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Abstract: Since the first transplantation performed in 1963, lung transplantation (LT) has become the
primary treatment for end-stage lung disease. In Korea, the first LT was performed in 1996 and the number
of transplants remained constant at approximately 10 cases a year until 2010, when the number of LTs
increased rapidly. One of the reasons for this increase was the outbreak of humidifier disinfectant-related
acute respiratory distress syndrome in 2011, which became an enormous public health concern in Korea.
The Korean Network for Organ Sharing (KONOS), which records all deceased-donor LTs performed
in Korea, was founded in 2010 following the enactment of the transplantation law. The statistics of LTs
in Korea differ significantly from those of the International Society for Heart and Lung Transplantation
(ISHLT). First, the common indications for LTs are different; in Korea, idiopathic pulmonary fibrosis (IPF)
is the most common reason for LT. Second, the Korean Lung Allocation Score (LAS) considers only the
disease severity of the recipient when prioritizing the recipients; thus, nearly half of the LT recipients require
extracorporeal membrane oxygenation (ECMO) or mechanical ventilation support prior to transplantation.
Third, because of the low rate of usability of the donor lung and paucity of donors, the waiting period for
recipients is increasing. Finally, there is a severe mismatch in the number of LTs performed in different
regions of Korea. The postoperative 1-, 3-, and 5-year survival rates according to the KONOS registry are
61.8%, 52.3%, and 45.3%, respectively. These rates are poorer than those published by the ISHLT, possibly
because patients with more severe disease undergo LT in Korea. Therefore, the Korean LAS needs to be
adjusted to increase the number of LTs in patients with less severe disease, and to improve the overall survival
rate of LT recipients.
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History of lung transplantation (LT) in Korea
The first LT was performed in June 1963 by Hardy of the
University of Mississippi (1), and LT has since become the
main treatment for end-stage lung disease. The International
Society for Heart and Lung Transplantation (ISHLT)
reported 4,452 LTs performed in 2017, globally (2).
In Korea, the first LT was performed in 1996 (3) at
Severance Hospital; the patient underwent a single lung
transplant to treat pulmonary fibrosis, but died 82 days
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later because of infection (3). The number of LTs did not
increase significantly thereafter. However, in 2011, the
number of LTs increased to 35, which was nearly double the
number of cases (n=18) reported in 2010 (4) (Figure 1). This
was due to a national outbreak of acute respiratory distress
caused by humidifier disinfectant-associated interstitial lung
disease (ILD). In February 2011, several young patients
were hospitalized in the intensive care units (ICUs) for
respiratory distress with no obvious cause. Following an
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Figure 1 Number of LTs performed in Korea. LT, lung transplantation.

investigation by the Korean Center for Disease Control and
Korea Research Group for Respiratory Failure, a humidifier
disinfectant was identified as the causative factor. Hong
et al. (5) studied 17 patients with humidifier disinfectantinduced acute respiratory distress. Ten patients were
admitted to the ICU for mechanical ventilation. Overall,
four patients underwent LT, and five of the remaining six
patients who did not undergo LT died. Since this incident
in 2011, the number of LTs increased rapidly, up to 157
cases a year by 2019 (Figure 1).
The transplantation law was enacted in 1999 by the
National Assembly of the Republic of Korea. The Korean
Network for Organ Sharing (KONOS) was founded in
2010, following the enactment of the transplantation law, to
manage organ donation. Since its foundation, the KONOS
manages organ donations from 36 organ procurement
organizations, and not only distributes the organs of
deceased donors, but also publishes annual statistics of
nationwide organ transplantation.
In 2017, the first living-donor lobar LT (LDLLT) was
performed at Asan Medical Center (AMC) (6) in a 19-year-old
female patient with idiopathic pulmonary artery hypertension
who developed progressive heart failure. Her condition
deteriorated rapidly, but no deceased donor could be found.
LDLLT was performed, although the transplantation law did
not allow living-donor lung harvest at the time. The patient
continued to remain well 2 years after the surgery. The
transplantation law was subsequently amended in December
2018 to allow lung donation from living donors.
Characteristics of LT in Korea
The indication for LT in Korea differs from that suggested
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by the ISHLT. According to the 2019 ISHLT LT report,
chronic obstructive pulmonary disease is the most common
reason (30.1%) for LT, and interstitial lung disease (ILD)
is the second most common reason (26.1%). However, the
number of ILD patients is increasing rapidly, and ILD was
the most common reason for LT globally in 2017 (40.5%) (2).
In Korea, idiopathic pulmonary fibrosis (IPF) was the most
common reason for LT (49.9%), both cumulatively and in
2018 (4) (Table 1).
The proportion of LT recipients who require mechanical
ventilation or extracorporeal membrane oxygenation
(ECMO) support is very high. In Korea, 46.2% of the LT
recipients were supported by ECMO and/or mechanical
ventilation (e.g., status 0) between 2009 and 2018 (Table 1).
This is much higher than the proportion reported in the
United States of America, which is less than 8% (7). This
is primarily due to the difference in the allocation system.
The Lung Allocation Score (LAS), suggested by the
United Network for Organ Sharing, considers not only the
urgency but also the life expectancy of the recipient after
transplantation. LAS was successfully introduced in the
United States of America and increased the survival of LT (8).
However, in Korea, the LAS is based only on the disease
severity of the recipient (Table 2). Consequently, more
patients with severe disease on ECMO or ventilator support
receive the lungs, which might explain the poor outcome
of LT in Korea (9). Studies have suggested revision of the
Korean LAS to reduce the proportion of status 0 patients
undergoing LT, for better survival (10).
The waiting period for LT recipients is increasing,
mainly due to the paucity of donors (Table 3). As seen in
Table 4, the number of enlisted recipients has doubled
during the last 3 years; however, the number of brain-dead
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Table 1 Demographics of LT recipients from KONOS
Characteristics

