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SUMMARY

Heart transplantation is a viable option for end stage heart disease but
long-term complications such as chronic kidney disease are being increas-
ingly recognized. We sought to investigate the effect of change in estimated
glomerular filtration rate (eGFR) during the heart transplant waitlist period
on post-transplant mortality and end stage kidney disease (ESKD). We
analysed the United Network of Organ Sharing heart transplant database
from 2000 to 2017. Multivariable Cox regression with restricted cubic
splines and cumulative incidence competing risk (CICR) methods were
used to compare the effects of change in eGFR on mortality and ESKD,
respectively. A total of 19 412 patients met our inclusion criteria. Mortality
increased with increasing loss of eGFR (adjusted hazard ratio increased
from 1.02 [confidence interval (CI) 1.01–1.04, P = 0.008] for 10% loss to
1.15 (CI 1.06–1.26, P = 0.001) for 50% loss of eGFR. Similarly, risk of
ESKD also increased monotonically with increasing loss of renal function
[subdistribution hazard ratio increased from 1.12 (CI 1.09–1.14,
P < 0.001) to 2.0 (CI 1.74–2.3, P < 0.001)] as loss of eGFR increased from
10% to 50%. Overall, we found that loss of >10% of eGFR resulted in
higher risk of mortality and higher risk of ESKD.
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Introduction

Orthotopic heart transplantation (OHT) has become a

viable option for advanced heart failure and survival has

steadily improved, with patients surviving decades after

heart transplantation. Long-term complications such as

declining renal function and end stage kidney disease

(ESKD) are being increasingly recognized adding to the

complexity of care and to morbidity [1,2]. Few retro-

spective studies have shown improved survival after

simultaneous heart kidney transplantation (SHK) com-

pared to isolated heart transplantation among patients

with reduced kidney function [3–5], likely resulting in

an increase of SHK being performed. In the past dec-

ade, there has been a nearly fivefold increase in SHK

performed.

The ability to predict recovery of kidney function

after an isolated heart transplant is difficult as kidney

dysfunction in the waitlisted population is often multi-

factorial. However, this is an important area of study
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that could lead to fewer unnecessary kidney transplants

at the time of heart transplant. Prior studies in adults

have shown that renal function at the time of listing

and at the time of heart transplantation predicts post-

OHT ESKD as well as patient survival [6,7]. In the pae-

diatric population, there is increasing recognition that

worsening renal function during the waiting period is a

significant risk factor for post-OHT ESKD and patient

survival [8]. We undertook this study to determine the

effect of changing eGFR in adults while on the waiting

list for OHT on patient survival post-OHT and the risk

of developing ESKD (defined as need for dialysis or

receipt of a subsequent renal transplant).

Methods

De-identified heart transplant data from the United

Network for Organ Sharing (UNOS) database (2000–
2017) were included in the study. We excluded

patients who were less than 18 years of age, were on

the waitlist for less than 30 days (except as below),

received multi-organ transplants, had a history of any

prior solid organ transplant, or were on maintenance

dialysis. Serum creatinine at the time of listing and at

time of transplant were obtained from this data set

and the Modification of Diet in Renal Disease

(MDRD) equation was used to calculate estimated

glomerular function rate (eGFR) at these two time

points [9]. We excluded eGFR >200 ml/min/1.73 m2

as erroneous data [10]. We looked at the effect of

change in eGFR (measured continuously) during the

waitlist period on mortality and risk of development

of ESKD. We did a subgroup analysis of the effect of

change in eGFR separately in patients with a listing

eGFR of <30 ml/min/1.73 m2, 30–59 ml/min/1.73 m2

and ≥60 ml/min/1.73 m2. We also looked at the effect

of change in eGFR by amount of time spent on the

waitlist (<30, 30–90 and >90 days; for this subgroup

analysis alone we included patients who were on the

waitlist for <30 days). Using clinical knowledge we

identified potential confounders of the relationship

between change in eGFR and mortality and ESKD for

inclusion in the multivariable model. The relevant

recipient factors (age, gender, race, ethnicity, body

mass index (BMI), diabetes), donor characteristics

(donor age, cold ischaemia time, donor diabetes,

donor hypertension), waitlist and peri-transplant

related variables (ventricular assist device (VAD), use

of extra corporeal membrane oxygenation (ECMO),

intra-aortic balloon pump (IABP), Inotropes, days on

waitlist), and post-transplant characteristics (graft

ejection fraction (EF), new onset diabetes, calcineurin

inhibitor (CNI) use) were evaluated.

