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Abstract
Background: Cardiac retransplantation (ReTx) remains an infrequent event, and bridging patients with mechanical 

circulatory support provides another option while patients await suitable donors.

Methods: The United Network for Organ Sharing database was retrospectively reviewed to identify patients 
undergoing ReTX between 1995-2012. Of the total 28,464 transplants performed during that period, 850 were 
retransplants and 29 (3.4%) had VAD support prior to retransplant with available data. The primary outcome 
investigated was overall survival and patients were stratified based on presence of VAD and time between transplant 
and retransplant (PRVTXDIF). Comparison was undertaken between four groups (G1: ReTX without VAD and 
PRVTXDIF > 30days, G2: ReTX with VAD and PRVTXDIF <=30days, G3: ReTX with VAD and PRVTXDIF >30 
days, G4: ReTX without VAD and PRVTXDIF <=30 days).These were tested with univariate logistical regression and 
multivariate Cox regression models. 

Results: In multivariable analysis, the relative risk of death for patients in G3 vs G1 was not statistically significant 
(RR=0.37, 95% CI=(0.1, 1.5), P=0.16); and the relative risk of death was 1.7 times higher in G2 compared to that in 
G4, which was not statistically significant (RR=1.7, 95% CI=(0.8, 4.0), P=0.20) . Donor’s age (RR: 1.1, P=0.038) and 
ischemic time greater than 4 hours (RR: 1.6, P=0.001) were significant predictors of survival. 

Conclusion: Cardiac retransplantation may be undertaken safely when patients are maintained on mechanical 
support and further out from primary transplant.
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Introduction
Ventricular assist devices have been shown to improve survival when 

compared to medical management over the last decade [1]. Previous 
studies have shown worse survival with bridging to retransplant when 
the time between transplant is less than 1 year [2]. However, this 
particular study included patients over a 24 year period and those 
bridged with extracorporeal membrane oxygenation, which is known 
to confer a dismal prognosis [3]. Our study provides a review of ReTX 
in the United States from 1995-2012 using data submitted to the UNOS 
database, a prospectively collected registry that collects voluntary data 
from all United States transplant centers. This analysis focused on 
evaluation of overall survival following ReTX with particular interest 
in patients requiring ventricular assist devices and not ECMO support. 
The interval between transplants in our analysis was also shortened to 
30 days and is limited to contemporary cohort of patients who have 
undergone cardiac ReTX with and without VAD support in the United 
States from 1995-2012 in order to provide updated information on risk 
factors and overall survival.

Methods
Study patients & data collection

This was a retrospective review of all 850 patients from The United 
Network of Organ Sharing database for adult patients who had had 
heart ReTX between 1995-2012. Information was collected regarding 
recipient (age at initiation, age at ReTX, gender, citizenship, initial 
BMI, acute rejection episodes, graft failure cause, days listed as status 
1, days listed as status 1a, days listed as status 1b, days listed as status 
2, length of hospital stay, serum total albumin, ventricular assist 

device (VAD) prior to ReTX status, inotropes status, ventilator status, 
intraaortic balloon pump (IABP) status, extracorporeal membrane 
oxygenation (ECMO) status, diabetes, dialysis) and information 
regarding donor (age, gender, and LV ejection fraction of heart). We 
excluded those patients less than 18 years of age, patients requiring 
ECMO, and patients with missing data. Variables were submitted to 
univariate analysis and multivariate analysis.

Statistical analysis

Continuous variables were summarized with the sample median 
and range. Categorical variables were summarized with number and 
percentage. The Kaplan-Meier curve analysis along with log-rank 
test was used to assess overall survival following ReTX according to 
status of VAD support and time difference between current ReTX 
and the previous transplant. Single variable Cox proportional hazards 
regression models were used to evaluate associations of recipient and 
donor characteristics with overall survival following retransplantation  
according to their VAD support status and the time duration between 
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current ReTX and the previous transplant; relative risks (RRs) and 
95% confidence intervals (CIs) were estimated. A multivariable Cox 
proportional hazards regression model was used to assess if any 
significant association of recipient and donor characteristics would 
still hold true while controlling for other confounding variables. No 
adjustment for multiple testing was made in these exploratory analyses, 
and p-values ≤ 0.05 were considered as statistically significant. 
Statistical analysis was performed using SAS (version 9.2; SAS Institute, 
Inc., Cary, North Carolina) and R Statistical Software (version 2.14.0; R 
Foundation for Statistical Computing, Vienna, Austria). 

