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Background: Morbid obesity (MO) is a risk factor for congestive heart failure (CHF). The presence of MO
impairs functional status and disqualifies patients for cardiac transplantation. Bariatric surgery (BAS) is a
frontline, durable treatment for MO; however, the safety and efficacy of BAS in advanced CHF is unknown.
Hypothesis:We hypothesized that by utilizing a coordinated approach between an experienced surgical team
and heart failure specialists, BAS is safe in patients with advanced systolic CHF and results in favorable
outcomes.
Methods: We performed a retrospective chart review of 12 patients with MO (body mass index [BMI]
53±7 kg/m2) and systolic CHF (left ventricular ejection fraction [LVEF] 22±7%, New York Heart Association
[NYHA] class 2.9±0.7) who underwent BAS, and then compared outcomes with 10 matched controls (BMI
47.2±3.6 kg/m2, LVEF 24±7%, and NYHA class 2.4±0.7) who were given diet and exercise counseling.
Results: At 1 y, hospital readmission in BAS patients was significantly lower than controls (0.4±0.8 versus
2.5±2.6, p = 0.04); LVEF improved significantly in BAS patients (35±15%, p = 0.005), but not in controls
(29±14%, p = not significant [NS]). The NYHA class improved in BAS patients (2.3±0.5, p = 0.02), but
deteriorated in controls (3.3±0.9, p = 0.02). One BAS patient was successfully transplanted, and another
listed for transplantation.
Conclusions: Bariatric surgery is safe and effective in patients with MO and severe systolic CHF, and should
be considered in patients who have failed conventional therapy to improve clinical status.
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Introduction
Morbid obesity (MO) is an increasingly prevalent chronic
metabolic disorder associated with multiple comorbidities.1

In the general population, long-standing obesity is a risk
factor for heart failure even in the absence of traditional risk
factors for coronary artery disease, and is an independent
risk factor for mortality.2,3 Over time, MO results in
structural myocardial changes, including increased left
ventricular (LV) dimensions and mass, and impaired
LV relaxation and systolic function.4,5 The mechanisms
underlying these changes remain poorly understood.

Surprisingly, in spite of observations that obesity is
a risk factor for the development of heart failure, very
little is known regarding outcomes of patients with MO
and established heart failure. Although many have been
surprised by data suggesting that modest obesity is
protective in patients with heart failure, both MO and heart
failure markedly reduce functional capacity.6,7 Anecdotally,
patients with the combination of these 2 conditions have
severe functional limitation and poor survival. In addition,
the presence of advanced heart failure makes weight loss
by conventional means nearly impossible for obese patients.
Lastly, the presence of MO generally disqualifies patients
from consideration for cardiac transplantation.

Bariatric surgery (BAS) has emerged as a safe, effective,
and durable treatment for MO.8 Advances in minimally
invasive surgery have shortened recovery time, reduced
peri-operative morbidity, and expanded the range of patients
amenable to this procedure.9 While previous studies have
demonstrated that marked weight reduction following BAS
results in a reduction in LV mass and improved diastolic
filling,10 outcomes of patients with severe systolic heart
failure following BAS have not been previously reported.

Methods
We queried the Heart Failure Clinic database of the
University of Pittsburgh Medical Center (Pittsburgh, Penn.,
USA) for all patients with advanced systolic heart failure
and MO. We identified 12 such patients who underwent
BAS from 2001–2006. We also identified a cohort of 10 age-,
sex-, and body mass index (BMI)-matched controls who
did not undergo BAS. These patients received standard
recommendations regarding calorie-restricted diet and
exercise. To control for lead-time bias, we charted the time
from the diagnosis of cardiomyopathy to either enrollment
into our database or to BAS. The primary safety analysis was
to assess the frequency and type of operative complications,
and the number of readmissions to the hospital in the
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subsequent 12 mo. The primary efficacy analysis was to
determine the effect of BAS on BMI, left ventricular ejection
fraction (LVEF), and New York Heart Association (NYHA)
functional class. Left ventricular ejection fraction was
assessed by echocardiography, and was determined visually
by an independent reader. When LVEF was reported as a
range, the mean value was used in the analysis. The NYHA
functional class was qualitatively determined by a heart
failure physician in the outpatient clinic, and when NYHA
was recorded as a range, the higher estimate was used.

Continuous variables were expressed as mean±standard
deviation (SD), and t-tests were used to determine statistical

significance. The Chi-square test was used to determine
the significance of categorical variables. For all analyses,
a 2-tailed p-value of <0.05 was considered statistically
significant. All analyses were performed using SPSS version
14.0 for Windows (SPSS, Inc., Chicago, Ill., USA).

