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Abstract

Aims End-stage heart failure patients often present with severe kidney failure and have limited treatment options. We com-
pared the clinical characteristics and outcomes among end-stage heart and kidney failure patients who underwent combined
heart and kidney transplant (HKTx) with those who underwent kidney transplant after heart transplant (KAH).
Methods and results All patients from 2007–2016 who underwent combined HKTx (n = 715) and those who underwent KAH
(n = 130) using the United Network for Organ Sharing database were included. Kaplan Meier curves and Cox models compared
survivals and identified predictors of death. Number of combined HKTx performed annually in United States increased from 59
in 2007 to 146 in 2016 whereas KAH decreased from 34 in 2007 to 6 in 2016. Among KAH patients, average wait time for kid-
ney transplant was 3.0 years, time to dialysis or to kidney transplant after heart transplant did not differ with varying severity
of kidney disease at baseline (P for both >0.05). Upon follow-up (mean 3.5 ± 2.7 years), 151 patients died. In multivariable
models, patients who underwent combined HKTx had 4.7-fold greater risk of death [95% confidence interval (CI) 2.4–9.4) than
KAH patients upon follow up. A secondary analysis using calculation of survival only after kidney transplant for KAH patients
still conferred higher risk for combined HKTx patients [hazard ratio (HR) 2.6 95% CI 1.33–5.15]. In subgroup analyses after ex-
cluding patients on dialysis (HR 3.99 95% CI 1.98–8.04) and analysis after propensity matching for age, gender, and glomerular
filtration rate (HR 3.01 95% CI 1.40–6.43) showed similar and significantly higher risk for combined HKTx patients compared
with KAH patients. Lastly, these results also remained unchanged after excluding transplant centres who performed only
one type of procedure preferentially, i.e. HKTx or KAH (HR 4.70 95% CI 2.35–9.42).
Conclusions National registry data show continual increase in combined HKTx performed annually in the United States but
inferior survival compared with KAH patients. Differences in patient characteristics or level of kidney dysfunction at baseline do
not explain these poor outcomes among HKTx patients compared with KAH patients. Consensus guidelines are greatly needed
to identify patients who may benefit more from dual organ transplants.
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Introduction

Chronic kidney disease is highly prevalent among patients
with end-stage heart failure who are candidates for heart
transplantation. After heart transplant, some patients de-
velop de novo kidney disease, and some develop progressive

kidney failure eventually requiring renal replacement thera-
pies. The pathophysiology of kidney disease is multifactorial,
and common causes include reduced kidney perfusion and
venous congestion prior to transplant and calcineurin
inhibitor-mediated nephrotoxicity post-transplant.1,2

Established risk factors for developing chronic kidney disease
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post- transplantation are older recipient age, time after trans-
plant, female gender, and pre-transplant renal impairment.3–
5

Pre-heart transplant and post-heart transplant renal im-
pairment has been associated with poor outcomes, especially
in patients needing dialysis prior to heart transplant.6,7 Com-
bined heart and kidney transplantation (HKTx) is an option for
patients suffering from combined heart and kidney failure.8

In fact, International Society of Heart and Lung Transplant
registry data show increase in number of combined HKTx per-
formed every year in the last 5 years.9 Several studies have
indicated that certain patients would either benefit or have
similar survival after combined HKTx compared with heart
transplant alone. Those patients include heart re-transplant,
individuals with end-stage renal disease (ESRD) on dialysis
and individuals with non-dialysis-dependent renal impair-
ment that is unlikely to resolve post-heart transplant
alone.10–12 However, identifying patients who will not re-
cover from the renal impairment after heart transplant is
challenging and therefore no clear guidelines exist that rec-
ommend combined HKTx rather than heart transplant alone
for any given level of kidney dysfunction.

Despite the efforts to increase and facilitate organ dona-
tion, the demand for organs for transplantation continues
to increase.13 Recent evidence suggests that patients receiv-
ing kidney transplant after heart transplant (KAH) have com-
parable long-term survival with heart transplant recipients
alone.14,15 Additionally, it remains unclear whether heart
transplant candidates with moderate kidney disease have su-
perior outcomes with combined HKTx compared with heart
transplant alone with an option to undergo kidney transplant
later if their kidney failure were to get worse.

