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Background: The association between extreme body mass index (BMI) and outcomes in left ventricular
assist device (LVAD) patients has not been well established. With the commercial use of LVADs a larger
number of patients with a BMI >40 have undergone device implantation. The purpose of this study was to
evaluate the short and long-term outcomes of LVAD patients with extreme obesity.

Methods: A retrospective review of all patients (n=383) at our center who received a LVAD as primary
implant between 2005-2015 was performed. Demographics, preoperative laboratory values, and
postoperative outcomes were analyzed. Patients were divided into three groups based on BMI (kg/m?)
classification (group 1: <25; group 2: 25 to 35; group 3: >35) and compared using one-way analysis of
variance (ANOVA), Kruskal-Wallis and Chi-squared analysis as appropriate.

Results: Comparison of postoperative outcomes demonstrated an increased risk of respiratory failure and
right ventricular (RV) failure in patients with a BMI >35 (range, 35-59). Length of stay, sternal infection,
driveline/pocket infection, systemic infection, GI-bleeding, and neurological events within the first year
of device therapy were not related to BMI. Survival at 30-day, 1- and 2-year was not significantly different
among the three groups. The group with the smallest BMI demonstrated an increased risk for re-operative
bleeding.

Conclusions: Despite an increased risk of early morbidity in patients with extreme obesity, long term
survival was not significantly different between the BMI groups. Careful consideration is recommended when
evaluating patients with an excessive BMI for LVAD therapy although it should not be a contraindication for
device placement.
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Introduction

Obesity is a widely recognized risk factor for the development
of numerous chronic diseases including hypertension,
diabetes, and heart failure. As a result, the increasing
prevalence of obesity, both in the USA and worldwide, poses
both a significant public health concern and a challenging
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hurdle in the management of heart failure (1-3). At this time,
the prevalence of obese patients with advanced heart failure
who require surgical intervention with heart transplantation
or left ventricular assist device (LVAD) therapy is increasing,
generating the need for improved clinical protocols for the
management of these patients (4). Despite well-established
evidence that obesity is related to poor outcomes following
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heart transplantation, there remains a relative paucity of data
concerning the effect of body mass index (BMI) on outcomes
following LVAD (5,6). Several studies have indicated that
obese patients may have increased rates of LVAD thrombosis
and infections, but have survival rates similar to normal
and underweight patients. These reports have generated
varied results, and as a result, selection and management
of LVAD patients with high BMIs remains challenging
(7-9). At present there is only one other published study which
investigated outcomes in patients with BMI >35 kg/m’ (10).
The present study sought contribute to the current
knowledge base regarding LVAD implantation in obese
patients and to evaluate long term outcomes in patients with

extreme obesity, defined as BMI >35 kg/m’.

Methods

This institutional review board approved study included
384 patients who underwent continuous flow LVAD
implantation at our center between 2005 and 2015. All
patients were implanted with either the HeartMate II
or HeartWare HVAD. The patients were divided into
3 groups based on preoperative BMI. Group 1: underweight
and healthy (BMI <25 kg/m’), group 2: pre-obesity and
obesity (25 kg/m’ < BMI <35 kg/m’), and group 3: extreme
obesity (BMI >35 kg/m’).

Variable selection

Preoperative demographic data was collected for all patients
and included age, gender, ethnicity, hypertension, diabetes
mellitus (DM), atrial fibrillation, ventricular tachycardia,
chronic obstructive pulmonary disease (COPD), obstructive
sleep apnea (OSA), chronic kidney disease (CKD), and
etiology of heart failure. Laboratory and hemodynamic data
were collected prior to LVAD implantation and included:
serum sodium, creatinine, total bilirubin, blood urea
nitrogen (BUN), b-type natriuretic peptide (BNP), albumin,
white cell count, hemoglobin, prealbumin, left ventricular
ejection fraction (LVEF), central venous pressure (CVP),
pulmonary capillary wedge pressure (PCWP), mean
pulmonary artery pressure (MPAP), cardiac output (CO),
and mean arterial pressure (MAP). Outcomes data including
length of hospital stay and survival were collected for all
patients. Adverse events included re-operative bleeding,
right ventricular (RV) failure, respiratory failure, sternal
infection, pocket or driveline infection, systemic infection,
neurological events, and gastrointestinal bleeding. RV
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failure was defined as need for RV assist device or greater
than 14 days of postoperative inotropic support.