Statistical analysis

Baseline characteristics between the groups were com-

pared using chi-squared tests for categorical variables

and analysis of variance (ANOVA) for continuous vari-

ables. Multivariable Cox regression with restricted cubic

splines was used to assess the effect of change in eGFR

on mortality [11,12]. The cumulative incidence compet-

ing risk (CICR) method was used to compare the effect

of change in eGFR on the development of ESKD (with

death as a competing risk) and subdistribution hazards

approach was used to adjust for independent variables

associated with ESKD [13]. Potential confounder vari-

ables were included in the multivariable analysis if they

were associated (P < 0.20) in simple Cox regression for

continuous variables and the Logrank test for categori-

cal variables. We adjusted for patient’s age, gender, race,

BMI, diabetes, VAD use, ECMO, IABP, inotropes use,

eGFR at listing, listing status, days on waitlist, donor

hypertension, donor diabetes, CNI use, graft EF and

new onset diabetes. Statistical analysis was performed

using STATA 16.1 (StataCorp LP, College Station, TX,

USA). Statistical significance was set at P < 0.05.

Results

During the study period, we had 19412 patients who

met the inclusion criteria. 3551 (18.29%) had no change

in their eGFR; 4932 (25.4%), 2803 (14.4%) and 637

(3.3%) had loss of up to 25%, 26–50% and >50% of

eGFR, respectively, during the waiting period. 3502

(18.0%), 2082 (10.7%), 1905 (9.8%) patients had up to

25%, 26–50% and >50% improvement in their eGFR,

respectively, while waiting for a heart transplant. Base-

line characteristics of these seven groups are shown in

Table 1.

Loss of renal function during the waiting period was

associated with higher mortality. The adjusted hazard

ratio (HR) was 1.02 [confidence interval (CI) 1.01–1.04,
P = 0.008] for patients who lost just 10% of their listing

eGFR. The adjusted hazard ratio increased to 1.15 (CI

1.06–1.26, P = 0.001) and 1.31 (CI 1.11–1.55,
P < 0.001) for patients who lost 50 % and 90% of their

listing eGFR, respectively, (Fig. 1). In subgroup analysis,

based on listing eGFR, mortality was higher in patients

who lost more than 10% of their listing eGFR when the

starting eGFR was ≥60 ml/min/1.73 m2 or between

59 ml/min/1.73 m2 and 30 ml/min/1.73 m2 (Table 2).
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For the same level of loss of eGFR, patients who had a

lower starting eGFR had higher hazard ratio for mortal-

ity. There were very few patients with listing eGFR

<30 ml/min/1.73 m2 who had decline of their listing

eGFR, therefore a valid conclusion could not be drawn

in this group. When stratifying our data based on the

amount of time spend on the waitlist, mortality was

higher in patients who lost >10% of eGFR on the wait-

list only if they were on the list for >90 days (Table 2).

In the overall model for mortality, improvement in

eGFR was not protective and they had similar mortality

as compared to our reference group (no change in

eGFR while on the waitlist).

