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Background: Heart transplantation (HT) is the most useful treatment modality for heart failure. Although several studies
have reported the impact of acute kidney injury (AKI) on clinical outcomes after transplantation, little is known
about the impact of peri-transplant renal replacement therapy (RRT) on clinical outcomes. We compared the
clinical outcomes according to RRT use status among patients with AKI during the peri-transplant period.

Material/Methods: The medical records of 21 patients who underwent HT from January 2006 to May 2019 were reviewed. We as-
sessed the heart failure cause, comorbidities, immunosuppressant type, requirement for extracorporeal mem-
brane oxygenation, AKl incidence, and cardiac and renal functions over time. The patients were divided into 3
groups: those without AKI (non-AKI group, n=6), those who underwent perioperative RRT (RRT group, n=10),
and those who did not undergo RRT (non-RRT group, n=5).
Results: The most common cause of HT was dilated cardiomyopathy (52.4%). Fifteen patients (71.4%) experienced AKI
during the peri-transplant period. Among them, 9 (90%) in the RRT group underwent continuous RRT and only
1 (10%) underwent intermittent hemodialysis. Until 6 months after HT, the renal function of the RRT group
was worse than that of the non-RRT group (estimated glomerular filtration rate 44.2 vs. 69.2 mL/min/1.73 m?,
P=0.015), but the differences dissipated by 9 months. Finally, all patients, even in the RRT group, withdrew
from dialysis.

Conclusions: RRT during the peri-transplant period in HT may be a good bridge therapy for renal function recovery in pa-

tients with cardiorenal AKI.

MeSH Keywords: Acute Kidney Injury ¢ Cardio-Renal Syndrome ¢ Heart Transplantation ¢ Renal Replacement Therapy

Abbreviations: HFrEF — HF due to reduced ejection fraction; HTRs — heart transplant recipients; KONOS — Korean Organ
Network for Organ Sharing; RRT — renal replacement therapy; SCr — serum creatinine
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Background

Heart transplantation (HT) is the most useful modality for treat-
ing decompensated heart failure (HF). Various complications
can occur during the peri-transplant period, such as cerebrovas-
cular accident, abnormal pulmonary gas exchange, cardiovas-
cular complications, primary graft dysfunction, renal dysfunc-
tion, diabetes mellitus, infection, and malignancy [1,2]. Acute
kidney injury (AKI) is a common complication in the peri-trans-
plant period of HT [3]. In particular, cardiorenal syndrome, de-
fined as disorders of the heart and kidneys in which the acute
or chronic dysfunction of one organ induces subsequent func-
tional abnormality of another, is a major cause of AKI in HF pa-
tients with normal renal function in the pre-transplant period
of HT [4,5]. AKI in the peri-transplant period is a well-known
independent risk factor for increased morbidity and mortality
rates [3,6-10]. Previous studies reported that renal outcomes
and heart transplant recipients (HTRs) survival were depen-
dent on baseline renal function before transplantation [11-13].
Several studies reported that 5-29% of HTRs experienced AKI
that requires renal replacement therapy (RRT) during the peri-
transplant period [6,8,12,14-16]. These studies reported re-
nal outcomes during the follow-up of patients with AKI after
transplantation, but the impact of RRT on renal outcomes in
those patients remains insufficient. Therefore, we investigat-
ed the clinical outcomes of HTRs and performed a risk-benefit
assessment by RRT status in the peri-transplant period of HT.

Material and Methods

Study design and subjects

The study was approved by the Institutional Review Board
(XC19RADI0091) of our institution and complied with the
Declaration of Helsinki. This retrospective observational study
included a total of 22 patients who underwent heart trans-
plantation from January 2006 to May 2019 at Seoul St. Mary’s
Hospital and Eunpyeong St. Mary’s Hospital. One out of the 22
patients was excluded because he was already on dialysis for
end-stage renal disease (ESRD) before HT and underwent si-
multaneous heart-kidney transplantation. Finally, 21 patients
were included in this study. The subjects were divided into an
AKI group (n=15) and a non-AKI group (n=6). Thereafter, the
AKI group (n=15) was divided into 2 groups for comparison
of renal function over time according to RRT status during
the peri-transplant period: those who underwent peri-trans-
plant RRT (RRT group, n=10) and those who did not (non-RRT
group, n=5). The primary outcome was the rate of renal func-
tion recovery from AKI after HT according to RRT status during
the peri-transplant period. The secondary outcome included
changes in renal function over time, interval from AKI to re-
covery of renal function, changes in cardiac function defined
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as left ventricular ejection fraction (LVEF) on echocardiogram
over time, and mortality.

