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nd-stage heart failure is a grave disease with a poor 
prognosis.1 Heart transplantation (HTPL) is the only, 
but a very effective, way to improve quality of life as 

well as survival. In the global registry data annually published 
by the International Society for Heart and Lung Transplanta-
tion (ISHLT), the development of immunosuppressive thera-
py has led to an excellent 1-year survival rate of >90% after 
cardiac transplantation, with 50% of the patients surviving 
>11 years.2 Due to the shortage, however, of donor availabil-
ity, HTPL cannot be conducted in all indicated cases. In the 
USA, United Network of Organ Sharing (UNOS), established 
in 1977, strictly manages allocation according to the urgency 
status in order to best utilize the limited number of donor 
hearts. Acceptable donor criteria also become expanded, so 
that donors with comorbidities who would not have been 
suitable candidates in the past are now considered accept-
able for HTPL.3

In Korea, the Korean Network for Organ Sharing (KONOS) 
was established in 2000, and 21 Hospital-based Organ Pro-
curement Organization (HOPO) hospitals were appointed to 
take regional charge of the procurement and management of 
organs. As the organ donation rate after brain death has in-
creased over the years, the donation rate of hearts has also 
increased.4 Since the first HTPL was performed in Korea in 
1992,5 however, most studies on HTPL focused on the recipi-
ents, and studies on the utilization of donor hearts have yet to 
been initiated.

This study focuses on the current status of the selection and 
the recruitment of donor hearts. We investigated the charac-
teristics of donor hearts that were acceptable according to 
global standards, but were not actually transplanted. The find-
ings of KONOS data were compared with global representa-
tive data from the ISHLT.6 Last, we suggest how to improve 
the utilization of donor hearts.
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Background: Heart transplantation (HTPL) is the effective treatment option to improve quality of life as well as 
survival of terminal heart failure patients. Shortage of donors, however, limits HTPL to all indicated cases. The tem-
poral trend and clinical characteristics of HTPL donors in Korea were therefore investigated.

Methods and Results: Among 2,001 brain-death donors registered in Korean Network for Organ Sharing from 
February 2000 to May 2012, a total of 28% of hearts (n=552) were utilized for HTPL. The mean age of Korean heart 
donors was 10 years younger than that of heart recipients (33.2±12 years vs. 43.2±17 years, respectively). The 
oldest was 56 years old, and donors aged over 50 accounted for only 6.2% (n=34) of total cases. Female donors 
were utilized less than male donors (23.6% vs. 29.6%, respectively). To determine characteristics of declined donor 
heart candidates, subgroup analysis of echocardiographic data was done, and 74.6% had normal ventricular function 
and structure, although only 42.3% were actually transplanted. The utilization rate of donor hearts with minor echo-
cardiography abnormalities was only 15.2%. Clinical outcomes of marginal heart donors were not different from 
non-marginal donors.

Conclusions: Although shortage of donor organs is an emerging issue, most donor hearts have been under-utilized 
in the past in Korea. In particular, aged and female donor hearts with minor echocardiographic abnormalities had a 
low rate of utilization.  (Circ J 2013; 77: 2056 – 2063)
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Statistical Analysis
Continuous variables are expressed as mean ± SD. Student’s 
t-test was used for data comparison. Categorical variables 
were compared using Fisher’s exact test and chi-square test. 
Cox proportional hazard regression model was used to iden-
tify whether donor heart characteristics affected recipient out-
come. For multivariate analysis, recipient age, medical history 
(hypertension, diabetes, dyslipidemia, chronic kidney disease, 
and history of stroke), and donor heart ischemic time were 
used as variables. P<0.05 was considered statistically signifi-
cant. Analysis was performed using SPSS Statistics version 
18.0 (IBM, NY, USA).

Results
Current Status of HTPL in Korea
The total number of brain-death donors from 2001 to 2012 was 
2,001, and cases have been increasing from 51 cases in 2001 
to 368 cases in 2011. The 552 HTPL were performed during 
this period, and the annual number was increased from 21 
cases in 2001 to 98 cases in 2011. The ratio of HTPL to total 
brain-death donors, however, has paradoxically decreased 
from 21 cases (41.1% of all brain-death donors) to 29 cases 
(20.6%) in 2006, and 65 cases (24.9%) in 2009, which has not 
improved (Figure 2).