Results
A summary of recipient and donor information is displayed in 

(Table 1) for the 850 study recipients. Median age of recipients at ReTX 
was 48 years (Range: 18-74) and median age at ReTX initiation was 
47 years (Range: 15-73). Most of the recipients were male (70%). The 
median initial BMI of recipient was 26.1 kg/meter sq. (Range: 12.3-
50.7). The median organ ischemic time was 3.3 hours (Range: 1.0-9.2) 
and 23% of the recipients had an ischemic time of more than 4 hours. 
The majority of the participants (63%) had serum total albumin ≤ 3. 
Only 29 (3.4%) recipients had VAD prior to transplant. Forty three 
patients (5%) required an intraaortic balloon pump (IABP), 47 (5.5%) 
were on ventilator support, and 399 (47%) were on inotropes therapy 
prior to transplant. Ninety three recipients (10.9%) had either type 1 
or type 2 diabetes diagnosed prior to transplant and 63 (7.4%) were 
using either hemo- or peritoneal dialysis prior to transplant. The 
median donor age was 29 years (Range: 9-63), and 567 (67%) donors 
were male. The majority of the donor hearts (97%) had left ventricular 
ejection fraction of 50% or more and only 20 (2.3%) had left ventricular 
ejection fraction of 40% or less. 

With a median follow-up length of 3 years (Range: 0 - 17.1 years), a 
total of 346 patients (40.7%) died during follow-up. Survival estimates 
according to VAD and non-VAD support status and difference of time 
between previous transplant and current ReTX (PRVTXDIF) is given 
in (Table 2) and (Figure 1). Associations of survival with recipients and 
donor characteristics are displayed in (Table 3). Overall survival (OS) 
was statistically significant in single variable (P < 0.001) and also in 
multivariable (P=0.005) analyses when comparing between four groups 
(G1: ReTX without VAD and PRVTXDIF > 30days, G2: ReTX with 
VAD and PRVTXDIF <=30days, G3: ReTX with VAD and PRVTXDIF 
>30 days, G4: ReTX without VAD and PRVTXDIF <=30 days) of the 
patients based on VAD support status and the time difference between 
current ReTX and the previous transplant. In multivariable analysis, the 
relative risk of death was nearly 3.4 times higher in G2 vs. G1 (RR=3.4, 
95% CI=(1.6, 7.4), P=0.002); the relative risk of death for patients in 
G3 was only about 37% of the relative risk of death for patients in G1 
, which was not statistically significant (RR=0.37, 95% CI=(0.1, 1.5), 
P=0.16); the relative risk of death was nearly 2 times higher in G4 
vs. G1 (RR=1.99, 95% CI=(1.0, 3.9), P=0.050); and the relative risk 
of death was 1.7 times higher in G2 compared to that in G4, which 
was not statistically significant (RR=1.7, 95% CI=(0.8, 4.0), P=0.20) 
. The other confounding factors that were statistically significant for 
mortality in multivariable analysis were donor’s age (RR: 1.1, P=0.038), 
and ischemic time of more than 4 hours vs. that of 4 or less hours (RR: 
1.6, P=0.001)).

Discussion
Progress has been made with cardiac retransplantation since the 

first report over 30 years ago [4]. Multiple centers have reported their 

experiences, most with dismal results [5-8]. More recent reports using 
the UNOS database have shown that in selected patients, ReTX is a 
viable option [3, 9]. Current guidelines suggest patients that have the 
best overall survival are at least 6 months from initial transplant [6,10]. 
Others have felt this interval should be extended to 1 year from primary 
transplant [3]. This leaves a group of patients that are not far from 
primary transplant with limited options for severe graft dysfunction. 
Caution has been issued with using VAD in this group due to poor 
prognosis [11,12].

It is this group of patients, with whom we hypothesized could 
benefit from bridging to ReTX with VADs. Several small case reports 
have shown successful bridging with VADs in those with perioperative 
graft failure [13-15]. Khan et al. looked at patients bridged to 
retransplant with mechanical support in the UNOS database from 
1987-2011, but their analysis spanned a long period of time with older 
devices and included patients on ECMO [2]. We sought to eliminate 
those on ECMO from our analysis to specifically look at patients with 
VAD bridging to ReTX in a contemporary era.

By stratifying the patients with intervals <30 and >30 days between 
transplant we can separate patients with severe graft dysfunction 
immediately post-transplant from those with chronic dysfunction. Our 
analysis showed marked decrease in 3 year overall survival when <30 
days from primary transplant whether a patient had a VAD in present or 
not (42% and 27%), but there was no statistically significant difference 
between them. The same held true for patients bridged > 30 days from 
their primary transplant. They fared better with 3 year overall survival 
rates of 85% when bridged with VAD and 70% when no VAD was 
present, but this was not statistically significant. This may be inferred 
to mean patients with failing grafts may be given the opportunity 

Variables Overall sample (N=850)
Age at re-transplant (years) 48 (18, 74)
Age at initiation (years) 47 (15, 73)
Sex (male) 597 (70.2%)
Initial BMI 26.1 (12.3, 50.7)
Ischemic time (hours) categorical
 Less or 4 hours 607 (77.4%)
More than 4 hours 177 (22.6%)
Serum total albumin
≤ 3 353 (63.0%)
> 3 207 (37.0%)
VAD prior to transplant 29 (3.4%)
Inotropes 399 (46.9%)
Ventilator 47 (5.5%)
IABP 43 (5.1%)
Diabetes
Type 1 or 2 93 (10.9%)
Dialysis at listing
Hemo/peritoneal dialysis 63 (7.4%)
Donor age (years) 29 (9, 63)
Donor sex (male) 567 (66.7%)
Left ventricular ejection fraction of donor 
heart
≤40% 20 (2.3%)
≥ 50% 644 (97.0%)
The sample median (range) is given for continuous variables and number 
(percent) is given for categorical variables. Information was not available for 
the following variables:  initial BMI (n=28), ischemic time (n=66), left ventricular 
ejection fraction of donor heart (n=186), serum total albumin (n=290), diabetes 
(n=9), dialysis at listing (n=9). BMI= body-mass index. VAD=ventricular assist 
device. IABP=intraaortic balloon pump. 