We therefore used the United Network for Organ Sharing
(UNOS) Standard Transplant Analysis and Research (STAR) da-
tabase to compare characteristics and survival of patients
who received combined HKTx with KAH patients. Additionally,
we examined important risk factors of higher mortality in
each of these patient groups.

Methods

Study sample

We selected all patients aged ≥ 18 years who received com-
bined HKTx (n = 822) and all patients who received KAH
(n = 151) between 1 January 2007 to 31 December 2016 from
de-identified patient-level data provided by the UNOS data-
base using the STAR files. All combined HKTx procedures
were performed either as simultaneous procedures or per-
formed sequentially within 24 h of one another. All patients
that underwent a combined HKTx with a history of prior heart
transplant (re-transplant) were excluded from the database

(n = 120). Additionally, patients who required dialysis at the
time of heart transplantation but only received a heart trans-
plant were also excluded (n = 8). Therefore, our final sample
was of 845 patients, 715 with combined HKTx and 130 with
KAH transplants.

All information on demographics, clinical variables such as
history of hypertension or diabetes, type of cardiomyopathy,
kidney function as defined by serum creatinine values and di-
alysis status, presence of ventricular assist device etc., are all
self-reported and entered by each individual transplant pro-
gramme into the UNOS database. Information on waitlist
times and UNOS waitlist status for both heart and kidney
transplants were obtained from separate databases (STAR
files) of heart and kidney transplant and linked using the com-
mon UNOS identification numbers. No separate informed
consent was required because the data were de-identified
and used in compliance with the UNOS data use agreement.
Data on mortality were also available from UNOS database,
as reported by each centre. For the purpose of the present
study, to estimated glomerular filtration rate (eGFR) was cal-
culated using the Chronic Kidney Disease–Epidemiology Col-
laboration Equation.16

Statistical analysis

We first examined the number of combined HKTx and KAH
performed according to each calendar year from 1996–
2016. However, note that data for rest of the analysis per-
formed in the study were selected only from 2007–2016 as
it represented the current clinical practices as opposed to
previous era with different immunosuppressive regimes and
the time period when practice changes were evolving. We
then compared the demographics, waitlist times on heart
(and kidney) transplant waiting lists, centre volume, serum
creatinine levels at the time of transplant, cardiovascular risk
factors, and other clinical parameters including presence of
ventricular assist device or total artificial heart for combined
HKTx patients with KAH transplants. Additionally, we also ex-
amined all information on demographics and clinical variables
(as previously mentioned) according to eGFR levels prior to
heart transplant. Next, for KAH transplant patients, we
analysed and compared time period between the two trans-
plants, time between heart transplant to the time first listed
on kidney transplant list, time on kidney transplant waitlist,
and time on dialysis after heart transplant according to base-
line eGFR categories (<30, 30–45, 45–60, and >60 mL/min/
1.73m2).

We then created Kaplan–Meier curves to examine the risk
of death in patients who underwent combined HKTx (sepa-
rately in groups if they were on dialysis or not) to those that
underwent KAH.

We created the Cox proportional hazard regression models
in a hierarchical fashion as follows:
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(i) Adjusting for age and sex.
(ii) Adjusting for age, sex, gender mismatch, donor cytomeg-

alovirus status, total bilirubin, calculated panel reactive
antibody, diabetes mellitus, presence of total artificial
heart or left ventricular assist device, presence of
intra-aortic balloon pump, and days on heart (or com-
bined heart kidney) transplant waitlist.

(iii) Stepwise regression model that began with age and sex
and allowed the possibility of any of the covariates (as
displayed in Table 1) to enter the model (P < 0.20) and
eliminating any covariates if they were not significantly
contributing to the model after entry of new covariates
(P < 0.10).

Lastly, with the limited information available from UNOS
database, we examined the cause of death for patients who
died after receiving combined HKTx and compared them with
causes of death among KAH patients.

