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ABSTRACT

Background: Despite advancements in heart transplantation for pediatric patients in Korea,
the waiting list mortality has not been reported. Therefore, we investigated the waiting list
mortality rate and factors associated with patient mortality.

Methods: We reviewed the medical records of pediatric patients who were registered for
heart transplantation at three major hospitals in Korea from January 2000 to January 2020.
All patients who died while waiting for heart transplantation were investigated, and we
identified the waiting list mortality rate, causes of mortality and the median survival periods
depending on the variable risk factors.

Results: A total of 145 patients received heart transplantations at the three institutions

we surveyed, and the waiting list mortality rate was 26%. The most common underlying
diseases were cardiomyopathy (66.7%) and congenital heart disease (30.3%). The leading
causes that contributed to death were heart failure (36.3%), multi-organ failure (27.2%), and
complications associated with extracorporeal membrane oxygenation (ECMO) (25.7%). The
median survival period was 63 days. ECMO was applied in 30 patients. The different waiting
list mortality percentages according to age, cardiac diagnosis, use of ECMO, and initial
Korean Network of Organ Sharing (KONOS) level were determined using univariate analysis,
but age was the only significant factor associated with waiting list mortality based on a
multivariate analysis.

Conclusion: The waiting list mortality of pediatric heart transplantation candidates was
confirmed to be considerably high, and age, underlying disease, the application of ECMO,
and the initial KONOS level were the factors that influenced the survival period.

Keywords: Heart Transplantation; Pediatrics; Waiting Lists; Mortality

INTRODUCTION

The incidence of pediatric heart transplantation has been steadily increasing, and the
survival rate has improved impressively despite diversity in recipient heart disease and
limited resources in pediatric heart donation. Improvements in surgical techniques, the use
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of immunosuppressant agents post-transplantation, and the early detection of graft failure
have all significantly contributed to this improvement in pediatric heart transplantation
outcome. Considering the severely limited availability of suitable donor hearts, the first

step towards achieving the best outcome is reducing the waiting list mortality. Pediatric
waiting list mortality rates are reported as 5-32% and also vary among countries, regions,
and institutions.13 Significant risk factors while on the list include the use of extracorporeal
membrane oxygenation (ECMO) or ventilator support, the presence of congenital heart
disease (CHD), a patient body weight < 3 kg, nonwhite race, United Network of Organ
Sharing (UNOS) status 14, and the need for dialysis.1»# However, there has been a significant
decrease in waiting list mortality due to changes in the donor allocation system and the

use of ventricle assist devices (VAD) as a bridge to transplantation.5¢ In Korea, the first
successful pediatric heart transplantation was performed in 1997, and 10-15 cases are added
annually according to the Korean Network of Organ Sharing (KONOS).7 Recently, the use of
a VAD has been available for pediatric patients, so a much better outcome can be expected
in pediatric heart transplantation in Korea. However, no national studies about the waiting
list mortality of pediatric heart transplantation patients before the use of VAD in Korea have
been conducted; therefore, we collected and analyzed the data from most of the centers. The
purposes of this study were to investigate the waiting list mortality rate of pediatric heart
transplantation in Korea, the causes of mortality, and the median survival periods as well as
any risk factors.

METHODS

Study population

All pediatric patients younger than 18 years old who were listed for heart transplantation at
three major hospitals (Samsung Medical Center, Asan Medical Center, and Seoul National
University Children's Hospital) in Korea between January 2000 and January 2020 were
identified retrospectively through KONOS. Each hospital provided the total number of
patients who were listed for heart transplantation along with the demographic and clinical
information on patients who were listed for heart transplantation but died while waiting

to determine the waiting list mortality rate. The demographic and clinical variables were
defined at the time the patient was listed for heart transplantation. We collected a variety

