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Background
The coronavirus disease 2019 (COVID-19) caused 
by severe acute respiratory syndrome coronavirus 
2 has spread worldwide. COVID-19 mainly affects 
the respiratory system with some patients rapidly 
progressing to acute respiratory distress syndrome 
(ARDS) where up to 33% may require mechanical 
ventilation (MV).1–3 Among the patients with 
COVID-19-related ARDS who require MV, some 
patients progress to the fibrotic phase of ARDS, 
which is associated with prolonged ventilator sup-
port and increased mortality.4,5 Based on the 

experience obtained during previous respiratory 
virus outbreaks,6–9 therefore, extracorporeal mem-
brane oxygenation (ECMO) could be used to 
bridge such patients to recovery or lung transplan-
tation (LT).10–13

Although LT has been suggested as a salvage ther-
apy for carefully selected patients with ARDS,12–14 
there is limited experience on this potentially life-
saving procedure for COVID-19-related ARDS. In 
addition, several concerns including recovery of 
lung injury, concomitant infections, and uncertainty 
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Background: Lung transplantation (LT) is the gold standard for various end-stage chronic lung 
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of long-term outcomes limit the use of LT as a sal-
vage therapy for patients with severe COVID-19-
related ARDS. Nonetheless, sporadic cases of LT 
for patients with COVID-19-related ARDS have 
been reported.15 In addition, a case series of patients 
with COVID-19-related ARDS who were bridged 
to LT by ECMO at high-volume centers in four 
Western countries shows that LT could be done 
successfully with good early post-transplantation 
outcomes.16 However, no case series from Asia has 
been reported.

This study aims to describe the pooled experience 
of LT for patients with severe COVID-19-related 
ARDS in Korea. In addition, mortality and short-
term outcomes were compared with other LTs 
after bridging with ECMO from the Korean 
Organ Transplantation Registry data.17

Methods

Study design and population
A nationwide multicenter retrospective cohort 
study was conducted by the Korean LT Study 

Group. Five of the eight LT centers in Korea 
performed LT in patients with severe COVID-
19-related ARDS and participated in this study. 
The institutional review boards at each partici-
pating hospital approved this study and waived 
the requirements for informed consent owing to 
the noninterventional observational nature of the 
study.

Eleven consecutive LTs for patients with severe 
COVID-19-related ARDS between June 2020 
and June 2021 were enrolled in the study (Figure 
1). The patients were followed up until the date 
of hospital discharge or the date of the latest visit 
to the outpatient clinics.

COVID-19 care and consideration for LT
The patients received treatment for severe 
COVID-19-related ARDS following the institu-
tional standard of care for each institution. 
Moreover, the multidisciplinary COVID-19 care 
team at the respective institutions, which includes 
infectious disease physicians, pulmonary and criti-
cal care physicians, and cardiologists, conducted 

Figure 1. Study flow.
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medical care for patients with severe COVID-19-
related ARDS. LT was discussed with the multi-
disciplinary LT team at least 4 weeks after onset of 
ARDS for patients with no evidence of lung recov-
ery. Some patients precluded LT evaluation after 
discussion with the multidisciplinary LT team. 
Common reasons for preclusion were multiorgan 
failure, secondary complications (e.g. sepsis or 
stroke), and general contraindications relevant to 
LT. Frailty alone was not considered to be exclu-
sive because these patients had been healthy 
before the onset of COVID-19-related ARDS.

Data collection
Information about LTs, donors, transplantation 
operations, and postoperative results was retro-
spectively collected. Data for LTs including pre-
COVID-19 demographic information, 
pre-transplantation status, and donor characteris-
tics were collected. Chest computed tomography 
(CT) features were classified based on the previ-
ous report on the CT finding of COVID-19 
pneumonia.18 Frailty before COVID-19 infection 
was assessed by the clinical frailty scale.19 Donor 
lung score was calculated by Oto et al.’s20 donor 
score. Before transplantation, all patients under-
went panel reactive antibody (PRA) screening 
tests for HLA class I and class II antibodies. 
Calculated panel reactive antibody (cPRA) was 
measured using the cPRA calculator for anti-
HLA antibodies greater than 1000 mean fluores-
cence intensity (MFI). Transplant surgery data 
include unilateral or bilateral LT, operation time, 
ischemic time, and transfusion requirement. 
Post-transplantation outcome data including pri-
mary graft dysfunction (PGD), complication, and 
mortality were also collected.

The Korean Organ Transplantation Registry data, 
described in a previous study, was used to com-
pare LTs for severe COVID-19-related ARDS 
with other LTs after bridging with ECMO.17

Statistical analysis
Data were summarized using descriptive statistics 
as median and interquartile ranges (IQR) for con-
tinuous variables and as numbers and percent-
ages for categorical variables. To assess the 
difference between LTs for severe COVID-19-
related ARDS and other causes after bridging 
with ECMO, data were compared using the 
Mann–Whitney U test and Fisher’s exact test for 

continuous and categorical variables, respectively. 
Data were analyzed using R Statistical Software 
(Version 3.2.5; R Foundation for Statistical 
Computing, Vienna, Austria).

