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Abstract

Purpose of review This review will define morbid obesity and relationship between morbid
obesity and heart failure syndromes. It will delve into unique challenges facing patients
with dual diagnoses of heart failure and morbid obesity and examine the data that obesity
should be a target in the treatment of heart failure.
Recent findings Emerging literature has indicated the safety and efficacy of surgical weight
loss in patients with heart failure. Furthermore, bariatric surgery with associated weight
loss has been associated with improvements in heart failure symptoms and reverse
remodeling on echocardiography. In patients with advanced heart failure, bariatric
surgery has led to improvement in heart failure to obviate the need for cardiac transplan-
tation or sufficient weight loss for cardiac transplant eligibility.
Summary In heart failure patients who are morbidly obese, treatment of obesity is an
effective therapeutic target with a myriad of potential benefits.

Introduction

Obesity is an epidemic that affects over one-third of
adult Americans, and its incidence is growing in the
USA and worldwide [1]. In 2015, the U.S. Department
of Health and Human Services released statistics from

2011 to 2014 citing that 36% of adults and 17% youth
are obese. Obesity is defined by bodymass index (BMI),
which is calculated by body weight in kilograms divided
by the square of height inmeters. According to the CDC,
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a normal BMI falls between 18.5 and less than 25.
Overweight is defined as BMI from 25 to less than 30,
and obesity is defined as a BMI greater than or equal to
30 [2]. However, obesity can be further subcategorized
into class 1 with BMI of 30 to less than 35, class 2 with
BMI from 35 to less than 40, and class 3 with BMI of 40
or greater. Morbid obesity is further defined as having a
BMI of 40 or greater or a BMI of 35 or greater with
obesity-related health conditions such as hypertension
or diabetes.

Obesity is an established risk factor for heart failure
[3]. In the Framingham Heart Study, an incremental
increase of 1 BMI was associated with a 5% increased
risk of heart failure for men and 7% increased risk of
heart failure in women [4]. This finding was further
supported by a Mendelian randomization study that

reported an increase of one standard deviation in BMI
(4.5 kg/m2) corresponds to a 93% increase in the risk of
heart failure (HR 1.93, 95% CI 1.12–3.30) [5]. Further-
more, obesity is associated with metabolic syndrome, a
constellation of abdominal obesity, dyslipidemia, hy-
pertension, insulin resistance, and pro-inflammatory
and pro-thrombotic states [6].

This review will provide an overview on the impact
of morbid obesity in patients with heart failure with
reduced ejection fraction (HFrEF) and heart failure with
preserved ejection fraction (HFpEF) and discuss medical
and surgical management options for obese heart failure
patients, with the perspective that morbid obesity is a
potent therapeutic target in the management of heart
failure.

Impact of obesity on heart failure with reduced ejection fraction
Impact on advanced therapy candidacy

When evaluating end-stage heart failure patients for advanced therapies
such as left ventricular assist device (LVAD) and orthotopic cardiac trans-
plant (OHT), morbid obesity is generally viewed as relative contraindica-
tion. Cardiac surgery confers higher morbidity and mortality in patients
with morbid obesity (BMI ≥ 35); however, increase in adverse outcomes is
not seen in patients with BMI in the overweight (BMI 25–29.9) or obese
(BMI 30–34.9) ranges [7]. Morbidly obese patients who undergo OHT fare
worse than those with BMI below 35. BMI 9 35 is associated with increased
rate of early complications post-operatively, and lower long-term survival
[8]. Data suggest morbidly obese cardiac transplant recipients are at in-
creased risk of high-grade acute rejection, though there is no difference in
transplant-related coronary artery disease [9].

