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Abstract

The incidence of significant obesity is rising across the globe. These patients often have
a clustering of cardiovascular risk factors and are frequently referred for noninvasive
cardiac imaging tests. Stress echocardiography (SE) is widely used for assessment of
patients with known or suspected coronary artery disease (CAD), but its clinical utility
in morbidly obese patients (in whom image quality may suffer due to body habitus) has
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been largely unknown. The recently published Stress Ultrasonography in Morbid Obesity
(SUMO) study has shown that SE, when performed appropriately with ultrasound
contrast agents (whether performed with physiological or pharmacological stress), has
excellent feasibility and appropriately risk stratifies morbidly obese patients, including
identification of patients who require revascularization. This article reviews the
evidence supporting the use of echocardiographic techniques in morbidly obese patients
for assessment of known or suspected CAD and briefly discusses other noninvasive
modalities, including magnetic resonance and nuclear techniques, comparing and

contrasting these techniques against SE.

Introduction

The past 20 years have witnessed a significant worldwide
increase in the prevalence of obesity. This phenomenon
has been seen in both high- and low-income economies
and has been accompanied by a rise in ‘metabolic’
risk factors such as hypertension, hyperlipidemia and
diabetes mellitus. Indeed, the global prevalence of
obesity has more than doubled over the past 30years
and it is believed that, in the UK, over one-quarter of
the population are obese (1). Additionally, the most
rapidly rising group of overweight individuals are the
severely obese (2).

The BMI is the parameter most frequently used for
classification of body weight. A BMI of 20-25kg/m?
is considered normal, 25-30kg/m? is overweight, and
individuals with BMI exceeding 30kg/m?2 are classified

as obese. The term ‘morbid obesity’ was first used to
describe patients with a BMI >35kg/m? (3). Such patients
often experience exertional symptoms and, due to their
adverse risk profile, it is frequently necessary to exclude
coronary artery disease (CAD) as a possible underlying
cause (e.g. angina equivalent as a cause of dyspnea). The
body habitus of such patients often poses significant
technical challenges for each of the noninvasive imaging
techniques, including echocardiography (SE),
single-photon emission computed tomography (SPECT),
and cardiovascular magnetic resonance (CMR) (4).

This article reviews the evidence underpinning
the use of imaging techniques in patients with morbid
obesity, with a focus upon echocardiography and recently
published studies.
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Methods

In order to identify relevant review articles and original
scientific papers, we conducted a Medline search from
1980 to 2015, using the key search terms ‘morbid
obesity’, ‘significant obesity’ and ‘obesity’ combined
with the following: ‘dobutamine echocardiography’,
‘dobutamine stress echocardiography’ (DSE), ‘exercise
echocardiography’, ‘stress echocardiography’ (SE),
‘thallium  scintigraphy’, ‘technetium scintigraphy’,
‘single photon emission computed tomography’ (SPECT),
‘positron  emission tomography’ (PET), ‘magnetic
resonance’, and ‘cardiovascular magnetic resonance’
(CMR). Studies not published in the English language or
conducted in animals were excluded.

Echocardiography

SE assesses systolic wall thickening at rest and after a stress,
and thus allows inferences to be made about the state of the
myocardium’s blood supply (i.e. the coronary arteries). In
a normal healthy individual, left ventricle (LV) function is
observed to be normal at rest with an increase in systolic
thickening (accompanied by a reduction in LV cavity size)
after stress. In a patient with significant coronary stenosis,
at peak stress the myocardium subtended by the stenosed
vessel will cease to thicken normally due to ischemia.
Thus, the hallmark of ischemia on SE is a systolic wall
thickening abnormality, with hypokinesia (reduction
in systolic thickening) or akinesia (cessation of systolic
thickening).

SE is a widely used investigative tool in clinical
practice for diagnosis, risk stratification, and estimating
prognosis of patients with CAD. SE has a number of
theoretical advantages over other imaging modalities:
first, either physiological or pharmacological stress can be
employed; secondly, the technique is cheap and widely
available; thirdly, it is portable and can be performed at
the bedside if required; fourthly, it is very safe; and finally,
there is no exposure to ionizing radiation (see Table 1 for
full comparison). The ability to perform physiological
stress (bicycle or treadmill exercise) is a huge advantage for
SE, as in addition to wall thickening information at rest
and peak stress, these tests also provide a wealth of other
data including physiological reponse of blood pressure
(BP) and heart rate (HR) to exercise, an objective measure
of a patient’s functional aerobic exercise capacity and,
importantly, the ability to correlate a patient’s symptoms
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Table 1 Comparison of noninvasive functional imaging
techniques for detection of myocardial ischemia.

