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v Servicio Cardiologı́a pediátrica, Hospital Universitario Vall d’Hebron, Barcelona, Spain
wUnidad de Insuficiencia Cardiaca y Transplante, Servicio de Cardiologı́a, Hospital Universitario Marqués de Valdecilla, Santander, Cantabria, Spain

Rev Esp Cardiol. 2022;75(1):60–66

Article history:

Received 7 December 2020

Accepted 8 June 2021

Available online 10 July 2021

Keywords:

Heart transplant

Heart retransplantation

Survival

A B S T R A C T

Introduction and objectives: Heart retransplantation (ReHT) is controversial in the current era. The aim of

this study was to describe and analyze the results of ReHT in Spain.

Methods: We performed a retrospective cohort analysis from the Spanish Heart Transplant Registry

from 1984 to 2018. Data were collected on donors, recipients, surgical procedure characteristics,

immunosuppression, and survival. The main outcome was posttransplant all-cause mortality or need for

ReHT. We studied differences in survival according to indication for ReHT, the time interval between

transplants and era of ReHT.

Results: A total of 7592 heart transplants (HT) and 173 (2.3%) ReHT were studied (median age, 52.0 and

55.0 years, respectively). Cardiac allograft vasculopathy was the most frequent indication for ReHT

(42.2%) and 59 patients (80.8%) received ReHT > 5 years after the initial transplant. Acute rejection and

primary graft failure decreased as indications over the study period. Renal dysfunction, hypertension,

need for mechanical ventilation or intra-aortic balloon pump and longer cold ischemia time were more

frequent in ReHT. Median follow-up for ReHT was 5.8 years. ReHT had worse survival than HT (weighted

HR, 1.43; 95%CI, 1.17-1.44; P < .001). The indication of acute rejection (HR, 2.49; 95%CI, 1.45-4.27;

P < .001) was related to the worst outcome. ReHT beyond 5 years after initial HT portended similar

results as primary HT (weighted HR, 1.14; 95%CI, 0.86-1.50; P < .001).

Conclusions: ReHT was associated with higher mortality than HT, especially when indicated for acute

rejection. ReHT beyond 5 years had a similar prognosis to primary HT.
�C 2021 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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INTRODUCTION

Heart retransplantation (ReHT) accounts for a very small

proportion of all heart transplants (HT). In 2014, the International

Society for Heart and Lung Transplantation published the

characteristics and results of ReHT based on the experience of

multiple centers in different countries, including some hospitals in

Spain. According to the research, ReHT remained stable throughout

the study period, with a frequency of 2% to 4%.1–5

Waiting lists have become increasingly long and may get longer

gradually worldwide. Therefore, determining the factors related to

this situation seems essential. Strong efforts have been made to

increase the number of donors through donation after cardiac

death programs or by accepting marginal donors, for example.

However, a high proportion of transplants are performed in an

acute setting due to the rise of mechanical circulatory support,

which could have an impact on waiting lists. When to perform a

transplant and in whom has not only become a major clinical

decision but also an ethical dilemma. ReHT is a viable, and

probably, the only therapeutic option for patients with severe graft

dysfunction6,7 and identifying the ideal patient that could benefit

from this procedure is essential.

The present analysis aimed to describe ReHT patient char-

acteristics and survival in a nationwide transplant registry.8

METHODS

This is a retrospective cohort analysis based on data from the

Spanish Heart Transplant Registry (SHTR), a multi-institutional,

prospective database promoted by the Heart Failure Association of

the Spanish Society of Cardiology from 1984 to December 2018.

This database has been described elsewhere9 and comprises

detailed clinical information on all HT procedures performed in

Spain from 1984 to the present. The registry is updated yearly with

data supplied by all Spanish transplant centers. The use of

anonymized data for investigational purposes was approved by

the local ethics committees of all the participating centers. For the

purpose of this study, data from patients aged > 16 years at the

time of transplant regarding baseline recipient and donor

characteristics, surgical procedure, immunosuppression, and

survival were collected. We excluded patients with multiorgan

transplants.