of clinical data from patients who died, including age, sex, body weight, body surface area,
blood type, the use of mechanical ventilator, the time between diagnosis of heart failure and
listing for heart transplantation, the use of dialysis, initial KONOS level, cardiac diagnosis,
cause of death, date of death, and the use of ECMO. The patients who died were followed up
from the time they were listed for heart transplantation until their date of death. All patients
who were listed for heart transplantation before the advent of KONOS were excluded. Of
the 255 pediatric patients who were listed for heart transplantation, 1 patient was excluded
because the time of listing preceded the advent of KONOS. The initial KONOS level that was
defined at the time of initial listing for heart transplantation was classified into levels 0, 1, 2,
and 3 depending on the patients' clinical status and the urgency for heart transplantation.
KONOS level O was defined as the condition that require applying ECMO, mechanical
ventilator due to heart failure, mechanical circulatory device due to ventricular arrhythmias
or VAD with significant complications. KONOS level 1 was defined as the condition that
require artificial heart, VAD, IABP or continuous administration of intravenous inotropic
agents for more than 4 weeks and so on. Of the final 254 pediatric patients listed for heart
transplantation, 145 patients received a transplant during the study period, and 16 patients
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Children listed for HT
(n = 255)

Exclusion (n =1)
- Before the beginning of KONOS

Children listed for HT

(n=254)
Death Transplantation Recovery Remained list
(n=66) (n =145) (n=16) (n=27)

Fig. 1. A flow diagram illustrating the patient selection process.
HT = heart transplantation, KONOS = Korean Network of Organ Sharing.

were removed from the waiting list due to recovery of their underlying disease. Twenty-seven
patients remained on the waiting list on the last day of observation, and 66 patients had died
(Fig. 1). These 66 patients were considered as the patient group. We further investigated

this group to confirm the causes of waiting list mortality and the median survival periods
depending on variable risk factors

Statistical analysis

The data were analyzed using IBM® SPSS® for Windows software, version 25.0 (IBM
Corporation, Armonk, NY, USA). The statistics are presented as the median and number
(percent). The survival period on the waiting list was estimated using the Kaplan-Meier
method. The univariate relationships between patient characteristics and waiting list
mortality were evaluated with the log-rank test. The multivariate analysis was performed
using the Cox proportional hazards model. The risk factors associated with mortality were
considered statistically significant when the Pvalue was < 0.05.

Ethics statement

The present study protocol was reviewed and approved by the Institutional Review Board
(IRB) of Samsung Medical Center (IRB No. 2020-11-045). Informed consent was waived
because of the retrospective nature of the study.

RESULTS

Characteristics of the patient group

The waiting list mortality rate was 26%. In the patient group, 38 (57.6%) patients were male.
The median body weight and body surface area were 9.2 kg and 0.45 m? respectively. A total
of 51 (77.3%) patients were supported by mechanical ventilator care. The interval between

the diagnosis of heart failure and listing for transplantation was 68 days. Less than half of the
patients who died during waiting for transplantation were needed on dialysis (n = 23, 34.8%).
We divided the patient group into four subgroups depending on patient age. Most patients (n
=30; 45.5%) were included in the group <1 year of age. The progression of heart failure was
the leading cause of mortality (n = 24; 36.3%), followed by multi-organ failure in organs other
than the heart (n = 18; 27.2%), (Table 1).

Cardiomyopathy (n = 44; 66.7%) was the leading reason that patients were listed for heart
transplantation, and dilated cardiomyopathy (n = 38) also accounted for a majority. The
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Table 1. The characteristics of patients who died while awaiting heart transplantation

Variables No. (%) of patients (n = 66)
Sex
Male 38 (57.6)
Female 28 (42.4)
Age, yr
<1 30 (45.5)
1<Age<5 29 (33.3)
5<Age <10 6 (9.1)
>10 8 (12.1)
Body weight, kg 9.2
Body surface area, m? 0.45
Blood type
A 19 (28.8)
B 19 (28.8)
AB 8 (12.1)
o) 20 (30.3)
Rh+ 66 (100)
Rh- 0 (0)
Mechanical ventilator care
Yes 51(77.3)
No 15 (22.7)
Time between diagnosis of heart failure and listing, days 68
Causes of death
Progression of heart failure 24 (36.3)
Other organ failure (liver, brain, kidney, lung, sepsis, etc.) 18 (27.2)
ECMO-related complications 17 (25.7)
Sudden death 7 (10.6)
Underlying disease
Cardiomyopathy 44 (66.7)
Congenital heart disease 20 (30.3)
Coronary artery anomaly 1(1.5)
Other problem (e.g., lung) 1(1.5)
Application of ECMO
Yes 30 (45.5)
No 36 (54.5)
Dialysis
Yes 23 (34.8)
No 43 (65.2)
KONOS level at registration
0 93 (34.8)
1 16 (24.2)
) 12 (18.2)
3 14 (21.2)
Unknown 1(1.5)