Table 1: Recipient and donor characteristics.
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for VAD support while awaiting suitable donors with no significant 
effect on overall survival. This must be interpreted with caution as the 
authors acknowledge the number of patients included in our study is 
limited, but it represents the most accurate patient population from the 
UNOS database in regard to VAD support and retransplantation. The 
UNOS database is voluntary reported prospective database that may 
not capture all patients actually bridged to retransplantation, further it 
contains little information about the VAD device/brand used which is 
why studies that span long periods of time may include patients with 
devices no longer in use.

The ideal candidate for retransplantation has been previously 
reported as a younger patient, whom has a longer interval between 
ReTX and primary, and receives a younger donor heart with short 
ischemic time [3,9]. Similar results were seen in these study patients 
who were bridged to retransplant with VAD support. Time (<30 
days) was a significant factor in overall survival as were donor age 
and ischemic time. What was not significant may also come as a 
surprise. The presence of inotropes, ventilator status, dialysis use, 
and the presence of intraaortic balloon pump were not significant on 
multivariate analysis. This further adds to the growing body of evidence 

Figure 1: Kaplan-Meier curve of overall survival according to VAD support status and time difference between re-transplant and previous transplant.

Length of time after 
re-transplantation

Proportion of survival, % 
(95% CI): Re-tx with VAD and 

PRVTXDIF <= 30 days

Proportion of survival, % (95% CI): 
Re-tx without VAD and PRVTXDIF <= 

30 days

Proportion of survival, % 
(95% CI): Re-tx with VAD and 

PRVTXDIF > 30 days

Proportion of survival, % 
(95% CI): Re-tx without VAD and 

PRVTXDIF > 30 days
1 year 33% (16%, 68%) 56% (40%, 79%) 93% (80%, 100%) 83% (81%, 86%)
2 years 27% (12%, 62%) 52% (36%, 76%) 85% (68%, 100%) 78% (75%, 81%)
3 years 27% (12%, 62%) 42% (26%, 68%) 85% (68%, 100%) 73% (70%, 76%)
4 years 27% (12%, 62%) 36% (21%, 63%) 85% (68%, 100%) 70% (66%, 73%)
5 years 27% (12%, 62%) 36% (21%, 63%) 85% (68%, 100%) 66% (62%, 70%)
6 years 27% (12%, 62%) 36% (21%, 63%) 85% (68%, 100%) 62% (58%, 66%)
7 years 27% (12%, 62%) 36% (21%, 63%) 85% (68%, 100%) 58% (54%, 62%)
8 years 27% (12%, 62%) 36% (21%, 63%) 85% (68%, 100%) 55% (50%, 59%)
9 years 27% (12%, 62%) 36% (21%, 63%) 85% (68%, 100%) 50% (46%, 55%)
10 years 27% (12%, 62%) 36% (21%, 63%) 85% (68%, 100%) 47% (43%, 52%)

PRVTXDIF= time difference between re-transplant and previous transplant. CI = confidence interval. VAD= ventricular assist device.

Table 2: Proportion of survival following re-transplantation according to VAD support and non- VAD support.
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that ReTX can be undertaken in patients with no statistical difference 
in overall survival even whena patient must be supported with a VAD.
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Gender (male) 0.84 (0.67, 1.05) 0.13 NI N/A
Donor age (10 year increase) 1.13 (1.04, 1.23) 0.004 1.10 (1.01, 1.21) 0.038
Ischemic time (› 4 hours) 1.53 (1.19, 1.97) 0.001 1.59 (1.22, 2.06) 0.001
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IABP 1.54 (1.01, 2.35)  0.047 1.21 (0.74, 1.97) 0.44
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Dialysis at listing 1.34 (0.98, 1.84) 0.068 1.40 (0.95, 2.06) 0.089
Relative risks, 95% confidence intervals, and p-values result from Cox proportional hazards regression models. Relative risks correspond to presence of the given 
characteristic (categorical variables) or the increase given in parenthesis (continuous variables). All variables with p-value ≤ 0.10 in a single variable analysis were 
included in multivariable analysis (# used= 776) except serum total albumin because of the large number of missing information (# missing = 290) with this variable. 
IABP= intraaortic balloon pump. RR=relative risk. CI=confidence interval. NI= not included in the multivariable analysis. N/A= not applicable. PRVTXDIF= time difference 
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Table 3: Associations of recipient and donor characteristics with overall survival following re-transplant.
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