Secondary analysis

Due to the design of our study, KAH patients had an advan-
tage of survival up to their kidney transplant; therefore, we
performed a secondary analysis where survival in the Cox
models for KAH patients was measured starting from kidney
transplant (instead of heart transplant). Hence, in this analy-
sis, Cox models were examined where the survival was esti-
mated after the combined heart and kidney transplant for
the combined HKTx group and survival time was estimated
starting at kidney transplant for the KAH group. All models
were again adjusted for covariates in the similar hierarchical
fashion as described above.

Subgroup analysis

Because one of the aims of our study was also to examine the
survival differences specifically among patients with moder-
ate kidney disease at baseline, hence in subgroup 1, we ex-
cluded all patients who were on dialysis at the time of their
initial transplant. Cox models were constructed to examine
the difference in survival between combined HKTx patients
to the KAH transplant patients and adjusting for covariates
in the same hierarchical fashion as described above.

In subgroup 2 analysis, we performed Cox models after
propensity score matching based on age, sex, and eGFR with
a 1:1 match. This subgroup included 130 patients in each
group. Separate analyses were conducted to examine the risk
of death for patients with combined HKTx compared with
KAH patients after adjusting for covariates in the same hierar-
chical fashion as the main analyses previously mentioned.

Lastly, in subgroup 3 analysis, we examined the possibility
of selection bias for transplant centre preferentially

performing one type of procedure (HKTx or KAH) over the
other and if such bias may have impacted our results. First,
we identified each centre whose procedure allocation was
not significantly different from the overall cohort via a bino-
mial test and centres who had performed at least one proce-
dure of each type. This resulted in a subcohort with 562
patients across 60 transplant centres. We then repeated the
Cox models in this subgroup while adjusting for all variables
in the similar hierarchical fashion as previously mentioned.

All analyses were performed using SAS version 9.4 (Cary,
NC), and a two-sided P value < 0.05 was considered statisti-
cally significant.

Results

Figure 1 displays the actual number of combined HKTx and
KAH transplants performed annually since 1996 until 2016.
Interestingly, over the last decade, the number of patients
undergoing combined HKTx increased significantly from 59
annually in 2007 to 146 in 2016 whereas the annual number
of KAH performed decreased, from 34 in 2007 to 6 in 2016.
More specifically, we observed a significant drop in number
of KAH transplants performed since year 2000.

Baseline characteristics

Demographics and baseline characteristics of patients as
assessed at the time of heart transplant (or combined HKTx)
are displayed in Table 1. Patients undergoing combined HKTx
(with or without dialysis) were older and more likely to be
male patients. Combined HKTx patients who were not on di-
alysis were more likely on UNOS status 1A at the time of
transplant and had the longest wait times on the transplant
list and were less likely to have a defibrillator or left ventric-
ular assist device compared with other patients. As expected,
combined HKTx patients had higher serum creatinine concen-
trations at the time of transplant and demonstrated greater
cardiac output with higher pulmonary artery pressures. Pa-
tients in combined HKTx group had higher prevalence of cyto-
megalovirus antibodies and higher class 1 panel reactive
antibody levels. There were no differences between the
groups regarding UNOS status 1A and 1B on the waitlist,
whether the procedures were performed at a high-volume
centre (>200 transplants) or whether the patients were in
the intensive care unit, hospitalized, or at home prior to the
transplant. Finally, need for ventilator support, right ventricu-
lar assist device, or intra-aortic balloon pump use at the time
of transplant was similar between the two groups. Baseline
characteristics and demographics of patients according to
their eGFR (<30, 30–45, 45–60, and >60 mL/min/1.73m2)
are displayed in Supporting Information, Table SS1. Indeed,
patients undergoing combined HKTx had lower eGFR and
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Table 1 Baseline characteristics comparing patients undergoing combined heart and kidney transplant to patients with and without the
need for dialysis at time of heart transplant with initial heart transplant followed by kidney transplant

Characteristics HKTx–dialysis N = 243 HKTx–no dialysis N = 472 KAHN = 130 P value