Values are presented as number (%o).
ECMO = extracorporeal membrane oxygenation, KONOS = Korean Network of Organ Sharing.

second most common cause of heart transplantation candidate listing was CHD (n = 20;
30.3%). Among the CHD patients, a single functional ventricle (n = 8) was the most common
abnormality (Table 2). A little less than half of the patients received ECMO (n = 30; 45.5%).
Most patients were included KONOS level O (n = 23; 34.8%), and only 1 (1.5%) patient was
not classified into any group due to lack of information (Table 1).

A comparison of survival times depending on various risk factors in the
patient group

In this study, a 63-day median survival period was shown in the patient group of 66 patients
(Fig. 2). Fig. 3A-D contain the Kaplan-Meier cumulative survival curve and the median
survival periods according to the various risk factors. The Kaplan-Meier curve indicated
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Table 2. The detailed classification of the cardiomyopathy and congenital heart disease patients who died while
awaiting heart transplantation

Korean Waitlist Mortality for Pediatric Heart Transplantation

Variables No. of patients
Cardiomyopathy (n = 44)
Dilated cardiomyopathy 38
Hypertrophic cardiomyopathy
Restrictive cardiomyopathy
Congenital heart disease (n = 20)
Functional single ventricle
Ebstein anomaly
Pulmonary atresia with ventricular septal defect
Coarctation of the aorta with ventricular septal defect
Taussig-Bing anomaly with coarctation of the aorta
Congenital mitral valve regurgitation
Atrioventricular septal defect
Complete transposition of the great artery with intact ventricular septum
Double-outlet right ventricle with remote ventricular septal defect
Atrial septal defect
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worse survival periods for younger patients. In the groups with patients under 1 year old and
between 1 year and 5 years of age, the survival periods tended to be shorter compared to the
other groups. The shortest median survival times were seen for patients < 1 year old (Fig. 3A).
This difference was statistically significant among the different age groups (P= 0.007).

The Kaplan-Meier curve showed worse survival periods when the patient was supported by
ECMO (P = 0.026; Fig. 3B). Shorter median survival periods were associated with a higher
KONOS level, which reflects the serious clinical status of these patients. A median survival
period of 24 days was seen when the patient was classified as KONOS level O (P=0.005;

Fig. 3C). We compared the Kaplan-Meier survival curves between the cardiomyopathy and
non-cardiomyopathy groups. Because CHD was present in almost all patients in the non-
cardiomyopathy group, this group was actually considered to be a group of patients that
represented CHD. The Kaplan-Meier curve showed markedly worse survival periods when for
patients with CHD. Only 12 days of median survival were expected in the non-cardiomyopathy
group (P= 0.045; Fig. 3D). The difference was not statistically significant among the different
blood type groups (P = 0.614). The Kaplan-Meier curve showed no different survival curve
between the patient with and without mechanical ventilator care. (P = 0.079). Finally, we
compared the Kaplan-Meier survival curves according to the presence or absence of dialysis
support. There was no significant difference of survival curve between them. (P=0.213).

Median survival period, days 63

1.0 4

0.8 4

0.6 |

0.4

Cumulative survival

0.2 4

0 T T T T T = 1
0 200 400 600 800 1,000 1,200

Survival period, days

Fig. 2. The Kaplan-Meier survival curve of the waiting list mortality group.
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Fig. 3. A comparison of cumulative survival curves depending on various risk factors. (A) By patient age, (B) use of ECMO, (C) the initial KONOS level, (D) cardiac

diagnosis.

ECMO = extracorporeal membrane oxygenation, KONOS = Korean Network of Organ Sharing, CMP = cardiomyopathy.
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Risk factors associated with waiting list mortality

Even though a univariate analysis identified sex, age, initial KONOS level, underlying cardiac
disease, and the application of ECMO as risk factors for waiting list mortality, age was the
only statistically significant risk factor upon multivariate analysis. The mortality rate tended

to decrease as the patient age increased (Table 3).