Baseline clinical characteristics and long-term post-HT survival

of patients who underwent ReHT between 1987 and 2018 were

compared with those of recipients of a first HT (no reHT group). For

the former group, characteristics at the time of the second HT were

used for analysis. Because urgent listing and use of circulatory

support prior to HT were highly correlated, only the latter variable

was used to avoid collinearity. Renal dysfunction was defined as a

serum creatinine level > 2 mg/dL or the need for dialysis. Donor

cytomegalovirus serostatus had a high rate of missing data and was

not included in the analysis. The cause of death and the primary

cause of ReHT were locally adjudicated by each participating

center. The cause of ReHT was categorized as follows: primary graft

failure (PGF) (that occurring primarily as a result of early allograft

dysfunction in the absence of definite evidence of rejection),

allograft rejection (AR) (both acute cellular and antibody-mediated

rejection), cardiac allograft vasculopathy (CAV) (allograft dysfunc-

tion secondary to significant coronary disease according to the

International Society for Heart and Lung Transplantation consen-

sus statement10 or the presence of myocardial infarction by

electrocardiographic or echocardiographic findings); and unspe-

cific graft failure (UGF) (that without a definite diagnosis of acute

rejection or CAV). Due to the similarities in key baseline

characteristics between CAV and UGF as indications for ReHT

(table 1 of the supplementary data), we merged both groups for the

present investigation. The timing of ReHT was categorized as early

if occurring < 1 year, midterm if 1-5 years, and late if > 5 years

from the previous transplant.
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R E S U M E N

Introducción y objetivos: El retrasplante cardiaco (ReTC) representa un tema controvertido actualmente.

Nuestro objetivo es describir y analizar los resultados del ReTC en España.

Métodos: Análisis retrospectivo del Registro Español de Trasplante Cardiaco de 1984 a 2018. Se

recogieron datos sobre donante, receptor, cirugı́a, inmunosupresión y supervivencia. La mortalidad por

todas las causas o la necesidad de ReTC postrasplante fueron el objetivo principal. Se estudiaron

diferencias en supervivencia según indicación, tiempo entre trasplantes y época del ReTC.

Resultados: Se estudiaron en total 7.592 trasplantes cardiacos (TxC) y 173 (2,3%) ReTC (mediana de edad,

52,0 y 55,0 años respectivamente). La enfermedad vascular del injerto fue la indicación de ReTC más

frecuente (42,2%) y 59 pacientes (80,8%) recibieron el ReTC más de 5 años después del trasplante inicial.

El rechazo agudo y el fallo primario del injerto disminuyeron como indicaciones durante el periodo

estudiado. La insuficiencia renal, la hipertensión, la necesidad de ventilación mecánica o balón

intraaórtico y la mayor duración de la isquemia frı́a fueron más frecuentes en el ReTC. La mediana de

seguimiento del ReTC fue 5,8 años. El ReTC tuvo peor supervivencia que el TxC (HR ponderado = 1,43;

IC95%, 1,17-1,44; p < 0,001). El rechazo agudo (HR = 2,49; IC95%, 1,45-4,27; p < 0,001) se relacionó con

el peor resultado. El ReTC más allá de 5 años del trasplante inicial presagia resultados similares a los del

TxC primario (HR ponderado = 1,14; IC95%, 0,86-1,50; p < 0,001).

Conclusiones: El ReTC se asoció con mayor mortalidad que el TxC, especialmente por rechazo agudo. El

pronóstico del ReTC realizado más de 5 años después es similar al del TxC primario.
�C 2021 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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HT: heart transplant
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Primary endpoint

The primary endpoint was posttransplant all-cause mortality or

need for ReHT. ReHT reflects a second transplant in the ReHT

group.

Statistical analysis

Continuous variables are summarized as median (interquartile

range [IQR]) and compared using the Mann-Whitney or Kruskal-

Wallis test, as appropriate. Categorical variables are summarized

as numbers and percentages and were compared using a chi-

square test or the Fisher exact test, as appropriate.