Results
Of the 12 patients undergoing surgery, 8 patients had laparo-
scopic Roux-en-Y bypass, 2 patients underwent laparoscopic
sleeve gastroplasty, 1 patient underwent laparoscopic gas-
tric banding, and 1 patient required conversion to an open

TABLE 1: Baseline characteristics

Characteristic
BAS

(n = 12)
Control
(n = 10) p-value

Age (y) 41±10 45±9 0.30

Lead-time (y) 6.0±4.9 4.3±4.5 0.41

BMI (kg/m2) 53±7 47±4 0.02

Nonischemic (no.) 10 8 0.84

NYHA Class 2.9±0.7 2.4±0.7 0.72

LVEF (%) 22±7 24±7 0.52

Male (no.) 3 4 0.52

Diabetes (no.) 6 6 0.64

Inotropes (no.) 2 4 0.22

Sleep apnea (no.) 6 5 0.90

Atrial fibrillation (no.) 6 6 0.86

Hypertension (no.) 9 6 0.38

ICD (no.) 7 7 0.92

Heart rate pm (b) 73±9 74±9 0.94

Systolic blood pressure (mm Hg) 110±13 107±6 0.45

Diastolic blood pressure (mm Hg) 74±9 68±9 0.16

Sodium (mg/dL) 138±3 137±2 0.32

Creatinine (mg/dL) 1.2±0.3 1.4±0.6 0.38

Hemoglobin (g) 13.3±1.5 12.2±0.9 0.07

ß-blocker (no.) 8 9 0.32

ACE inhibitor/ angiotensin II receptor blocker (no.) 11 7 0.19

Digoxin (no.) 8 6 0.54

Spironolactone (no.) 5 5 0.70

Abbreviations: ACE = angiotensin-converting enzyme; BMI = body mass index; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular
ejection fraction; NYHA = New York Heart Association.
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Clinical Investigations continued

Roux-en-y bypass. Baseline characteristics of the surgical
and control groups are listed in Table 1. There was a modest
but statistically significant higher BMI in the surgery group
at baseline (53±7 versus 47±4 kg/m2, p = 0.03). There
was no significant difference in the duration of conges-
tive heart failure (CHF) between the 2 groups. The groups
were well matched with respect to traditional cardiovascular
risk factors and medical comorbidities. No baseline differ-
ences were noted in age, sex, NYHA class, LVEF, serum
creatinine, sodium, or hemoglobin.

In the surgical cohort, the median length of hospital stay
was 3.0±1.5 d, which compares favorably with published
reports for laparoscopic BAS.11 In the postoperative period,
1 patient developed transient pulmonary edema and another
had acute renal failure, which required hospital readmission
and resolved with hydration. There were no postoperative
myocardial infarctions or anastamotic leaks.

Outcomes at 12 mo are listed in Table 2. Body mass
index decreased markedly in the surgical cohort, and did
not change in the medical therapy group. Overall, there
were significant improvements in both LVEF and NYHA
class in the surgical cohort as compared with the controls
(Figures 1 and 2). There was a trend to a reduction in LV

size in the surgical cohort that did not reach statistical
significance. The surgical cohort had fewer CHF and all-
cause admissions to the hospital. There were no significant
changes in either group in laboratory parameters or car-
diovascular medications, with the exception of the surgical
group having a significant reduction in diuretic use. Two
patients in the surgical cohort were placed on the waiting
list for cardiac transplantation, and 1 patient successfully
underwent the procedure.

Discussion

Morbid obesity is defined as a BMI ≥40 kg/m2 and is rapidly
increasing in prevalence.1 While obesity is an important
risk factor for the development of heart failure,12,13 the
relationship between CHF and obesity is complex.14,15

Observational studies suggest the risk of developing CHF
is correlated with both the duration and the severity of
obesity.12 Morbid obesity is widely recognized to be a
challenging condition to treat, and is made even more
difficult to manage by the presence of CHF. Patients with
CHF already face dietary restrictions, and generally have
markedly limited exercise tolerance, frequently resulting in

TABLE 2: One-year outcomes

BAS Control

Characteristic Baseline Follow-up p-value Baseline Follow-up p-value

BMI (kg/m2) 53±7 38±8 <0.01 47±4 48±3 0.56

NYHA class 2.9±0.7 2.3±0.5 0.02 2.4±0.7 3.3±0.9 0.02

LVEF (%) 21.7±6.5 35.0±14.8 <0.01 23.5±6.7 28.5±14.0 0.25

LV diastolic diameter (cm) 6.4±0.6 5.5±0.9 0.08 6.6±0.6 6.4±0.8 0.96

Left atrial size (cm) 4.9±0.6 5.0±0.8 0.94 4.8±0.7 5.1±0.7 0.92

CHF Admissions (no.) 0.42±0.67 2.4±2.6 0.04

Reduction in diuretic dose (no.) 11 1 <0.01

Diabetes 6 4 0.82 6 6 1.0

Sleep apnea 6 5 0.87 5 5 1.0

Heart rate (bpm) 73±9 79±18 0.85 74±9 81±15 0.81

Systolic blood pressure (mm Hg) 110±13 113±13 0.92 107±6 116±13 0.24

Diastolic blood pressure (mm Hg) 74±9 70±9 0.84 68±9 69±10 0.94

Sodium (mg/dL) 138±3 138±4 0.40 137±2 135±5 0.37

Creatinine (mg/dL) 1.2±0.31 1.3±1.0 0.63 1.4±0.63 1.8±1.0 0.15

Hemoglobin (g) 13.3±1.5 13.1±1.5 0.29 12.2±0.92 11.7±1.4 0.52

Abbreviations: BMI = body mass index; CHF = congestive heart failure; LV = left ventricular; LVEF = left ventricular ejection fraction; NYHA = New York
Heart Association.
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Figure 1: One-year change in LVEF (%).

