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Introduction
Congestive heart failure (CHF) affects 5.1 million people 

in the United States with over 550,000 new cases per year 
and contributes to about 287,000 deaths per year [1]. The 
current standard of treatment for patients with end stage 
heart failure is heart transplantation (HTx), however, the pool 
of viable donor hearts is not sufficient to meet the needs of 
patients with end stage heart failure [2]. Therefore, when a 
donor heart becomes available, it is imperative to allocate 
it to a patient who is most likely to benefit. The discrepancy 
between supply and demand of donor hearts, has led to 
the increasing use of continuous flow left ventricular assist 
devices (LVADs) as a bridge to transplantation (BTT) [3,4]. 

An important factor in patient selection for both LVAD 
support and HTx is patient’s body mass index (BMI). The 2013 
International Society for Heart and Lung Transplantation 

(ISHLT) guidelines for mechanical circulatory support (MCS) 
state that “surgical risk and attendant comorbidities must 
be carefully considered prior to MCS in the morbidly obese 
patient (BMI ≥ 35) [5]”. 

The ISHLT published listing criteria for HTx in 2016 states 
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Abstract
Background: Limited data suggests that morbid obesity (Body Mass Index- BMI > 35 kg/m2) increases complications after 
left ventricular assist device (LVAD) implantation and after heart transplantation (HTx). We comprehensively compared 
LVAD and heart transplantation (HTx) outcomes in patients with and without morbid obesity.

Methods: Society of Thoracic Surgeons (STS) and Interagency Registry for Mechanically Assisted Circulatory Support 
(INTERMACS) data on LVAD and HTx surgeries at our institution from 2008-2014 was analyzed. Patients were divided into 
two groups, BMI ≥ 35 and BMI < 35.

Results: Of the 157 LVADs implanted, 121 (77%) were in patients with a BMI < 35 and 36 (23%) were in patients with a BMI 
≥ 35. Morbidly obese patients were younger (47 ± 12.7 yrs vs. 55 ± 13.4 yrs), had more females (44% vs. 24%), had higher 
right heart catheterization pressures, and fewer prior myocardial infarctions (22% vs. 46%), all p < 0.05. Preoperative 
morbidities, INTERMACS class, and LVAD implantation designation were comparable between both groups. The BMI ≥ 
35 group had more postoperative and device complications, but only bleeding requiring reoperation (42% vs. 22% p = 
0.03) and mean number of driveline infections were statistically significant (2.4 ± 1.7 vs. 1.2 ± 0.5 p = 0.02). At a mean 
follow-up of 27.3 ± 20.5 months, fewer morbidly obese patients received a HTx (19% vs. 33% p = 0.15) after relatively 
longer wait times (619 ± 372 vs. 403 ± 342 days, p = 0.1). After HTx, morbidly obese patients had more reoperations (57% 
vs. 15% p = 0.03). 

Conclusions: Morbidly obese patients requiring LVAD support encounter higher postoperative complications and wait 
longer for heart transplantation, however in selected group of patients HTx and graft survival is comparable.

Abbreviations
LVAD: Left Ventricular Assist Device; HTx: Heart Transplantation; CHF: Congestive Heart Failure; BTT: Bridge to 
Transplantation; BMI: Body Mass Index; ISHLT: International Society for Heart and Lung Transplantation; MCS: Mechanical 
Circulatory Support; DT: Destination Therapy; BTR: Bridge to Recover; RVAD + LVAD: BiVAD; STS: Society of Thoracic 
Surgeons; INTERMACS: Interagency Registry for Mechanically Assisted Circulatory Support; CABG: Coronary Artery 
Bypass Graft; PRA: Panel-Reactive Antibody; UNOS: United Network for Organ Sharing 
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study. We excluded patients who were under 18-years-old, 
who were undergoing repeat LVAD implantation for any 
reason, and those who had a planned BiVAD (RVAD + LVAD) 
implantation. 

We divided the patients into two groups based on BMI 
before LVAD surgery; a morbidly obese group (BMI ≥ 35 kg/
m2) and a non-morbidly obese group (BMI < 35 kg/m2). We 
used a cut-off BMI of 35 per National Institutes of Health 
directive guidelines [14]. Our hospital’s Institutional Review 
Board approved this study and the need for individual 
informed consent was waived. 