Data collection and definitions

Data for HTRs were collected from the electronic medical re-
cords. Basic characteristics included age, sex, emergency HT
status, follow-up duration, comorbidities (hypertension, dia-
betes, coronary artery disease, and myocardial infarction), un-
derlying cardiac disease, cardiac ischemic time during trans-
plantation, LVEF on echocardiogram at pre-transplant time,
baseline serum creatinine (SCr), baseline estimated glomeru-
lar filtration rate (eGFR), and immunosuppressant type used
for induction or maintenance.

The peri-transplant period was defined as from the day of hos-
pitalization with decompensated acute HF to the day of dis-
charge after HT.

To evaluate cardiac and renal function over time, both LVEF and
eGFR by Chronic Kidney Disease-Epidemiology Collaboration
(CKD-EPI eGFR) were assessed at baseline, 1 week, and 1, 3,
6, 9, and 12 months after HT.

HT emergency grade was divided into emergent, urgent, and
elective transplantation according to Clinical Guidelines for
Adult Heart Transplantation British Columbia [17]. Emergent
transplantation was defined as transplantation for patients
who presented in cardiogenic shock; candidates needed to be
determined within 24 h. Urgent transplantation was defined
as a “fast-track” version of the routine assessment and de-
signed for completion within 7 days. Elective transplantation
was defined as transplantation for non-prioritized patients on
Korean Organ Network for Organ Sharing (KONOS) wait lists.

Clinical outcomes were analyzed for cardiac function, renal func-
tion, need for extracorporeal membrane oxygenation (ECMO),
ECMO duration, AKl incidence and stage, RRT type, and rate and
interval from AKI to renal function recovery after transplanta-
tion. Cardiac function was assessed by LVEF on an echocardio-
gram. HF due to reduced ejection fraction (HFrEF) was defined
as an LVEF less than 40% [18]. Renal function was assessed ac-
cording to CKD-EPI eGFR. Baseline renal function was assessed
3 months before transplantation. If previous data could not
be collected because it was a patient’s first visit to our cen-
ter, baseline renal function was assessed on the first day of
hospitalization. AKI diagnosis and stage were defined as se-
verity while waiting for transplantation after admission or in
the first 7 days after transplantation according to the Kidney
Disease: Improving Global Outcome (KDIGO) criteria [19]. AKI
stages were stratified as follows: (1) Stage 1, 0.3 mg/dL or a
1.5-1.9 times increase in SCr from baseline; (2) Stage 2, a 2-2.9
times increase in SCr from baseline; and (3) Stage 3, a greater
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than 3 times increase in SCr from baseline, an increase in SCr
above 4 mg/dL, or renal function requiring RRT. Baseline re-
nal function was identified as SCr and CKD-EPI eGFR 3 months
before transplantation. Renal function recovery was assessed
by changes in renal function within 90 days after transplan-
tation [20]. The assessment was performed by classifying pa-
tients as having received or not received RRT during the peri-
transplant period. In patients requiring RRT, recovery from AKI
was defined as sustained independence from RRT for a min-
imum of 14 days. In non-dialysis patients, full recovery from
AKI was defined as the absence of AKI criteria, while partial
recovery was defined as a downgrade in AKI stage according
to the KDIGO criteria [21]. Patients who maintained normal re-
nal function during the peri-transplant period were classified
as the non-AKI group, while those with renal dysfunction were
classified as the AKI group. In the AKI group, patients who un-
derwent RRT during the peri-transplant period were classified
as the RRT group, while those did not undergo RRT during the
peri-transplant period were classified as the non-RRT group.

