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Background-—Heart retransplant (HRT) recipients represent a growing number of transplant patients. The impact of concurrent
kidney transplants (KTs) in this population has not been well studied. We tested the hypothesis that recipients of HRT with
concurrent KT (HRT-KT) would have worse survival than recipients of HRT alone.

Methods and Results-—A retrospective analysis of the United Network of Organ Sharing database was performed for all patients
undergoing HRT from 1987 to 2011. There were 1660 HRT patients, of which 116 (7%) received concurrent KT. Those who received
HRT-KT had older age, longer wait-list time, worse kidney function, and more known diabetes. Survival among recipients of HRT-KT
was significantly better than that of recipients of HRT alone (P=0.005). A subgroup of 323 HRT patients with severe kidney
dysfunction (estimated glomerular filtration rate <30 mL/min per 1.73 m2 or on dialysis) was studied in more detail, and 76 (24%)
received concurrent KT. Those on dialysis at the time of HRT had better survival with versus without concurrent KT (P<0.0001). On
multivariable analysis, concurrent KT was independently associated with better outcomes for all patients with HRT and for the
subgroup of patients with severe kidney dysfunction.

Conclusions-—Recipients of HRT-KT have better survival than recipients of HRT alone. Further research is needed to determine
which HRT patients may benefit the most from concurrent KT. ( J Am Heart Assoc. 2015;4:e002435 doi: 10.1161/
JAHA.115.002435)
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H eart retransplant (HRT) recipients represent a small but
growing proportion of heart transplant recipients. The

number of total primary heart transplants in adult and
pediatric patients has remained relatively stable in recent
years, with 4079 primary heart transplants reported in the
year 2000 and 4096 primary heart transplants reported in
2011.1 In adults, HRT represented 2.6% of total adult heart
transplants in 2000 and 3.7% of total adult heart transplants

in 2011. In children, HRT represented 5.8% of total pediatric
heart transplants in the year 2011.2

In general, HRT recipients are known to have worse
outcomes after repeat transplantation, possibly due to their
prior history of surgery, risk of sensitization with elevated
panel reactive antibody levels, side effects from chronic
immunosuppressive therapy, and other increased comorbidi-
ties.3,4 Some risk factors that consistently have been found to
increase mortality in HRT recipients are the indication of
allograft dysfunction (acute rejection) from primary graft
failure and a shorter interval from primary to repeat transplant
(intertransplant time either <6 or <12 months).5–9

Abnormal kidney function is a known risk factor for both
early and late heart transplant mortality in all patients.10–12

Posttransplant renal dysfunction is a significant cause of
morbidity that continues to increase in prevalence over
time.13,14 According to the International Society for Heart and
Lung Transplantation (ISHLT) transplant registry, some degree
of renal dysfunction is present in 26% of patients within
1 year after adult heart transplantation, in 52% within 5 years,
and in 68% within 10 years. Severe renal dysfunction
(creatinine >2.5 mg/dL) occurs in 6% of patients within
1 year, in 15% within 5 years, and in 20% within 10 years.1
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Several research studies have also reported a similar
progressive decline in renal function after pediatric heart
transplantation.15,16 Renal dysfunction may be more signifi-
cant in HRT recipients due to their prolonged exposure to
nephrotoxic drugs such as calcineurin inhibitors (cyclosporine
and tacrolimus).17–21

Several studies in the literature suggest that multiorgan
transplant recipients may fare as well as or even better than
single-organ transplant recipients22,23; however, there is a
paucity of published data on the impact of concurrent kidney
transplant (KT) in the HRT population. It is unknown whether
the theoretical advantages of multiorgan transplantation
would be enough to overcome the comorbidities in this
high-risk population. In a recent minireview published by a
working group on HRT, this area was specifically identified as
one in which further information was needed.24 Consequently,
we tested the hypothesis that patients undergoing HRT with
concurrent KT (HRT-KT) would have worse survival than
patients undergoing HRT alone.

Methods
A retrospective analysis of the United Network of Organ
Sharing (UNOS) thoracic transplant database was performed
to assess the effect of concurrent KT on patient survival after
HRT. Because this study included only deidentified informa-
tion, it was not considered human subjects research and thus
was exempt from review by our institutional review board.
Inclusion criteria were patients of all ages who received HRT
from 1987 to 2011. Data collection included several recipient
and donor baseline characteristics. The primary end point of
the study was patient survival.