We retrospectively collected data on each patient from 
the Society of Thoracic Surgeons (STS) and Interagency 
Registry for Mechanically Assisted Circulatory Support (IN-
TERMACS) databases as well as reviewed patient’s elec-
tronic medical records. A detailed analysis of the data was 
performed with SAS 9.3 software (SAS Institute Inc, Cary, 
NC). Categorical variables were analyzed using the Fisher’s 
exact test and were reported as percentages. Continuous 
variables were analyzed using the Wilcoxon rank sum test 
or the Student’s t-test and were reported as mean or medi-
an values with standard deviations. Statistical comparisons 
were two-tailed and a P-value of < 0.05 was considered sta-
tistically significant. Survival analysis was determined by the 
Kaplan-Meier method and survival between the two groups 
was performed using the log-rank test.

Results
Baseline LVAD patient characteristics are summarized in 

Table 1. Of the 157 patients who received an LVAD, 36 (23%) 

that candidates should lose weight to achieve a BMI ≤ 35 
kg/m2 before listing for cardiac transplant because a pre-
transplant BMI > 35 is associated with a worse outcome after 
cardiac transplantation [6]. However, studies supporting this 
data are conflicting and limited [7-12]. 

The aims of this study are to compare patient outcomes 
with and without morbid obesity, who received LVAD and 
subsequent HTx. The study outcomes included a) post-
operative LVAD morbidity and mortality; b) wait time to heart 
transplant; c) long-term LVAD complications; d) post-heart 
transplant morbidity and mortality; e) survival after HTx. 

This study is important for 3 reasons. Limited number of 
studies have followed morbidly obese patients through LVAD 
and heart transplantation, which is important as increasingly 
more obese patients are being bridged with an LVAD. 
Secondly, the ISHLT listing criteria for heart transplantation 
were only supported by level C evidence, which is by a 
consensus opinion of experts and not based on scientific data. 
Lastly, although weight loss to a BMI of < 35 is recommended 
before listing, weight loss is difficult and unattainable for 
many patients with advanced heart failure [13].

Methods
The study population was comprised of 157 patients with 

advanced heart failure who received an LVAD (HeartMate II 
- Thoratec Corp, Pleasanton, California, or HeartWare HVAD, 
Framingham, Massachusetts) at Virginia Commonwealth 
University from December 2008 through January 2014. All 
indications for LVAD implantation, BTT, destination therapy 
(DT) and bridge to recover (BTR) were included in the 

Table 1: Pre-Operative patient characteristics undergoing CF-LVAD Implantation.

BMI kg/m2

Pre-Operative Variable ≥ 35 

n = 36 (23%)

< 35 

n =121 (77%)

P value

Age in years, mean ± SD 47 ± 12.7 55 ± 13.4 0.001

Gender-Female, % 44 24 0.04

BMI, mean ± SD 41.6 ± 5.5 27.8 ± 4.1

BMI, median (range) 40.7 (35.3, 58.5) 28 (17.6, 34.9)

Cerebrovascular Disease, % 5.6 17 0.11

Diabetes, % 44 47 0.85

Hypertension, % 78 68 0.30

Renal Failure-Dialysis, % 3 7 0.46

History of Cigarette Smoking, % 21 30 0.38

Prior MI, % 22 46 0.01

Arrhythmia, % 36 63 0.007

Previous CABG, % 3 17 0.03

Hemoglobin A1C Prior to Surgery, mean ± SD 7.2 ± 2.2 6.6 ± 1.5 0.34

Hematocrit- mg/dl, mean ± SD 33.8 ± 6.0 34.9 ± 6.6 0.49

Total Bilirubin mg/dl, mean ± SD 1.2 ± 1.2 1.2 ± 0.8 0.09

MELD Score, mean ± SD 13.4 ± 4.5 13.9 ± 5.6 0.90

Creatinine mg/dl, mean ± SD 1.4 ± .6  1.3 ± 0.6 0.30
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and 27.8 ± 4.1 respectively. Our study population included 
a range of BMI’s: underweight BMI < 18.5 (n = 3, 0.02%), 

were in BMI ≥ 35 and 121 (77%) were in BMI < 35 groups. The 
mean BMI of the BMI ≥ 35 and < 35 groups was 41.6 ± 5.5, 

BMI: Body Mass Index; MI: Myocardial Infarction; MELD: Model for End-stage Liver Disease; SD: Standard Deviation; PCWP: Pulmonary 
Capillary Wedge Pressure; PVR: Pulmonary Vascular Resistance; INTERMACS: Interagency Registry for Mechanically Assisted Circulatory 
Support. 