KONOS, n (%)

Sex
Male

324 (60.3)

Female

213 (39.7)

Age (years)
1–5

8 (1.5)

6–10

5 (1.0)

11–17

15 (2.8)

18–34

52 (9.7)

35–49

126 (23.5)

50–64

275 (51.2)

65–74

55 (10.2)

75+

donors remains stagnant. To overcome this shortage, the
rate of usage of the lungs must be increased. According
to the KONOS registry, Yeo et al. (11) reported that only
12.9% of brain-dead patients donated their lungs between
2012 and 2016. According to Kotecha et al., the rate of
lung usage from brain-dead donors was 22% in the United
States, 32% in Europe, and 41% in Australia in 2012, which
was more than twice the lung usage rate in Korea (12).
This was because only 22.6% of the donors consented to
lung donation, while 35.9% of the marginal donors were
neglected. To minimize this discrepancy, public education
and encouragement by clinicians to the potential donors’

Table 2 Korean LAS (9)
Status

1 (0.2)

Description

Status 0 Patient is connected to a ventilator or ECMO

Status

Status 1 One of the following:

0

248 (46.2)

1

205 (38.2)

2

43 (8.0)

3

40 (7.4)

Others

1 (0.2)

• NYHA stage IV patients with average pulmonary
artery pressure >65 mmHg, NYHA stage IV
patients with average right atrial pressure of
>15 mmHg
• NYHA stage IV patients with PaO2 of <55 mmHg
on room air
• Cardiac index <2 L/min/m2

Diagnosis
IPF

268 (49.9)

Status 2 One of the following:

Post-transplant BO

34 (6.3)

• Forced expiratory volume in 1 second <25%

Bronchiectasis

28 (5.2)

• PaO2 <60 mmHg in room air

Primary pulmonary hypertension

18 (3.4)

• Average right atrial pressure: 10–15 mmHg

Lymphangioleiomyomatosis

14 (2.6)

• Average pulmonary artery pressure: 55–65 mmHg

Emphysema

5 (1.0)

• Cardiac index: 2–2.5 L/min/m2

Eisenmenger syndrome

3 (0.6)

• Previous LT

Asbestosis

3 (0.6)

• Previous lung volume reduction surgery

Cystic fibrosis

2 (0.4)

• Lung cancer

Others

189 (35.2)

Status 3 Patient requiring a LT with none of the above conditions
LAS, Lung Allocation Score; ECMO, extracorporeal membrane
oxygenation; NYHA, New York Heart Association; LT, lung
transplantation.

LT, lung transplantation; KONOS, Korean Network for Organ
Sharing; IPF, idiopathic pulmonary fibrosis; BO, bronchiolitis
obliterans.

Table 3 Waiting period for LT
Year
KONOS (days)

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

84

83

53

102

91

96

118

116

116

147

LT, lung transplantation; KONOS, Korean Network for Organ Sharing.
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Table 4 Lung usage and number of enlisted recipients in Korea
Year

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

Number of brain-dead donors

261

268

368

409

416

446

501

573

515

449

450

8

18

35

37

46

55

64

89

93

92

157

3.1

6.7

9.5

9.0

11.1

12.3

12.8

15.5

18.1

20.5

34.9

–

87

88

79

194

99

120

136

170

255

–

Lung donors
Lung usage (%)
†

Enlisted lung recipient
†

, Number of enlisted recipients at the end of the year.

Table 5 Locations of LTs performed in Korea
Year

2014

2015

2016

2017

2018

Total

Total

55

64

89

93

92

393

Zone 1

50 (90.9%)

59 (92.2%)

77 (86.5%)

77 (82.8%)

79 (85.9%)

342 (87.0%)

Zone 2

0

0

0

0

0

–

Zone 3

5 (9.1%)

5 (7.8%)

12 (13.5%)

16 (17.2%)

13 (14.1%)

51 (13.0%)

Zone 1: Seoul, Gyeonggi, and Gangwon provinces, and Jeju Island; zone 2: northern and southern Chungcheong, and northern and
southern Jeolla provinces; zone 3: northern and southern Gyeongsang provinces. LT, lung transplantation.