Similar to other countries, the waiting list is stratified accord-
ing to urgency status, as described in Table 1. The same list is 
used for both adult and pediatric recipients, but additional 
scores are used for pediatric recipients. The recipients are clas-
sified according to urgency status and hearts are allocated ac-
cording to urgency status, then waiting time is combined with 
consideration of blood type, presence of infectious disease, 
former donation of organs by the patient or family, geological 

Methods
Donor Database
A total of 2,001 brain-death donors registered in the KONOS 
database from February 2000 to May 2012 were investigated. 
Echocardiographic data for 856 cases, out of 1,693 donors 
after March 2005 were available for investigation, and further 
analysis was performed to determine the reason for not being 
used for transplantation. We compared the clinical character-
istics of 329 utilized donors and 310 declined donors among 
639 cases with normal echocardiography results. Echocar-
diography was performed by the corresponding procurement 
team. Detailed medical records of 92 donor hearts, including 
past medical history, serology, cardiopulmonary resuscitation 
history, admission duration, and cause of death, were sepa-
rately analyzed. The study flow is described in Figure 1.

Outcome Analysis
To investigate the outcome of marginal donor hearts, we ana-
lyzed 67 heart donors and their matched recipients in a single 
center between October 2007 and May 2012. Marginal donor 
heart was defined as a potential donor heart without absolute 
contraindications that is transplantable, although not fully ac-
ceptable. In detail, marginal heart status was defined as one or 
more of the following: (1) ABO incompatibility; (2) age over 
45 years (male) or over 50 years (female); (3) q wave on elec-
trocardiogram (ECG); (4) abnormal echocardiography; and (5) 
under-sized or over-sized by >20% body weight difference. 
The primary endpoint was defined as the mortality incidence 
within 1 year after HTPL, and the secondary endpoint was 
defined as early overall mortality. Early mortality included 
all-cause death occurring within 30 days after operation.

Figure 1.  Analyzed donor heart flow through the study. KONOS, Korean Network for Organ Sharing.
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heart recipients according to urgency status is described in 
Table 2. Currently, the most urgent HTPL candidates, defined 
as status 0, receive transplantation within 10 days, while status 
1 patients wait approximately 1 month, which is shorter than 
that in the global registry data, reported to be at least 2 months 
for status 1A patients.8

Actual Utilization of Potential Heart Donors
The donor heart criteria suggested by the Korean Task Force 
on Organ Transplantation, are as follows: (1) ABO compatibil-
ity; (2) age up to 45 years (male) or 50 years (female), if pos-
sible; (3) no history of chest trauma or cardiac surgery; (4) no 
q wave on ECG (exception: normal echocardiography result); 
(5) normal echocardiography; (6) no evidence of sepsis; and 
(7) under-sized or over-sized by no more than 20% body 
weight.7 In particular, male donors under 45 years old and fe-
male donors under 50 years old are favored, and normal echo-
cardiographic result is considered an essential factor for HTPL. 
Marginal donors are defined as those who would be declined 
under normal circumstances, but can be used for transplanta-
tion in the case of urgent or emergency situations. Although 
several potential entities for marginal hearts have been sug-
gested,9–12 there are no formal indications on marginal donors 
in Korea as yet.

The mean age of Korean heart donors is 33.2±12 years old 
(range, 1–56 years; median, 35 years), and the mean age of 
heart recipients is 43.2±17 years old (range, 0–77 years; me-
dian, 46.5 years). The oldest donor was 56 years old. Remark-
ably, donors aged >50 accounted for 6.2% (34 patients), and 
the old-aged donors >55 years accounted for only 1.3% (7 
patients) of the total HTPL (Table 3). The proportion of donors 
aged >50 years is lower compared to global data.8 The propor-
tion of recipients older than 50 years, however, increased 
>10% during a 5-year period. The mean age of recipients also 
increased from 39.0±16.8 years (range, 2–77 years) between 

accessibility, age, difference of age, and difference of body 
weight. The urgency status and waiting time are the most im-
portant, and other factors are considered in the point scoring 
system. The consideration of former donation of organs by the 
patient or family is a unique characteristic in Korea. This is to 
encourage further donation, because organ donation is unfamil-
iar due to cultural tradition in Korea. Although the waiting list 
continues to grow longer, the waiting time for HTPL has not 
changed over the years. The waiting time (days) of the 552 

Figure 2.  Annual trend of (red line) total brain-death donors and (blue bars) heart transplantation in Korea.