DISCUSSION

In this study, a 26% waiting list mortality rate and a 63-day median survival period without
the use of VAD were demonstrated, which were inferior outcomes compared to those
reported in the United States (US; 17%).1 Other studies have reported that CHD, bridging

https://doi.org/10.3346/jkms.2021.36.e283
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Table 3. The multivariate analyses of the patient group produced using a Cox proportional analysis

Variables Multivariate analysis

Pvalue Exp (B) 95% Cl
Sex 0.229 1.370 0.820-2.288
Age 0.010 0.693 0.525-0.914
KONOS level 0.102 0.819 0.645-1.040
Underlying disease 0.202 1.474 0.812-2.674
Application of ECMO 0.182 0.667 0.368-1.208

Cl = confidence interval, Exp (B) = odds ratio, KONOS = Korean Network of Organ Sharing, ECMO = extracorporeal
membrane oxygenation.

with ECMO, a younger age, and a higher KONOS level, ventilator support and dialysis support
are risk factors associated with a shorter survival period.1,812 Previous study reported that

the blood type is no longer a risk factor of death while awaiting a heart transplant.4 In our
study, blood type also was not a significant risk factor associated with mortality. However,

a multivariate analysis in this study revealed that only the patient age had a significant
association with waiting list mortality. In pediatric heart transplantation, long-term survival
has been a main outcome for a long time. However, reducing waiting list mortality and
maintaining the recipient's condition until the time of transplantation should also be
emphasized. Even with improvements in the organ allocation system in the US, Almond et
al.1 reported that pediatric waiting list mortality remained unacceptably high.

In our study, the survival rate during the waiting period for heart transplantation was poor
for patients who received mechanical circulatory support (such as ECMO). In addition,
pediatric patients who were initially listed as KONOS levels 0 or 1 had poor survival periods
than patients at other levels. The median time interval between the diagnosis of heart failure
and the day of listing in our study was 68 days. Therefore, the patient's clinical condition at
registration as well as any circulatory deterioration during the waiting period might lead to
the poorest outcomes. And it is important that the timely transplant registration of high-
risk children should be emphasized. The main reasons for death while waiting for heart
transplantation were due to complications related to ECMO and combined other multi-organ
failures. Therefore, adequate medical support for other organs should be provided to reduce
waiting list mortality. Patients who received ECMO ironically had both a higher probability
of heart transplantation but also a greater risk of waiting list mortality, which is also true in
Korea. Our patients experienced bleeding, thromboembolic complications, or other device-
related issues that lead to death before transplantation.

Our study period was equated to Era 1in the US, which took place from 1999-2004 when
there was no pediatric VAD availability. We expect an improvement in the waiting list
mortality of Era 2 (pediatric VAD). Zafar et al.6 reported that even with an increase in

the number of children listed with a UNOS status 1A, there has been a greater than 50%
reduction in waiting list mortality in the VAD era. Another review demonstrated that the 28%
waiting list mortality in Era 1 for patients who received ECMO decreased to 13% with the
availability of VAD in Era 2.13 However, patients with a low body weight and those with CHD
were still at higher risk of waiting list mortality regardless of era.6 Currently, the use of ECMO
as a bridge to heart transplantation is minimal; only 4% of all listed patients in the US receive
ECMO, and we are aware that the period of VAD support in patients as a bridge to pediatric
heart transplantation is not a risk factor for mortality.14

In contrast, the expansion of donor heart criteria and the increased use of limited donor
hearts might also have contributed to a reduction in the waiting list mortality rate.15
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ABO-incompatible donor heart transplantation has been successfully performed in young
infants.16 In adult heart transplantations, donation after circulatory death (DCD) is becoming
widely accepted and prevalent in Europe. A case report has also described a child who
underwent successful heart transplantation after DCD.17

Korean Waitlist Mortality for Pediatric Heart Transplantation

This study had several limitations. Although it was a multicenter study of three major centers,
our study did not include all pediatric patients listed for heart transplantation in Korea. The
incidence of pediatric heart transplantation has recently been increasing in Korea. Therefore,
our study included only a small number of patients, which might explain why our results were
slightly different from those of other large-scale studies. The reasons for mortality in our
patients might be quite complicated, and the main cause of mortality was not always easy to
define based solely on patient medical records.