Results

Patient characteristics
Fifteen patients with severe COVID-19-related 
ARDS were on the waiting list for LT. However, 
three patients expired awaiting LT, and one 
patient was delisted for multiorgan failure (Figure 
1). The baseline characteristics of the 11 patients 
who had LT for severe COVID-19-related ARDS 
and their clinical characteristics are shown in 
Tables 1 and 2. Six (54.5%) patients were male, 
and the median age of all patients was 60.0 (IQR, 
57.5–62.5) years. The median clinical frailty scale 
was 1.0 (IQR, 1.0–2.0). Three (27.3%) patients 
had comorbidities (e.g. chronic lung disease, dia-
betes mellitus, or high-dose or long-term steroid 
use). The patients had a median of 8.0 (IQR, 
4.0–10.0) days from diagnosis to intensive care 
unit (ICU) admission and 8.0 (IQR, 4.5–11.0) 
days from diagnosis to MV support. COVID-19-
specific medical treatments included corticoster-
oid (n = 9; 81.8%), remdesivir (n = 4; 36.4%), 
hydroxychloroquine (n = 1; 9.1%), lopinavir/rito-
navir (n = 1; 9.1%), and ivermectin (n = 1; 9.1%).

The patients had a median of 54.0 (IQR, 40.0–63.0) 
days from COVID-19 diagnosis to listing. At lung 
transplant listing, 10 (90.9%) and eight (72.7%) 
patients had a tracheostomy and became negative 
for COVID-19, respectively. However, the three 
COVID-19 positive patients were also tested nega-
tive for COVID-19 while waiting for LT, and even-
tually all patients were tested negative for COVID-19 
before LT. All patients, including vein–pulmonary 
artery cannulation in one (9.1%), were supported 
with venovenous ECMO. The median time from 
MV to ECMO was 6.0 (IQR, 1.0–32.0) days. Of the 
11 patients, five (45.5%) were awake while on 
ECMO. Three (27.3%) were on continuous renal 
replacement therapy and four (36.4%) recovered 
from acute kidney injury. Pulmonary (n = 7) and 
catheter-related (n = 4) superinfections occurred 
before LT. Nine (81.8%) patients were suffered 
from sepsis. Nosocomial pathogens were observed 
in pulmonary and catheter-related infections as fol-
lows: methicillin-resistant Staphylococcus aureus, 
extended-spectrum β-lactamase-producing Klebsiella 
pneumoniae, Corynebacterium striatum, Burkholderia 
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Table 1. Clinical characteristics of the study cohort.

Characteristics Patients with COVID-19-associated ARDS 
(N = 11)

Gender, male 6 (54.5)

Age, years 60.0 (57.5–62.5)

Body mass index, kg/m2 23.7 (20.4–25.3)

Blood group

 A 2 (18.2)

 B 3 (27.3)

 O 1 (9.1)

 AB 5 (45.5)

Clinical frailty scale 1.0 (1.0–2.0)

Comorbidity

 Chronic lung disease 1 (9.1)

 Diabetes mellitus 1 (9.1)

 High- or long-term corticosteroid use 1 (9.1)

Time from COVID-19 diagnosis to ICU admission, days 8.0 (4.0–10.0)

Time from COVID-19 diagnosis to intubation, days 8.0 (4.5–11.0)

Antiviral medication for COVID-19

 Remdesivir 4 (36.4)

 Steroid 9 (81.8)

 Othersa 3 (27.3)

Time from COVID-19 diagnosis to listing, days 54.0 (40.0–63.0)

At the time of listing

 Venovenous ECMO 11 (100)

 Time from intubation to ECMO, days 6.0 (1.0–32.0)

 Awake ECMO bridging 5 (45.5)

 Mechanical ventilation supportb 11 (100.0)

 Continuous renal replacement therapy 3 (27.3)

 Normal left ventricular ejection fraction 11 (100.0)

 Evidence of pulmonary bacterial superinfection 7 (63.6)

 Evidence of fungal colonization 1 (9.1)

Chest CT findings at the time of listing

(Continued)
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Characteristics Patients with COVID-19-associated ARDS 
(N = 11)

 Distribution

  Peripheral 1 (9.1)

  Both central and peripheral 10 (90.9)

 Opacity

  Ground-glass 1 (9.1)

  Ground-glass and consolidation 9 (81.8)

  Consolidation 1 (9.1)

 Crazy-paving pattern 8 (72.7)

 Interlobar septal thickening 9 (81.8)

 Fibrous stripe 8 (72.7)

 Air bronchogram 9 (81.8)

Number of patients recovered from acute kidney injury 4 (36.4)

Number of patients recovered from sepsis 9 (81.8)

Highest ICU rehabilitation stage on the waiting list

 Passive range of motion 3 (27.3)

 Active range of motion 2 (18.2)

 Sitting on edge of bed 3 (27.3)

 Sit to stand 3 (27.3)

COVID-19, coronavirus disease 2019; ARDS, acute respiratory distress syndrome; CT, computed tomography; ICU, intensive 
care unit; ECMO, extracorporeal membrane oxygenation.
Values are presented as median (interquartile range) or number (%).
aOthers included one hydroxychloroquine, one ivermectin, and one lopinavir/ritonavir.
bTen were tracheostomized patients.