Time to event (death or second HT) was modeled by means of

parametric regression with Weibull distribution. To avoid the

immortal bias derived from the fact that recipients of a

retransplant had to be alive until the second HT, an additional

time not available for the no-ReHT patients,11 we used marginal

structural models in all analyses.12 Hence, in this study, the

contribution of each patient was weighted by the inverse of its

probability density function of having undergone ReHT condi-

tioned on covariates of the study. Furthermore, to avoid the large

variability in weights derived from the strong association between

ReHT and some covariates (table 2 of the supplementary data), we

used stabilized weights13 defined as Probability(ReHT)/Probability

(ReHT/covariates), where probabilities were estimated by logistic

regression. In both numerator and denominator, the probability

was P (ReHT) for patients with ReHT and 1 – P (ReHT) for patients

with no ReHT.

The multivariable logistic regression model aimed to obtain the

probability of ReHT was fitted with all single variables with

significant association with the study outcome (table 3 of the

supplementary data). Previous sternotomy was a perfect predictor

of ReHT and, consequently, it could not be entered in the model. For

adjustment, this variable was entered in the parametric survival

regression as an independent factor along with stabilized weight.

Likewise, a second logistic regression model was fitted with

exclusion of induction at the time of HT, and later used to calculate

a different stabilized weight aimed at running a specific sensitivity

analysis. Another sensitivity analysis was carried out excluding

previous sternotomy from the survival regression analysis.

Missing data (table 4 of the supplementary data) were handled

by multiple imputations using the fully conditional specification

method, generating 10 imputed datasets using all applicable

adjustment variables and the outcome variable as predictors. The

average of the 10 imputed data sets carried out according to

Rubin’s rules14 was used for analysis. For imputation, categorical

and continuous variables were modeled using logistic regression

and linear regression, respectively.

All statistical tests were 2-sided and a P value < .05 was

considered significant. Statistical analyses were performed using

SPSS 25.0 (SPSS Inc, United States) and Stata 16.1 (StataCorp,

United States).

RESULTS

In total, 7592 patients were identified in the SHTR database, of

which 173 (2.3%) underwent ReHT at a median of 4.9 [IQR, 0.04-

11.5] years after the initial transplant. The distribution of patients

according to the indication for ReHT and time from initial

transplant is outlined in figure 1A. Overall, CAV was the most

frequent indication for ReHT (73 patients, 42.2%), at a median of 9.1

[IQR, 5.7-13.1] years after the initial transplant. Fifty-nine of the

73 patients (80.8%) were retransplanted more than 5 years after

the initial transplant. AR led to ReHT in 16 patients (9.2%), at a

median of 0.6 [IQR, 0.3-1.2] years, with most patients (75%)

retransplanted within the first year after the initial transplant. UGF

was the indication for ReHT in 43 patients (24.9%), occurring at a

median of 9.0 [IQR, 1.7-12.8] years. Twenty-six (60.5%) and 11

(25.6%) of these patients were retransplanted more than 5 years

and between 1 and 5 years after the initial transplant, respectively.

PGF was the diagnosis in 41 patients (23.7%). All of them had been

retransplanted within the first year post-HT. Additionally, both AR

and PGF decreased as indications for ReHT over the observation

period, whereas CAV and UGF increased (figure 1B).

Patient demographics are outlined in table 1. Patients

undergoing ReHT were younger (median 52.0 vs 55.0 years),

and had an increased likelihood of pretransplant renal dysfunction

(46.8% vs 17.8%), hypertension (42.2% vs 30.1%), mechanical

ventilation (29.5% vs 11.5%), previous sternotomy (100.0% vs

26.1%), need for circulatory support with intra-aortic balloon

counterpulsation (25.4% vs 12.3%), and longer cold ischemia time

(median 3.3 vs 3.2 hours). In contrast, retransplanted patients had

lower pulmonary vascular resistance (median 1.9 vs 2.1 Wood

units) and were less likely to undergo the bicaval technique (28.9%

vs 44.3%). Donor age was also lower (median 34.0 vs 36.0 years).

Median follow-up was 5.8 [IQR, 0.8-12.8] years, with a

significantly shorter follow-up in patients undergoing ReHT

compared with primary HT (median, 2.0 years [IQR, 0.1-9.3] vs

5.9 years [IQR, 0.9-12.8]; P < .001).