Interactions between morbid obesity and left ventricular assist devices
Clinical trials of durable mechanical circulatory support devices such as
left ventricular assist devices (LVADs) enrolled few patients at the ex-
tremes of BMI. The ENDURANCE Supplemental Trial comparing
HeartWare (Medtronic) to Heartmate II (Abbott) devices enrolled patients
with an average BMI of 28 kg/m2 [10]. The landmark clinical trials that
lead to approval of Heartmate II and Heartmate III pumps enrolled
patients with an average body surface area of 2.0–2.1m2 [11, 12]. There-
fore, there is a paucity of randomized clinical trial data regarding the
upper limit of BMI in which LVAD technology can be safely deployed.
However, small, observational studies have reported the feasibility of
implantation of LVAD as a bridge to bariatric surgery and ultimately to
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qualify obese patients for cardiac transplantation in patients with BMI up
to the mid-50s [13, 14].

Impact of obesity on heart failure with preserved ejection
fraction

Similar to patients with reduced ejection fraction, patients with heart
failure with preserved ejection (HFpEF) who are morbidly obese also
present unique diagnostic and treatment challenges. Morbidly obese indi-
viduals often experience dyspnea that can be multifactorial and difficult to
attribute to heart failure alone. Clinical exam in this patient population for
signs of intravascular congestion and cardiac dysfunction may be difficult.
Furthermore, echocardiography and laboratory testing such as NT-proBNP
can be difficult to interpret due to challenges in anatomy and falsely low
NT-proBNP levels, respectively [15–17]. In light of these diagnostic chal-
lenges, the diagnosis of HFpEF should only be made in the setting of
hospitalizations for heart failure with clinical finding of intravascular
volume overload or congestion. In patients whom the diagnosis of dys-
pnea is indeterminate, a right heart catheterization with direct measure-
ment of right- and left-sided filling pressures, with the addition of exercise
provocation if measurements are normal at baseline, should be used to
clarify the diagnosis of HFpEF.

Medical and surgical interventions for morbid obesity and heart
failure outcomes

Given the challenges facing morbidly obese patients with heart failure
syndromes, this section will focus on treatment options for morbid
obesity and the promise of treating obesity as a therapeutic target in
heart failure. Optimal treatment of morbid obesity should be multiface-
ted to target medical, psychosocial, and educational contributors to the
disease process; thus, we propose a multidisciplinary approach to address
dietary education, psychosocial support, and consideration of medical or
surgical weight loss. Successful weight reduction with bariatric surgery has
been correlated with reduction in other disease states associated with
metabolic syndrome including diabetes mellitus, hypertension, dyslipid-
emia, sleep apnea, fatty liver disease, as well as in depression and mi-
graines [18, 19].

Outcomes with intensive lifestyle medication and medications

Intensive behavioral interventions to target weight loss have met with modest
weight reduction success [20]. However, there is controversy to the duration of
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effect of intensive behavioral therapy. There are nine classes ofmedications with
FDA approval for weight loss, each demonstrating modest improvements in
weight compared with placebo control. The nine classes of drugs include
pancreatic lipase inhibitor (orlistat), serotonin-2C receptor agonist (lorcaserin),
combination phentermine-topiramate, combination bupropion-naltrexone,
GLP-1 agonist (liraglutide), and noradrenergic sympathomimetic drugs ap-
proved for short-term use (benzphetamine, diethylpropion, phentermine, and
phendimetrazine). However, due to side effect profiles of worsening hyperten-
sion, heart rate, and other sympathomimetic properties, many classes of these
medications are contraindicated in patients with heart failure or hypertension.
Additionally, many of these drugs have only been studied for short-term use.
SGLT2 inhibitors principally studied for the management of type II diabetes
mellitus may also play a role in weight reduction especially in obese heart
failure patients with metabolic syndrome [21]. Head-to-head trials of medical
intervention weight loss to surgical weight loss thus far have demonstrated the
superiority of surgical weight loss in terms of weight reduction and remission of
diabetes mellitus and hypertension [22, 23]. Therefore, the remainder of this

Table 1. Summary of key studies targeting obesity in patients with heart failure

Author Year Key findings
Berger et al.
[24]

2018 Systematic review of recent populations suggesting bariatric surgery is associated with
improvements in quality of life, reduced hospital admissions, and improvements in heart failure
symptoms in patients with obese patients with HF.