A total of 1689 (8.7%) of the patients developed

ESKD in the follow-up period. Table 3 lists the absolute

number of ESKD events by percentage loss of eGFR

during the waiting period. After adjusting for multiple

confounders, we found that loss of eGFR by even 10%

during the waiting period was associated with higher

risk of ESKD (subdistribution hazard ratio (SHR) of

1.12 (CI 1.09–1.14, P < 0.001). The risk for ESKD con-

tinued to increase with increasing loss of eGFR and the

SHR increased to 2.00 (CI 1.74–2.30, P < 0.001) and

3.68 (CI 2.84–4.79, P < 0.001) by the time there was a

loss of 50% and 90% of listing eGFR, respectively

(Fig. 2). Improvement in eGFR during the waiting per-

iod for heart transplant lowered the risk of ESKD. The

confounders included in the model for development of
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diabetes, donor age, CNI use, eGFR at listing, post-
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Figure 1 Overall adjusted hazard ratio for mortality. Multivariable

cox regression with restricted cubic splines illustrating relationship

between change in renal function during the waitlist period and

post-transplant mortality.
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When investigating the effect of change in eGFR on

ESKD risk based on the listing eGFR, we found that loss

of 10% or more of starting eGFR lead to significant

higher risk of ESKD if starting eGFR was ≥60 ml/min/

1.73 m2 or if starting eGFR was between 59 ml/min/

1.73 m2 and 30 ml/min/1.73 m2 (Table 4). As with

mortality, we also found that for similar loss of eGFR

the hazard ratio for ESKD was higher if the starting

eGFR was lower. The number of patients with loss of

eGFR if the listing eGFR was <30 ml/min/1.73 m2 was

too few to come to any meaningful conclusion. In the

subgroup analysis, looking at the effect of wait time and

change in eGFR we found that loss of >10% or more of

eGFR had a significant impact on the risk of ESKD in

all the subgroups (time spend on the waitlist ≤30 days,

31–90 days or >90 days (Table 4).

Discussion

In this UNOS database analysis of nearly 20 000 OHT

patients, we examined pre- and postheart transplant risk

factors for mortality. We found that, while waiting for a

heart transplant, a 10% decline in renal function was

associated with an increased risk of both post-transplant

mortality and ESKD. Further, these risks monotonically

increased with increasing loss in renal function.

Overall, our adjusted models showed that decline in

eGFR by 10% or more translated to higher risk of

future ESKD. It is important to note that this was true

even when patients were on the list for short period of

time (<30 days). We looked at percentage changes in

eGFR during the wait time, knowing that at lower eGFR

small absolute changes will give rise to higher percent-

age changes, and our findings suggest that even smaller

absolute changes in eGFR at lower starting eGFR are

significant. Other studies have identified worse mortality

in nontransplant adult patients with heart failure who

have a decline in their renal function [14–16]. Acute

kidney injury in the perioperative period, renal function

at one year postheart transplant and development of

ESKD post-transplant have each been shown to predict

higher long-term patient mortality [17–21]. Our analy-

sis shows that worsening renal function (>10%) while

on the waitlist for heart transplant is associated with an

increased risk of ESKD, even if patients are on the list

for short periods of time (<30 days). These data suggest

that a potentially reversible condition such as cardiore-

nal syndrome was playing a smaller role and that kidney

function decline continues in this subgroup following

OHT and leads to ESKD.

Several studies have now shown better outcomes with

combined heart kidney transplantation as compared to

heart transplantation alone in recipients with reduced

eGFR [3–5,22]. These emerging data could be prompt-

ing an increase in the number of simultaneous heart

kidney transplantation (nearly fivefold increase from

2004 to 2018) [23]. Moreover, because of the current

allocation algorithm recipients undergoing simultaneous

heart kidney transplant likely receive a higher quality

deceased donor kidney compared to a subsequent iso-

lated deceased donor kidney transplant [24]. This cre-

ates an imbalance between beneficence and utility and

can place patients in need of a kidney transplant alone

at a relative disadvantage [23]. Furthermore, some

Figure 2 Subdistribution hazard ratio for end stage kidney disease

(ESKD). Cumulative incidence competing risk (CICR) model illustrating

the relationship between change in renal function during the waitlist

period and post-transplant development of ESKD (with death as a

competing event).

Table 3. Absolute number of events (death and eskd (with percentages)).

