinical evaluation strategies.

History and Physical Examination

The presence of pulmonary disease, arthritis, and signifi-
cant deconditioning can make evaluation for symptoms of
coronary artery disease (CAD) difficult. Many obese
individuals, for example, have shortness of breath, a
symptom that is often multifactorial. It would be erroneous,
however, to assume that all obese patients have a poor
functional capacity. An observational cohort study measur-
ing the body composition and maximal exercise capacity of
21,925 men revealed that the all-cause mortality rate of fit
obese men did not differ significantly from that of fit lean
men [7]. This study also found that fit obese men had a
lower risk of cardiovascular disease mortality than unfit
lean men. Patients should nonetheless be questioned to
assess their functional status and to determine any symp-
toms of angina pectoris, paroxysmal nocturnal dyspnea,
orthopnea, and palpitations as evidence of cardiac
compromise.

Practitioners often underestimate the presence and extent
of cardiovascular disease during the physical exam of obese
patients because heart sounds are distant and evaluation for
jugular venous distension is tricky. The focus of the cardio-
vascular exam should thus be toward gathering evidence
indicating cor pulmonale, left ventricular dysfunction,
peripheral vascular disease, or venous insufficiency.

Electrocardiogram

Obesity is associated with changes in cardiac morphology
including left ventricular (LV) hypertrophy, LV diastolic
dysfunction, and LV wall thickness [8–10]. In 158 patients
undergoing Roux-en-Y gastric bypass surgery followed-up
prospectively by Gonzalez et al. [11], an abnormal
electrocardiogram (ECG) was independently associated
with the increased likelihood of a complicated postopera-
tive course, defined as patients requiring postoperative
intensive care unit (ICU) admission for ≥48 h or those
transferring from the floor to the ICU. Others, however,
have questioned the need for an ECG in all bariatric surgery
patients. In a prospective trial of 193 patients undergoing
weight loss surgery, 29 patients (15%) were identified as
having an abnormal ECG, defined as the presence of a

bundle branch block, nonsinus rhythm, ST-segment
abnormality, T-wave abnormality, or left ventricular
hypertrophy [12]. All of these ECG abnormalities were
considered minor and none required further intervention.
According to the American College of Cardiology and
American Heart Association guidelines, patients considered
for bariatric surgery should have an ECG based upon age or
the presence of concomitant medical illnesses rather than
obesity per se [13].

Echocardiography

Although an echocardiogram is not typically performed
during the preoperative evaluation for bariatric surgery, it
should be considered for patients with known or suspected
ventricular dysfunction. A concern about echocardiography
in obese patients is that is can be difficult to obtain
adequate transthoracic images because the distance to the
heart is increased and images are distorted by excess
adipose tissue [6]. Nonetheless, an adequate transthoracic
window can usually be obtained. Echocontrast improves
the identification of endocardial borders and assessment of
ventricular wall motion [14], and increases the number of
segments available for evaluation of wall thickening in all
four views with the biggest gains in the apical views [15].

Noninvasive Functional Evaluation

Noninvasive cardiac stress testing is regularly performed on
patients with increased risk of cardiac complication
perioperatively. Myocardial nuclear perfusion imaging and
stress echocardiography are the most frequent approaches
of noninvasive cardiac assessment; however, the optimal
approach for risk stratification in obese patients remains
debatable.

Myocardial Perfusion Imaging

Single Photon Emission Computed Tomography

Few studies have assessed the ability of cardiac radionu-
clide imaging to detect CAD in obese patients. A study of
607 patients undergoing exercise thallium-201 ECG-gated
single photon emission computed tomography (SPECT)
imaging demonstrated that obesity (BMI of ≥30 kg/m2)
significantly diminished the accuracy of SPECT by re-
ceiver operator characteristic (ROC) analysis (P<0.05)
[16]. Now, however, technetium-99m sestamibi is more
often used. One recent study assessed the independent
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value of stress technitium-99m-tetrosfosmin SPECT in
predicting overall and cardiac mortality events in patients
with BMI >30 kg/m2 [17]. Among 265 patients who
underwent exercise or dobutamine stress technitium-99m-
tetrosfosmin SPECT because of cardiac symptoms or
multiple risk factors, scan findings were normal in 113
patients (43%), fixed defects were noted in 62 (23%), and
reversible defects in 90 (34%). When patients with normal
and abnormal perfusion were compared, death from any
cause was 1.3% vs 4.2%, cardiac death was 0.6% vs 3.3%,
and the annual cardiac event rate was 1.0% vs 4.8%,
respectively. Patients with multiple-vessel distribution
perfusion abnormalities were more likely to die than were
those with single vessel abnormalities (4.1% vs 2.5%,
P<0.05).

Obesity reduces the diagnostic accuracy of SPECT
imaging by augmenting overall attenuation and photon
scatter [16]. Attenuation correction, a hardware and
software feature commercially available for radionuclide
scanners, was assessed in 116 patients who all underwent
coronary angiography within 60 days of receiving a same-
day rest/stress technetium-99m sestamibi SPECT imaging
test [18]. Attenuation correction significantly improved the
specificity for CAD detection in patients with a BMI of
≥30 kg/m2 compared with those with a BMI <30 kg/m2

(P=0.03). In contrast, in a study of 1,511 patients with no
prior myocardial infarction or revascularization who under-
went rest thallium-201 gated exercise or adenosine stress
technetium-99m sestamibi myocardial perfusion imaging
without attenuation correction, no significant differences
were noted in perfusion abnormalities among patients in
different weight categories [19].