Recipient age, years 50.6 (12.7) 56.5 (10.4) 51.3 (14.5) <.001
Donor age, years 31.4 (12.4) 31.6 (11.1) 29.3 (11.5) 0.14
Female recipient, n (%) 46 (19) 90 (19) 40 (31) 0.010
Male recipient, female donor, n (%) 48 (24) 62 (16) 27 (30) 0.004
Female recipient, male donor, n (%) 17 (37) 41 (46) 16 (40) 0.60
Race, n (%) 0.001

Asian 15 (6) 11 (2) 1 (1)
African American 77 (32) 154 (33) 26 (20)
Hispanic 25 (11) 33 (7) 10 (8)
Caucasian 117 (49) 265 (57) 88 (69)
Other 4 (2) 5 (1) 3 (2)

High school education, n (%) 229 (94) 460 (97) 123 (95) 0.07
BMI, kg/m2 25.9 (5.2) 27.0 (5.0) 26.5 (5.1) 0.024
Waitlist status, n (%) <.001

1A 138 (57) 313 (66) 76 (58)
1B 75 (31) 143 (30) 40 (31)
2 30 (12) 16 (3) 14 (11)

Ischaemic time, h 3.2 (1.1) 3.0 3.4 (1.1) 0.002
Time on waitlist, days 169.5 (244.5) 250.0 (398.7) 152 (260.8) 0.001
High-volume centre (>200), n (%) 170 (70) 325 (69) 88 (68) 0.90
Missing smoking status, n (%) 1 (0) 3 (1) 1 (1) 0.90
Prior smoking, n (%) 86 (36) 208 (44) 53 (41) 0.08
Diagnosis, aetiology for heart failure, n (%) 0.048

Ischaemic cardiomyopathy 89 (37) 171 (36) 44 (34)
Restrictive cardiomyopathy 8 (3) 24 (5) 4 (3)
Congenital 5 (2) 11 (2) 10 (8)
Other 141 (58) 266 (56) 72 (55)

Diabetes, n (%) 0.09
No 140 (58) 266 (56) 89 (68)
Type I 18 (7) 22 (5) 8 (6)
Type II 78 (32) 171 (36) 30 (23)
Other type 1 (0) 1 (0) 0 (0)
Unknown type 6 (2) 10 (2) 1 (1)
Diabetes status unknown 0 (0) 2 (0) 2 (2)

Dialysis, n (%) <.001
No dialysis 0 (0) 472 (100) 130 (100)
Haemodialysis 214 (88) 0 (0) 0 (0)
Peritoneal dialysis 25 (10) 0 (0) 0 (0)
Dialysis with unknown method 4 (2) 0 (0) 0 (0)

Cerebrovascular disease, n (%) 11 (5) 39 (8) 8 (6) 0.16
Cardiac defibrillator, n (%) 161 (66) 265 (77) 99 (76) 0.005
Serum creatinine at transplant, μmol/L 486 (309) 248 (141) 141 (80) <.001
Bilirubin at listing, μmol/L 24 (55) 21 (53) 22 (38) 0.72
Hospital stay, n (%) 0.57

Intensive care treatment 86 (36) 170 (36) 43 (33)
Hospitalized, not in the ICU 56 (23) 101 (22) 23 (18)
Not hospitalized 100 (41) 196 (42) 64 (49)

Ventilator support, n (%) 5 (2) 10 (2) 4 (3) 0.79
ECMO, n (%) 2 (1) 1 (0) 2 (2) 0.19
IABP, n (%) 20 (8) 29 (6) 7 (5) 0.47
LVAD at listing, n (%) 34 (14) 61 (13) 17 (13) 0.92
LVAD at transplant, n (%) 10 (4) 58 (12) 17 (13) 0.001
RVAD at listing, n (%) 9 (4) 5 (1) 3 (2) 0.06
RVAD at transplant, n (%) 4 (2) 5 (1) 3 (2) 0.53
Total artificial heart, n (%) 12 (5) 21 (4) 3 (2) 0.47
Inotrope, n (%) 105 (43) 217 (46) 54 (42) 0.59
Cardiac output, L/min 8.0 (2.7) 7.9 (2.5) 6.6 (2.4) 0.06
Systolic PAP, mmHg 45.3 (13.9) 45.1 (14.0) 41.4 (14.0) 0.025
Mean PAP, mmHg 30.5 (9.0) 30.6 (9.8) 28.1 (9.9) 0.043
PCWP, mmHg 20.1 (8.6) 20.5 (8.8) 19.5 (9.0) 0.56
Donor CMV status, n (%) <.001