a cycle of worsening obesity, CHF symptomatology, and
functional limitation.

Multiple studies have documented the myocardial effects
of obesity, even in the absence of overt CHF. Recent studies
have documented alterations in chamber thickness, LV
diameter and LV mass, increased isovolemic relaxation time,
and impaired ventricular filling as documented by mitral
inflow velocities.16 Both the duration and the severity of
obesity appear to play a role in these morphological changes.
Substantial weight loss, including BAS, does improve these
parameters, but this has not been studied in advanced
systolic heart failure.17

Whereas medical therapy and lifestyle modification have
had disappointing long-term results in the treatment of
MO, BAS has emerged as an effective treatment option.18

Safety concerns have limited the use of BAS in patients with
advanced CHF, and most BAS studies have excluded such
patients. Our data, however, suggest that the procedure is
safe when performed by an experienced team. Our low
incidence of peri-operative complications is most likely
related to a system of coordinated care between surgeons
and cardiologists. Prior to surgery, 7 of 12 patients were
electively admitted to the hospital and underwent right
heart catheterization. For all patients, hemodynamics and
pharmacotherapy were optimized prior to surgery, and the
initial postoperative day was spent in the coronary intensive
care unit.
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Figure 2: One-year change in NYHA functional class.

In our study, we observed significant improvements in
LVEF and NYHA class in the surgical cohort. The LVEF is
an imperfect, though commonly used, marker of cardiac per-
formance: it correlates poorly with functional status in CHF,
and accurate measurement of LVEF is challenging in obese
patients. Despite these limitations, our finding of improved
LVEF following BAS is provocative, and builds on previous
reports of improved LV geometry and diastolic performance
following weight loss in patients with MO, CHF, and pre-
served LVEF. Similarly, while NYHA class is commonly
used to assess functional severity in patients with CHF, this
also has its limitations: noncardiac issues may significantly
affect NYHA class. In patients with MO, musculoskeletal and
pulmonary limitations commonly impair function. Accord-
ingly, some of the improvements seen in NYHA class in our
surgical patients may reflect improvement in these areas in
addition to improved cardiac performance.

Multiple potential mechanisms may explain the observed
improvements in cardiac performance following BAS.
Improvements in cardiac loading conditions, including res-
olution of hypertension following BAS, has been reported.19

Improvements in both neuroendocrine and cytokine profiles
have been described following BAS.20,21 Patients with MO
have abnormal circulating levels of a variety of adipocyte-
associated cytokines, including leptin,22 and normalization
of cytokine profiles has been described following surgery.21
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Clinical Investigations continued

These complex neurohormal and neuroendocrine relation-
ships will need to be further explored in future prospective
studies.

It is highly significant that in the year following BAS,
1 patient successfully underwent cardiac transplantation
and another was listed for cardiac transplantation. Despite
advances in medical and device therapy for patients
with CHF, mortality remains unacceptably high23 and
cardiac transplantation remains the most durable therapy
for patients with advanced CHF, with a 10-y survival
approaching 50%.24 Therefore, BAS may be considered as
a bridge to transplantation in patients with advanced heart
failure who would otherwise not be considered surgical
candidates.

Despite these findings, our study has several important
limitations. Our study group was small and was examined
retrospectively. The majority of patients included had nonis-
chemic cardiomyopathy, so caution must be exercised when
generalizing these results to all patients with systolic dys-
function. We specifically excluded patients with preserved
LVEF. Although we attempted to obtain a control group
that was similar to our surgical group, there was a mod-
est, though statistically significant, difference in baseline
BMI, and we cannot exclude the possibility that selection
bias may have affected these findings. We did not mea-
sure serum brain natriuretic peptide, cytokine levels, or
objective functional capacity, such as 6-min walk distance
or maximal oxygen consumption. These may have pro-
vided additional insight into the degree and mechanisms of
improvement in cardiac performance and functional status
observed following surgery.

Conclusions
The present work suggests that BAS is a safe, effective, and
durable treatment of MO in patients with advanced systolic
heart failure who have not responded to conventional
therapy. Prospective studies are needed to further clarify
the optimal timing for BAS in systolic CHF, and to
provide additional mechanistic insight into the observed
findings.
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