A subgroup of patients with severely decreased renal
function was also studied in more detail. An estimated
glomerular filtration rate (eGFR) was calculated using the
patient’s creatinine level at the time of transplantation, the
Modification of Diet in Renal Disease formula in participants
aged ≥18 years, and the Schwartz formula in participants
aged <18 years.25,26 Subgroup inclusion criteria were eGFR
<30 mL/min per 1.73 m2 or need for dialysis at the time of
retransplantation. Although a single creatinine value is not
necessarily representative of a patient’s overall kidney
function and does not differentiate between acute kidney
injury and chronic kidney disease, this value was the most
consistent measurement of renal function available for
analysis in the thoracic transplant database. If patients were
on dialysis at the time of retransplantation but not all of the
information required for calculating eGFR was available in the
database, they were still considered for the subgroup analysis
because their need for dialysis was indicative of severely
decreased renal function. If patients were not on dialysis and
not all of the information required for calculating eGFR was

available in the database, then they were excluded from
consideration for the subgroup analysis because there was
insufficient information to determine their renal function. This
subgroup of patients with severe renal dysfunction (eGFR
<30 mL/min per 1.73 m2 or on dialysis) was then subdivided
further into HRT patients on dialysis versus not on dialysis at
the time of retransplantation.

Statistical analyses were performed using SAS version 9.2
(SAS Institute). The baseline characteristics of each group were
reported as median values with 25% to 75% interquartile ranges
or number values with percentages. Continuous variables were
compared between the HRT-KT and HRT-alone groups using the
Wilcoxon rank sum test, and categorical variables were
compared using the chi-square or Fisher exact test.

Kaplan–Meier survival curves were constructed, and the
log-rank test was used to compare patient survival among the
different groups. Cox regression models were used to
calculate hazard ratios and to assess the impact of concurrent
KT on patient survival after HRT. All variables from the
recipient and donor baseline characteristics were included in
the univariate Cox regression models. A preliminary multi-
variable model was fit to include the covariates determined to
be significant with P<0.10 in the univariate models. After
backward stepwise regression was performed, all factors
associated with survival with P<0.05 were included in the final
multivariable model.

Multivariable Cox regression models were followed by a
test of the proportional hazards assumption in which we
generated time-dependent covariates by creating interactions
of the predictors and a function of survival time and included
them in the model. If any of the time-dependent covariates
were significant, then those predictors were not proportional.
For the final multivariable model using the entire cohort,
concurrent KT satisfied the proportional hazards assumption,
but 5 of the 7 remaining covariates did not. Consequently, we
analyzed the multivariable model by stratifying for the
covariates that did not satisfy the criteria. For the subgroup
of patients with severe renal dysfunction, the proportional
hazards assumption was met for all covariates in the final
multivariable model.

To address the issue of missing data in the multivariable
models, we completed a second multivariable regression
using multiple imputation. We used imputation by chained
equations to impute missing values of the covariates in the
regression models with missing values. This multivariate
approach uses the conditional distribution of each covariate,
given other predictor variables, to cycle between filling the
missing values for each covariate. We implemented the
default approach, which repeats the imputation process 5
times, to create 5 data sets with complete data. We then
conducted Cox regression on each imputed data set and
combined the results using Proc MI in SAS.
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Results
A total of 1660 HRT recipients were included in the study, and
116 (7%) received concurrent KT. The most common indica-
tion for HRT was coronary artery disease (cardiac allograft
vasculopathy). Compared with recipients of HRT alone, those
who received HRT-KT had older age, longer wait-list time,
worse renal function, and more known diabetes. The degree of
sensitization with elevated panel reactive antibodies was
similar between the groups (Table 1).

All information required to calculate an eGFR was available
in the database for 1236 (74%) HRT recipients, who were
considered for inclusion in the subgroup analysis. A total of
323 HRT recipients met inclusion criteria for the subgroup
with severe renal dysfunction (eGFR <30 mL/min per
1.73 m2 or on dialysis at the time of transplantation), and
76 (24%) received concurrent KT (Table 2).

This subgroup of 323 patients with severe renal dysfunc-
tion (eGFR <30 mL/min per 1.73 m2 or on dialysis) was
subdivided further. A total of 146 HRT patients were on
dialysis at the time of retransplantation, and of those, 42
(29%) received concurrent KT and 104 (71%) received HRT
alone. Another 177 HRT patients had eGFR <30 mL/min per
1.73 m2 (and were not on dialysis) at the time of retrans-
plantation, and 34 (19%) received concurrent KT and 143
(81%) received HRT alone (Figure 1).