Ejection Fraction, mean ± SD 15.4 ± 5.1 15.1 ± 5.6 0.60

Right Heart Catheter Pressures (mmHg)

     Right atrial pressure mean 18.3 ± 8.8 13.3 ± 5.7 0.004

     Pulmonary artery systolic pressure 61.4 ±  11.6 55.4 ± 13.4 0.02

     Pulmonary artery diastolic pressure 34.5 ± 8.3 30.2 ± 8.3 0.01

     Pulmonary artery mean pressure 44.7 ± 7.9 38.7 ± 9.6 0.001

     PCWP 32.4 ± 9.0 27.8 ± 8.0 0.01

     PVR 3.2 ± 1.9 3.5 ± 1.7 0.13

INTERMACS Class 0.13

     1, % 11 33

     2, % 37 24

     3, % 33 24

     4, % 19 18

Device 0.42

     HeartMate II, % 81 87

     HeartWare HVAD, % 19 13

LVAD Designation 0.68

     Bridge to Transplantation, % 61 61

     Destination, % 36 31

     Bridge to Recovery, % 3 7

Status 0.93

     Elective, % 8 9

     Urgent, % 83 84

     Emergent, % 8 7

Table 2: In Hospital Post-Operative outcomes of patients who received CF-LVAD implantation.

BMI kg/m2

Post-operative Variable ≥ 35

n = 36 (23%)

< 35

n = 121 (77%)

P value

Operative Mortality, % 20 11 0.25

Length of hospital stay, mean ± SD 39.6 ± 26.3 47.0 ± 27.3 0.08

Total ventilation hours, mean ± SD 138.2 ± 148.3 153.2 ± 232.7 0.67

In Hospital Post-op Events, % 94 88 0.37

Reoperation due to bleeding, % 42 22 0.03

Stroke, % 8 2 0.13

Multi System Failure, % 14 5 0.13

Pneumonia, % 6 13 0.25

New onset Renal Failure, % 28 19 0.24

Sepsis, % 8 11 1

Surgical Site Infection, % 6 7 1

Delayed Sternal Closure, % 44 31 0.16

30-day Survival, % 81 90 0.15
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included stroke, multi-system organ failure, sepsis, surgical 
site infection, pneumonia and new onset renal failure. Mor-
bidly obese patients had higher post-operative bleeding re-
quiring reoperation (42% vs. 22%; p = 0.03). 

Device specific complications in all LVAD patients are sum-
marized in Table 3. Throughout the average follow-up time 
of 1.55 ± 1.3 years, overall device related complications were 
comparable between the two groups, including driveline in-
fection, stroke and GI bleed. However, morbidly obese pa-
tients trended towards increased device thrombosis (26.5% 
vs. 12%; p = 0.056) and hemolysis (25.7% vs. 11.1%; p = 0.05). 
In the subset of patients who had driveline infection, more 
morbidly obese patients had recurrent driveline infections 
(2.4 ± 1.7 vs. 1.2 ± 0.5; p = 0.02). 

Device specific complications in BTT patients are summa-
rized in Table 4. There were 96 patients with LVAD designa-
tion as BTT, among these, 22 patients had BMI ≥ 35 and 74 
had BMI < 35. Patients with a BMI ≥ 35 trended towards a 
longer waiting time to HTx (619 ± 372 days vs. 403 ± 342 days; 
p = 0.096). While on the HTx wait list, both groups had com-
parable device related complications.

Characteristics of patients who underwent HTxare sum-
marized in Table 5. Of the 96 patients in the BTT group, only 
47 (49%) received a HTx, of these 7 were in BMI ≥ 35 and 

normal weight BMI 18.5-24.99 (n = 28, 17.83%), overweight 
BMI 25-29.99 (n = 48, 30.57%), obesity class I 30-34.99 (n = 
42, 26.75%), obesity class II 35-39.99 (n= 16, 10.19%), and 
obesity class III > 40 (n = 20, 12.74%). Obesity class II and III 
were included in morbidly obese group.

