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The Impact of Obesity on Patients Bridged to
Transplantation With Continuous-Flow
Left Ventricular Assist Devices
Kevin J. Clerkin, MD,a Yoshifumi Naka, MD, PHD,b Donna M. Mancini, MD,c Paolo C. Colombo, MD,a
Veli K. Topkara, MD, MSCa

ABSTRACT
OBJECTIVES This study sought to determine if obese patients had worse post–left ventricular assist device (LVAD)
implantation outcomes and if the implantation of an LVAD allowed for weight loss.
BACKGROUND Obesity is a risk factor for cardiovascular disease including heart failure. Obese heart failure patients
have better outcomes than those with normal weight; however, obese patients have worse outcomes after heart
transplantation.
METHODS Patients were identiﬁed in the United Network for Organ Sharing (UNOS) database that underwent
LVAD implantation as bridge to transplantation from May 2004 and April 2014, with follow-up through June
2014. Patients were grouped according to body mass index (BMI) based on the World Health Organization
classiﬁcation.
RESULTS Among 3,856 patients, the risk of death or delisting was not signiﬁcantly different between BMI groups
(p ¼ 0.347). There was no increased risk of death (p ¼ 0.234) or delisting (p ¼ 0.918). The risk of complication requiring
UNOS status upgrade was increased for those with class II obesity or greater (hazard ratio: 1.48; p ¼ 0.004), driven by
increased infection and thromboembolism. Obese patients had worse post-transplantation outcomes. Weight loss substantial enough to decrease BMI group was achieved by a small proportion of patients listed with class I obesity or greater
(9.6% to 15.5%).
CONCLUSIONS Patients with obesity had similar freedom from death or delisting while on LVAD support. However,
class II obese or greater patients had an increased risk of complications requiring UNOS status upgrade compared with
those with normal BMI during LVAD support and decreased post-transplantation survival. Weight loss on device therapy
was possible, but uncommon. Careful consideration is needed when a bridge to weight loss strategy is proposed.
(J Am Coll Cardiol HF 2016;4:761–8) © 2016 by the American College of Cardiology Foundation.

O

besity is a worldwide epidemic with more

infections (5,6), but the data on mortality for LVAD is

than one-third of adults in the United

limited. One registry and a number of small, single-

States obese (body mass index [BMI] >30

center studies have not shown a statistically signiﬁ-

kg/m2 ). Obesity is a risk factor for heart failure and,

cant difference in post-implantation survival (5–9),

despite the “obesity paradox” where obese patients

although there has been up to a 12% difference in

with heart failure have better outcomes than those

survival between groups, raising the possibility that

with a “normal” BMI (1), many proceed to stage D

the studies were underpowered to show a true dif-

heart failure. Morbid obesity (BMI >35 kg/m 2) is a bar-

ference. This study sought to determine if obese pa-

rier to candidacy for heart transplantation (HT) (2)

tients had worse post-LVAD implantation outcomes

and those who are obese and undergo transplantation

and if the implantation of an LVAD allowed for weight

have worse outcomes after HT (3). For these patients,

loss.

options include destination continuous-ﬂow left ventricular assist device (CF-LVAD), palliative care,

METHODS

weight loss, or a bridge to decision (weight loss)
LVAD.

The United Network for Organ Sharing (UNOS) data-

Less is known about the outcomes of obese pa-

base was analyzed for patients bridged to trans-

tients after implantation of an LVAD. Studies have

plantation with a CF-LVAD between May 2004 and

suggested

April 2014. Follow-up data were collected through

increased

device-thrombosis

(4)

and
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June 2014. This study included adult candidates

normal (BMI 18.5 to 24.99 kg/m 2), overweight

ABBREVIATIONS

(age $18 years) registered for single-organ, primary

(BMI 25 to 29.99 kg/m 2), obese class I (BMI 30

AND ACRONYMS

2

HT who received a United States Food and Drug

to 34.99 kg/m ), and obese class II or greater

Administration approved CF-LVAD. Devices were

(BMI $35 kg/m 2). Individual patient weight

limited to the Heartmate II (Thoratec/St. Jude,

data were recorded at the time of listing for

Pleasanton, California) and Heartware HVAD (Heart-

transplantation and at the time of waiting list

ware,

are

removal. There were missing data for patients

contemporary durable devices. Patients who required

in this study: up to 15% for hemodynamic

Framingham,

Massachusetts)

which

BMI = body mass index
CF-LVAD = continuous-ﬂow
left ventricular assist device

UNOS = United Network for
Organ Sharing

parameters, although no other variable had more

SEE PAGE 769

than 1% missing. Imputation was not used for

temporary left-sided mechanical circulatory support,

missing data. The study was submitted to the Insti-

biventricular assist device, or total artiﬁcial heart

tutional Review Board of Columbia University Medi-

were excluded from the analysis. The primary

cal Center and was determined to be exempt from

endpoint was freedom from death or delisting while

review.