In the overall cohort of all HRT recipients (n=1660), survival
among recipients of HRT-KT was significantly better than that of
recipients of HRT alone (P=0.005) (Figure 2). In the subgroup
analysis of HRT recipients with severe renal dysfunction (eGFR
<30 mL/min per 1.73 m2 or on dialysis, n=323), survival
among recipients of HRT-KT was also significantly better than
that of recipients of HRT alone (P<0.001) (Figure 3).

The converse analysis was performed on patients without
severe kidney dysfunction who had eGFR >30 mL/min per
1.73 m2 and did not need dialysis. Concurrent KT did not
significantly affect survival in those without severe renal
dysfunction and with KT versus those without KT (P=0.441).
Concurrent KT also eliminated any detectable difference in
survival between those with and without severe renal dysfunc-
tion (P=0.322). The median follow-up time was 3.0 years
(interquartile range 0.5 to 7.0 years) for the entire cohort of
patients and 1.7 years (interquartile range 0.2 to 6.0 years) for
patients in the severe renal dysfunction subgroup.

In HRT patients on dialysis (n=146), survival among
recipients of HRT-KT was significantly longer than that of
recipients of HRT alone (P<0.0001) (Figure 4). In HRT patients
with eGFR <30 mL/min per 1.73 m2 (and not dialysis,
n=177), survival among recipients of HRT-KT was also longer
than that of recipients of HRT alone (P=0.014) (Figure 5). Due
to the small sample size, no multivariable analysis was
performed for these subdivided groups.

In the univariate models, concurrent KT was independently
associated with the primary outcome of patient survival for all
patients with HRT in the overall cohort (Table 3) and for
subgroup patients with severe renal dysfunction (eGFR
<30 mL/min per 1.73 m2 or on dialysis) (Table 4). Recipients
of HRT-KT had a decreased hazard ratio and thus a lower
incidence of death compared with recipients of HRT alone. In
the final multivariable model, concurrent KT remained signifi-
cantly associated with decreased risk of death (compared with
HRT alone) while adjusting for other significant variables. HRT
patients with concurrent KT had half the mortality of those
without KT during the study period, a benefit that was evenmore
pronounced in the subgroup with severe renal dysfunction.

Following each multivariable Cox regression, a test of the
proportional hazards assumption was completed. For the final
multivariable model of the entire cohort, the results were
consistent and showed that concurrent KT was significantly
associated with a decreased risk of death compared with HRT
alone (hazard ratio 0.53 [95% CI 0.34 to 0.81], P=0.004).

Multiple imputations were completed to generate multiple
data sets without missing data. In the combined multivariable
adjusted result with all imputed data sets, concurrent KT
remained significantly associated with decreased risk of death
compared with HRT alone (hazard ratio 0.64 [95% CI 0.45 to
0.92], P=0.015). Results were similar in the subgroup of
patients with severe renal dysfunction, for which concurrent KT
was significantly associated with decreased risk of death
compared with HRT alone (hazard ratio 0.43 [95% CI 0.27 to
0.68], P<0.001).

An analysis of recipient cause of death was performed for
all HRT recipients in the entire cohort (844 deaths) (Table 5)
and for subgroup patients with severe renal dysfunction (173
deaths) (Table 6). The cardiovascular category includes
myocardial infarction, arrhythmia, and cardiac arrest. The
graft failure category includes acute rejection, chronic rejec-
tion, and primary graft failure. The infection category includes
bacterial pneumonia, viral hepatitis, and sepsis. The “other”
category includes respiratory failure, stroke, and hemorrhage.
Patients with HRT-KT had fewer deaths due to cardiovascular
diagnoses and more deaths due to infection compared with
patients with HRT alone. More important, there was a
significant difference in graft failure as a cause of death
between concurrent HRT-KT versus HRT alone in the entire
cohort of HRT recipients (6% versus 23%, P=0.002).

Discussion
This study is the first, to our knowledge, to compare survival
outcomes in HRT recipients with or without concurrent KT. In
all patients undergoing HRT, recipients of concurrent KT had
significantly better survival than recipients of HRT alone.
Perhaps not surprisingly, this effect was most pronounced
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Table 1. Recipient and Donor Characteristics for All HRT Recipients (n=1660), With or Without Concurrent KT

HRT-KT (n=116) HRT Alone (n=1544) P Value Missing Data

Recipient characteristics

Recipient age, y 47 (34–57) 43 (19–55) 0.002 0 (0%)

Recipient weight, kg 75 (63–87) 72 (54–85) 0.028 176 (11%)

Recipient female sex 28 (24%) 487 (32%) 0.096 0 (0%)