The morbidly obese group was younger by an average of 
8 years (47 ± 12.7 yrs. vs. 55 ± 13.4 yrs.), had more females 
(44% vs. 24%) and had higher right heart catheter pressures, 
with all p-values < 0.05. The morbidly obese group had fewer 
prior myocardial infarctions (22% vs. 46%), arrhythmias (36% 
vs. 63%) and previous coronary artery bypass graft (CABG) 
surgeries (3% vs. 17%) with all p-values < 0.05. The other pre-
operative comorbidities were comparable between the two 
groups, including diabetes, hypertension, cerebrovascular 
disease and renal failure. LVAD type, implantation designa-
tion and basic laboratory values were comparable between 
the two groups. Morbidly obese patients had a lower preva-
lence of INTERMACS class I patients (11% vs. 33%), however 
overall INTERMACS class distribution between the two groups 
was comparable. 

Post-operative outcomes following LVAD surgeries are 
summarized in Table 2. Both groups had comparable post-op 
ventilation hours, length of stay, 30-day survival and in hos-
pital post-operative events. In hospital post-operative events 

Table 3: Complications during LVAD support: All LVAD patients.

BMI kg/m2

Variable
≥ 35 

n = 36 (23%)

< 35 

n = 121 (77%)
P value

Average years of LVAD support, mean ± SD 1.5 ± 1.3 1.6 ± 1.3 

Device Related complications, % 65 62 0.84

     Driveline Infection, % 24 26 1

     Device Thrombosis, % 27 12 0.056

     Hemolysis, % 26 11 0.05

     Stroke, % 24 12 0.10

     GI Bleed, % 20 27 0.51

     Number of Driveline Infections, mean ± SD 2.4 ± 1.7 1.2 ± 0.5 0.02

Table 4: Bridge to transplant patients. 

BMI kg/m2

Variable ≥ 35  

n = 22 

< 35 

n = 74

P value

Device Related complications

     Driveline Infection, % 33 24 0.40

     Device Thrombosis, % 24 13 0.3

     Hemolysis, % 29 13 0.096

     Stroke, % 24 11 0.16

     GI Bleed, % 19 19 1

Wait to HTx (days), mean ± SD 619 ± 372 403 ± 342 0.096

Wait to HTx (days), median 469 (128, 1302) 316 (36, 1573) 0.10

HTx: Heart Transplantation; BTT: Bridge to Transplantation.
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rable between both groups, including infection, stroke, renal 
failure, primary graft failure and complications requiring re-
admission. HTx survival and graft survival were comparable in 
both groups (Figure 1). The 1, 3, and 5-year survival by Kaplan 
Meier analysis was 100%, 80%, 80% for the morbidly obese 
and 97%, 93%, 85%, for the non-morbidly obese groups, with 

40 were in BMI < 35 groups. Age, gender, race, and panel-re-
active antibody (PRA) levels were comparable between the 
two groups. There was not a significant change in BMI be-
fore LVAD and before Htx. After HTx, patients with a BMI ≥ 
35 had a significantly higher prevalence of reoperation (57% 
vs. 15%; p = 0.03). All other outcomes after HTx were compa-

Table 5: Heart transplantation perioperative characteristics. 

BMI kg/m2

Variable  ≥ 35 n = 7 < 35  n = 40 P value

HTx received in BTT, % 32 (n = 7) 54 (n = 40) 0.096

Age in years, mean ± SD 52 ± 9 52 ± 14 0.64

Gender 0.65

     Male, % 86 70

     Female, % 14 30

PRA level T cell prior to HTx 0.07 ± 0.1 0.05 ± 0.06 0.99

PRA level B cell prior to HTx 0.05 ± 0.08 0.03 ± 0.05 0.81

Outcomes after Heart Transplantation

     Length of Hospital Stay, mean ± SD 45 ± 43 27 ± 21 0.42

     Complications before discharged, % 71 41 0.22

          Reoperation, % 57 15 0.03

          Bleeding, % 14 3 0.28

          Infection, % 29 20 0.6

          Stroke, % 0 3 1

          Renal Failure, % 14 5 0.39

          Primary Graft Failure, % 0 5 1

     Rejection Episodes (R2 or higher), mean ± SD 0.71 ± 1.89 0.68  ± 1.14 0.37

     Complications requiring readmission, % 71 63 1

BTT: Bridge to Transplantation; PRA: Panel-Reactive Antibody.
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Figure 1: Kaplan Meier curve depicting patient survival after heart transplantation. Two patients in BMI < 35 group and one patient in BMI 
≥ 35 group died during followup period.
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ter is reflective of relatively liberal patient selection criteria 
and also due to our patient demographics. Similarly, our rate 
of HTx in morbidly obese patients is higher (32%) compared 
to reported rates in the literature that ranged from 3.5% to 
10% [10-13]. The average BMI in our morbidly obese group 
was 41.6 ± 5.5, which is higher than that of other studies, with 
averages of 38 ± 2.6 [17], 38.3 ± 4.1 [12], and 35.3 ± 4.9 [11].