Table 1. Urgency Status for HTPL Candidates†

(A) Urgency status 0

  ①  Mechanical ventilator with LVAD or RVAD

  ②  Mechanical ventilator with ECMO

(B) Urgency status 1

  ①  Artificial heart

  ②  LVAD or RVAD

  ③  ECMO

  ④  Intra-aortic balloon pump

  ⑤  Heart failure with mechanical ventilator requiring urgent 
transplantation

  ⑥  I.v. inotropics continued longer than 4 weeks

(C) Urgency status 2

  ①  I.v. inotropics continued shorter than 4 weeks

(D) Urgency status 3

  ①  Does not meet status 0, 1 or 2 criteria

(E) Urgency status 7

  ①  Temporarily unsuitable to receive organ

†Korean Task Force on Organ Transplantation.7 ECMO, extra-
corporeal membrane oxygenation; HTPL, heart transplantation; 
LVAD, left ventricular assist device; RVAD, right ventricular assist 
device.
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gender-mismatched transplantation cases, including 79 cases of 
female donors to male recipients (20.3% of 389 male recipi-
ents) and 95 cases of male donors to female recipients (58.3% 
of 163 female recipients).

The mean body weight of Korean heart donors was 61.6± 
14.1 kg (body mass index: 22.6±3.3), which is lower than the 
global data by approximately 20 kg.8 There were 36 cases of 

2000 and 2005 to 44.25±17.4 years (range, 0–76 years) be-
tween 2006 and 2012.

Of the total 2,001 deceased organ donors, 1,382 (69.1%) 
were male. Among them 406 deceased male donor hearts 
(29.3%) were actually transplanted, whereas a smaller propor-
tion of female donor hearts (n=146, 23.6%) were transplanted 
(P=0.003). Among 552 transplantation cases, there were 174 

Table 2. Waiting List Numbers and Mean Waiting Time for HTPL in Korea

Waiting time (days) 2000 2001 2002 2003 2004 2005 2006

Mean ± SD [median] (n) 120.42±133  
[76.5] (n=12)

194.76±94  
[170] (n=21)

199.91±99  
[136] (n=11)

225.33±375  
[47] (n=15)

68.52±8  
[39] (n=23)

94.46±4.4  
[55] (n=26)

161.24±61  
[45] (n=29)

Status 0 – [–] (n=0) – [–] (n=0) – [–] (n=0) – [–] (n=0) 10 [10] (n=1) – [–] (n=0) 2 [2] (n=1)

Status 1 137.40±37  
[95] (n=10)

192.76±92  
[159.5] (n=20)

– [–] (n=0) 63.50±3.5  
[63.5] (n=2)

4.50±5  
[4.5] (n=2)

13.00±3  
[13] (n=3)

8.00  
[8] (n=1)

Status 2 35.50±5.5  
[35.5] (n=2)

249.00  
[249] (n=1)

222.71±22.7  
[136] (n=7)

121.50±21  
[27] (n=8)

62.89±2.8  
[40] (n=19)

65.89±5.8  
[55] (n=18)

180.08±80  
[47] (n=25)

Status 3 – [–] (n=0) – [–] (n=0) 160.00±60  
[148] (n=4)

456.20±56  
[298] (n=5)

362.00  
[362] (n=1)

246.20±46.2  
[118] (n=5)

82.00±2.0  
[82] (n=2)

Waiting time (days) 2007 2008 2009 2010 2011 2012 Total

Mean ± SD [median] (n) 87.26±7.2  
[45] (n=50)

556.42±6  
[20.5] (n=84)

124.03±24  
[34] (n=62)

124.78±24  
[54] (n=73)

142.14±42  
[36] (n=98)

164.29±64  
[46.5] (n=48)

122.35±291  
[43.5] (n=552)

Status 0 38.71±49  
[24] (n=7)

17.20±31  
[8.5] (n=10)

36.56±70  
[11] (n=9)

8.88±7  
[8] (n=8)

43.36±105  
[11.5] (n=14)

6.83±5  
[5.5] (n=6)

26.84±63  
[9] (n=56)

Status 1 23.67±3.6  
[9] (n=6)

52.82±2.8  
[17] (n=38)

67.48±7.48  
[30] (n=27)

114.81±14  
[50] (n=26)

121.21±21.2  
[64] (n=24)

239.91±39  
[49] (n=11)

105.31±162  
[42.5] (n=170)

Status 2 106.76±6  
[57] (n=37)

69.12±9.1  
[56] (n=33)

200.25±10.2  
[61] (n=24)

69.09±9.09  
[19] (n=11)

65.81±5.8  
[19] (n=21)

257.00±57.0  
[49] (n=12)

119.25±263  
[46.5] (n=218)

Status 3 – [–] (n=0) 93.00±3.0  
[129] (n=3)

366.50±66  
[366] (n=2)

189.04±89  
[94] (n=28)

231.59±31.5  
[44] (n=39)

111.68±11.6  
[89] (n=19)

204.97±491  
[84.5] (n=108)

HTPL, heart transplantation.