on device support. Secondary endpoints included
death on LVAD support, delisting on LVAD support,

STATISTICAL ANALYSIS. Demographic and clinical

complications (thromboembolism, device infection,

variables were summarized with standard descriptive

device malfunction, or life-threatening ventricular

statistics and expressed as median (with interquartile

arrhythmia) requiring UNOS listing status upgrade,

range) for skewed continuous variables and count

change in BMI group while on device support, and

(with percentage) for categorical variables. Group

post-transplantation survival. By nature of the UNOS

comparisons were made with the chi-square test and

database, bridge to transplantation was the ultimate

the Kruskal-Wallis test where appropriate. Kaplan-

strategy for all patients. Patients were grouped ac-

Meier survival analysis with Dunnett’s test applied

cording to BMI based on the World Health Organiza-

for pairwise comparisons, univariate, and multi-

tion classiﬁcation: underweight (BMI <18.5 kg/m2 ),

variable Cox proportional-hazards regression were

T A B L E 1 Baseline Characteristics of Study Population

BMI <18.5 kg/m2
(n ¼ 84)

BMI 18.5 to 24.99 kg/m2
(n ¼ 983)

56 (45-63)

BMI 25 to 29.99 kg/m2
(n ¼ 1,368)

57 (48-63)

BMI 30 to 34.99 kg/m2
(n ¼ 1,028)

55 (45-61)

BMI $35 kg/m2
(n ¼ 393)

49 (40-57)

p Value

<0.0001

Age, yrs

43 (15.5-57)

Male (%)

44 (52.4)

716 (72.8)

1,086 (79.4)

827 (80.5)

281 (71.5)

<0.0001

ICM (%)

17 (20.2)

390 (39.7)

691 (43.2)

425 (41.3)

138 (35.1)

<0.0001

White

43 (51.2)

618 (62.9)

957 (70.0)

674 (65.6)

222 (56.5)

Black

28 (33.3)

240 (24.4)

289 (21.1)

260 (25.3)

144 (36.6)

49 (58.3)

797 (81.1)

1,179 (86.2)

887 (86.3)

333 (84.7)

<0.0001

Race (%)

<0.0001

Device type (%)
Heartmate II
Heartware HVAD
eGFR
Creatinine
Dialysis (%)

35 (41.7)
101.1 (66.8-135.0)
0.9 (0.7-1.1)
2 (2.4)

186 (18.9)

189 (13.8)

141 (13.7)

60 (15.3)

75.9 (52.8-89.0)

64.8 (50.4-84.1)

62.8 (47.8-78.7)

61.7 (46.9-78.2)

1.1 (0.9-1.4)

1.2 (0.9-1.5)

1.2 (1.0-1.5)

1.3 (1.0-1.6)

33 (3.4)

32 (2.3)

38 (3.7)

12 (3.1)

<0.0001
<0.0001
0.37

Hemodynamics
mPAP (mm Hg)

30 (25-37)

30 (22-37)

30 (22-38)

31 (23-39)

33 (25-42)

PCWP (mm Hg)

23 (15-28)

20 (12-27)

20 (13-27)

20 (14-27)

22 (16-29)

PVR (WU)
CO (l/min)
CI (l/min/m2)
Diabetes (%)

2.55 (1.79-4.23)
2.9 (2.4-3.8)
1.87 (1.61-2.42)
6 (7.1)

2.45 (1.59-3.61)
3.8 (3.1-4.7)

2.27 (1.45-3.33)
4.3 (3.5-4.2)

2.24 (1.43-3.24)
4.6 (3.7-5.5)
2.08 (1.70-2.50)

<0.0001
0.0008

2.11 (1.37-3.01)

<0.0001

4.9 (4.0-5.8)

<0.0001

2.12 (1.73-2.56)

2.13 (1.74-2.55)

2.09 (1.74-2.45)

179 (18.3)

438 (32.0)

435 (42.5)

173 (44.0)

<0.0001

0.12

ICD (%)

51 (60.7)

726 (74.0)

1,092 (79.9)