Intervention
Inotropic drugs

Post-transplant care was provided according to the International
Society of Heart and Lung Transplantation (ISHLT) guide-
lines [22]. A continuous infusion of inotropic drugs at the low-
est effective dose was used to maintain hemodynamic stabil-
ity after transplantation over the first 3-5 days. The following
therapies were applied: dobutamine 1-10 ug/kg/min, dopa-
mine 1-10 ug/kg/min, and o-adrenergic agonists including
norepinephrine or epinephrine 1-10 ug/min to maintain ade-
quate mean arterial pressure.

RRT setting

Patients in need of continuous renal replacement therapy (CRRT)
were treated with continuous veno-venous hemodiafiltration
(CVVHDF) mode. Patients with stable hemodynamics were
treated with intermitted hemodialysis (IHD). Vascular access
was set by percutaneous placement of a double-lumen cath-
eter into the subclavian, internal jugular, or femoral veins. The
CRRT setting was initiated to 30-35 ml/kg/h for the effluent
volume target and 150 ml/min for the blood flow. Changes in
CRRT setting according to patient condition were determined
by the nephrologist.

Statistical analysis

Continuous variables among the subjects’ demographics and
clinical characteristics were described as the mean+standard
deviation for normally distributed variables and the median
(interquartile range) for non-normally distributed variables.
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Categorical variables were described using frequency and per-
centage. The chi-square test was performed to compare groups
and categorical variables, while Fisher’s exact test was per-
formed if it did not meet the assumptions required for para-
metric testing. The Kolmogorov-Smirnov t test was performed
to compare normally distributed continuous variables. The
Mann-Whitney U test was performed to compare non-normally
distributed continuous variables. The cumulative rate of renal
function recovery over time was estimated using the Kaplan-
Meier method, and the difference between groups was exam-
ined using the log-rank test. We considered P<0.05 as statisti-
cally significant. All statistical analyses were performed using
SPSS version 24 (IBM, United States).

Results

Basic patient demographics

The basic patient demographics are shown in Table 1. The pro-
portion of AKI in the whole study group was 71.4%. Among
them, 10 patients (66.7%) underwent RRT during the peri-trans-
plant period. Emergent HT was the most common transplan-
tation type; there was no statistically significant difference in
HT type between the non-RRT and RRT groups. In the whole
study group, the most common cause of HT was dilated car-
diomyopathy (n=11, [52.4%)), followed by ischemic cardiomy-
opathy (n=9, [42.9%]). The mean pre-transplant LVEF of the
AKI group was lower than that of the non-AKI group (p=0.009).
However, there were no statistically significant differences in
pre-transplant cardiac function or baseline renal function be-
tween the RRT and non-RRT groups.

Baseline renal function of the AKI group, which was accessed as
CKD-EPI eGFR, was worse than that of the non-AKI group (SCr
and CKD-EPI eGFR; p=0.050 and 0.024, respectively). However,
in the AKI group, baseline renal function did not significant-
ly differ between the RRT and non-RRT groups. The difference
in renal function between the AKI group and non-AKI groups
was observed again at 1 day before transplantation (SCr and
CKD-EPI eGFR; p<0.001 for both). Even in the AKI group, the
renal function of the RRT group was significantly worse than
that of the non-RRT group (SCr and CKD-EPI eGFR; p=0.040 and
0.036, respectively) at 1 day before transplantation. Basiliximab
and calcineurin inhibitors were the major induction and main-
tenance immunosuppressants in HTRs (71.4% and 100%, re-
spectively). There were no significant differences in induction
or maintenance immunosuppressant types between the non-
AKI and AKI groups.
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Table 1. Patients’ basic demographics.