Table 3. Mean and Median Age of HTPL Donors

2000 2001 2002 2003 2004 2005 2006

Korean data

  Mean ± SD 27.0±10 28.5±11 26.6±13 30.13±11 35.6±10 29.0±11 32.0±12

  [median] [23.5] [32.0] [25.0] [27.0] [39.0] [29.5] [34.0]

  (max) (44) (46) (47) (49) (52) (46) (50)

  (n) (n=12) (n=21) (n=11) (n=15) (n=23) (n=26) (n=29)

  Age >50 0.0% (n=0) 0.0% (n=0) 0.0% (n=0) 0.0% (n=0) 8.7% (n=2) 0.0% (n=0) 3.4% (n=1)

Global data

  Mean (n) 29.3 (n=2,284) 29.1 (n=2,276) 28.6 (n=2,223) 28.4 (n=2,120) 28.3 (n=2,096) 28.0 (n=2,220) 27.9 (n=2,276)

  Age >50 9.8% (n=224) 9.0% (n=204) 9.4% (n=211) 8.4% (n=179) 8.9% (n=187) 8.0% (n=177) 7.8% (n=179)

2007 2008 2009 2010 2011 2012 Total

Korean data

  Mean ± SD 34.0±13 34.4±13 32.9±12 33.7±12 33.8±12 36.6±13 33.20±12

  [median] [37.5] [38.0] [34.5] [36.0] [33.8] [36.6] [35.0]

  (max) (53) (56) (53) (55) (56) (56) (56)

  (n) (n=50) (n=84) (n=62) (n=73) (n=98) (n=48) (n=552)

  Age >50 8.0% (n=4) 5.9% (n=5) 6.5% (n=4) 5.5% (n=4) 9.2% (n=9) 10.4% (n=5) 6.2% (n=34)

Global data

  Mean (n) 27.8 (n=2,286) 27.5 (n=2,222) 28.0 (n=2,281) NDA NDA NDA 28.3

  Age >50 7.1% (n=161) 7.2% (n=160) 8.2% (n=187) NDA NDA NDA 8.4%

NDA, no data available; HTPL, heart transplantation.
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as the general population. Among 159 ABO mismatched do-
nors (28.8%), blood type O accounted for 99 cases (25 for 
type B and 35 for type A).

Further analysis was performed in 856 HTPL donor candi-
dates after 2005 for whom echocardiographic data were avail-
able. Echocardiographic data were not collected before 2005. 
Among them, 639 (74.6%) had normal result and 217 (25.4%) 
were reported as abnormal. Among them, 494 (57.7%) were 
declined and 362 (42.3%) were used for HTPL. In detail, 184 
(84.8%) of 217 cases with abnormal findings were not uti-
lized, and only 33 hearts (15.2%) were used for transplanta-
tion. More importantly, 310 (48.5%) of 639 cases with normal 
echocardiography findings were not utilized for HTPL. As a 
whole, more than half of potential HTPL donors were dis-
carded (Figure 3).

Characteristics of Declined Donor Hearts
As described previously, among all 2,001 deceased donors, 
552 hearts were transplanted. KONOS retained detailed reports 
about organ donation process, however, only after November 
of 2009. Among 846 detailed reports about organ donors, 502 
patients were evaluated for heart donor acceptability. The re-
maining 342 donors were not evaluated for HTPL, due to 
known heart disease history or denial of heart donation. Among 
the evaluated 502 potential donors, 261 heart donors were con-
sidered for recipient matching, and the remaining 241 hearts 
were declined mainly due to echocardiographic abnormalities. 
Among the 261 potential donor hearts, 229 hearts were actu-
ally transplanted (Figure 1).