Retransplantation and outcomes

In total, there were 123 deaths (71.1%) and 4 second

retransplants (2.3%) in the ReHT group compared with 4300 deaths

(58.0%) in the no-ReHT group (P < .001). Patients undergoing ReHT

were also more likely to die within 1 year (43.9% vs 22.9%,

Figure 1. Distribution of patients according to indication for retransplantation and time from the initial transplant (A) and indications for retransplantation by

transplant era (B). AR, acute rejection; CAV, cardiac allograft vasculopathy; PGF, primary graft failure; UGF, unspecific graft failure.
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P < .001). On univariable analysis (table 3 of the supplementary

data), ReHT had worse survival than primary HT (unadjusted

hazard ratio [HR], 1.81; 95% confidence interval [95%CI], 1.53-2.15;

P < .001). In the weighted model, ReHT remained significantly

associated with a worse outcome than recipients of a first, single

HT (weighted HR, 1.43; 95%CI, 1.17-1.44; P < .001) (table 2).

Sensitivity analysis

We repeated marginal structural models after excluding both

prior sternotomy and the use of induction therapy at the time of

transplantation. On weighted analysis without prior sternotomy,

ReHT was significantly associated with all-cause mortality/ReHT

(HR, 1.66; 95%CI, 1.38-1.99; P < .001). Likewise, on weighted

analysis without induction therapy at the time of transplantation,

patients undergoing ReHT showed a worse prognosis (HR, 1.47;

95%CI, 1.19-1.81; P < .001) (table 2).

Effects of indication and timing of retransplantation

Over the entire analysis, there were no significant differences in

mortality/ReHT rates according to the indication for ReHT: 87.5%

for AR, 72.6% for CAV, 73.2% for PGF, and 69.8% for UGD (P = .58).

Similar findings were observed for mortality/ReHT within 1 year

after transplant (56.3%, 35.6%, 51.2% and 46.5%, respectively;

P = .26). Compared with the no-ReHT group, univariable regression

Table 1

Baseline characteristics of the population by to the study group

Retransplant

(n = 173)

No retransplant

(n = 7419)

P

Recipient

Age at HT, y 52.0 [43.0-59.0] 55.0 [47.0-61.0] < .001

Female sex 36 (20.8) 1475 (19.9) .76

Weight, kg 70.0 [61.6-80.0] 71.0 [63.0-80.0] .40

Renal dysfunction 81 (46.8) 1320 (17.8) < .001

Pulmonary vascular resistance, Wood units 1.9 [1.2-2.7] 2.1 [1.3-3.0] .003

Infection pre-HT 24 (13.9) 786 (10.6) .17

Diabetes pre-HT 34 (19.7) 1197 (16.1) .21

COPD pre-HT 13 (7.5) 825 (11.1) .18

Hypertension 73 (42.2) 2233 (30.1) < .001

Cytomegalovirus serology (+) 149 (86.1) 6045 (81.5) .14

Peripheral vascular disease 15 (8.7) 463 (6.2) .20

Mechanical ventilation pre-HT 51 (29.5) 854 (11.5) < .001

Circulatory support pre-HT < .001

None 114 (65.9) 5821 (78.5) < .001

IABP 44 (25.4) 911 (12.3) < .001

ECMO 5 (2.9) 255 (3.4) 1.00

VAD 10 (5.8) 433 (5.8) 1.00

Cardiac surgery pre-HT 173 (100.0) 1937 (26.1) < .001

Neoplasia pre-HT 10 (5.8) 256 (3.5) .09

Donor

Age, y 34.0 [24.0-43.5] 36.0 [24.0-47.0] .003

Female sex 51 (29.5) 2336 (31.5) .62

Weight, kg 70.0 [65.0-80.0] 75.0 [65.0-80.0] .15

Cause of death .45

Traumatic 71 (41.0) 3060 (41.2) 1.00

Stroke 59 (34.1) 2794 (37.7) .21

Others 43 (24.9) 1565 (21.1) .34

Recipient male/donor female 33 (19.1) 1599 (21.6) .51

Recipient/donor weight ratio 1.0 [0.9-1.1] 1.0 [0.8-1.1] .05

Surgical procedure

HT era .54

1987-2002 87 (50.3) 3542 (47.7) .23

2003-2018 86 (49.7) 3877 (52.3) .21

Cold ischemia time, h 3.3 [2.6-4.0] 3.2 [2.3-3.9] .04

Bicaval surgical technique 50 (28.9) 3283 (44.3) < .001

Induction therapy 111 (64.2) 5665 (76.4) < .001

COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenator; HT, heart transplant; IABP, intra-aortic balloon pump; VAD, ventricular assist

device.