Statistical analysis

Continuous variables were expressed as means and standard
deviations when their distributions expressed normality
and as medians and interquartile ranges when distributions
were skewed. Demographics, frequencies of comorbidities,
laboratory values, hemodynamics, ventricular dimensions,
and LVEFs were compared between groups using 1-way
analysis of variance (ANOVA) for normally distributed
continuous variables. The Kruskal-Wallis test was used
for non-parametric data. Categorical data were compared
using Chi-square testing. Survival and length of stay were
compared between groups using Kaplan-Meier analysis with
non-parametric log-rank tests for significance. Multivariable
Cox regression analysis was performed, adjusting for baseline
characteristics that differed between the BMI groups by
univariate analysis (age, DM, OSA, creatinine, BNP, albumin,
CVP, MPAP, and CO). A P<0.05 was considered statistically
significant. Statistical operations were performed using SPSS
version 20 (IBM, Chicago, IL, USA).

Results
Baseline characteristics

The patients included in this study had preoperative BMI
ranging from 16.30 to 59.30 kg/m’. The average BMI was
28.67+7.00 kg/rnz. Baseline demographics, comorbidities,
laboratory values, and hemodynamics are provided in 7able 1.
Of the 383 patients included in this study, 118 (30.8%) were
underweight or normal weight (group 1), 196 (51.2%) were
pre-obese or obese (group 2), and 69 (18.0%) were extremely
obese (group 3). Patients in group 3 were significantly younger
(P<0.001), had higher rates of DM (P=0.003), and OSA
(P<0.001) than patients in groups 1 or 2. Patients in group 3 also
had higher CVP (P=0.001) and MPAP (P=0.048) than patients
in groups 1 and 2. No significant differences in LVEE, or PCWP
were noted. While creatinine levels were higher in groups 2 and
3 (P=0.001), group 3 had significantly better albumin (P=0.028)
and BNP (P<0.001) levels compared to groups 1 and 2.

Survival

Survival was evaluated at 30 days, 1 year, 2 years, and
3 years after LVAD implantation. There were no differences
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Table 1 Preoperative demographic, laboratory, hemodynamic, and echocardiographic data compared for BMI groups 1-3

Parameter Group 1 (n=118) Group 2 (n=196) Group 3 (n=69) P
BMI (kg/m?) 21.82+1.91 28.76+2.74 39.97+5.78 <0.001
Age (years) 62.08+13.00 60.27+11.79 50.73+12.88 <0.001
Gender (#male) 90 (76.3%) 152 (77.9%) 51 (72.9%) 0.688
Ethnicity 0.253

African American 42 (35.6%) 83 (42.6%) 34 (48.6%)

Caucasian 58 (49.2%) 96 (49.2%) 29 (41.4%)
Hypertension 62 (63.3%) 87 (65.9%) 34 (77.3) 0.250
Diabetes mellitus 39 (35.8%) 92 (563.5%) 38 (569.4%) 0.003
Atrial fibrillation 34 (37.8%) 50 (46.7%) 14 (37.8%) 0.386
Ventricular tachycardia 21 (23.3%) 36 (33.6%) 12 (32.4%) 0.261
COPD 15 (15.3%) 21 (15.9%) 5(11.4%) 0.760
Obstructive sleep apnea 10 (10.2%) 28 (21.2%) 17 (38.6%) <0.001
Chronic kidney disease 52 (53.1%) 83 (62.9%) 23 (52.3%) 0.241
Etiology 0.490

Dilated 40 (33.9%) 70 (36.1%) 28 (40.0%)

Ischemic 61 (51.7%) 101 (52.1%) 29 (41.4%)