For further detailed analysis, we investigated the echocar-
diographic report of each HTPL donor candidate. There were 
echocardiographic data for only 856 HTPL donor candidates, 
and 362 donors were utilized. Among those utilized, 329 had 
normal echocardiography and 33 had abnormal echocardiogra-
phy (Figure 1). To determine the reasons why the hearts were 
declined, we compared the characteristics of declined donors 
with those with normal echocardiographic data. The clinical 
characteristics of 329 utilized donors and 310 declined donors 
among 639 with normal echocardiography are described in 
Table 4. Compared to the overall female proportion of 29.7% 
(n=190), 33.9% (n=105) of declined donors were female. In 
other words, 55.3% (n=105) of female donors (n=190) were 
not utilized, which is a higher rate compared to the total non-

under-sized donor, defined as <80% of recipient’s actual body 
weight, and 167 cases of over-sized donor, defined as >120% 
of recipient’s actual body weight. The mean body weight dis-
crepancy was 10.4±9 kg (range, 0–53 kg; median, 8.0 kg), but 
19.6±8.0 kg (range, 2–53 kg; median, 17.5 kg) for the under- or 
over-sized donors.

The blood-type distribution of total brain-death donors is 
similar to that of the general population in Korea (deceased 
donors: A, 35.2%; B, 26.1%; O, 27.6%; AB, 11.1%; general 
Korean population: A, 34.4%; B, 26.8%; O, 27.4%; AB, 
11.2%).13 Among heart donors, however, blood type O had 
higher transplantation rate, whereas blood type AB had a 
lower rate (A, 31.7%; B, 25.4%; O, 39.6%; AB, 3.2%) com-
pared to the distribution pattern of brain-death donors as well 

Figure 3.  Heart transplantation status according to echocar-
diography results of 856 donors since 2005. Among the total 
856 donors, 48.5% (n=310) with normal echocardiography 
results were declined.

Table 4. Utilization Status of Potential Heart Donors With Normal Echocardiography

Total  
(n=639)

Transplanted  
(n=329)

Declined  
(n=310) P-value

Gender 　0.016

  Female 190 (29.7)   85 (25.8) 105 (33.9)

  Male 449 (74.3) 244 (74.2) 205 (66.1)

Age 36.4±13.6   32.5±12.1   40.5±13.8 <0.001

Age >50 years   97 (15.2) 16 (4.9)   81 (26.1) <0.001

  Male >50 64 13 51

  Female >50 33   3 30

Body weight 63.1±14.3   63.0±15.2   61.8±14.0 　0.424

BMI 16.5±10.5 16.84±10.6 16.17±10.5 　0.423

Blood type <0.001

  Type A 224 (35.1) 108 (32.8) 116 (37.4)

  Type B 170 (26.6)   80 (24.3)   90 (29.0)

  Type O 184 (28.8) 131 (39.8)   53 (17.1)

  Type AB 61 (9.5) 10 (3.0)   51 (16.5)

Data given as mean ± SD or n (%). BMI, body mass index.
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1–83 years; median, 42 years) and liver transplantation (44.3± 
15.2 years; range, 0–78 years; median, 44.5 years) is older than 
those used for HTPL. Moreover, the kidney and liver donors 
are getting older annually, compared to heart donors (Figure 4).

Although female donor hearts are less utilized than male 
donor hearts, kidney and liver transplantation did not show 
significant gender difference of utilization (kidney: male 94.8% 
vs. female 96.8%, P=0.051; liver: male 81.0% vs. female 
83.8%, P=0.132).

Marginal Heart Status
Among 67 recipients analyzed in a single center, marginal 
status factors were ABO incompatibility (n=1), age >45 years 
(male, n=3), age >50 years (female, n=11), abnormal echocar-
diography (n=12), and under-sized or over-sized by >20% 
body weight (n=18). Thirty-two donor hearts did not have any 
marginal status factors, while 35 donor hearts had at least 1 
marginal status factor (4 had 2 factors, 2 had 3 factors). Re-
cipients of marginal donors were significantly older, otherwise 
there were no baseline differences between the 2 groups. De-
tailed data on recipient characteristics with regard to marginal 
donor heart status are described in Table S2. For each of the 
marginal status factors, age (P=0.225), body weight (P=0.459), 
over-sizing (P=0.466), and echocardiographic abnormality 
(P=0.276) were not correlated with increased death within 1 
year.