Status 1A 35 (30%) 459 (33%) 0.591 136 (8%)

Days spent on wait-list 89 (41–268) 64 (13–197) 0.001 51 (3%)

Years since first transplant 9.3 (4.1–12.7) 5.6 (1.7–9.6) <0.001 78 (5%)

Indication for heart retransplant 0.090 0 (0%)

Acute rejection 6 (5%) 104 (7%)

Chronic rejection 9 (8%) 110 (7%)

Coronary artery disease 71 (61%) 843 (55%)

Primary graft failure 7 (6%) 117 (8%)

Nonspecific graft failure 4 (3%) 179 (12%)

Other 19 (16%) 191 (12%)

eGFR <30 or on dialysis 76 (71%) 247 (21%) <0.001 325 (20%)

Dialysis 42 (36%) 104 (7%) <0.0001 410 (25%)

Hypertension (data only available from 1994 to 2007) 36 (67%) 368 (47%) 0.004 815 (49%)

Total bilirubin, mg/dL 0.7 (0.6–1.2) 0.9 (0.6–1.3) 0.181 469 (28%)

Diabetes 20 (20%) 86 (8%) <0.001 509 (31%)

Recipient CMV positive 56 (60%) 555 (72%) 0.010 799 (48%)

Recipient inotrope use 57 (49%) 603 (39%) 0.032 0 (0%)

ECMO support 1 (1%) 56 (4%) 0.179 0 (0%)

Mechanical ventilation 3 (3%) 198 (13%) 0.001 0 (0%)

Recipient PRA level >10% 28 (27%) 339 (24%) 0.468 130 (8%)

Recipient PRA levels 0.710 130 (8%)

≤10% 76 (73%) 1087 (70%)

11% to 50% 14 (14%) 182 (12%)

>50% 14 (14%) 157 (10%)

Donor characteristics

Donor age, y 26 (18–39) 24 (17–37) 0.018 0 (0%)

Donor weight, kg 77 (63–87) 72 (55–86) 0.017 46 (3%)

Donor female sex 39 (34%) 502 (33%) 0.806 0 (0%)

Donor CMV positive 65 (56%) 905 (59%) 0.464 23 (1%)

Donor CPR support 7 (7%) 39 (4%) 0.232 685 (41%)

Donor inotrope use 52 (45%) 496 (32%) 0.016 5 (1%)

Heart ischemic time, hours 3.4 (2.7–3.9) 3.2 (2.4–3.9) 0.169 125 (8%)

Era of heart retransplant <0.001 0 (0%)

1987–1995 11 (10%) 452 (29%)

1996–2000 16 (14%) 340 (22%)

2001–2005 34 (29%) 337 (22%)

2006–2011 55 (47%) 415 (27%)

CMV indicates cytomegalovirus; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate (mL/min per 1.73 m2); HRT,
heart retransplant; KT, kidney transplant; PRA, panel reactive antibody; Status 1A, highest wait-list urgency status.
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Table 2. Recipient and Donor Characteristics for HRT Recipients in the Subgroup With Severe Renal Dysfunction (eGFR <30 mL/
min per 1.73 m2 or on dialysis; n=323), With or Without Concurrent KT

HRT-KT (n=76) HRT Alone (n=247) P Value Missing Data

Recipient characteristics

Recipient age, y 46 (33–56) 41 (25–56) 0.689 0 (0%)

Recipient weight, kg 75 (63–88) 72 (58–88) 0.567 6 (2%)

Recipient female sex 16 (21%) 86 (35%) 0.024 0 (0%)

Status 1A 22 (29%) 108 (46%) 0.010 11 (3%)

Days spent on wait-list 84 (35–212) 28 (5–140) <0.001 4 (1%)

Years since first transplant 10 (4–13) 6 (0 to 10) <0.001 6 (2%)

Indication for heart retransplant 0.051 0 (0%)

Acute rejection 3 (4%) 18 (7%)

Chronic rejection 6 (8%) 16 (6%)

Coronary artery disease 43 (57%) 96 (39%)

Primary graft failure 5 (7%) 43 (17%)

Nonspecific graft failure 4 (5%) 22 (9%)

Other 15 (20%) 52 (21%)

Dialysis 42 (58%) 104 (46%) 0.081 23 (7%)

Hypertension (data only available from 1994 to 2007) 25 (63%) 77 (44%) 0.053 109 (34%)

Total bilirubin, mg/dL 1.2 (0.6–1.4) 2.6 (0.7–2.0) 0.004 31 (10%)