Negative 83 (34) 179 (38) 59 (45)
Not done/unknown 1(0) 8 (2) 9 (7)
Positive 158 (65) 280 (60) 62 (48)

Recipient CMV status, n (%) 0.38

(Continues)
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were far more likely to be on renal replacement therapy (33%
vs. 0%) than KAH patients at the time of initial heart trans-
plant. For patients with eGFR < 30 mL/min/1.73m2, vast ma-
jority (96%) of them underwent combined HKTx. Older age
and prevalence of diabetes mellitus were associated with
lower eGFR prior to heart transplantation. Furthermore, sta-
tistically significant differences existed by eGFR categories
for their need for ventilator support, left ventricular device
at listing, and whether the procedure was performed at a
high-volume centre. There was no difference regarding 1A
and 1B status, time on the waiting list, panel reactive anti-
body class 1 > 10%, and panel reactive antibody class
2 > 10%. Finally, there was no difference in need for inten-
sive care, general hospital care, or not requiring in-patient
care at time of transplantation according to different eGFR
categories.

Kidney transplant after heart transplant

Figure 2 displays differences in waitlist times between heart
transplant and kidney transplant according to baseline eGFR
(in categories as previously mentioned) at the time of heart

transplant. As expected, patients in the lowest eGFR category
(eGFR < 30 mL/min/1.73m2) had significantly shorter time to
be listed for kidney transplant. However, there was no differ-
ence in either time to kidney transplant after heart transplant
or time to dialysis after heart transplant according to baseline
eGFR categories. Less than half of the KAH patients received a
kidney transplant from a living donor with no significant dif-
ference between the eGFR groups, and majority had these
transplants performed at the same institution that performed
the heart transplant.

Survival analysis

Upon follow up (mean 3.5 ± 2.7 years), 151 of the 845 pa-
tients died during the study period. Kaplan Meier curves (Fig-
ure 3) show higher risk of death for combined HKTx patients
(with or without dialysis) compared with KAH patients (log-
rank P = 0.001). In age-adjusted and sex-adjusted models (Ta-
ble 2), the risk of death was 4.7-fold higher among combined
HKTx recipients compared with KAH transplant patients on
follow up. The risk of death on follow up remained un-
changed with multivariate adjustment, especially when all
the covariates as displayed in Table 1 are considered in the
model. Lastly, presence of total artificial heart, intra-aortic
balloon pump, implantable cardioverter defibrillator, and be-
ing on dialysis prior to heart transplant were all associated
with increased risk of death.

We compared the causes of death in combined HKTx with
the KAH patients (Supporting Information, Table S2). Bacte-
rial infection, malignancy, cardiac arrest, and multiple organ
failure were some of the major causes of death among pa-
tients with combined HKTx whereas KAH patients primarily
had kidney failure, malignancy, or unknown cause of death.

Secondary analysis

When we compared survival of HKTx patients to KAH patients
but analysing KAH patients’ survival from the time of kidney

Table 1 (continued)

Characteristics HKTx–dialysis N = 243 HKTx–no dialysis N = 472 KAHN = 130 P value

Negative 86 (35) 182 (39) 42 (32)
Not done/unknown 2 (1) 1 (0) 0 (0)
Positive 155 (65) 289 (61) 88 (68)
PRA Class 1 > 10%, n (%) 21 (12) 56 (20) 11 (9) 0.009
PRA Class 2 > 10%, n (%) 15 (9) 38 (14) 9 (8) 0.10

BMI, body mass index; CMV, cytomegalovirus; ECMO, extracorporeal membrane oxygenation; HKTx, combined heart and kidney trans-
plantation; IABP, intra-aortic balloon pump; ICU, intensive care unit; KAH, kidney transplant after initial heart transplantation; LVAD, left
ventricular assist device; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; RVAD, right ventricular assist device;
PRA, panel reactive antibody.
Data are reported as mean ± standard deviation unless stated otherwise. P values are for comparisons using chi square test (or Fisher’s
exact test wherever applicable) for categorical variables and Kruskal Wallis test for continuous variables to assess any differences between
categories.