Positron Emission Tomography

Positron emission tomography (PET) has better specificity
than SPECT in both lean and overweight patients. Freedman
et al. analyzed 161 patients who underwent both thallium-
201 SPECT imaging and Rb-82 PET scanning [20];
coronary angiography was performed in 75 of the 161
patients. Specificity was significantly better for PET than
for SPECT (84% vs 64%, P<0.01). The excess defects seen
on SPECT (attenuation artifacts) were not confined to any
one of the subgroups analyzed (male, female, normal
weight, and obese persons), but there were notable differ-
ences between SPECT and PET in the right coronary artery
territory for obese male and female patients. Pet scanning
does have serious limitations in that many patients exceed
the 300- to 350-lb weight limit of nuclear imaging tables
and some of the scanners will not accommodate patients
with very large torsos. Furthermore, cardiac PET scanning
is usually available only in tertiary care centers.

SPECT imaging with attenuation correction, combined
supine and prone imaging, use of technetium isotope, and
PET imaging may all provide some advantage for
myocardial perfusion imaging for the obese patient. No
head-to-head trials have demonstrated superiority of one
technique, nor have nuclear medicine studies been com-
pared directly to echocardiogram stress testing for CAD
risk assessment. But a reasonable approach for myocardial
perfusion imaging, and one that we have adopted at the
Cleveland Clinic, is to use high-dose, single-day, rest/
stress SPECT attenuation-corrected CT for patients weigh-
ing more than 275 lbs.

Stress Echocardiography

Despite its widespread use as the initial test to evaluate
known or suspected CAD in many care centers, the
effectiveness of stress echocardiography (exercise or phar-
macologic) to evaluate CAD in obese patients is question-
able. Image quality can be compromised in patients with
previous cardiac surgery, chronic obstructive pulmonary
disease, advanced age, chest wall deformities, and obesity
[21]. In fact, the reported frequency of inadequate trans-
thoracic echocardiogram image quality ranges from 0% to
30% [22, 23]. However, given its high negative predictive
value, stress echocardiography remains a practical option to
evaluate for CAD in high-risk obese patients preopera-
tively, provided appropriate echocardiographic windows are
obtained. Stress echocardiography does not have the table
weight and torso diameter problems that limit myocardial
perfusion imaging.

Although its safety has been questioned, transesophageal
dobutamine stress echocardiography (TE-DSE) has been
used in morbidly obese patients to detect myocardial
ischemia. Using a transesophageal approach provides
superior quality images of the heart, particularly in patients
with limited transthoracic views. Garimella et al. [24]
postulated that obese patients were at higher risk for
complications associated with transesophageal echocardio-
graphy (TEE) because these patients have a high incidence
of hypertension, CAD, and sleep apnea; however, they
were unable to detect differences in the complications
experienced by obese and nonobese patients. Studies
evaluating preoperative cardiac risk in morbidly obese
patients using TE-DSE are small [25, 26], but none of the
patients with a negative TE-DSE had a cardiac event.

Computed Tomographic Coronary Angiography

In recent years, multidetector spiral computed tomography
(MDCT) has demonstrated impressive sensitivity and
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specificity in the recognition of coronary lesions compared
with invasive coronary angiography [27, 28]. One retro-
spective analysis of 117 patients in obese subjects found no
statistical difference in CAD detection in normal weight,
overweight, and obese patients when compared with
conventional coronary angiography [29]. Despite this single
trial, most radiologists believe that depth-dependent spatial
resolution is worse with increasing torso size and weight
restrictions on CT scanner tables (approximately 300–
350 lbs in most cases) may limit the use of this imaging
technique in some patients. Larger prospective trials are
needed before any recommendations can be made about the
utility of this emerging technology for CAD screening in
the obese population.

Cardiac Catheterization

Cardiac catheterization remains the gold standard for the
evaluation of CAD, but table weight limitations, the
possibility of suboptimal imaging, and the inherent risks
of the procedure may reduce its utility in obese patients.
However, a retrospective study of 4,978 patient having left
heart catheterization did not identify an increased incidence
of minor (e.g., contrast allergy, access site injury, hematoma
formation, blood transfusion) or major (e.g., stroke,
myocardial infarction, cardiac arrest, death) complications
in morbidly obese and compared to other patients [30].
Similar findings have been observed by other authors and
termed “the obesity paradox” [31]. It is interesting to note
that the morbidly obese group of this study had a lower
absolute prevalence of CAD compared to the control arm,
perhaps related to the high rate of false positive noninvasive
functional tests in the obese (75% sensitivity and 39%
specificity). In fact, the risk of vascular complications (i.e.,
the need for surgical repair, transfusion, large hematomas,
development of arteriovenous fistulas) is highest in ex-
tremely thin and morbidly obese patients, whereas lowest in
moderately obese patients [32]. Nonetheless, even if cardiac
catheterization can be performed safely, luminal-imaging
quality may be compromised by the increased torso size of
the morbidly obese patient.

Obese patients presenting for preoperative medical
assessment should have a thorough history and physical
exam focused on risk factors for postoperative cardiac
complications. The need for cardiac testing is based on
clinical judgment and published guidelines such those from
the American College of Cardiology (ACC)/American
Heart Association (AHA) [13] and/or use of the Lee
Revised Cardiac Risk Index (RCRI) as part of a preoper-
ative algorithm [33]. Further study is needed in the area of
perioperative medicine to better define risk reduction
strategies for obese patients undergoing noncardiac surgery.
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