families to donate the lungs is necessary; this might increase
the total number of donors and implement a change in
criteria. Further, systematic donor management is also
necessary to include the marginal lungs for donation (11).
Park et al. suggested that proper management of the ICU,
a new organ procurement program, and LDLLT could
increase the usage rate and the total number of lung
donations (13). Furthermore, Yeo et al. (11) reported that
lungs from 127 (9.7%) consenting donors were not used
from March 2012 to March 2016 because it did not match
with the final recipients. This was because of the recipients’
condition being inoperable when the donor lung was
available, especially among patients in the ICU. Therefore,
maintaining or improving the physical status of the
recipients in the ICU is crucial to increase the lung usage
rate. Organ procurement programs, including harvesting
lungs from patients with circulatory arrest or using ex vivo
lung perfusion, could be suggested (14). However, in Korea,
no lungs were harvested from patients with circulatory
arrest and no study has been conducted using ex vivo lung
perfusion for an actual LT. LDLLT is a technique that uses
two lower lobes from two healthy donors for transplant to a
single recipient. LDLLT could be very helpful for children
or young patients who are unable to find matched donor
lungs in time.
According to KONOS, Korea is divided into three zones:
zone 1 comprises Seoul, Gyeonggi, Gangwon provinces,
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and Jeju Island; zone 2 comprises northern and southern
Chungcheong, and northern and southern Jeolla provinces;
and zone 3 comprises northern and southern Gyeongsang
provinces. We found a considerable mismatch between the
zones in terms of the number of LTs performed (Table 5).
Most of the LTs (87.0%) were performed in zone 1, which
includes Seoul. There are five major centers in Korea:
the AMC, Severance Hospital, Samsung Medical Center,
Seoul National University Hospital, and Pusan National
University Yangsan Hospital. Four of the major centers are
located in Seoul, and one is located in Pusan. Thus, four
major centers are located in zone 1, one major center is
located in zone 3, and there is no LT center located in zone 2.
Results and survival of LT in Korea
According to the KONOS transplantation registry, from
January 2009 to December 2018, 537 patients underwent
LT in Korea (Figure 1). Majority of the recipients were
male (60.3%), and more than half the recipients were aged
between 50 and 64 years (51.2%) (Table 1). Nearly half of
the receivers were at status 0 (46.2%) and 38.2% were at
status 1 (Table 1); a patient is considered to be at status 0
when a ventilation or ECMO is required (Table 2). The
most frequent diagnosis in these recipients was IPF, which
accounted for 49.9% of all cases. Male patients comprised
67.2% of the total cohort, and 39.2% of the patients were
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using data from the Korean Organ Transplant Registry
(KOTRY) was published by Lee et al. in 2018 (18), in which
a total of 69 patients were enrolled from five institutions,
and the 1-year survival rate was 60.3%.

Postoperative survival (%)

Survival after lung transplantation
90
80
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50
40
30
20
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0

Conclusions
1

3
Postoperative follow up (years)
KONOS

5

ISHLT

Figure 2 Survival after LT. LT, lung transplantation; KONOS,

In Korea, LT is characterized by a high rate of critical
patients receiving transplantation. The Korean LAS needs
to be adjusted to decrease the number of patients with
severe disease undergoing LT to improve LT survival.

Korean Network for Organ Sharing; ISHLT, International Society
for Heart and Lung Transplantation.

aged between 50 and 64 years (Table 1). The waiting period
between registration and transplant is shown in Table 3.
The KONOS data show a tendency of increasing interval.
The number of patients enlisted and lung usage rates from
brain-dead donors are shown in Table 4. The lung usage
rate increased steadily up to 34.9% in 2019 according to
KONOS.
The survival of LT recipients is shown in Figure 2.
The postoperative 1-, 3-, and 5-year survival according
to the KONOS registry was 61.8%, 52.3%, and 45.3%
respectively; these results are inferior with those of the
ISHLT registry (2) (Figure 2).
Few studies have reported the results of LT in Korea.
The first study was by Haam et al. in 2008 (15), which
reported the results of 18 patients who received lung or
heart-LT between July 1996 and October 2007 at Yonsei
Severance Hospital. In this study, nine single LTs, eight
bilateral LTs, and one heart-LT was performed. Five patients
died postoperatively, and the mean survival period of the
surviving patients was 18.5±23.7 months. Furthermore, the
clinical outcome of heart-LT was also published by Yun et al.
from a single center study (16) that included 11 patients
who underwent heart-LT at AMC between July 2010 and
August 2014. Early postoperative mortality occurred in two
patients, and late mortality occurred in three patients who
survived more than 22 months. The survival rates at 1, 2,
and 3 years after the heart-LT were 80%, 67%, and 53%,
respectively. Jo et al. reported the post-LT survival rates
for 60 adult patients, consisting of 51 bilateral LTs and 9
heart-LTs performed in AMC between January 2008 and
December 2017, at 1, 3, and 5 years were 75.5%, 67.6%,
and 61.8%, respectively (17). In addition, the first report
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