Figure 1 Number of patients undergoing combined heart and kidney
transplant (HKTx) or kidney transplantation after initial heart transplanta-
tion (KAH) from 1 January 1990 until 31 December 2016.
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transplant (instead of heart transplant as in the models previ-
ously mentioned), combined HKTx patients still had a 2.6-fold
(95% CI 1.33–5.15) higher risk of death on follow up in the
multivariable models.

Subgroup analysis

After excluding all patients who were on dialysis prior to
transplant, the subgroup 1 had 601 patients and during fol-
low up, 91 died. Risk of death for combined HKTx recipients
compared with KAH patients was about four times higher in
age-adjusted and sex-adjusted and multivariable models (Ta-
ble 2; Subgroup 1). In fact, these results essentially remained
unchanged with stepwise multivariable adjustment when all
known covariates were considered in the model (Table 2).

In subgroup 2 analysis, after propensity matching the two
groups for age, gender, and eGFR at baseline, there were a
total of 260 patients (130 in each group). Upon follow up,
41 patients died. The risk of death for patients after com-
bined HKTx was 6.3-fold higher (Table 2; Subgroup 2) com-
pared with KAH patients. Risk of death for combined HKTx
patients compared with KAH patients remained robustly
and statistically higher even after adjusting for multiple vari-
ables in the models (Table 2, multivariable models).

In subgroup 3 analyses, we examined the possibility of se-
lection bias because of being at a transplant centre by exclud-
ing potentially biased centres who only performed one type
of procedure (KAH vs. HKTx) and restricting our analyses to
only 60 centres. There were 562 patients in this subgroup,
and 98 died upon follow up. Patients who underwent com-
bined HKTx still conferred a statistically significant higher risk
of death (4.2-fold to 4.7-fold; Table 2, Subgroup 3) compared
with KAH patients.

Discussion

Principal findings

In the present study, we used the national registry database
to compare clinical outcomes of patients undergoing com-
bined HKTx with KAH patients during the period of 2007–
2016. This analysis revealed several important findings. First,
there is clear trend over the last decade in the United States
that shows combined HKTx numbers are continuing to in-
crease annually whereas the number of KAH procedures per-
formed are declining. The ratio between the number of HKTx
and KAH recipients has been steadily rising since 2003. The
reason behind this trend is unknown but perhaps this can

Figure 2 Time course between initial heart transplant and subsequent kidney transplant compared according to estimated glomerular filtration rate
levels at the time of initial heart transplant for patients undergoing kidney transplant after initial heart transplant.

Figure 3 Kaplan Meier curves estimates of survival comparing patients
with combined heart and kidney transplant (HKTx), stratified based on di-
alysis pre-transplant or not, and patients undergoing kidney transplant af-
ter initial heart transplant (KAH).
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be partially explained by changes in immunosuppression
post-transplant,14 better survival data from the past decade
of patients requiring dialysis, and undergoing combined HKTx
rather than heart transplant alone.17 Vast majority that re-
quire dialysis at time of heart transplant receive combined
HKTx instead of heart transplant alone in current era com-
pared with two decades ago. Of interest, 17% of patients
who underwent combined HKTx had an eGFR > 45 mL/
min/1.73m2 whereas 38% of those who underwent KAH
had an eGFR < 45 mL/min/1.73m2 at the time of initial heart
transplant. It is also plausible that greater use of mTOR inhib-
itor and calcineurin inhibitor-free immunosuppressive regi-
men in the current era have decreased incidence of kidney
dysfunction after heart transplant.14