There were 6 deaths (18.8%) in non-marginal and 7 (20.0%) 
in marginal heart recipients. Death within 1 year occurred in 
5 (15.6%) non-marginal and 7 (20.0%) marginal heart recipi-
ents. In the non-marginal heart recipients, the cause of death 
was sudden death (n=2), pneumonia or other infections (n=3), 
and lymphoma recurrence (n=1). For recipients who received 
marginal hearts, the causes were sudden death (n=1), gastro-
intestinal perforation (n=2), postoperative bleeding (n=1), and 
pneumonia (n=3). Statistically, there were no significant dif-

utilized donor proportion of 48.5% (n=310, P<0.001). Despite 
the fact that 54.3% (n=244) of male donors were utilized, only 
44.7% (n=85) of potential female donors with normal echocar-
diographic results were used for transplantation (P=0.007). The 
mean age of 329 utilized donors and 310 declined donors was 
32.5±12.1 years and 40.5±13.8 years, respectively. Although 
81 (26.1%) out of 310 declined donors were aged >50, only 16 
(4.9%) out of 156 utilized donors were aged >50 (P<0.001). In 
summary, the utilization rate was especially low if the donor 
was female or over 50 years.

There were 33 cases in which donor hearts with echocardio-
graphic abnormalities were transplanted. Later reviews indi-
cated that among these, 4 had grade 1 diastolic dysfunction, 
which is a mild condition that can also be termed as early stage 
diastolic dysfunction based on the previous diagnosis and clas-
sification.14 But, because there were no descriptive data on 
chamber size or symptoms, it was difficult to assess the clinical 
significance in these 4 cases. There were 3 cases of left ven-
tricular (LV) ejection fraction 55–58%, 5 of poor sonic win-
dow, 1 of normal report with unknown arrhythmia history, and 
another 19 cases were reported only as “abnormal echocardio-
gram”.

The clinical characteristics available including past medical 
history medication history, serology (HIV, hepatitis B, syphi-
lis), cardiopulmonary resuscitation including chest compres-
sion, admission duration, or cause of death did not have a 
statistical effect on donor heart utilization. Detailed data are 
given in Table S1.

Comparison With Other Brain-Death Organ Transplantation 
in Korea
Among 2,001 brain-death donors, the utilization rate of kidney 
and liver was far higher than HTPL (heart 27.7% vs. kidney 
95.4% and liver 81.9%, respectively). And the mean age of 
donors used for kidney transplantation (39.8±15.2 years; range, 

Figure 4.  Comparison with other brain-death organ transplantation in Korea. The mean age of Korean heart donors is 33.2±12 
years (range, 1–56 years; median, 35 years), but 39.8±15.2 years (range, 1–83 years; median, 42 years) and 39.6±15.0 years 
(range, 0–83 years; median, 42 years) for kidney and liver, respectively. The mean age of kidney and liver donors is getting older 
annually, compared to heart donors.



Circulation Journal Vol.77, August 2013

2062 CHA MJ et al.

tality rate remained unchanged regardless of adding over-sizing 
as a marginal status factor in the data. Currently, according to 
Korean criteria, however, oversized donors are not recom-
mended for transplantation due to difficulties in surgical proce-
dure involving the insertion of a large heart into a small pericar-
dial space, and occurrence of constrictive physiology after 
surgery. Twenty-five recipients of marginal donor hearts, re-
gardless of over-sizing factors, did not show an increased death 
rate within 1 year. Because the transplantation rate has been on 
a steep rise during recent years, 35 out of 67 recipients under-
went transplants after 2011, and the mean follow-up time was 
only 17.5 months. Due to insufficient follow-up duration, the 
current study lacks the ability to provide information on long-
term mortality, and follow-up studies are needed. There are 
already a number of reports, however, indicating that hearts 
from donors aged >55, and also those from high-risk donors 
can be successfully transplanted.23–26 According to reports, in 
the early period of HTPL, most institutions excluded donors 
>40 years of age with extended comorbidities, and younger age 
was thought to enhance graft function. Organ shortages, how-
ever, led to increasing acceptance of more marginal, especially 
older aged donors, and it was found that the results obtained 
with donors older than 40 years are not significantly different 
from those with younger donors.23–26 Drinkwater et al reviewed 
early and late HTPL results with the use of older donors from 
1987 to 1994, and found similar survival outcomes between 
younger and older donor groups. There were no differences in 
the development of transplant-associated coronary artery dis-
ease during the follow-up period.25 Pflugfelder et al examined 
219 HTPL patients, and found no relationship between donor 
age and 90-day graft loss. Cardiac function at 3 and 12 months, 
assessed on treadmill exercise duration, rest and peak supine 
exercise hemodynamics, and radionuclide angiography, was 
also unrelated to donor age.27 Experts are addressing the feasi-
bility as well as the necessity of donor criteria expansion to 
increase utilization of marginal donor hearts. Efforts to utilize 
marginal donor hearts in Korea, however, are still insufficient 
to satisfy the expanding needs of HTPL.