Non-ischemic 17 (14.4%) 23 (11.9%) 13 (18.6%)
Sodium (mmol/L) 134.76+4.01 134.21+£3.39 134.77+3.65 0.456
Creatinine (mg/dL) 1.31+£0.43 1.48+0.49 1.43+0.44 0.001
Total bilirubin (mg/dL) 1.150.85 1.05+0.75 0.905+0.54 0.248
Blood urea nitrogen (mg/dL) 25.7615.54 26.64+14.53 23.87+15.07 0.071
B-type natriuretic peptide (pg/dL) 1,007.10+1,022.57 713.20+702.14 567.730+791.80 <0.001
Albumin (g/dL) 2.93+0.50 2.93+0.43 3.16+0.48 0.028
White blood cell count (1,000/mcL) 7.76+2.81 7.12+2.43 8.29+3.64 0.398
Hemoglobin (g/dL) 11.25+1.73 11.16+1.82 10.88+2.99 0.576
Prealbumin (mg/dL) 10.509.91 9.18+10.14 10.17+10.83 0.602
LV ejection fraction (%) 18.64+7.11 18.01+6.30 19.14+8.21 0.564
Central venous pressure (mmHQ) 10.28+5.35 11.50+5.29 14.16+6.53 0.001
PCWP (mmHg) 19.33+10.67 20.03+10.42 22.84+11.43 0.194
MPAP (mmHg) 34.05+9.28 35.13+8.59 38.12+9.44 0.048
Cardiac output (L/min) 4.231.48 4.72+1.46 4.93+1.79 0.025
Mean arterial pressure (mmHg) 76.79+10.89 80.28+11.74 79.83+11.3 0.122

BMI, body mass index; COPD, chronic obstructive pulmonary disease; LV, left ventricular; PCWP, pulmonary capillary wedge pressure;

MPAP, mean pulmonary artery pressure.
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Table 2 Survival comparison for BMI groups

Yost et al. Obesity in LVAD implantation

Parameter Group 1 (n=118) Group 2 (n=196) Group 3 (n=69) P

30-day survival 115 (97.5) 191 (97.4) 66 (95.7) 0.720
365-day survival 96 (81.4) 171 (87.2) 60 (87.0) 0.452
730-day survival 88 (74.6) 159 (81.1) 57 (82.6) 0.623
1,095-day survival 86 (72.9) 145 (74.0) 49 (71.0) 0.890

Data are shown as n (%). BMI, body mass index.
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Figure 1 Kaplan-Meier survival curve for the 3 BMI groups.
Group 1: underweight and healthy (BMI <25 kg/m®); group 2: pre-
obesity and obesity (25 kg/m’ < BMI <35 kg/m’), and group 3:
extreme obesity (BMI 35 kg/m®). BMI, body mass index.

in survival between the BMI categories at any time points
analyzed (Table 2). Kaplan-Meier survival analysis indicated
similar survival functions for the 3 groups (log-rank P=0.462)
(Figure I). Cox regression modeling was used to assess
survival, with adjustment for baseline characteristics that
differed significantly between the BMI categories. This
multivariate model indicated no relationship between BMI and
postoperative survival (HR: 1.01, CI: 0.930-1.098, P=0.810).

Adverse events

Adverse events, compared between the 3 groups, are shown
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in Table 3. Patients in group 3 had significantly higher rates
of respiratory failure (P=0.021), and RV failure (P=0.049),
but lower rates of re-operative bleeding (P=0.047). There
were trends, which did not reach statistical significance,
towards higher rates of pump thrombosis and driveline
infection in group 3. There were no other differences in
adverse events or postoperative length of stay between the
groups.

Discussion

This study investigated outcomes in patients with extreme
obesity undergoing LVAD implantation. While LVADs
are an effective long-term intervention for end-stage
heart failure, expanding rates of obesity and extreme
obesity increasingly complicate patient selection for this
advanced surgical therapy (5,6,11). Though previous data
and guidelines have suggested that LVAD implantation
in patients with very low or very high BMI may confer
excessive risk, several recent reports indicate no increased
mortality in obese patients implanted with LVADs
(5,7-12). This study evaluated outcomes in a group of
patients with extreme obesity, including 25 patients with
BMI greater than 40 kg/m’ and 4 with BMI greater than
50 kg/m’. Despite evidence of poor outcomes in obese
patients after heart transplantation, our study found no
decrement in survival in patients with extreme obesity. This
finding supports those of similar studies, and may be related
to the “obesity paradox”, the hypothesis that obesity is
protective against protein calorie malnutrition or cachectic
states in heart failure (13,14). This theory is supported by
the finding in our study that albumin levels, a common
surrogate marker for nutritional status, were significantly
higher in the extreme obesity group compared to all others.
Recent evidence, however, has indicated that patients with
morbid obesity, defined as BMI >40 kg/m’, may be excluded
from the benefits of the obesity paradox (15). In the
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Table 3 Comparison of adverse events for BMI groups