Data are expressed as No. (%) or median [interquartile range].
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showed a higher mortality risk for all the indications, particularly

in patients undergoing ReHT for AR (unweighted HR, 2.76; 95%CI,

1.62-4.67; P < .001). In contrast, patients undergoing ReHT due to

CAV/UGF showed the lower risk (unweighted HR, 1.55; 95%CI,

1.23-1.95; P < .001) (table 3). On weighted analysis, the effect on

the risk of death/ReHT compared with the no-ReHT group was

reduced but remained highly significant, particularly for AR and

GVD/UGF (table 3).

Regarding ReHT timing, death/ReHT rates were 78.3%, 96.3%

and 62.8% for patients undergoing ReHT less than 1 year, between

1 and 5 years and more than 5 years after the initial transplanta-

tion, respectively (P = .002). Compared with the no-ReHT group,

univariable regression showed a significantly higher risk for the

3 groups of different timings (table 3). On the weighted model,

significant associations were found for those ReHT carried out less

than 1 year after the first HT (HR, 1.71; 95%CI, 1.27-2.30) and

Table 3

Analyses to assess posttransplant mortality risk of the heart retransplantation compared with no retransplantation population (marginal structural model) by

indication for retransplantation and timing of retransplantation

Total population

(n = 7592)

Complete-cases population

(n = 5213)

HR 95%CI P HR 95%CI P

Indication for retransplantation

Univariable < .001 < .001

No retransplantation 1 1

AR 2.76 1.62-4.67 < .001 2.82 1.69-4.71 < .001

CAV/UGF 1.55 1.23-1.95 < .001 1.59 1.28-1.98 < .001

PGF 1.68 1.17-2.42 < .01 1.62 1.13-2.32 < .01

Full weighted model* < .001 < .001

No retransplantation 1 1

AR 2.49 1.45-4.27 < .01 0.99 0.14-7.01 .99

CAV/UGF 1.35 1.07-1.70 < .01 1.49 1.12-1.99 < .01

PGF 1.12 0.77-1.73 .03 1.13 0.62-2.05 .69

Timing of retransplantation

Univariable < .001 < .001

No retransplantation 1 1

< 1 year 1.90 1.42-2.54 < .001 1.90 1.42-2.53 < .001

1- 5 years 2.47 1.68-3.63 < .001 2.47 1.68-3.63 < .001

> 5 years 1.33 1.01-1.74 .04 1.34 1.02-1.75 .03

Full weigthed model* < .001 < .001

No retransplantation 1 1

< 1 year 1.71 1.27-2.30 < .001 1.24 0.73-2.11 .42

1- 5 years 2.07 1.39-3.07 < .001 2.44 1.48-4.04 < .001

> 5 years 1.14 0.86-1.50 .36 1.22 0.86-1.73 .27

95%CI, 95% confidence interval; AR, acute rejection; CAV, graft vascular disease; HR, hazard ratio; PGF, primary graft failure; UGF, unspecific graft failure.
* Marginal structural model with inverse probability stabilized weighting and prior sternotomy. Inverse probability weighting included recipient characteristics (age at

transplant, sex, weight, renal dysfunction, pulmonary vascular resistance, infection, diabetes, chronic obstructive pulmonary disease, hypertension, cytomegalovirus

serology, peripheral vascular disease, mechanical ventilation, circulatory support, neoplasy), donor characteristics (age, sex, weight, cause of death, donor female/recipient

male, recipient/donor weight ratio), surgical procedure characteristics (transplant era, cold ischemia duration, surgical technique) and induction therapy at the time of

transplantation.