Diabetes 14 (20%) 22 (11%) 0.067 58 (18%)

Recipient CMV positive 37 (55%) 115 (74%) 0.007 100 (40%)

Recipient inotrope use 39 (51%) 158 (64%) 0.048 0 (0%)

ECMO support 1 (1%) 18 (7%) 0.054 0 (0%)

Mechanical ventilation 3 (4%) 73 (30%) <0.001 0 (0%)

Recipient PRA level >10% 15 (22%) 60 (27%) 0.517 29 (9%)

Recipient PRA levels 0.668 28 (9%)

≤10% 53 (78%) 161 (73%)

11% to 50% 7 (10%) 31 (14%)

>50% 8 (12%) 29 (13%)

Donor characteristics

Donor age, y 30 (20–41) 28 (18–38) 0.102 0 (0%)

Donor weight, kg 78 (65–92) 73 (61–89) 0.118 3 (1%)

Donor female sex 30 (39%) 73 (30%) 0.105 0 (0%)

Donor CMV positive 43 (57%) 151 (61%) 0.455 1 (1%)

Donor CPR support 6 (9%) 6 (4%) 0.115 84 (26%)

Donor inotrope use 42 (55%) 96 (39%) 0.025 5 (2%)

Heart ischemic time, hours 3.3 (2.6–3.8) 3.3 (2.5–4.0) 0.937 27 (8%)

Era of heart retransplant <0.001 0 (0%)

1987–1995 4 (5%) 36 (15%)

1996–2000 9 (12%) 69 (28%)

2001–2005 27 (36%) 79 (32%)

2006–2011 36 (47%) 63 (26%)

CMV indicates cytomegalovirus; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; HRT, heart retransplant; KT,
kidney transplant; PRA, panel reactive antibody level; Status 1A, highest wait-list urgency status.
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among HRT recipients with the worst renal function. Impor-
tantly, this observation was independent of the baseline
characteristics of the recipient and the donor.

Median patient survival in this study (10.5 years for
recipients of HRT-KT and 6.7 years for recipients of HRT
alone) is comparable with current outcomes published in the

literature. According to the ISHLT transplant registry, median
survival for all primary heart transplants performed from 1982
to 2011 was 11 years. Median survival for all HRTs during
that same time period was 6.3 years.1 Consequently, the
patients in our study who received HRT-KT had outcomes
similar to primary heart transplant recipients. Conversely, the
patients in our study who received HRT alone had outcomes
similar to those reported elsewhere in the HRT literature.

Previous studies support the notion that there are potential
benefits to performing combined primary heart transplant and
KT.27 Primary heart transplants with concurrent KTs have
been increasing in prevalence, with 34 reported in 2000 (�1%
of total adult heart transplants that year) and 94 in 2011
(�3% of total adult heart transplants that year).1 Multiple
studies found that recipients of combined primary heart
transplant and KT have less acute cardiac rejection and
cardiac allograft vasculopathy than recipients of primary heart
transplant alone; however, many of these studies did not find
any additional survival benefit.28–32 This supports the notion
that there may be benefits to performing combined multior-
gan transplantation, such as a decrease in rejection and graft
failure.

Russo et al33 reported a significant survival benefit in a
specific cohort of heart transplant recipients with decreased
renal function undergoing combined heart transplant and KT.
Low-risk patients with an eGFR of <33 mL/min had signifi-
cantly better survival compared with similar patients (with

Figure 1. Flowchart of all patients included in the study. eGFR
indicates estimated glomerular filtration rate (mL/min per
1.73 m2); HRT, heart retransplant; KT, kidney transplant.
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Figure 2. Kaplan–Meier survival curves, risk tables, and survival
analysis for all HRT recipients in the entire cohort (n=1660), with or
without concurrent KT. HRT indicates heart retransplant; KT, kidney
transplant.
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Subgroup of HRT recipients with 
severe renal dysfunction  (eGFR < 30 
mL/min/1.73m2 or on dialysis)
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Figure 3. Kaplan–Meier survival curves, risk tables, and survival
analysis for HRT recipients in the subgroup with severe renal
dysfunction (eGFR <30 mL/min per 1.73 m2 or on dialysis; n=323),
with or without concurrent KT. eGFR indicates estimated glomerular
filtration rate; HRT, heart retransplant; KT, kidney transplant.
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eGFRs and risk scores in the same range) undergoing heart
transplantation alone (P=0.006). When outcomes of combined
heart transplant and KT were compared with heart transplan-
tation alone among patients with eGFR of ≥33 mL/min, there
was no statistical difference in survival within the low-risk
(P=0.31), moderate-risk (P=0.61), or high-risk (P=0.72)
groups. This study was very informative in its stratification
of patients by eGFR, demonstrating that low-risk patients with
severe renal dysfunction may benefit the most from combined
heart transplant and KT. This is consistent with some of the
findings of our study, and this survival benefit may be even
more pronounced in our heart retransplant population.
Contrary to our findings, in their analysis of pretransplant
patient characteristics, the factors associated with worse
survival following combined heart transplant and KT included
dialysis dependence at the time of transplantation.