Second, in multivariable-adjusted Cox models, patients un-
dergoing combined HKTx were at significantly higher risk of
death compared with KAH patients upon follow up. Even af-
ter excluding patients that required dialysis at time of trans-
plant, a known risk factor for death for these patients,17 the
risk of death was still fourfold higher with combined HKTx pa-
tients compared with KAH recipients. Independent predictors
of death in the multivariable model included presence of total
artificial heart, intra-aortic balloon pump or implantable
cardioverter defibrillator, and being on dialysis prior to the
heart transplant. Notably, prior studies in heart transplant pa-
tients have also shown higher risk of death post-transplant
with total artificial heart,9 intra-aortic balloon pump,18 and
dialysis7 prior to heart transplant. One note, there could be
a selection bias for the KAH patients as they have already sur-
vived the initial heart transplant and have passed the preop-
erative kidney transplant evaluation. Therefore, to overcome
that bias we, performed additional secondary analysis by

giving KAH group an advantage of living up to their kidney
transplant in the Cox models and still found similar results.

Third, for patients who underwent KAH, lower eGFR at the
time of heart transplant was associated with shorter time to
kidney transplant listing. However, time to reach the state
of requiring dialysis after heart transplant or time between
heart and kidney transplants did not differ according to eGFR
at the time of heart transplant. Indeed, the aetiology of the
nephropathy after heart transplant for KAH group is less likely
to be from cardio-renal syndrome and more likely from cal-
cineurin inhibitor-mediated nephrotoxicity post-transplant.
Unfortunately, accurate data regarding immunosuppression
post-heart transplantation are not available through registry
database to associate those differences appropriately. These
results are similar to previous reports comparing patients un-
dergoing combined HKTx with heart transplant alone8,10 and
when combined HKTx patients were compared with kidney
only recipients.19

Prior literature

Several epidemiological studies have shown similar survival
for patients undergoing combined HKTx (with or without
pre-transplant dialysis) compared with patients receiving
heart transplant alone, demonstrating that the procedure ap-
pears to be safe and beneficial.8,10,12,20 Understandably, pa-
tients with ESRD on dialysis17 or with eGFR <30 mL/min
have generally been considered potential candidates for com-
bined HKTx.7,21 Additionally, prior studies have noted that pa-
tients with combined HKTx have lower incidence of acute
rejection compared with patients who received heart

Table 2 Multivariable Cox regression models examining the risk of death in patients with combined heart and kidney transplant and in
those with kidney transplant after heart transplant

Models Age and sex adjusted HR (95% CI) Multivariablea HR (95% CI) Multivariable with stepwise selectionb HR (95% CI)

KAH Referent Referent Referent
HKTx 4.77 (2.42–9.40) 4.77 (2.41–9.44) 4.74 (2.40–9.35)
Subgroup 1 analyses (excluding patients on dialysis at the time of heart transplant)c

HKTx 4.01 (2.00–8.07) 4.07 (2.01–8.23) 3.99 (1.98–8.04)
Subgroup 2 Analyses (Propensity matched for age, gender, and eGFR at baseline)d

HKTx 6.35 (3.01–13.39) 7.22 (3.36–15.55) 3.01 (1.40–6.43)
Subgroup 3 analyses (after excluding centres with selection bias)e

HKTx 4.20 (2.39–9.54) 4.41 (2.76–12.42) 4.70 (2.35–9.42)

CI, confidence interval; HKTx, combined heart and kidney transplantation; HR, hazard ratio; KAH, kidney transplantation after initial heart
transplant.
aThe model included age, female gender, gender mismatch between donor and recipient, total artificial heart, intra-aortic balloon pump,
T-bilirubin, waitlist times in days, treatment with dialysis (when applicable), positive donor cytomegalovirus, and panel reactive antibody
class 1 > 10%.

bAll variables shown in Table 1 had the chance to enter into the multivariable stepwise model. In the end, following variables contributed
significantly to the model: recipient age, sex, presence of total artificial heart or intra-aortic balloon pump, implantable cardioverter de-
fibrillator, and total bilirubin levels prior to transplant.