Table 2

Analysis to assess posttransplant mortality risk of the heart retransplantation compared with the no retransplantation population (marginal structural model)

Total population

(n = 7592)

Complete-cases population

(n = 5213)

HR 95%CI P HR 95%CI P

Univariable 1.68 1.41-2.00 < .001 1.81 1.53-2.15 < .001

Weighted model

Full model* 1.43 1.17-1.74 < .001 1.33 1.01-1.74 .01

W/o prior sternotomy 1.66 1.38-1.99 < .001 1.62 1.26-2.08 .001

W/o induction therapy 1.47 1.19-1.81 < .001 1.40 1.08-1.82 .01

95%CI, 95% confidence interval; HR, hazard ratio.
* Marginal structural model with inverse probability stabilized weighting and prior sternotomy. Inverse probability weighting included recipient characteristics (age at

transplant, sex, weight, renal dysfunction, pulmonary vascular resistance, infection, diabetes, chronic obstructive pulmonary disease, hypertension, cytomegalovirus

serology, peripheral vascular disease, mechanical ventilation, circulatory support, neoplasy), donor characteristics (age, sex, weight, cause of death, donor female/recipient

male, recipient/donor weight ratio), surgical procedure characteristics (transplant era, cold ischemia time, surgical technique) and induction therapy at the time of

transplantation.
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between 1 and 5 years after the first HT (HR, 2.07; 95%CI, 1.39-

3.07), P < .001 for both (table 3). However, ReHT performed more

than 5 years after first HT showed no significantly different risk

than no ReHT (table 3).

DISCUSSION

Overall, the results of the present study showed that ReHT was

related to worse outcomes than primary transplantation. These

results should be interpreted considering the characteristics of our

study population. The ReHT rate in our country seems to be lower

than that observed in other reports, particularly those from North

America.15

In 2008, Atluri et al.16 described better ReHT survival compared

with previous reports and mentioned careful perioperative

management as one of the main pillars to explain this finding.

Years later, an analysis of the United Network for Organ Sharing

database4 reported that potential factors for longer survival were

candidate selection, perioperative care, surgical technique, and

advances in medical treatments. In this setting, the relationship

between timing and indication for ReHT and outcome has been

studied by multiple groups.1–4,17–27 Three publications3,25,26

between 2000 and 2005 reported that retransplants performed

within 6 months after a HT were related to diminishing survival

rates, significantly improving when timing and indications were

taken into account. According to these studies, the optimal

retransplant interval was over 2 years after the original HT and

those with intractable AR in the first 6 months or PGF-related graft

dysfunction needed to be excluded. These and previous experi-

ences were summarized by The Working Group on Heart

Retransplantation2 where chronic severe graft vasculopathy not

medically nor surgically treatable, and chronic graft dysfunction

with progressive heart failure in the absence of ongoing rejection

were the only accepted indications for ReTH. Goerler et al.17

compared 30 day-mortality after retransplant. Their ReHT policy

was reviewed years previously, considering acute graft failure as

exclusion criteria for ReHT. Early ReHT was defined as retransplant

within the first month post-HT and included patients with AR, right

heart failure, biventricular failure, or acute graft failure of

unknown origin. The 30-day mortality in this group was 3 times

higher than that for the late retransplant group. We obtained

similar findings in our series. According to our results, retrasplants

performed between 1 and 5 years posttransplant were associated

with the highest mortality. Nonetheless, those ReHT performed

> 5 years after the first HT were not related to poorer outcomes.

These factors could be explained by several factors, but probably

the most important are the indications for ReHT and the transplant

era. CAV and UGD accounted for more than 60% of all retransplants,

with most of them being performed beyond 5 years from HT. In

contrast, PGF and AR were more frequent in the first era of our

study, all PGF retransplants and more than half of AR occurring

within the first year post-HT. This change of trend appears to be in

line with the progressive clinical awareness of the poor results

with AR and the high mortality of ReHT patients in their first year

compared with HT seen by other groups. For these patients, the use

of short-term circulatory support devices seems a reasonable

approach to achieve hemodynamic stability. In our analysis, we

have found both AR and CAV to impact prognosis, the former being

related to a very high risk of mortality. The exact explanation for

CAV as a risk factor may need further investigation as several other

factors could be involved, such as the transplant era, donor-related

factors, etc.