Variable

Age (years), mean+SD 40.3+10.9 44.6+16.0 43.4£17.8 45.24+16.0 0.499
Sex,Male,n(%) 6 (100 12 (7500 4 (800) 8 (80.0) 0497
© Type of heart transplantation, n (%) . o504
77777777 Emerget 4 (667) 6 (400) 2 (400 4 (400
"""" Urget 2 (33 7 (47 3 (600 4 @400
77777777 Electve o 2 (@3 o 2 @o
 Follow-up duration (months), 1045 s 160 1040263 777777777

median (IQR) (4.7,117.7) (5.9, 35.7) (6.6, 47.6) (3.3, 36.9)
Comorbidity . oa33
77777777 HTN,n®%) 1 (@7 3 (00 1 (0o 2 (0o
77777777 DM,n(%) 2 (33 6 (400 1 (00 5 (5000
"""" cADn®% 2 (33 8 (533 4 (80 4 @00
77777777 M,n(% 2 (333 6 (400 3 (600 3 @Goo
© Underlying cardiac disease,n %) . 0335
"""" pcMP 4 (667 7 (47 1 (00 6 (600
77777777 cMP 2 (33 7 (47 4 (80 3 (300
77777777 oher o 1 671 0o (o 1 @o
 Cardiacischemic time (min), 1140 1330 1450 1110 ..

median (IQR) (83.0, 145.0) (110.5,193.0)  (126.0, 284.0) (87.0, 240.0)

a/::nattstéme of admission (%), 29.3+10.1 18.647.1 19.545.0 18.248.2 0.009**

Baseline serum Cr (mg/dL),

e 0.840.2 1.2+06 0.940.3 14406 0.050**
(B:]SJ:;TE /c1|.<7|:;_|:r'1:2|)?22zn1-SD 113.1417.3 78.2432.5 96.3£30.0 69.1431.2 0.024**
© Serum Cron 1daybefore T o8 1 6 19 <0.001%,
(mg/dL), median (IQR) (0.4,0.9) (1.3,2.0) (13,2.3) (13,2.1) 0.040***
© CKD-EPIeGFRon 1 day before HT 1138 836 s65 ar <0.001%,
(mL/min/1.73 m?), median (IQR) (99.7,142.4) (36.1,59.7) (33.8,65.3) (33.7,61.9) 0.036***
nductionIST,n (%) . o186
777777 Basiliximab 6 (1000 9 (600) 3 (600 6 (600)
77777777 NG o 6 (@00 2 (00 4 @0
© Maintenance IST,n (%) . o8s%
777777 Tacrolimus 5 (833 13 (867) 4 (800) 9 (90
77777777 Cyclosporine 1 (67 2 (133 1 (00 1 (w00
77777777 Steroid 2 (33 9 (600) 4 (80 5 (00
777777 Mycophenolate mofetii 6 (1000) 15 (1000) 5 (1000) 10 (1000)
77777777 Everolimus 1 (167 1 (67 0o (0o 1 (oo

ATG - anti-thymoglobulin; CAD — coronary artery disease; CKD-EPI eGFR — chronic kidney disease epidemiology collaboration
estimated glomerular filtration rate; Cr — creatinine; DCMP — delayed cardiomyopathy; DM — diabetes mellitus; HTN — hypertension;
ICMP — ischemic cardiomyopathy; IQR — interquartile range; IST — immunosuppressant; LVEF — left ventricular ejection fraction; MI -
myocardial infarction; RRT — renal replacement therapy, SD — standard deviation. * If the patient required RRT, serum Cr and CKD-EPI
eGFR were assessed immediately prior to RRT initiation; ** p<0.05, non-AKI versus AKI group; *** p<0.05; non-RRT versus RRT group.
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Table 2. Comparison of clinical outcomes between non-RRT and RRT groups.

Time of AKI, n (%)

Interval from AKI to renal function recovery after HT
(days), median (IQR)

1.000
""" 4 @0 9 o
1o 1o
o eeel
""" 2 wo 2 @o
1o 4 @wo
""" 2 wo 4 @wo
""" 4 @0 9 00 1000
a7 102168 079
Ctest2 1412 0660
"""" N a3
"""" A 190 (02700
"""" N 9 o
"""" A1 o
""" 5 (00 7 (00 0505
""" 4 g0 4 @0 o576
1o 3 00 0576
6.0 (3.5, 15.5) 22.0 (20.0, 64.0) 0.088

AKI — acute kidney injury; CRRT — continuous renal replacement therapy; ECMO — extracorporeal membrane oxygenation;
HD — hemodialysis; HT — heart transplantation; IQR — interquartile range; RRT — renal replacement therapy; SD — standard deviation.