More recently, 2 studies have been published on the topic
of combined heart transplant and KT and also analyzed the
UNOS database; however, these recent studies were based on
primary heart transplants, whereas our study focused on HRT.
Schaffer et al34 found that 5-year posttransplant survival was
improved in recipients of combined heart transplant and KT
compared with recipients of isolated heart transplant alone,
for both patients with dialysis dependence (73% versus 51%,
P<0.001) and non–dialysis-dependent renal insufficiency (80%
versus 69%, P=0.004). Karamlou et al35 found that patients in
the lowest eGFR quintile (mean eGFR <37 mL/min) who

received isolated heart transplants had significantly worse
median survival compared with recipients of combined heart
transplant and KT (7.1 versus 7.7 years, P<0.001). These
results are consistent with the findings of our study, in which
HRT-KT patients on dialysis had significantly improved survival
compared with dialysis patients who received HRT alone.
Furthermore, HRT-KT patients with eGFR <30 mL/min per
1.73 m2 and not on dialysis had a less dramatic but still
significant survival advantage over patients with eGFR
<30 mL/min per 1.73 m2 and not on dialysis who received
HRT alone.

Patients undergoing heart retransplantation are a unique,
high-risk population with worse outcomes than recipients of
primary heart transplants. This study addresses the lack of
published data on the impact of concurrent KTs specifically in
the HRT population to assist clinicians in their decision
making at the time of listing for retransplantation. Given the
significant issue of wait-list mortality, it is conceivable that for
those with severe renal dysfunction who underwent HRT
alone, the perceived risk of a longer wait-list time and more
complicated surgery might not have outweighed the perceived
benefits of multiorgan transplantation. Patients in our study
who received HRT-KT had wait-list times that were signifi-
cantly longer than patients who received HRT alone, a
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Figure 5. Kaplan–Meier survival curves, risk tables, and survival
analysis for HRT recipients in the subdivided group with eGFR
<30 mL/min per 1.73 m2 (and not on dialysis) at the time of
retransplantation (n=177), with or without concurrent KT. eGFR
indicates estimated glomerular filtration rate; HRT, heart retrans-
plant; KT, kidney transplant.
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of retransplantation

HRT-KT
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HRT alone
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1-year survival rate and 95% CI 80% (63 to 89) 47% (37 to 56)
5-year survival rate and 95% CI 72% (53 to 84) 30% (20 to 39)
10-year survival rate and 95% CI 48% (10 to 79) 22% (13 to 32)

Figure 4. Kaplan–Meier survival curves, risk tables, and survival
analysis for HRT recipients in the subdivided group on dialysis at
the time of retransplantation (n=146), with or without concurrent
KT. HRT indicates heart retransplant; KT, kidney transplant.
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discrepancy that was even more evident in the subgroup of
patients with severe renal dysfunction (eGFR <30 mL/min
per 1.73 m2 or on dialysis). Those patients with severe renal
dysfunction who received HRT alone appeared to be more ill,
with higher rates of status 1A urgency classification, extra-
corporeal membrane oxygenation support, and mechanical
ventilation; however, all of these variables were controlled for
in the multivariable analysis, which still showed benefit for
those who received concurrent KT. The results of this study
clearly demonstrate that very careful patient selection is
warranted, especially for patients with severe renal dysfunc-
tion who may be under consideration to receive HRT alone.

Other studies have suggested that recipients of multiorgan
transplants from the same donor tend to fare better than
single-organ transplant recipients. Pinderski et al found that
acute cardiac rejection within the first 3 months was higher in
recipients of heart transplant alone (81%) than in heart–kidney
recipients (12%) or heart–lung recipients (22%). Survival at
3 years also differed among the groups after heart–kidney
(100%), heart alone (82%), heart–lung (74%), and lung alone
(70%) transplantation.36 Rana et al reported that rejection
rates for allografts cotransplanted with liver, kidney, or heart
allografts were significantly lower than rejection rates for

those allografts transplanted alone. Heart–kidney recipients,
for example, experienced only half as many cardiac rejection
episodes compared with recipients of heart transplant alone
(26% versus 52%). Those same heart–kidney recipients also
had less kidney allograft rejection compared with recipients of
KT alone (17% versus 24%).37 Consequently, the simultaneous
transplantation of different organs from the same donor
potentially offers significant protection from rejection.