cSubgroup 1 includes 601 patients of them 91 died upon follow up.
dSubgroup 2 includes 260 patients (130 in each group) of them 41 died upon follow up.
eSubgroup 3 includes 562 patients of them 98 died upon follow up.
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transplant alone.10,22 At the same note, prior studies also
show that the survival for individuals receiving KAH is similar
compared with the patients that receive a heart transplant
alone without ESRD,14 and the kidney graft survival remains
similar when comparing KAH with the combined HKTx
patients.23

The demand for organs for transplantation continues to
grow at a higher pace despite efforts to increase and facilitate
organ donation.13 Currently, patients listed for dual organ
transplants do not receive higher priority for heart transplant.19

This concurs with our findings that the patients who underwent
combined HKTx had longer time on the wait list compared with
the KAH patients. Even with the newly introduced changes in
the adult heart allocation system in the United States, patients
listed for dual-organ transplant did not get priority.24 Patients
listed for dual-organ transplantmay ascend to a higher acuity tier
only if their cardiac status deteriorates, very similar to candidates
for heart transplantation alone.24,25 Unfortunately, patients with
advanced heart failure and ESRD have limited treatment options
that could lead to higher priority on the waiting list. Some cen-
tres will not consider implanting a mechanical circulatory assist
device in patients on dialysis due to higher perioperative morbid-
ity andmortality, increased risk of infection, and difficulty finding
a dialysis centre willing to treat these patients.26

Pros and cons of combined HKTx vs. KAH

One reported benefit of combined HKTx is the decreased inci-
dence of T cell-mediated rejection when compared with recipi-
ents of heart transplant alone especially if same donor is
providing both heart and kidney.22,27 However, combined HKTx
does increase the time needed during the transplant procedure
and requires more care coordination between heart and kidney
transplant teams. The other potential benefits from combined
HKTx are the ability to simultaneously correct themetabolic, hae-
modynamic, and symptomatic derangements associated with
end-stage cardiac and kidney disease. In contrast, patients re-
ceiving KAH have the options of getting a kidney transplant not
only from a deceased donor but also from living donors. Kidney
transplant recipients from living donors comparedwith deceased
donors tend to have improved health-related quality of life, bet-
ter allograft and overall survival, and are likely to receive higher
quality organ.28,29 Due to limited availability of organs, resource-
ful utilization of organs is required. This calls for standardization
and implementation of general rules in considering multi-organ
transplantation, specifically combined HKTx, themost commonly
combined organwith heart transplant. Our findings demonstrate
that KAH could be a more reasonable option for patients with
end-stage heart failure with evolving but not end-stage kidney
disease. Although, further research to identify the individuals
who would benefit the most from each procedure is needed.

Strengths and limitations

Strengths of our study include the use of national database
that provides a common platform for both heart and kidney
transplant recipients and ability to account for many clinical
and demographic variables that commonly influence trans-
plant outcomes and the robust results of our subgroup anal-
ysis. We do acknowledge that given the retrospective design
and despite our robust statistical analyses, all potential clini-
cal variables may not be accounted accurately, leaving some
possibility for bias (e.g. differences in immunosuppressive
drug therapies or differences based on follow ups at each
transplant centre); however, randomized trial design could
be too difficult. Additionally, despite our secondary and sub-
group analyses for patients with KAH, there may remain an
unaccounted selection bias that makes KAH patients live lon-
ger than combined HKTx recipients (e.g. better social support,
having tolerated the higher levels of immunosuppressive
therapy after heart transplant, and selection criteria prior to
kidney transplant). However, our retrospective design of
our study makes it difficult to ascertain this bias in models.

Conclusions

There has been a significant increase in the number of patients
receiving combined HKTx over the past two decades whereas
the number of patients receiving KAH is diminishing. Our retro-
spective analysis of national database shows a significant survival
disadvantage for patients receiving combined HKTx compared
with KAH patients. Further research is needed to better define
the indications for combined HKTx and policies to prioritize dual
organ transplants on the waiting list.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Baseline Characteristics of the Patients according to
glomerular filtration rate at time of heart transplantation.
Table 2. Overview of the cause of death for the patients un-
dergoing combined heart and kidney transplant (HKTx) and
kidney transplant after the initial heart transplant (KAH).
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