In previous studies, donor heart graft survival has been 
greatly influenced by donor-recipient racial mismatch.28,29 Re-
cipients of other organs such as liver or lung also had worse 
outcomes when their races were different from that of the do-
nors.30,31 Moreover, Kilic et al reported that Asian subjects 
had a lower 1-year rejection rate than other races with regard 
to recipient ethnicity.29 Because the Korean population is eth-
nically homogenous, it could be an important reason why the 
survival rate in Korean HTPL is better than the global data. 
Although results of HTPL utilizing marginal donors are not 
available, in this aspect, even marginal donor hearts might 
bring better results in Korea compared to global data.

According to global data, the reasons for non-use of donor 
hearts are as follows: no recipients found; poor donor organ 
function; infection; and donor medical and social history. In 
Korea, there still is a large number of hearts discarded due to 
vague criteria and insufficient efforts to fully utilize them.

The limitation of this study was the lack of detailed data in 
the early period of HTPL. Donor privacy is considered impor-
tant in Korea, and detailed donor information was not secure 
enough to be analyzed.

Conclusion
HTPL is an established treatment modality for terminal heart 
failure in Korea. A shortage of donor hearts is anticipated in 
Korea, and the waiting time for HTPL will soon increase rap-

ferences in overall death (P=0.694) and 1-year death (P=0.670) 
between the groups on Cox regression analysis.

Discussion
Although the history of HTPL in Korea extends back for only 
20 years, more than 500 HTPL had been carried out by May 
2012. The clinical outcome is superior to those of Western 
countries, in that the 1-year survival rate is >95% and 5-year 
survival rate is >85%.15 The present results, however, show 
that old-aged, female, or hearts with only minor echocardio-
graphic abnormalities have been underutilized. More effort is 
needed to further utilize marginal donor hearts.

Donor age is the first category on which to focus attention. 
Due to the short history of HTPL in Korea, the recipients were 
chosen according to operation safety. Therefore the heart donor 
age was relatively younger than other organ donors. The mean 
age is younger than the global data but that is because pediatric 
heart donation in the under 17 s is not popular in Korea as yet 
(around 12% in Korea vs. >20% in USA), like Japanese soci-
ety,16 so they cannot be matched directly. Even considering the 
low rate of pediatric HTPL, however, the number of donors 
aged >50 years is still very low. The oldest donor in Korea was 
56 years old (only 3 patients in 20 years), while global data 
show successful transplantation results with donors aged >65 
years (7 in 2000, 4 in 2004, 1 in 2009).17 It is evident that the 
recipients are getting gradually older, considering that the pro-
portion of ischemic heart disease patients already exceeded that 
of dilated cardiomyopathy. Moreover, with the improvement 
of surgical technique and transplantation outcome,18 the num-
ber of old-aged HTPL candidates is sure to increase. If the age 
of donor hearts is not increased in parallel to the age increase 
of recipients, the waiting time might be prolonged.

In this study, we found that female heart donors were cur-
rently under-utilized and female recipients received more gen-
der-mismatched hearts than male recipients (58.3% vs. 20.3%, 
respectively). Past studies, however, have suggested the sig-
nificance of donor–recipient gender matching in HTPL out-
come.17,19,20 Prendergast et al reported on the role of donor 
gender in HTPL in a retrospective study, and found reduced 
1-year survival in gender-mismatched recipients compared to 
gender-matched HTPL (66.7% vs. 84.8%, respectively).19 
Therefore efforts to utilize female donor hearts are needed for 
female recipients in Korea.

Currently the waiting time in Korea is shorter than the glob-
al average,8 and the fraction of status 0 patients is very low. 
Globally, LV assistance device (LVAD) has been successfully 
used in the clinical field since the 1970 s.21,22 In Korea, how-
ever, although LVAD was first introduced in 2008, the LVAD 
system has been used very little, because LVAD is not covered 
by insurance, whereas HTPL is fully covered. Therefore, near-
ly all status 0 cases belong to the ‘mechanical ventilator with 
extra-corporeal membrane oxygenation (ECMO)’ category. In 
Korea, the proportion of status 0 patients has continuously in-
creased after 2007 due to the very rapid spread of the ECMO 
system.