There is no clear explanation for this observed phe-
nomenon. Several potential mechanisms have been proposed.
Immune modulation of the recipient by the simultaneous
transplant of disparate tissues or the introduction of
additional hematopoietic elements may contribute.38 Previous
studies considered the possibility of simultaneous donor
hematopoietic cell infusions with heart transplantation to
decrease the rate of rejection.39,40 Donor-derived hematopoi-
etic cells can migrate into recipient lymphoid and nonlym-
phoid tissue, resulting in microchimerism.37,41 In addition, the
persistence of donor major histocompatibility complex class II
cells in the allografts of combined organ transplant recipients
has been linked to decreased chronic rejection in animal
models.42 It is also possible that the detrimental effects of
perioperative renal insufficiency on heart transplantation are

Table 3. Univariate and Multivariable Cox Regression Models for All HRT Recipients

Univariate Cox Models Final Multivariable Model

Hazard Ratio 95% CI P Value Hazard Ratio 95% CI P Value

Heart retransplant

With concurrent KT (HRT-KT) 0.63 0.45–0.87 0.006 0.50 0.33–0.76 0.001

Without KT (HRT alone) 1.00 — — 1.00 — —

Recipient age 1.01 1.00–1.01 <0.001

Status 1A 1.61 1.39–1.87 <0.001 1.28 1.04–1.58 0.021

Days spent on wait-list 1.00 1.00–1.00 0.036

Years since first transplant 0.94 0.92–0.95 <0.001 0.98 0.95–1.00 0.032

eGFR <30 or on dialysis 1.69 1.41–2.02 <0.001 1.87 1.53–2.30 <0.001

ECMO support 2.62 1.87–3.66 <0.001 1.89 1.15–3.12 0.013

Mechanical ventilation 1.87 1.55–2.25 <0.001

Donor age 1.01 1.00–1.01 0.001 1.01 1.01–1.02 0.001

Donor inotrope use 0.70 0.59–0.82 <0.001

Heart ischemic time 1.07 1.01–1.14 0.032 1.18 1.09–1.28 <0.001

Era of heart retransplant

1987–1995 1.00 — — 1.00 — —

1996–2000 0.65 0.55–0.78 <0.001 0.68 0.53–0.88 0.003

2001–2005 0.51 0.42–0.62 <0.001 0.53 0.40–0.70 <0.001

2006–2011 0.47 0.38–0.59 <0.001 0.57 0.42–0.78 0.001

All variables included in this table had univariate P<0.10 and were considered for the preliminary multivariable model. The final multivariable model was reduced to all variables with
P<0.05. ECMO indicates extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; HRT, heart retransplant; KT, kidney transplant; Status 1A, highest wait-list
urgency status.

DOI: 10.1161/JAHA.115.002435 Journal of the American Heart Association 8

Heart Retransplants With Kidney Transplants Savla et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



at least partially overcome by KT.1,43 Further study is needed
to understand the magnitude and mechanisms of benefit
observed with combined solid organ transplantation.

An essential aspect of any discussion about retransplan-
tation is the ongoing ethical debate about organ allocation
and utilization.24,44 Due to a shortage of donors and the
disparity between supply and demand, organs for transplan-
tation are a limited resource. Some may contend that it is
unethical for any patient to receive a second heart transplant
while other patients die still waiting for their first, a notion
supported by the superior outcomes of primary heart
transplant recipients relative to HRT recipients.45 Adding a
concurrent KT magnifies this dilemma in terms of how many

organs 1 person should be eligible to receive in a lifetime. The
counternotion that may be proposed is that once a patient
receives any transplanted organ, the transplant team has
made a commitment and has a sense of obligation toward the
patient to pursue all available options to improve survival.45,46

Given this ethical consideration, it is imperative that evidence
guides clinical decision making to justify listing or not listing a
patient for retransplantation with a second or third organ.