Comparison of clinical features and outcomes between
RRT and non-RRT groups

A comparison of clinical outcomes between the RRT and non-
RRT groups is shown in Table 2. Most patients (86.7%) devel-
oped AKI before transplantation. In the whole AKI group, 26.7%
of patients were in AKI stage 1, 33.3% were in stage 2, and
40.0% were in stage 3. In the whole study group, 13 of 21 pa-
tients (61.9%) required ECMO support before transplantation;
these patients all belonged to the AKI group. The average ECMO
duration of the whole study group was 10.5 days. There were
no significant differences in ECMO duration between the non-
RRT and RRT groups. The change in LVEF over time after HT
is shown in Figure 1. LVEF at 1, 3, 6, and 12 months after HT
was maintained at above 45% in both groups; no significant
intergroup difference was noted except at 3 months after HT.
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The entire RRT group underwent CRRT except for 1 patient who
underwent IHD. The average time from AKI occurrence to RRT
start was 1.3 days, while the median duration of RRT was 19
days. At 1 month after heart transplantation, SCr of the RRT
group (1.7+0.8 mg/dL, mean+SD) was significantly higher than
that of the non-RRT group (1.140.3 mg/dL, mean+SD) (p=0.039).
At 6 months after heart transplantation, CKD-EPI eGFR of the
RRT group (44.2414.2 ml/min/1.73m?, mean+SD) was sig-
nificantly lower than that of the non-RRT group (69.2+14.2
ml/min/1.73 m?, mean+SD) (p=0.015). However, at 9 and 12
months after HT, there were no significant intergroup differ-
ences in renal function (Figure 2A, 2B).

All patients in the non-RRT group (100%) and 7 patients in the
RRT group (70.0%) recovered renal function within 3 months
after HT (Table 2, Figure 2C). Among 4 patients in whom renal
function did not recover, 3 patients (non-RRT group, n=1; RRT
group, n=2) died of HF or pneumonia as complications within
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Figure 1. Cardiac function over time after heart transplantation.

There were no statistically significantly differences in
left ventricular ejection fraction at 1, 6, and 12 months
after heart transplantation. At 3 months after heart
transplantation, left ventricular ejection fraction of the
RRT group (59.5+2.1%, mean+SD) was significantly
lower than that of the non-RRT group (64.2+0.6%,
mean+SD) (p=0.008). Left ventricular ejection fraction
at 1 month was 61.5+3.9% (meanSD) in the RRT
group and 64.2+4.5% (mean+SD) in the non-RRT
group. At 6 months, it was 61.8+3.2% (mean+SD) in
the RRT group and 63.5+6.3% (mean+SD) in the non-
RRT group. At 12 months, it was 62.5+4.2% (mean+SD)
in the RRT group and 52.0+15.0% (mean+SD) in the
non-RRT group. P values were calculated using the t
test. * P<0.05 was considered statistical significance.

- RRT
*p<0.05 @ Non-RRT
0 6 9 12
Months
47 #p<0.05 - RRT
@ Non-RRT
3 N *
2 -
‘I -
0 . . . .
0 3 6 9 12
Months
C 1.0 !
0.8
& :
> 061
T 041
&
0.2
0.0 1

1507 +p<0.05 & RRT
@ Non-RRT
E
= 1001
£ %
E
=
S
2 50+
&
S
0 - - - .
0 3 6 9 12
Months
-=% Non-RRT
—1 RRT

T

0 10 20 30 40 50 60 70 80 90
Time (day)

Figure 2. Renal function over time after heart transplantation. (A) There were no statistically significant differences in serum
creatinine at 3, 6, 9, and 12 months after heart transplantation. At 1 month after heart transplantation, serum creatinine
of the RRT group (1.7+0.8 mg/dL, mean+SD) was significantly higher than that of the non-RRT group (1.1+0.3 mg/dL,
mean+SD) (P=0.039). (B) There were no statistically significant differences in CKD-EPI eGFR at 1, 3, 9, and 12 months after
heart transplantation. At 6 months after heart transplantation, CKD-EPI eGFR of the RRT group (44.2+14.2 ml/min/1.73 m?,
mean+SD) was significantly lower than that of the non-RRT group (69.2+14.2 ml/min/1.73 m?, mean+SD) (P=0.015).