In conclusion, although this study was conducted before the use of pediatric VAD, the waiting
list mortality rate was high compared to that reported by other studies carried out in other
countries. The different survival periods according to age, cardiac diagnosis, the use of
ECMO, and the initial KONOS level were proven by univariate analysis; however, age was the
only significant factor associated with waiting list mortality in pediatric patients based upon
our multivariate analysis. Therefore, we expect that this study's findings may impact our
timing of heart transplantation listings and lead to a revision of the organ allocation system,
especially in pediatric patients.

REFERENCES

1. Almond CS, Thiagarajan RR, Piercey GE, Gauvreau K, Blume ED, Bastardi HJ, et al. Waiting list mortality
among children listed for heart transplantation in the United States. Circulation 2009;119(5):717-27.
PUBMED | CROSSREF

2. Shimizu M, Nishinaka T, Inai K, Nakanishi T. Outcomes in children with advanced heart failure in Japan:
importance of mechanical circulatory support. Heart Vessels 2016;31(7):1162-7.

PUBMED | CROSSREF

3. Smits JM, Thul J, De Pauw M, Delmo Walter E, Strelniece A, Green D, et al. Pediatric heart allocation and
transplantation in Eurotransplant. Transpl Int 2014;27(9):917-25.
PUBMED | CROSSREF

4. Mah D, Singh TP, Thiagarajan RR, Gauvreau K, Piercey GE, Blume ED, et al. Incidence and risk factors for
mortality in infants awaiting heart transplantation in the USA. ] Heart Lung Transplant 2009;28(12):1292-8.
PUBMED | CROSSREF

5. Jeewa A, Manlhiot C, Kantor PF, Mital S, McCrindle BW, Dipchand Al Risk factors for mortality
or delisting of patients from the pediatric heart transplant waiting list. J Thorac Cardiovasc Surg
2014;147(1):462-8.

PUBMED | CROSSREF

6. ZafarF, Castleberry C, Khan MS, Mehta V, Bryant R 3rd, Lorts A, et al. Pediatric heart transplant waiting
list mortality in the era of ventricular assist devices. ] Heart Lung Transplant 2015;34(1):82-8.
PUBMED | CROSSREF

7. Kim YH. Pediatric heart transplantation: how to manage problems affecting long-term outcomes? Clin Exp
Pediatr 2021;64(2):49-59.

PUBMED | CROSSREF

8. McGiffin DC, Naftel DC, Kirklin JK, Morrow WR, Towbin J, Shaddy R, et al. Predicting outcome after
listing for heart transplantation in children: comparison of Kaplan-Meier and parametric competing risk
analysis. ] Heart Lung Transplant 1997;16(7):713-22.

PUBMED

9. Morrow WR, Naftel D, Chinnock R, Canter C, Boucek M, Zales V, et al. Outcome of listing for heart
transplantation in infants younger than six months: predictors of death and interval to transplantation. |
Heart Lung Transplant 1997;16(12):1255-66.

PUBMED

https://jkms.org https://doi.org/10.3346/jkms.2021.36.e283 8/9


http://www.ncbi.nlm.nih.gov/pubmed/19171850
https://doi.org/10.1161/CIRCULATIONAHA.108.815712
http://www.ncbi.nlm.nih.gov/pubmed/26243029
https://doi.org/10.1007/s00380-015-0722-9
http://www.ncbi.nlm.nih.gov/pubmed/24853064
https://doi.org/10.1111/tri.12356
http://www.ncbi.nlm.nih.gov/pubmed/19782580
https://doi.org/10.1016/j.healun.2009.06.013
http://www.ncbi.nlm.nih.gov/pubmed/24183905
https://doi.org/10.1016/j.jtcvs.2013.09.018
http://www.ncbi.nlm.nih.gov/pubmed/25447574
https://doi.org/10.1016/j.healun.2014.09.018
http://www.ncbi.nlm.nih.gov/pubmed/33233874
https://doi.org/10.3345/cep.2019.01417
http://www.ncbi.nlm.nih.gov/pubmed/9257253
http://www.ncbi.nlm.nih.gov/pubmed/9436138