Nuclear Stress
SE (SPECT/PET) CMR

Availability +++ ++ ++
Cost + ++ +++
Exposure to ionizing radiation - ++ -
Image qualitya ++ ++ +++
Extracardiac information + + +++
Requirement for intravenous access®  + + +
Physiological stress possible + + -
Potentially limited by cardiac devicesc - - ++
Potentially limited by renal failure - - +
Potentially limited by asthma - + +
Potentially limited by claustrophobia - + ++

akchocardiography may still be limited by suboptimal image quality,
despite the use of contrast, in some patients. CMR usually has excellent
image quality, but this may be impaired in the morbidly obese, who may
struggle with repeated prolonged breath holding for CMR sequence
acquisitions.

bExercise echocardiography can be performed without intravenous access,
but the vast majority of patients require ultrasound contrast, thus
requiring venous cannulation.

<All  patients with cardiac resynchronization devices, implanted
defibrillators and pacemakers implanted more than 5 years ago cannot
have CMR scans.

with the physiological parameters (BP and HR), the ECG
tracing, and wall motion.

However, before the advent of ultrasound contrast,
SE was limited by suboptimal acoustic windows and thus
poor endocardial visualization resulting in inconclusive
tests and low reader confidence in image interpretation.
Although the advent of tissue harmonic imaging and
digital loop acquisition (with side-by-side display of rest
and stress images) improved the accuracy of SE, it is the
advent and uptake of ultrasound contrast that has had
the most significant beneficial impact upon the accuracy
and reader confidence of SE. Contrast agents improve
endocardial border definition, allowing clear assessment
of regional systolic thickening.

In the OPTIMIZE trial, in which 108 patients
underwent randomized SE twice (once with and once
without contrast), it was shown that when >2 segments
were poorly seen on unenhanced imaging, diagnostic
accuracy, reader confidence, and interpretability
significantly improved by the addition of
contrast (5). A recent observational study involving
almost 900 patients presenting with acute chest pain
demonstrated that diagnostic image quality was almost
99% with optimal prognostic outcome (6). The use of
contrast agents during SE is endorsed in European (7)
and American (8) guideline documents.

were
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The SUMO study

The above advances in SE (tissue harmonic imaging,
digital acquisition with side-by-side display, and use
of ultrasound contrast) have led to widespread use
of the technique, but its efficacy in obese patients
has hitherto been unproven. Our group has recently
reported the findings of the Stress Ultrasonography
in Morbid Obesity (SUMO) study, a prospective,
multicenter observational study investigating the
feasibility, diagnostic accuracy and prognostic value
of SE in morbidly obese individuals (9). These results
were also presented as an abstract at the British Society
of Echocardiography’s 2015 Annual Conference in
Birmingham, UK.

In this study, all individuals with BMI >35kg/m?2,
referred for SE on clinical grounds, underwent either
physiological (treadmill exercise) or pharmacological
(dobutamine) SE. The feasibility of the test (i.e. the ability
to start and finish the test and obtain diagnostic quality
images in all three coronary territories, permitting the
operator to issue a test report), the positive predictive
value of the test (i.e. correlation between abnormal SE
and angiography findings), and the prognostic value of
SE (determined by occurrence of predefined events during
follow-up) were all evaluated in the study.

In summary, we found an excellent feasibility of SE
in this patient population (96% (200/209)). Ultrasound
contrast was required in 96% patients to obtain
diagnostic image quality (Fig. 1). In spite of their morbid
obesity, we found that almost 40% of these patients
were able to perform exercise stress, thus providing the
added information of functional exercise capacity, heart
rate and BP response to exercise and correlation between
exertion and symptoms. Our results showed that
most patients with an abnormal SE who subsequently
underwent angiography did have the corresponding
CAD; positive predictive value 22/25 (88%). Over a
follow-up period of 17.8+5.4 months, there were just
nine events, which were significantly more common
in those with inducible ischemia versus those without
ischemia during SE. Patients with a normal SE had an
excellent outcome: indeed, of the 153 patients followed
up with a normal SE, 151 (99%) were free of any events
at 1l-year follow-up (9). These results of the SUMO
study, the first study to investigate the clinical value of
contemporary SE (in almost all cases contrast-enhanced
SE) in morbidly obese individuals, are encouraging and
support wider use of SE in this potentially technically
challenging population.
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Comparison with other echocardiographic
studies