(C) Renal recovery rate over time was not significantly different between the RRT and the non-RRT groups when calculated
by the log-rank test (p=0.051). * p<0.05 was considered statistical significance.
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3 months after HT. One patient had CKD-EPI eGFR lower than
60 ml/min/1.73 m? 90 days after AKI, and even partial recov-
ery was not reached, despite discontinuation of RRT. The rate
of renal recovery over time from AKI to recovery after HT by
group are shown in Figure 2C. The average time to recovery
in the entire AKI group was 28 days. Renal recovery rate over
time was not significantly different between the RRT and non-
RRT groups (p=0.051). There were no statistically significant
differences in the rate of renal recovery and time from AKI to
renal recovery between the RRT and non-RRT groups, although
the time from AKI to renal recovery in the non-RRT group was
shorter than that in the RRT group (Table 2). All patients in
the RRT group tolerated the treatment without requiring di-
alysis at discharge.

In the AKI group, 4 patients (26.7%) died, and 3 of them be-
longed to the RRT group. Two patients died of recurrent HF
after HT and 1 patient died of acute respiratory distress syn-
drome due to pneumonia. The difference was not significant
between the RRT group and non-RRT groups (p=0.675).

Discussion

This retrospective observational study reported the incidence of
AKI during the peri-transplant period and renal outcomes over
time according to RRT status in HTRs. Although renal function
during hospitalization before HT was lower in the RRT group
than in the non-RRT group, renal function recovery rates and
interval time from AKI to renal function recovery did not differ
significantly between groups. Therefore, this study may have
identified the role of RRT in renal function deterioration fol-
lowing cardiac dysfunction.

In our study group, the incidence of AKI during the peri-
transplant period was 71.4%. Our study showed a relatively
high incidence of AKI associated with HT versus the range of
14-76% reported by previous studies [6,8,14-16,23,24]. It is
noteworthy that 13 of 15 patients (86.7%) in the AKI group
developed AKI before HT, whereas most previous studies re-
ported AKI following HT [3,6-8,12-15,23,25-28]. We specu-
late there are several reasons for the high incidence of AKl in
our study group. First, the AKI group had significantly lower
cardiac function than the non-AKI group at the time of hos-
pitalization for HT and renal function at 1 day before trans-
plantation. Our study supports previous studies showing that
baseline renal dysfunction was a risk factor for AKI associated
with HT. AKI that occurred before HT can be presumed to be
due to deteriorated cardiac function just prior to transplanta-
tion, as there is no difference in underlying comorbidities be-
tween groups. Second, there was a lack of deceased donors
for HT in Korea compared to other countries. In Korea, trans-
plant priority is determined according to the KONOS priority
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system. It is difficult for patients with acute HF to receive time-
ly HT because of the relative lack of deceased donors com-
pared to the number of patients waiting for transplantation.
After hospitalization with decompensated acute HF, the wait-
ing time for transplantation is relatively long. As a result, it
is thought that the reduction of renal blood flow due to car-
diac dysfunction continued, which influenced the increase in
the incidence of AKI. Third, long-term durable mechanical cir-
culatory support such as that provided by a ventricular assist
device is unavailable because of the current reimbursement
system in our country; rather, concurrent inotropic support is
the most common treatment to maintain circulation for acute
HF [29]. Due to this process, insufficient circulation and drug
toxicities may be risk factors for AKI before transplantation.