833 (81.3)

326 (83.0)

<0.0001

Prior smoker (%)

26 (31.0)

458 (46.8)

749 (54.9)

567 (55.5)

193 (49.4)

<0.0001

Prior stroke (%)

4 (4.8)

54 (5.5)

84 (6.2)

60 (5.9)

15 (3.8)

0.28

59 (70.2)

742 (75.5)

988 (72.2)

706 (68.7)

228 (58.0)

<0.0001

Transplanted (%)
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Values are median (interquartile range) or n (%).
BMI ¼ body mass index; CI ¼ cardiac index; CO ¼ cardiac output; eGFR ¼ estimated glomerular ﬁltration rate by Modiﬁcation of Diet in Renal Disease equation; ICD ¼
implantable cardiac deﬁbrillator; ICM ¼ ischemic cardiomyopathy; mPAP ¼ mean pulmonary artery pressure; PCWP ¼ pulmonary capillary wedge pressure; PVR ¼ pulmonary
vascular resistance; WU ¼ Wood units.
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F I G U R E 1 Freedom From Death or Delisting While on Left Ventricular Assist

RESULTS

Device Support

During the study period, 3,856 patients met inclusion
criteria, 3,245 (84.2%) with a Heartmate II and 611
(15.8%) with an HVAD. The distribution of BMI at time
of listing was 2.2% underweight, 25.5% normal, 35.5%
overweight, 26.6% class I obese, and 10.2% class II
obese or greater. Baseline characteristics were similar
for all BMI groups except underweight, which was
more female, had fewer ischemic cardiomyopathies,
increased HVAD use, higher glomerular ﬁltration rate,
less implantable cardiac deﬁbrillator use, a higher
baseline pulmonary vascular resistance, and fewer
were former smokers (Table 1).
Freedom from death or delisting was analyzed
based on BMI group. Between BMI groups there was
no statistically signiﬁcant difference in event-free
survival while on LVAD support (Figure 1). An unadjusted Cox-proportional hazards model similarly
showed that when compared to those with a normal
BMI ¼ body mass index; LVAD ¼ left ventricular assist device.

BMI, there was no signiﬁcant difference between risk
of death or delisting between BMI groups. There was
a trend towards an increased risk of event for patients
with class II obesity or greater compared with patients with a normal BMI (hazard ratio [HR]: 1.265,

performed to determine survival statistics. Cause-

p ¼ 0.054), but this did not reach statistical signiﬁ-

speciﬁc hazard models were created and cumulative

cance. A competing risk analysis again did not show a

incidence functions were calculated with death and

difference between BMI groups for risk of delisting

delisting alternating as a competing event. A 2-tailed

while on LVAD support (Figure 2A) (p ¼ 0.918) or

p value of <0.05 was considered signiﬁcant. Analyses

death (Figure 2B) (p ¼ 0.234). Analysis of BMI as a

were performed using SAS version 9.4 (SAS Institute,

continuous variable found no association between

Inc., Cary, North Carolina).

BMI and the combined endpoint of death or delisting

F I G U R E 2 Competing Risk Model of Waitlist Outcome

(A) Incidence of delisting on LVAD support. (B) Incidence of death on LVAD support. Abbreviations as in Figure 1.
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on unadjusted (HR: 1.01, p ¼ 0.14) or multivariable
analysis (HR: 1.011, p ¼ 0.11).

T A B L E 2 Complications Requiring United Network for Organ Sharing Listing

Status Upgrade*

Adverse events were categorized as those that

BMI <18.5
kg/m2

necessitated UNOS listing status upgrade while on
device support. Using a combined endpoint of

BMI 25 to
29.99 kg/m2

BMI 30 to 34.99
kg/m2

BMI $35 kg/m 2

HR

p Value

HR

p Value

HR

p Value

HR

thromboembolism, device infection, device mal-

Thromboembolism

0.59

0.97

1.53

0.12

2.11

0.006

2.17

function, or life-threatening ventricular arrhythmia

Device infection

0.75

0.53

1.01

0.93

0.96

0.80

1.39

0.058

and adjusting for time on LVAD support, those with

Device malfunction

0.43

0.97

1.20

0.48

1.44

0.17

1.69

0.10

class II obesity or greater had an increased risk of

Arrhythmia

1.40

0.75

1.20

0.66

1.01

0.98

1.59

0.38

event (HR: 1.48, p ¼ 0.004) (Table 2). There was a

Composite

0.56

0.16

1.10

0.36

1.17

0.15

1.48

0.004

trend towards increased risk of infection among those
with class II obesity or greater (HR: 1.59, p ¼ 0.058),