There are two recently published retrospective studies
reporting the use of SEin obese patients that merit discussion.
Murphy and coworkers reported on 366 obese patients (any
BMI >30kg/m2, mean BMI 37.3kg/m?) who underwent SE
between 2006 and 2009 (10). The purpose of this study
was to determine the prognostic impact of a normal SE at
1-year follow-up. As a result, all patients with abnormal or
inconclusive SE were excluded and no angiography data
were presented, meaning that no results could be derived on
overall feasibility or positive predictive value; both of which
were determined in the SUMO study. Only 10% patients
received ultrasound contrast in this study. Silveira and
coworkers reported on the use of SE in 945 obese patients
(BMI >30kg/m?2) over a 12-year period (11). However, in
this study no apical three-chamber images were acquired,
37% ‘patients’ were in fact defined as asymptomatic (thus
unclear why SE was being performed) and over half of the
patients did not attain >85% of the age-predicted target HR.
Furthermore, no patients received ultrasound contrast and
no angiography data were presented. Thus, in keeping with
the study of Murphy and coworkers, overall feasibility and
positive predictive value could not be determined.

Two studies have evaluated the feasibility of
transthoracic SE specifically in obese patients awaiting
bariatric surgery. In a study of 611 patients, Lerakis and
coworkers showed that contrast-enhanced SE facilitated
acquisition of diagnostic images in almost 97% of patients
(12). However, only dobutamine SE was evaluated.
More recently, Supariwala and coworkers performed a
single-center retrospective analysis in patients with BMI
>30kg/m? referred for bariatric surgery and also found
that just 1% of studies were nondiagnostic, specifically
due to poor image quality (13).

Transesophageal dobutamine SE has also previously
been investigated as an imaging option in obese patients
and was reported as safe and accurate (14, 15, 16, 17), butin
studies with low patient numbers and generally performed
before the widespread availability of ultrasound contrast.
Additionally, transesophageal imaging is semi-invasive and,
depending on body size, may require anesthetic support.

Comparison with other techniques
Nuclear imaging

Myocardial perfusion scintigraphy or single-photon
emission computed tomography (SPECT) is a widely
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Figure 1

Contrast-enhanced rest (upper panel) and stress (lower panel) end-systolic images from the largest man in the SUMO study (weight 207 kg (456 |bs), BMI
63kg/m2 and BSA 3.2m?2) demonstrating excellent endocardial border visualization in all three apical views. There was no inducible ischemia on this
study. Reproduced, with permission, from Shah BN, Zacharias K, Pabla JS, Karogiannis N, Calicchio F, Balaji G, Alhajiri A, Ramzy IS, Elghamaz A,
Gurunathan S, et al. (2016) The clinical impact of contemporary stress echocardiography in morbid obesity for the assessment of coronary artery disease,
Heart, vol 102, pp370-375. Copyright 2016 BMJ Publishing Group Ltd and the British Cardiovascular Society (9).

performed technique for assessment of inducible
ischemia. The hallmark of ischemia during SPECT is the
lack of radiotracer uptake by ischemic myocardium, thus
appearing as an area of reduced or absent radioactive tracer
count. In obese patients, excess soft tissue attenuation of
radioactivity frequently produces an artifactual appearance
of myocardial perfusion defects that may reduce the
diagnostic accuracy of SPECT. This theoretical limitation
has been confirmed in a study examining patients with
BMI >30kg/m? using quantitative exercise thallium-201
SPECT (18). More recent studies have shown better results
with technetium tracers, but have demonstrated the
importance of dual-headed or multiheaded cameras and
the importance of attenuation correction in such studies
(19, 20).

PET is the most advanced form of nuclear myocardial
imaging, but is the least widely used technique for
assessment of inducible myocardial ischemia. Nonetheless,
a recent North American multicenter registry reported
upon the prognostic value of cardiac PET in normal,
overweight, and obese patients (21). There were 2687
patients with BMI >30kg/m? and the authors found that
a normal PET study conferred an excellent prognosis
irrespective of BMI category. However, unfortunately, the
focus of this paper was on outcomes and thus no data
on feasibility, diagnostic accuracy or impact on clinical
decision-making were presented.