Shimada et al.
[25]

2016 Bariatric surgery in HF patients is associated with reduction in emergency department visits and
heart failure hospitalizations.

Vest et al.
[26]

2016 Patients with left ventricular ejection fraction G 50% undergoing bariatric surgery compared with
matched cohort of patients without surgery demonstrating greater improvement in LV ejection
fraction post-op. No excess mortality detected at 1 year compared with bariatric surgery patients
without depressed ejection fraction.

Lim et al. [27] 2016 Bariatric surgery as successful bridge to weight loss and improvement in LVEF in patients with
average LVEF 25%. Two patients were successfully bridged to cardiac transplant.

Wikiel et al.
[28]

2014 Bariatric surgery as a successful bridge to cardiac transplantation in 4 patients with advanced heart
failure, 2 of whom had bridging LVADs.

Miranda et al.
[29]

2013 Bariatric surgery when compared with non-operative treatment for obesity is associated with
greater improvement in quality of life, functional capacity, and reduction in heart failure
symptoms.

Vest et al.
[30]

2012 Bariatric surgery leads to reductions in left ventricular mass and improvement in diastology (E/A
ratio, isovolumetric relaxation time).

Ramani et al.
[31]

2008 Case-matched study of 12 morbidly obese patients with systolic heart failure undergoing bariatric
surgery compared with 10 morbidly obese patients on medical therapy demonstrates significant
reduction in hospitalization and improvement in NYHA class in the bariatric surgery group.

Alpert et al.
[32]

1985 Bariatric surgery with accompanying weight loss resulted in favorable cardiac remodeling as
assessed by echocardiography.
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review will focus on the outcomes of surgical weight loss in patients with
morbid obesity (Table 1).

Surgical management of obesity and heart failure outcomes

Alpert and colleagues first reported improvements in echocardiographic param-
eters and left ventricular remodeling following bariatric surgery in a case series
of patients with baseline left ventricular dysfunction [32]. Since this early study,
subsequent observational studies have been published describing the safety and
efficacy of bariatric surgery in morbidly obese patients with depressed left
ventricular function [33, 34]. Supporting evidence for bariatric surgery includes
findings that a history of bariatric surgery in patients with heart failure is
associated with reduction in hospitalization and emergency department visits
[25]. Bariatric surgery also improves quality of life and functional capacity in
patients with heart failure [24, 29]. An extensive literature dating from 1950 to
2012 encompassing 73 studies and over 19 thousand subjects suggests that
bariatric surgery is an effective method of treating hypertension, diabetes,
dyslipidemia, and ameliorating heart failure [30]. On echocardiography, bar-
iatric surgery has been associated with statistically significant reductions in left
ventricular mass, E/A ratio, and isovolumetric relaxation time [26, 35–37].
These studies suggest that reduction in weight, accompanied by resolution of
metabolic syndrome, may be particularly attractive target for HFpEF patients.

In patients with advanced heart failure, bariatric surgerymay result in cardiac
remodeling to obviate the need for further advanced therapies such as LVAD or
OHT, or it may serve as a bridge to heart transplant eligibility. Leviner and
colleagues presented an intriguing case of a patient with ejection fraction of
25% and low output heart failure deemed ineligible for transplant based on
BMI of 40 kg/m2 who subsequently underwent HMII LVAD implant prior to
laparoscopic sleeve gastrectomy [38]. Ultimately, the patient demonstrated
significant weight loss with BMI improvement to 29 kg/m2 and recovery of
ejection fraction to 40% allowing LVAD explant. A similar case has been
reported in a male with BMI of 50 kg/m2 and LVEF 25% who underwent
bariatric surgery with subsequent improvement of BMI to 27 kg/m2 accompa-
nied by improvement in LVEF to 35–40% and reduction in LV posterior wall
thickness [39]. Ristow et al. present two cases of patients with morbid obesity
(BMI 43 and 56 kg/m2) and systolic heart failure who were ineligible for
transplantation who underwent laparoscopic gastrectomy with subsequent
significant improvement in LVEF and LV dimensions such that neither required
cardiac transplantation [40]. These case reports suggest that in some individuals
with severely depressed left ventricular function, bariatric surgery can lead to
reverse remodeling and significant clinical improvement to obviate the need for
OHT.