*Reference group: normal BMI (18.5 #BMI <25 kg/m2).
HR ¼ hazard ratio; other abbreviation as in Table 1.

but not among any other group. Thromboembolism
was more common among those with greater BMI
(Table 2). The risk of device malfunction or lifethreatening ventricular arrhythmias was fairly uni-

was comparable at the time of listing and waitlist

form across all BMI categories.

removal (Online Figure 1). Duration of LVAD support

Changes in BMI group were uncommon after LVAD

was not associated with the degree of weight loss in

implantation. Only 15.5% of patients with class II

all patients as well as those with obesity (Online

obesity or greater were able to lose enough weight to

Figures 2 and 3).

move to a lower BMI group at the time of trans-

During the study period, 2,535 patients underwent

plantation or delisting (Figure 3A). Similarly, a small

transplantation. Patients with a normal BMI had the

number of patients with class I obesity were able to

greatest prospect of transplantation, whereas a

move to a lower group (9.6%); however, a comparable

greater BMI lowered the probability of transplantation

amount moved to a higher BMI group (7.4%). Among

after LVAD implantation (Online Figure 3). After

patients who were obese and were successfully

controlling for age, gender, complications requiring a

bridged

of

UNOS listing status upgrade, blood type, and panel-

lowering BMI while on LVAD support was similarly

reactive antibodies >10% the probability of trans-

low (10.1% class I obesity and 19.3% class II and

plantation was lower for class II obesity or greater

greater obesity, p ¼ 0.90) (Figure 3B). Interestingly,

(HR 0.517, p < 0.0001), class I obesity (HR: 0.689,

to

transplantation,

the

prevalence

more overweight patients (BMI 25 to 29.99 kg/m 2)

p < 0.0001), and overweight (HR: 0.848, p ¼ 0.001).

gained weight than lost weight. Distribution of BMI

Survival after transplantation followed a similar

F I G U R E 3 Weight Change on LVAD Support

(A) Change in body mass index (BMI) from listing to delisting for all patients. (B) Change in BMI from listing to delisting for transplanted patients.

p Value

0.02
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F I G U R E 4 Freedom From Death After Transplantation

ﬁndings of this study. First, the data show that a patient’s BMI at listing did not have an impact on
freedom from death or delisting while on LVAD support. Second, patients with class II obesity or greater
have an increased risk of complication requiring
UNOS listing status upgrade. Third, the probability of
transplantation decreases as BMI increases. And
fourth, despite similar survival while on LVAD support, obese patients have worse post-transplantation
survival rates, consistent with the data from the International Society for Heart and Lung Transplantation registry (3).
LVADs have signiﬁcantly improved survival in
patients with stage D heart failure, but their shortcoming

remains

complications.

Complications

requiring UNOS listing status upgrade were more
common in those with class II obesity or greater when
compared to those with a normal BMI. Speciﬁcally,
there were increases in thromboembolism and infection. These associations strengthen the prior reports
of increased device thrombosis and infection among
pattern (Figure 4). When compared to those with a
normal BMI, patients with class I obesity at transplantation had 76% increase in risk of death
(p ¼ 0.001), followed by those with class II obesity or
greater (HR: 1.57, p ¼ 0.057), and those overweight
(HR: 1.544, p ¼ 0.009). There was a small sample of
underweight patients transplanted and there were no
mortalities during follow-up (Figure 4). Adjusting for
age (10), renal dysfunction (10), device infection
(11,12), and duration of LVAD support (13,14) (previously reported pretransplantation causes of decreased
bridge to transplantation post-transplantation survival), in addition to ischemic time (15), donor age (15),
allograft rejection requiring hospitalization (10), and
post-transplantation hospitalizations for infection
(16), the increased risk of post-transplantation mortality among those overweight remained: class I obese
had a 63% increase in risk of death (p ¼ 0.006), class II
obesity or greater had a 53% increased risk (p ¼ 0.079),
and overweight had a 50% increased risk (p ¼ 0.017).
When BMI was treated as a continuous variable, each 1
unit increase in BMI increased the risk of mortality by
5.4% (p < 0.0001) and similar in a multivariable model
(HR: 1.049, p < 0.0001).