One of the many important factors in determining trans-
plant candidacy is the likelihood of success following
transplantation. This study supports the notion that concur-

Table 5. Recipient Cause of Death for All HRT Recipients
With or Without Concurrent KT (844 Deaths)

Recipient Cause
of Death

HRT-KT
(n=36)

HRT Alone
(n=808) P Value

Missing
Data

Cardiovascular 2 (6%) 161 (22%) 0.002 86 (10%)

Graft failure 2 (6%) 166 (23%)

Infection 12 (38%) 110 (15%)

Multiorgan failure 4 (13%) 84 (12%)

Malignancy 3 (9%) 41 (6%)

Other 9 (28%) 164 (23%)

HRT indicates heart retransplant; KT, kidney transplant.

Table 4. Univariate and Multivariable Cox Regression Models for HRT Recipients in the Subgroup With Severe Renal Dysfunction
(eGFR <30 mL/min per 1.73 m2 or on Dialysis)

Univariate Cox Models Final Multivariable Model

Hazard Ratio 95% CI P Value Hazard Ratio 95% CI P Value

Heart retransplant

With concurrent KT (HRT-KT) 0.36 0.23–0.57 <0.001 0.36 0.20–0.63 <0.001

Without KT (HRT alone) 1.00 — — 1.00 — —

Status 1A 1.76 1.30–2.39 <0.001

Years since first transplant 0.94 0.91–0.97 <0.001

Total bilirubin 1.05 1.03–1.07 <0.001 1.03 1.01–1.06 0.007

ECMO support 4.41 2.61–7.44 <0.001 4.02 2.02–8.03 <0.001

Mechanical ventilation 2.28 1.65–3.14 <0.001

Heart ischemic time 1.22 1.05–1.42 0.009 1.21 1.02–1.43 0.024

Era of heart retransplant

1987–1995 1.00 — — 1.00 — —

1996–2000 0.78 0.50–1.21 0.270 0.73 0.42–1.28 0.274

2001–2005 0.46 0.29–0.73 0.001 0.46 0.26–0.81 0.007

2006–2011 0.55 0.34–0.90 0.018 0.52 0.28–0.96 0.037

All variables included in this table had univariate P<0.10 and were considered for the preliminary multivariable model. The final multivariable model was reduced to all variables with
P<0.05. ECMO indicates extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; HRT, heart retransplant; KT, kidney transplant; Status 1A, highest wait-list
urgency status.

Table 6. Recipient Cause of Death for HRT Recipients in the
Subgroup With Severe Renal Dysfunction (eGFR <30 mL/min
per 1.73 m2 or on Dialysis) With or Without Concurrent KT
(173 Deaths)

Recipient Cause
of Death

HRT-KT
(n=21)

HRT Alone
(n=152) P Value

Missing
Data

Cardiovascular 1 (5%) 23 (16%) 0.75 10 (6%)

Graft failure 1 (5%) 24 (17%)

Infection 8 (38%) 26 (18%)

Multiorgan failure 3 (14%) 24 (17%)

Malignancy 3 (14%) 6 (4%)

Other 5 (24%) 39 (27%)

eGFR indicates estimated glomerular filtration rate; HRT, heart retransplant; KT, kidney
transplant.
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rent KT is associated with improved survival in the HRT
population and is comparable to survival among primary heart
transplant recipients. Conversely, HRT alone in patients with
severe renal dysfunction should be considered with caution.

Limitations
Several limitations in this study deserve mention. First, as a
retrospective analysis, the results may differ from those of a
prospectively evaluated cohort. The database itself is subject
to misclassification and selection bias. In addition, treatment
standards of care often vary between different centers and
over time. There were variables with missing data that
required multiple imputation in the multivariable analyses, and
for the subgroup analyses of patients with severe renal
dysfunction, some patients were excluded because eGFR
could not be calculated. These issues, however, likely did not
introduce any systematic bias, and the robust statistical
analyses performed accounted for these issues.

Finally, this study was limited to the use of a single
creatinine value at the time of transplantation to calculate an
eGFR. This eGFR and the need for dialysis provided the best
characterization of renal function available within the con-
structs of the available data set; however, a single creatinine
value is not necessarily representative of a patient’s overall
kidney function and does not differentiate between acute
kidney injury and chronic kidney disease. Further research in
this population will almost certainly require more granular
assessment of pretransplant kidney function to better under-
stand who is best suited to HRT, with or without concurrent KT.

Conclusion
In patients undergoing HRT, recipients of HRT-KT had better
survival than recipients of HRT alone. This survival benefit was
most pronounced among those with severe renal dysfunction
at the time of transplantation; therefore, concurrent KT should
be considered for this population. Further research is needed
to determine which HRT patients may benefit the most from
concurrent KT to improve outcomes for this high-risk
population.
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