Before LVAD placement, there were certain favorable 
patient attributes in the morbidly obese group. They were 
younger by almost a decade compared to the non-morbidly 
obese group (47 ± 12.7 vs. 55 ± 13.4 years) and had fewer 
prior myocardial infarctions, arrhythmias and previous 
CABG surgeries [17,18]. This selection bias was also noted 
in other studies where relatively younger aged morbidly 
obese patients were supported with LVAD compared to non-
morbidly obese patients [13,15]. We recognized significantly 
higher right heart catheterization pressures in morbidly 
obese patients compared to non-morbidly obese patients, 
which was also noted by other investigators [12,13,15]. A high 
prevalence of sleep apnea and perhaps reactive pulmonary 
vasculature in morbidly obese patients leads to higher right-
sided heart pressures. LVAD support, which unloads the 
left ventricle and decreases pulmonary artery pressure, is a 
valuable intervention prior to HTx to prevent potential right 
heart failure after HTx. 

One major concern in offering LVAD support to patients 
with morbid obesity is the increased risk of postoperative 
complications [15]. However, after LVAD implantation, 
we did not find that morbidly obese patients had higher 
postoperative complications, such as post-operative stroke, 
new onset renal failure, multi-system organ failure or hospital 
mortality. We did find that postoperative bleeding following 
LVAD implantation was more prevalent in morbidly obese 
patients (42% vs. 22%, p = 0.03), which was also observed 
by Butler, et al. [16] While postoperative bleeding is a well 

a p value of 0.30.

Survival of LVAD patients irrespective of VAD designation 
(BTT and DT) at 1, 3 and 5years by Kaplan Meier analysis was 
71%, 47%, 47% respectively for the morbidly obese and 78%, 
59%, 43% respectively for the non-morbidly obese, with a p 
value of 0.30 (Figure 2).

Discussion
We examined the clinical outcomes in patients with and 

without morbid obesity, supported with LVADs, who either 
did or did not receive a HTx. There were several main findings 
in our study. First, at the time of LVAD placement, morbidly 
obese patients were of younger age, had fewer prior myo-
cardial infarctions and had fewer CABG surgeries. Second, 
post-operative LVAD complications were similar between 
groups with the exception that morbidly obese patients had 
more bleeding requiring reoperation. Third, device related 
complications were similar between both BTT groups, with 
the exception that morbidly obese patients trended towards 
increased device thrombosis and hemolysis. Fourth, in this 
selected group of morbidly obese patients the immediate and 
long-term survival after LVAD and after heart transplantation 
is comparable to the non-morbidly obese group.

We based our definition of morbid obesity as per the Na-
tional Institutes of Health directive [14]. In general, morbid 
obesity is designated for a person with a BMI of > 40. Howev-
er, the presence of a significant comorbidity such as advanced 
heart failure imparts a similar designation at a BMI of ≥ 35 
[14]. We acknowledge the unequivocal benefits of weight loss 
in obese patients and do offer various programs to help our 
obese patients lose weight. However, despite these efforts, 
our rate of LVAD placement in morbidly obese patients is 
higher (23%) compared to reported rates in the literature that 
ranged from 2.7% to 20% [13,15-17]. The higher prevalence 
of morbidly obese patients supported with LVAD at our cen-
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Figure 2: Kaplan Meier curve depicting patient survival with CF-LVAD. Curve has been censored for heart transplantation. 



Citation: Cohen SE, Johnson RM, Quader M (2019) Impact of Morbid Obesity on Left Ventricular Assist Device Support and Heart 
Transplantation. J Transplant Surg 2(1):33-40

Cohen et al. J Transplant Surg 2019, 2(1):33-40 Open Access |  Page 39 |

[7,9,10], but different from others [8,11].