Parameter Group 1 (n=118), n (%) Group 2 (n=196), n (%) Group 3 (n=69), n (%) P
Re-operative bleeding 19 (16.1) 25(12.8) 3(4.3) 0.047
Respiratory failure 16 (13.6) 31 (15.8) 20 (29.0) 0.021
RV failure 36 (30.5) 74 (37.8) 34 (49.3) 0.049
Pump thrombosis 6(5.1) 12 (6.1) 7 (10.1) 0.205
Sternal infection 1(0.9 7 (3.7) 1(1.6) 0.269
Driveline/pocket infection 22 (19.5) 39 (20.3) 19 (27.5) 0.381
Systemic infection 21 (18.6) 42 (22.2) 11 (16.4) 0.533
Neurologic event 14 (12.4) 17 (8.9) 9 (13.0) 0.502
Gl bleed 39 (34.5) 65 (34.4) 17 (25.8) 0.397
Length of stay 26.04+19.50 25.26+15.01 26.23+18.55 0.615

RV, right ventricular; Gl, gastrointestinal.

general population, a U-shaped relationship between BMI
and mortality has been observed, in which patients with
very high and very low BMI fare poorly; as such, further
investigation is required to determine whether this trend
applies to patients with heart failure and LVAD support (16).

Despite similar post-LVAD survival for all BMI groups,
our study indicates that rates of postoperative adverse events,
including respiratory failure and RV failure, are higher
among patients with extreme obesity. These findings may
be attributed to biological problems resulting from obesity.
Respiratory compromise in obesity is thought to result from
complicated intubation, increased abdominal pressures,
and obesity hypoventilation syndrome and may manifest as
postoperative respirator dependence or respiratory failure (17).
In this study, patients with extreme obesity had significantly
higher rates of OSA, suggesting that anatomical airway
obstruction may play a role in their respiratory failure. Chronic
obesity can also lead to structural changes in the myocardium,
increased RV afterload, conduction system abnormalities,
inflammation, and direct cardiac lipotoxicity (18).
Ventilation-perfusion mismatch due to respiratory
compromise can lead to hypoxia induced pulmonary
hypertension and subsequent RV failure. Despite higher rates
of these two adverse events in group 3, these patients did not
have longer postoperative length of stay.

Previous studies have identified increased rates of driveline
infection and device thrombosis in obese patients, potentially
resulting from impaired immune surveillance and altered
hematologic profiles (8,19). Our study notes higher rates of
both infection and thrombosis in group 3 which did not reach
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statistical significance. This represents the need for further
research to investigate this relationship and the potential risk
for poor outcomes in LVAD patients. This study did find
significantly higher rates of re-operative bleeding in group
1 compared to groups 2 and 3. This trend has been noted
in previous research, and is thought to be related to poor
production of coagulation and clotting factors in individuals
with low BMI due to malnutrition or cachexia.

This study demonstrates no decrease in survival up
to 3 years following LVAD implantation in patients with
extreme obesity compared to obese, normal, and healthy
weight individuals. There were several limitations. First this
is a retrospective, single center study and, as a result, may
be subject to selection bias. The number of patients in the
extreme obesity group, while larger than in previous studies,
remained relatively small. Additional study may be valuable
to understand postoperative outcomes in these patients.

Conclusions

The data presented in this study indicated no decrement
in survival for patients with BMI >35 kg/m’ undergoing
continuous flow LVAD implantation. These patients
experience higher rates of postoperative RV failure and
respiratory failure, but, with appropriate nutritional
optimization, should be considered surgical candidates.
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