In addition, the rate of RRT requirement was 47.6% in the
whole study group and 66.7% in the AKI group. These rates are
remarkably higher than the results of previous studies (3.8
28.8%) [6,8,12,14-16]. We speculate there are several reasons
for the high rate of RRT requirement in our study group. First,
Park et al. [30] reported that circulatory diseases such as cor-
onary artery disease, myocardial infarction, HF, cardiomyop-
athy, myocarditis, and endocarditis were the second-leading
indications of CRRT in Korea. Nephrologists in our center re-
ported an association with continuous renal replacement ther-
apy in 2020 [31]. In their study, the most common cause of
indication for continuous renal replacement therapy was sep-
sis (52.6%) and cardiac disease was the second most common
cause (37.5%). Second, due to the lack of clear guidelines for
CRRT initiation, clinicians are asked to decide when to apply
CRRT. Therefore, CRRT was applied not only to patients with
oliguria or anuria, but also to those with pulmonary edema,
pleural effusion, metabolic acidosis, electrolytes imbalances,
and multi-organ failure. This may explain the high rate of CRRT
application in our study group. In our study group, the aver-
age time from AKI occurrence to RRT start was 1.3+1.3 days.
This means that RRT was applied as an early strategy for HTRs
with AKI. This result appears to be consistent with previous
studies. Several studies suggested that early RRT treatment in
HTRs is associated with lower mortality and better improve-
ment in renal dysfunction [32-36].

Renal function after HT tended to be lower in the RRT group
than in the non-RRT group up to 6 months, but the gap grad-
ually narrowed over time. As a result, similar renal functions
were observed between the groups at 9 and 12 months after
HT. Betuel et al. [33] reported similar results in a cohort of pa-
tients with AKI after HT. On the other hand, the difference in
the interval time from AKI to renal function recovery between
the groups was not statistically significant, although that in
the RRT group was about 3 times longer than in the non-RRT
group. As a result, most patients in both groups recovered renal
function within 90 days and did not progress to CKD. Finally,
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according to the acute kidney disease and renal recovery con-
sensus report of the Acute Disease Quality Initiative [20], there
was good restoration of renal function. Patients who were ad-
mitted to the Intensive Care Unit for acute HF and underwent
ECMO were compared to patients in our study with respect
to renal function. The patients’ basic demographics, compari-
son of clinical outcomes, and cardiac function and renal func-
tion over time after acute HF are shown in the Supplementary
Tables 1, 2 and Supplementary Figures 1, 2. None of the HF pa-
tients who underwent RRT without HT (the non-HT with RRT
group in Supplementary Tables 1, 2) had full recovery of re-
nal function. The interval from AKI to renal function recovery
in the HF patients who underwent RRT without HT (the non-
HT with RRT group in Supplementary Tables 1,2 ) was signif-
icantly longer than that in the non-RRT of HT group with AKI
(p=0.016) (Supplementary Table 2).

On the other hand, except for patients who died of HF, cardiac
function was well maintained to an LVEF above of 40% during
follow-up after HT in the RRT and non-RRT groups.

In our study group, patient survival rate was similar to pre-
vious studies, although the number of enrolled patients was
small [1,2]. The 1-year survival rate in our study group was
81.0% and the cause of death in all patients who died was car-
diac or pulmonary complication within 6 months after trans-
plantation, which is consistent with previous studies [1,37].
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Second, the number of enrolled patients was small. However,
the results, such as AKI incidence, rate of renal recovery af-
ter HT, and cardiac outcomes, were similar to those of previ-
ous studies [3,6-8,12,23,26,38]. Therefore, renal function re-
covery in this study could help confirm the utility of RRT as
bridge therapy in HT. Finally, some patients needed HT at the
first visit to our center, so we could not accurately determine
their baseline renal function. Fortunately, most of those pa-
tients had normal renal function at the time of the Emergency
Department visit. Further clinical studies with larger numbers
of patients are needed to confirm the value of RRT for AKI dur-
ing the peri-transplant period of HT.

Conclusions

RRT during the peri-transplant period of HT could be a good
bridge therapy for renal function recovery in patients with
cardiorenal AKI and a low LVEF during the early post-trans-
plant period.

Acknowledgements

We would like to thank Editage (www.editage.co.kr) for English
language editing.

Conflict of interest

Our study has several limitations. First, it was a retrospec- None.
tive, observational study and was performed in only 2 centers.
This work is licensed under Creative Common Attribution- Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €925648-8 [Chemical Abstracts]  [Scopus]



Lee S. etal.:
Role of renal replacement therapy during the peri-transplant period...
© Ann Transplant, 2020; 25: 925648

Supplementary Data

Supplementary Table 1. Basic demographics of patients in HF with HT and HF without HT.