Literature on post HTx intermediate and long-term 
survival in morbidly obese patients is mixed with a majority 
of studies suggesting inferior survival outcomes [7,10-13] 
and a minority suggesting comparable outcomes [9] to 
non-morbidly obese patients. In our study, morbidly obese 
patients had comparable post HTx survival when compared 
to non-morbidly obese patients at 1, 3, and 5 years (100%, 
80%, 80% vs. 97%, 93%, 85% respectively, p = 0.30). While 
we do not have a simple answer to explain these comparable 
post-HTx outcomes in morbidly obese patients, a finding that 
is uncommon amongst currently published literature, we 
speculate the following observations. Our morbidly obese 
group was very small, and likely diminished the odds of being 
an equivalent comparison group. In addition, unlike our 
study, previous studies compared morbidly obese patients 
(BMI > 35) to those who had a normal BMI (18.5-24.99).

Limitations
This is a retrospective study and certain limitations inher-

ent to retrospective studies are inevitable. Moreover, this is a 
single center study based on a relatively small sample of pa-
tients; hence we cannot generalize the results to larger pop-
ulations. Due to the smaller sample size, in particular within 
the morbidly obese group, as well as the discrepancy in the 
size between the groups, we were precluded from perform-
ing sophisticated statistical analysis. Some of the trends we 
saw may not have reached statistical significance because our 
study was underpowered, leading to type II error. Due to se-
lection bias in the morbidly obese group the clinical outcomes 
could be better than expected. Despite these limitations we 
believe the strengths of our study were that we were able to 
focus on an understudied population; we followed patients 
from LVAD through HTx that had consistent perioperative 
management. 

Conclusions
In carefully selected morbidly obese patients, LVAD im-

plantation and HTx outcomes are comparable. Morbid obe-
sity in isolation should not be a contraindication for LVAD 
support or HTx. In the future, it would be beneficial to study 
these outcomes with a multicenter study, through using the 
INTERMACS and United Network for Organ Sharing (UNOS) 
databases.
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characterized complication in patients with very low BMI 
undergoing LVAD implantation [15,18], (likely secondary 
to malnutrition and clotting factor deficiency) the reasons 
for increased bleeding in morbidly obese patients remains 
unclear especially since we followed a similar anticoagulation 
protocol for all LVAD patients with an INR target goal of 
2-3. Nonetheless, meticulous attention to hemostasis and 
correction of coagulopathy is critical in this group of patients 
to reduce postoperative bleeding. 

Published data on device specific complications in mor-
bidly obese patients is mixed, as was noted in our study; some 
studies suggest increased complications in morbidly obese 
patients [15,19-21], while others found similar complication 
rates irrespective of BMI [17,22]. As shown in other stud-
ies, morbidly obese patients after LVAD had more recurrent 
driveline infections and trended towards increased thrombo-
sis and hemolysis. It is also well recognized that a larger BMI is 
a risk factor for pump thrombosis [15,19,23]. While the exact 
mechanism behind this process is unknown, one hypothesis 
is that obesity promotes a prothrombotic environment by in-
creasing both platelet activation and expression of plasmin-
ogen activator inhibitor-1 and tissue factor [24], all of which 
could lead to increased risk of LVAD thrombosis.

Multiple studies have shown that post LVAD survival 
in morbidly obese patients is comparable to non-morbidly 
obese patients [13,15-17,20]. We noticed similar observa-
tions in our study. This could be due to the younger age and 
fewer comorbidities in the morbidly obese patients. Brewer, 
et al. found that after accounting for age by the cox propor-
tional hazard model, the 1-year survival with LVAD support 
in the morbidly obese group dropped by 10% [15]. There-
fore, the LVAD outcome results in morbidly obese patients 
still need to be interpreted with caution, and without making 
generalizations.

In our study, LVAD designation as BTT was comparable be-
tween the morbidly obese and non-morbidly obese groups. 
Morbidly obese patients spent an average of 216 more days 
on the HTx waiting list (619 ± 372 vs. 403 ± 342 days), how-
ever this difference did not attain statistical significance p = 
0.1. A similar observation was made by Weiss, et al. in which 
morbidly obese patients spent an average of 199.8 more days 
on the waiting list (453.9 ± 613.4 vs. 254 ± 469.3 days, p < 
0.05) [12]. We believe that the relatively longer wait times 
were primarily driven by the need for appropriate donor re-
cipient size matching. Longer wait times with LVAD support 
can increase device specific complications that can negatively 
influence HTx outcomes [12,25].
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