DISCUSSION

those with increased BMI (4–6). Both of these ﬁndings
are biologically plausible as excess adipose tissue
leads to decreased immune surveillance, impaired
chemotaxis, and altered macrophage differentiation
(17). Furthermore, obesity has been shown to promote
thrombosis through inﬂammation, increased platelet
activity, and impaired thrombolysis (18).
Weight loss while on LVAD support is possible, but
occurred infrequently in this study. Among those
with class I obesity or greater only 9.6% to 15.6% of
patients lost enough weight to decrease their BMI
group. The numbers were the similar among patients
who went on to be transplanted, ranging from 10.1%
to 19.3% of patients. This is disconcerting but not
surprising. LVAD implantation has been successful in
reversing high pulmonary vascular resistance (19),
improving functional capacity, quality of life (20),
and peak VO 2 (21). The improvement in peak VO 2 is
only 3 to 4 ml/kg/min and, as such, patients on LVAD
support never return to normal (age-adjusted) exercise capacity, remaining with an exercise capacity
similar to someone with mild heart failure (22).
Increased complications while on LVAD support
did not lead to a statistically signiﬁcant increase in
the combined endpoint of death or delisting while on
device support for class II obese or greater patients
(HR: 1.265, p ¼ 0.054 compared with normal BMI).

Obesity has reached epidemic proportions worldwide

When this trend is considered with the ﬁndings that

and is an independent risk factor for heart failure.

in this study the probability of transplantation was

This study reviewed the UNOS database seeking to

44% less for those with class II obesity or greater and

determine if obese patients had worse post-LVAD

that only a small subset of class II obese patients lose

implantation outcomes and if the implantation of a

enough weight to lower their BMI group, clinicians

LVAD allowed for weight loss. There were 4 main

should have pause using a bridge to transplantation
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strategy for a patient with class II obesity or greater.

CONCLUSIONS

An effort to identify patients who have the best opportunity to achieve weight loss and providing those

Patients with obesity have similar freedom from

patients with the necessary resources is vital. A

death or delisting while on LVAD support. However,

strategy may involve engaging a multidisciplinary

class II obese and greater patients had an increased

team including nutritionists, cardiac physical thera-

risk of complications requiring UNOS listing upgrade

pists, and advanced heart failure cardiologists to help

compared with those with normal BMI while on LVAD

achieve weight loss. Otherwise, the waiting list will

support and decreased post-transplantation survival.

continue to expand with patients with a decreased

Weight loss on device therapy is possible, but not

chance of transplantation and have worse outcomes

common. Careful consideration is needed when a

after transplantation (23).

bridge to weight loss strategy is proposed.

STUDY LIMITATIONS. This study is not without lim-

itations. First among them is the retrospective nature
of the study. The UNOS dataset that was used is highquality in that for all U.S. transplantation center data
submission is mandatory by law; however, it is
limited to the data collected. As such, a number of
covariates

of

interest

including

readmission,

REPRINT REQUESTS AND CORRESPONDENCE: Dr.

Veli K. Topkara, Center for Advanced Cardiac Care,
Columbia University Medical Center–New York Presbyterian Hospital, 622 West 168th Street, PH9-977,
New York, New York 10032. E-mail: vt2113@cumc.
columbia.edu.

bleeding, and serum albumin levels were not available for analysis. Further, there were missing data in
the data set, although none had more than 1% aside
from hemodynamic parameters for which there were
up to 15% missing. Imputation was not used for
missing data; this introduces the potential for bias
into the analysis. Patient weight was reported at the
time of addition to the waiting list and at the time of
removal from the waiting list. A limitation is that
patients had the same weight at listing and waiting
list removal, raising the possibility that the listing
center did not update the individual patient’s weight
and impacting on the ﬁndings of weight change.
Additionally, not all complications were able to be
captured given the limitations of the UNOS database.
The most serious complications that required UNOS
status upgrade were captured, however. Lastly,
correction for multiple comparisons was not performed in the analysis of this data and introduces the

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: Heart failure and
obesity frequently coexist. Obesity serves as a barrier to cardiac
transplantation, but less is known about its impact on mechanical
circulatory support. This study found that obese patients have
similar survival on LVAD support, but have increased complications and worse post-transplantation survival rates. These results supplement the current body of data available to advanced
heart failure cardiologists and should aid in decision making
regarding the candidacy of obese patients for mechanical circulatory support and heart transplantation.
TRANSLATIONAL OUTLOOK: Further research is needed to
elucidate the underlying biological mechanisms that lead to
worse outcomes post-transplantation and increased complications during LVAD support for obese patients.

possibility of a type I error.
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