A relatively short waiting time may lead to clinical inertia 
in the full utilization of transplantable donor hearts. The im-
portant factor inhibiting maximum utilization might be adher-
ence to the strict criteria for heart donor selection, and not al-
lowing the possibility of the efficacy of marginal donor hearts.

In the present data, marginal donor hearts were successfully 
transplanted to recipients with no worse outcome. Moreover, 
there were more overall sudden death events in non-marginal 
recipients. There were 14 over-sized donor hearts, and the mor-
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idly. To solve the donor shortage problem, a forward-looking 
policy in donor heart utilization is required. Utilization of old-
aged donor hearts, donor hearts with minor echocardiographic 
abnormality, and establishment of practice guidelines for mar-
ginal donor utilization are 3 important suggestions. HTPL is a 
very effective treatment modality to improve quality of life as 
well as survival, and Korean HTPL show better results than 
global data probably due to ethnic homogeneity. Therefore, 
broadening donor criteria and maximizing utilization could 
enhance survival and quality of life in the overall heart failure 
patient group.

Acknowledgments
This work was supported in part by Health Resources and Services Admin-
istration contract 234-2005-37011C. The content is the responsibility of 
the authors alone and does not necessarily reflect the views or policies of 
the Department of Health and Human Services, nor does mention of trade 
names, commercial products, or organizations imply endorsement by the 
U.S. Government.

Disclosures
Conflict of Interest: None declared.

References
 1. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden 

WB, et al. Heart disease and stroke statistics–2012 update: A report 
from the American Heart Association. Circulation 2012; 125: 
e2 – e220. http://circ.ahajournals.org/content/125/1/e2 (accessed June 
30, 2012).

 2. Christie JD, Edwards LB, Aurora P, Dobbels F, Kirk R, Rahmel AO, 
et al. Registry of the international society for heart and lung trans-
plantation: Twenty-fifth official adult lung and heart/lung transplan-
tation report–2008. J Heart Lung Transplant 2008; 27: 957–969.

 3. Mehra MR, Kobashigawa J, Starling R, Russell S, Uber PA, 
Parameshwar J, et al. Listing criteria for heart transplantation: Inter-
national society for heart and lung transplantation guidelines for the 
care of cardiac transplant candidates–2006. J Heart Lung Transplant 
2006; 25: 1024 – 1042.

 4. Chee HK, Song MG. Recent advancement in heart and lung trans-
plantation. J Korean Med Assoc 2008; 51: 692 – 699.

 5. Song M, Seo D, Lee J, Kim J, Park S, Song J, et al. Cardiac trans-
plantation. Korean J Thorac Cardiovasc Surg 1993; 26: 224 – 227.

 6. Stehlik J, Edwards LB, Kucheryavaya AY, Aurora P, Christie JD, Kirk 
R, et al. The registry of the international society for heart and lung 
transplantation: Twenty-seventh official adult heart transplant report– 
2010. J Heart Lung Transplant 2010; 29: 1089 – 1103.

 7. Korean Network for Organ Sharing (KONOS) MoHW, National 
Medical center. Organ procurement guidelines. Kang JG: Seoul, 2009.

 8. The organ procurement and transplantation network (optn) [internet]. 
http://optn.Transplant.Hrsa.Gov (accessed June 30, 2012).

 9. Wittwer T, Wahlers T. Marginal donor grafts in heart transplantation: 
Lessons learned from 25 years of experience. Transpl Int 2008; 21: 
113 – 125.

10. Khasati NH, Machaal A, Barnard J, Yonan N. Donor heart selection: 
The outcome of “unacceptable” donors. J Cardiothorac Surg 2007; 
2: 13.

11. Khasati N, Barnard J, Bittar MN, Machaal A, Waterworth P, Yonan 
N. Donor heart selection: Wythenshawe experience. Transplant Proc 
2005; 37: 1331 – 1332.

12. Hunt SA, Baldwin J, Baumgartner W, Bricker JT, Costanzo MR, 
Miller L, et al. Cardiovascular management of a potential heart donor: 
A statement from the transplantation committee of the american col-
lege of cardiology. Crit Care Med 1996; 24: 1599 – 1601.

13. Nationmaster, encyclopedia [internet]. http://www.nationmaster.com/ 
encyclopedia/ABO-blood-group-system (accessed June 30, 2012).