For patients inwhomOHT is necessary, bariatric surgery, often supported by
LVADs, has been associated with observational studies with significant weight
loss leading to transplant eligibility [28, 41, 42]. Chaudhry and colleagues
reported successful implantation of LVADs in six patients with average BMI of
47.6 kg/m2 and mean LVEF G 20% initially deemed ineligible for transplant
due to morbid obesity. Subsequently, all patients lost sufficient weight to be
listed for OHT, with 2 patients undergoing successful transplant at time of
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publication. A retrospective analysis of seven patients with depressed ejection
fraction, average LVEF 25%, and BMI 42.8 kg/m2, who underwent bariatric
surgery, demonstrated significant reduction in weight and improvement in
ejection fraction and successful bridge to cardiac transplantation in 2 of these
patients [27]. A case-controlled study of 12 patients with morbid obesity with
an average BMI of 53 kg/m2 and LVEF 22% who underwent bariatric surgery
compared with a control group of morbidly obese HF patients revealed greater
improvement in NYHA class, reduction in hospital admission, and bridge to
transplant eligibility in the surgical group [31].

Targeting obesity in heart failure—the metabolic link

Excess energy is stored in adipose tissue; however, when the surplus of energy
exceeds the storage capacity of peripheral adipose tissue, fat is then deposited in
organs including the heart. Intramyocardial lipid overload is seen in obese
patients and animal models of obesity and is linked to alterations in gene
expression and cardiac dysfunction [43]. Adipokines, signaling molecules asso-
ciated with adipose tissue, such as leptin, resistin, TNF-α, IL-6, and
angiotensinogen have been implicated in adverse left ventricular remodeling,
in promotion of insulin resistance, and in the creation of pro-inflammatory
milieu [44]. Activation of the renin-angiotensin (RAAS) pathway has been
further implicated in the development of cardiorenal syndrome in obese pa-
tients [45]. Leichman and colleagues have demonstrated reduction in plasma
leptin, restoration of insulin sensitivity, and improvements in metabolic de-
rangements in 43 consecutive patients undergoing bariatric surgery [46].

Surgical weight loss has been shown to improve outcomes in diabetes, which
provides insight on putative salutary effects of weight loss surgery on heart
failure [47]. The STAMPEDE trial randomized type II diabetes mellitus patients
with BMI 27–43 to bariatric surgery versus optimal medical therapy [48]. At
5 years, the surgical intervention group achieved statistically significantly greater
reduction in hemoglobin A1c (2.1% versus 0.3%), weight loss, lower triglyceride
level, reduced use of insulin, and higher quality of life than the group treated
with medical therapy. Given the neurohormonal dysregulation in both HFpEF
and HFrEF that predisposes to congestion, bariatric surgery offers an attractive
potential therapeutic target in the management of heart failure.

Conclusion

A significant portion of patients with heart failure syndrome are also obese. This
review provides an overview of the special challenges facing morbidly obese
heart failure patients and sheds light onto emerging evidence that targeting
excess weight leads to improvements in cardiac function, quality of life, and
reduction in heart failure hospitalizations. In the subset of patients with ad-
vanced heart failure for whom cardiac transplantation is indicated, surgical
weight loss, often supported by LVADs, has led to significant weight loss
resulting in transplant eligibility. Randomized trial data, however, is lacking
and would further solidify the role of targeting morbid obesity in heart failure.
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