Magnetic resonance imaging

Cardiovascular magnetic resonance (CMR) has become a
valuable additional tool in clinical practice for assessment of
ventricular size, structure and function not only at rest, but
also during stress. Initially, most commonly performed using
dobutamine (for assessment of wall thickening) in today’s
practice the majority of CMR units perform vasodilator stress
perfusion CMR, most frequently using adenosine. Studies
have shown that stress perfusion CMR can detect underlying
CAD with comparable accuracy to other techniques. The
greatest obstacle in performing CMR in obese patients is
physical space: many morbidly obese individuals cannot fit
inside the scanner or would fit very tightly and thus would
become uncomfortable or claustrophobic. The feasibility,
accuracy and prognostic value of vasodilator stress CMR,
in a study of 285 patients with a median follow-up period
of 2.1years, has recently been reported (22). As in our
study, the authors found excellent feasibility (although 7%
patients required sedation) and favorable outcome following
a negative study. The findings of these recent studies in SE
(SUMO study), PET and CMR are compared in Table 2.

CT coronary angiography

CT coronary angiography provides anatomical rather
than functional information about the coronary blood
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supply. Research efforts are underway to validate the
accuracy of fractional flow reserve data obtained during CT
angiography (CT-FFR), but this technique is not currently
used in routine clinical practice and there are no data to
support its use in obese patients. CT angiography could be
used to image the coronary arteries of patients with morbid
obesity, but to obtain diagnostic quality images this is
likely to require high-specification CT scanners (e.g. 256
or 320 slice) rather than conventional 64-slice scanners.

Limitations

No test in medicine has 100% feasibility. All of the
noninvasive imaging modalities discussed may fail to
yield a diagnostic result; for SE, limitations remain in
certain individuals despite the advent of ultrasound
contrast. In some patients, it is simply not possible to
obtain adequate images of the LV, either at rest and/or
at peak stress. There is also a very small risk of serious
adverse reaction to ultrasound contrast; this is estimated
to be 1:10,000 risk of anaphylaxis (23). However, several
large studies have confirmed the excellent safety record
of contrast agents (24, 25). For CMR, the biggest obstacle
in performing the test in morbidly obese individuals is
the actual physical ability to fit the patient inside the
scanner. In some patients, their body habitus may make
them unsuitable for all noninvasive techniques: invasive
angiography (usually via the radial artery) may be the
only way of confirming the presence of coronary heart
disease. However, the recent SUMO study results are very
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reassuring and demonstrate that diagnostic information
(with prognostic value in addition) can be obtained in the
vast majority of patients by contrast-enhanced SE.

Conclusions

SE is an effective, safe and accurate method for
noninvasive detection of CAD in morbidly obese
individuals. Guideline-directed use of ultrasound contrast
permits diagnostic image quality to be obtained in almost
all patients. The recent results from the multicenter
SUMO study should give reassurance and greater
confidence to the cardiological community about use of
SE in this challenging patient cohort. Given the excellent
feasibility, diagnostic accuracy and risk stratification
possible with contrast-enhanced SE, including the option
for physiological or pharmacological stress, we propose
that SE is the initial technique of choice in significantly
obese patients in need of functional assessment for the

detection of inducible myocardial ischemia.
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Table 2 Comparison of three recently published studies examining the use of stress echocardiography, cardiac PET and stress

CMR in obese individuals.

Variable CMR study PET study Stress echocardiography study
Author/Year Shah et al. (2014) (22) Chow et al. (2014) (21) Shah et al. (2016) (9)
n 255 2687 209

Entry criteria
Stressor(s) used

BMI >30 kg/m?

Pharmacological only
(adenosine/regadenoson)

56

101/255 (40)

171/255 (67)

150/255 (59)

82/255 (32)

Mean (£s.0.) age
Male gender (%)
Hypertension (%)
Hyperlipidemia (%)
Diabetes mellitus (%)

Mean BMI (kg/m2) 34
Feasibility (%) 255/285 (89)
Need for sedation (%) 19 (7%)
Median follow-up 2.1 years
Annualized MACE rate 0.30

after normal study (%)

BMI >30 kg/m?

Pharmacological only (exact
stressors not listed)

60.0£12.1

1246/2687 (46)

1986/2687 (74)

1820/2687 (68)

986/2687 (37)

36.8+6.3

Not reported

None

2.4 years

0.15

BMI >35 kg/m?

Physiological and pharmacological
(treadmill/dobutamine)

59.2+11.6

93/209 (44)

166/209 (79)

138/209 (66)

95/209 (45)

39.3+4.6

200/209 (96)

None

1.4 years

0.95

MACE, major adverse cardiac events.
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