Korean Waitlist Mortality for Pediatric Heart Transplantation

JKMS

https://jkms.org

10. Nield LE, McCrindle BW, Bohn DJ, West L], Coles JG, Freedom RM, et al. Outcomes for children with
cardiomyopathy awaiting transplantation. Cardiol Young 2000;10(4):358-66.
PUBMED | CROSSREF

11. Mital S, Addonizio LJ, Lamour JM, Hsu DT. Outcome of children with end-stage congenital heart disease
waiting for cardiac transplantation. | Heart Lung Transplant 2003;22(2):147-53.
PUBMED | CROSSREF

12. ChenJM, Weinberg AD, Rose EA, Thompson SM, Mancini DM, Ellison JP, et al. Multivariate analysis of
factors affecting waiting time to heart transplantation. Ann Thorac Surg 1996;61(2):570-5.
PUBMED | CROSSREF

13. Jeewa A, Manlhiot C, McCrindle BW, Van Arsdell G, Humpl T, Dipchand AI. Outcomes with ventricular
assist device versus extracorporeal membrane oxygenation as a bridge to pediatric heart transplantation.
Artif Organs 2010;34(12):1087-91.
PUBMED | CROSSREF

14. CassidyJ, Dominguez T, Haynes S, Burch M, Kirk R, Hoskote A, et al. A longer waiting game: bridging
children to heart transplant with the Berlin Heart EXCOR device--the United Kingdom experience. ] Heart
Lung Transplant 2013;32(11):1101-6.
PUBMED | CROSSREF

15. ZaroffJG, Rosengard BR, Armstrong WF, Babcock WD, D'Alessandro A, Dec GW, et al. Consensus
conference report: maximizing use of organs recovered from the cadaver donor: cardiac
recommendations, March 28-29, 2001, Crystal City, Va. Circulation 2002;106(7):836-41.
PUBMED | CROSSREF

16. Henderson HT, Canter CE, Mahle WT, Dipchand AI, LaPorte K, Schechtman KB, et al. ABO-incompatible
heart transplantation: analysis of the Pediatric Heart Transplant Study (PHTS) database. | Heart Lung
Transplant 2012;31(2):173-9.
PUBMED | CROSSREF

17.  Khushnood A, Butt TA, Jungschleger ], Henderson P, Smith JH, De Rita F, et al. Paediatric donation after
circulatory determined death heart transplantation using donor normothermic regional perfusion and ex
situ heart perfusion: a case report. Pediatr Transplant 2019;23(6):€13536.
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2021.36.e283 9/9


http://www.ncbi.nlm.nih.gov/pubmed/10950333
https://doi.org/10.1017/S1047951100009665
http://www.ncbi.nlm.nih.gov/pubmed/12581762
https://doi.org/10.1016/S1053-2498(02)00670-8
http://www.ncbi.nlm.nih.gov/pubmed/8572769
https://doi.org/10.1016/0003-4975(95)01031-9
http://www.ncbi.nlm.nih.gov/pubmed/20545660
https://doi.org/10.1111/j.1525-1594.2009.00969.x
http://www.ncbi.nlm.nih.gov/pubmed/24060499
https://doi.org/10.1016/j.healun.2013.08.003
http://www.ncbi.nlm.nih.gov/pubmed/12176957
https://doi.org/10.1161/01.CIR.0000025587.40373.75
http://www.ncbi.nlm.nih.gov/pubmed/22305379
https://doi.org/10.1016/j.healun.2011.11.013
http://www.ncbi.nlm.nih.gov/pubmed/31273913
https://doi.org/10.1111/petr.13536

	The Waiting List Mortality of Pediatric Heart Transplantation Candidates in Korea before the Pediatric Ventricular Assist Device Era
	INTRODUCTION
	METHODS
	Statistical analysis
	Ethics statement

	RESULTS
	A comparison of survival times depending on various risk factors in the patient group
	Risk factors associated with waiting list mortality

	DISCUSSION
	REFERENCES