Change in
eGFR (total
number)

Improvement in
eGFR by
>50% (1905)

Improvement in
eGFR by
26–50% (2082)

Improvement in
eGFR up
to 25% (3502)

No change
in eGFR (3551)

Loss of
eGFR up
to 25% (4932)

Loss of
eGFR by
26-50% (2803)

Loss of
eGFR by
>50% (637)

Death (%) 667 (35.0) 717 (34.4) 1054 (30.0) 1368 (38.5) 1593 (32.4) 963 (34.3) 297 (46.6)
ESKD (%) 167 (8.7) 175 (8.4) 276 (7.8) 321 (9.0) 387 (7.8) 264 (9.4) 99 (15.5)
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patients who receive a simultaneous heart/kidney trans-

plant may recover native kidney function making that

kidney transplant unnecessary and consequential to

those remaining on the kidney transplant waitlist. How-

ever, it is difficult to predict renal recovery after heart

transplantation as reduced renal function in end stage

heart failure is multifactorial and sometimes irreversible.

Reduced kidney perfusion, increased venous pressures,

enhanced proinflammatory signalling and stimulation of

fibrosing pathways from an activated renin–an-
giotensin–aldosterone system are few of the many

pathophysiological mechanisms [25,26]. In the heart

failure population although studies have shown adverse

outcome with worsening kidney function as noted

above, there are other studies like the ESCAPE and

EVEREST trials in which decongestion and hemocon-

centration with treatment was associated with decline in

renal function but improved survival, highlighting the

complexity of the problem [27,28].

Mechanical circulatory support in the heart failure

population has been shown to improve early renal func-

tion but the effect seemed to be largely transient [29]. It

is also unknown if improvement in renal function with

ventricular assist devices in end stage heart failure pop-

ulation translates into renal recovery postheart trans-

plantation. Recent studies have, however, shown some

benefit of using levosimendan to improve renal function

in patients waiting for a heart transplant as well as in

the early post-transplant period [30,31]. In prior stud-

ies, pretransplant renal function, Black race, diabetes,

post-transplant heart function, post-transplant diabetes,

CNI use were associated with high risk of development

of ESKD. We now report that worsening renal function

while waiting for heart transplant is also an important

risk factor for ESKD. This finding has important impli-

cation for clinicians caring for patients waitlisted for

heart transplant as avoiding progressive kidney injury

and focusing on renoprotective therapies during this

period may help prevent later ESKD. Those that show

continued kidney function decline, while waiting, may

need to be prioritized for a combined heart kidney

transplant or placed in a safety net for a subsequent

kidney transplant if ESKD develops a short time after

OHT.

Several important limitations should be considered

when interpreting the results of this database analysis.

In all retrospective studies, there is a possibility of selec-

tion bias and the results could have been affected by

missing data. In our study cohort, there is a possibility

that patients with significant deterioration of kidney

function may have gone on to receive a combined heartT
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kidney transplantation or may have been completely

removed from the heart transplant list which can intro-

duce selection bias. Aetiology of chronic kidney disease

in heart failure and also post-OHT is multifactorial and

registry analysis does not allow us to comment on the

cause of ESKD in this population. Data regarding use of

medication like diuretics and angiotensin-converting

enzyme inhibitors which can affect kidney function were

not available. Measured GFR is not the same as eGFR

and there is variability in the measured and calculated

GFR in patients waiting for heart transplant [9]. This

could be secondary to loss of lean body mass, however,

it is not practical to measure GFR in each patient. Reg-

istry data also suffers from missing data and errors in

data entry. There were 1242 patients with missing eGFR

at the time of listing and about 1576 who had eGFR

greater than 200 which we excluded from the analysis.

We also did not have data on proteinuria or urine

chemistry, which provides valuable information on

glomerular and tubular function and the potential for

recovery of renal disease. cPRA and crossmatch data

were also missing in majority of cases and its effect

could not be analysed. Finally, retrospective analysis

cannot prove causality and can only demonstrate associ-

ations.

In conclusion, even minor loss of eGFR (>10%)

between listing and transplant in OHT was associated

with an increased risk of post-OHT mortality. Worsen-

ing renal function (>10%) during the waiting time even

for a short duration was associated with higher risk of

post-OHT ESKD while improvement in renal function

reduced the risk. A multidisciplinary approach may help

preserve renal function while waiting and thus the

development of ESKD post-OHT.
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