It cannot be denied that a comprehensive selection of the best

candidates is also essential. Hitherto, several factors have been

implicated as risk factors for poor outcomes in retransplanta-

tion3,4,18,21,22,28 the most frequent ones being the recipient’s age,

and the need for extracorporeal membrane oxygenation or

ventilation. For Kilic et al.28 among all the potential risk factors,

the significant factors were age, the need for ventilation and

chronic kidney disease. The presence of these 3 factors increased

the risk of graft dysfunction to 32% at 5 years. In our sensitivity

analysis, the exclusion of prior sternotomy increased the strength

of the association between ReHT and mortality but the use of

antibody induction therapy on weighted analysis maintained the

strength of this association. These findings seem to support

the notion that previous surgery could drive, at least partially, the

worse prognosis of ReHT. For Miller et al.,15 among the several

factors that could impact survival after ReHT, prior sternotomy was

one of the most important factors related to outcomes after late

retransplantation.

Nevertheless, the role of pretransplant immunologic status is of

interest and needs further investigation, as has already been

discussed in the literature.15 Moreover, there are no specific

recommendations regarding the immunosuppression regime in

ReHT, an issue already noted by Johnson et al.2 in 2007. In our

series, induction therapy is less frequently used in ReHT than in HT.

There is a need for individualized immunosuppression therapy

after balancing risk-benefits in retransplantation, as patients are

already immunosuppressed. It seems reasonable to reserve

induction therapy for those with a high risk for early graft failure

(patients who are more sensitized, depending on ReHT indication,

recipient age, etc.) without prior immunosuppression-related

significant adverse effects. In addition, short exposure to the

adverse effects of prolonged immunosuppression could explain

the better results observed in patients undergoing retransplant

within the first year after the initial transplant. When balancing the

risk-benefit of immunosuppression, malignancies are a major

concern. ReHT patients had more comorbidities than HT patients,

including a higher proportion of tumor development probably

related to immunosuppressive therapy exposure.

Our study has the inherent limitations of all observational

retrospective studies. Even the use of multivariable methods could

not totally eliminate the possibility that occult biases persist. One

of the most frequent and subtle biases usually present in this kind

of study is the time or immortal bias. There are several methods,

such as marginal structural models used in our study, to deal with

this bias, which should be mandatory in this type of study. The

small sample size derived from the analysis of population subsets

could decrease the statistical power of some analyses. The absence

of reliable information regarding allosensitization status is a major

limitation of our study because patients undergoing retransplan-

tation are more highly sensitized and a high sensitization portends

increased posttransplant risk. Indeed, we found that the use of

antibody induction therapy conferred retransplant recipients with

a similar posttransplant risk as patients with a primary transplant.

To adjust the possible lack of data, we used multiple imputation.

Multiple imputation is a well-recognized technique in dealing with

missing data, typical of registry-based datasets. In our study, the

results derived from the imputed dataset and complete-data

population did not reveal relevant inconsistencies beyond those

attributable to the smaller sample size of the latter. Furthermore,

this is the first morbidity and mortality study that analyzes the

situation of ReHT in Spain, with a very large number of cases,

comparable to international experiences.

CONCLUSIONS

Our results confirm that retransplant is associated with worse

survival. AR and an intertransplant interval of 1 to 5 years seems to

portend a particularly high risk of poor results. Overall, these
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findings could help to properly allocate allografts in an era of

shortage of donors.

WHAT IS KNOWN ABOUT THE TOPIC?

- Heart retransplantation represents a low proportion of

all heart transplants.

- Survival of retransplant patients has been repeatedly

reported to be low in relevant literature.

WHAT DOES THIS STUDY ADD?

- This is the first report of the characteristics and results of

heart retransplantion in Spain.

- Although patients undergoing retrasplantation were

younger, they had a higher incidence of renal disease,

the need for ventricular support or mechanical ventila-

tion, and longer cold ischemia time.

- Mortality was higher in the retransplant group, with

acute rejection being particularly related to poor

outcome.

- Retransplantation 5 years after the first transplant has a

similar prognosis to primary heart transplant.
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