Variables HF with HT (n=21) HF without HT (n=35) P value

Age (years), mean+SD 43.4+14.6 62.1+10.3 <0.001
© Gender Malen %) 18 @57 29 (829 1000

E:QZ’]Z;”(TQdRL;ram" (months), 160 (6.0,77.1) 124 (6.9,27.9) 0.234
comorbidty . oo
W 4 00 4 @00
oM 8 (81 15 (429
Cwbn® 0 @e o @s7)
CMbed 8 (81 7 @0
© Underlying cardiac disease,n (%)  ocoa
Coewe 1 (524) - 4 14 o001
v 9 w9 29 (829 0002
Cothes 1 @8 2 67 1000
© LVEF attime of admission (%), meanssD 2792 2871124 0029
 Baseline serum Cr (mg/dl), meanss0 11205 11504 0905
 Baseline CKD-EPI eGFR (ml/min/1.73 m?), meantsD | 882:328 781:255 0207
" Serum Cr on 1 day before HT or ECMO (mg/dl), meansSD Los1 17508 0735
;Iilan:SI;GFR on 1 day before HT or ECMO (mU/min/173 m?), oosarg vt we |
A 15 (714 5 (714 1000

RRT, n (%) 10 (47.6) 8 (22.9) 0.055

HF — heart failure; HT — heart transplantation; SD — standard deviation; IQR — interquartile range; HTN — hypertension;

DM - diabetes mellitus; CAD — coronary artery disease; MI — myocardial infarction; DCMP — delated cardiomyopathy; ICMP — ischemic
cardiomyopathy; LVEF — left ventricular ejection fraction; Cr — creatinine; CKD-EPI eGFR — chronic kidney disease epidemiology
collaboration estimated glomerular filtration rate; ECMO — extracorporeal membrane oxygenation, AKI — acute kidney injury;

RRT - renal replacement therapy. * If the patient required RRT, serum Cr and CKD-EPI eGFR were assessed immediately prior to RRT
initiation.
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Supplementary Table 2. Comparison of clinical outcomes between the HT with AKI and non-HT with RRT groups.

e HT with AKI Non-HT with RRT
(n=8)
ECMO during hospitalization, n (%) 4 (80.0) 9 (90.0) 8 (100.0) 0.218
" Duration of ECMO (days), median (IQR) 85 (10,243 80 (50,170) 20 (13,58) 0305
*Interval from AKI to RRT start (days), meantsD ~ NA 13813 06:07 0994
 Duration of RRT (days), median (IQR) NA 190 (50,27.0) 235 (68,575) 0819
CTpeof RRTn (8 1000
"""" RRT N 900 8o
”””” Intermittent HD ‘M 10 o
" Recovery from AKL n (%) 5 (1000) 7 @00 5 (625 0164
"""" Full recovery 4 (800)  4@0 0o 0048
"""" Partial recovery 100 3600 5628

Interval from AKI to renal function recovery
(days), median (IQR)

6.0 (3.5, 15.5) 22.0 (20.0, 64.0) 61.0 (37.0, 200.5) 0.016*

HT — heart transplantation; AKI — acute kidney injury; RRT — renal replacement therapy; ECMO — extracorporeal membrane
oxygenation; IQR — interquartile range; SD — standard deviation; CRRT — continuous renal replacement therapy; HD — kemodialysis.
* p<0.05, HT-AKI without RRT group versus non-HT with RRT group.

Supplementary Figure 1. Cardiac function over time after acute

100 @ HT-AKI without RRT heart failure. * p<0.05, HT-AKI without
A-HT with RRT RRT versus non-HT with RRT groups;
80 ¢ Non-HT with RRT # p<0.05; HT-AKI without RRT versus
% HT with RRT groups.
= 60
S
= 401
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Supplementary Figure 2. (A-C) Renal function over time after acute heart failure. * p<0.05, HT-AKI without RRT versus non-HT with
RRT groups; # p<0.05; HT-AKI without RRT versus HT with RRT groups.
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