Table 1. (Continued)

contaminans, Citrobacter freundii, carbapenem-resist-
ant Acinetobacter baumannii, carbapenem-resistant 
Enterobacteriaceae, vancomycin-resistant Enterococci, 
and candida species.

All patients received ICU rehabilitation during 
the waiting list for LT. The duration of ICU reha-
bilitation was a median of 28.0 (IQR, 17.5–43.0) 
days before LT (Table 1).

Intraoperative and donor characteristics
The intraoperative characteristics of the LTs are 
shown in Table 3. All patients underwent bilateral 
LT through the clamshell incision. The median 

time on the waiting list was 26.0 (IQR, 9.0–38.0) 
days. The median operation time of all patients 
was 510.0 (IQR, 446.5–541.0) min. Total ischemic 
time for the right and the left lung was 199.0 (IQR, 
142.0–291.5) and 319.0 (IQR, 222.0–350.5) min, 
respectively. Blood transfusion was required in all 
patients with a median of 10.0 units of packed red 
blood cells (IQR, 3.5–12.5) and 2.0 units of fresh 
frozen plasma (IQR, 1.0–6.5).

The median age of donors was 51.0 (IQR, 40.5–
58.0) years and 72.7% were male. The median 
predicted total lung capacity ratio was 1.0 (IQR, 
1.0–1.1). Lung donor score was a median of 5.0 
(IQR, 3.0–6.5). All organs were from deceased 
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donors and the most common causes of brain 
death were brain hemorrhage (36.4%) and 
hypoxic brain damage (36.4%).

Post-transplantation outcomes
Post-LT course and outcomes are presented in 
Table 4. PGD developed in two patients (18.2%) 
within 72 h after LT, and one patient received 
retransplantation for severe graft failure at 6 days. 
Ten (90.9%) patients had complications, and the 
most common complication was infection (n = 7, 
63.6%) followed by critical illness polyneuromyo-
pathy (n = 5; 45.5%). All except one patient 
received rehabilitation after transplantation. 
Three patients who received renal replacement 
therapy before LT recovered from renal failure 
after LT. One patient in the current series expired 
due to K. pneumoniae bacteremia 4 days after LT, 
which was not isolated from the donor lung. The 
median days from LT to ventilator weaning was 
9.0 (7.0–16.5) days. From transplantation to 
ICU discharge, the median time was 13.0 (IQR, 
11.5–25.5) days. Of the nine patients discharged 
from the hospital following LT, seven (77.8%) 
required re-hospitalization for the management of 
new infections, wound problems, or airway pro-
cedures. After a median follow-up of 322 (IQR, 
299–397) days, 10 patients are alive and recover-
ing well.

The study patients were compared with 27 
patients who received LT for other causes after 
bridging with ECMO (Table 5). The duration 
from MV to LT (67 versus 18 days; p < 0.001) and 
from ECMO to LT (49 versus 11 days; p < 0.001) 
was prolonged in patients with COVID-19-related 
ARDS. Post-transplant outcomes including the 
prevalence of PGD, post-transplant acute kidney 
injury, post-transplant bleeding, and airway com-
plication were similar between the two groups. 
However, infection was more frequent in patients 
with COVID-19-related ARDS (63.6% versus 
14.8; p = 0.005). Finally, hospital mortality was 
not significantly different between the two groups 
(9.1% versus 25.9%; p = 0.395).

Discussion
This multicenter retrospective observational study 
reported 11 lung transplants for severe COVID-
19-related ARDS in Korea. Patients were very fit 
before being affected with COVID-19-related 
ARDS. All patients were supported by ECMO at Ta
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the time of listing, and most patients had recov-
ered from acute kidney injury or sepsis. They 
received ICU rehabilitation before and after LT. 
No significant differences in the intraoperative 
management and immediate outcomes of lung 
transplants were found for severe COVID-19-
related ARDS compared with other lung trans-
plants for other causes after bridging with ECMO. 
Only one patient was lost in the early postopera-
tive period, resulting in a hospital mortality rate of 
9.1%.

Data and experience regarding LT in patients 
with acute respiratory failure (e.g. ARDS) are still 
limited. Several case reports and case series cur-
rently presented acceptable LT outcomes in care-
fully selected ARDS patients.12–14 Chang et al.12 
showed a single-center experience of 14 lung 
transplants for ARDS over 5 years. They reported 
acceptable outcomes with a 3-year survival rate of 
78%. Frick et al.13 presented post-transplant out-
comes of ARDS patients from three high-volume 
European transplant centers with 13 patients over 

Table 3. Characteristics of lung transplantation.

Characteristics Patients with COVID-19-associated ARDS (N = 11)

Time on the waiting list, days 26.0 (9.0–38.0)

Intraoperative support

 Venoarterial ECMO 7 (63.6)

 Venovenous ECMO 3 (27.3)

 Cardiopulmonary bypass 1 (9.1)

Operation time, min 510.0 (446.5–541.0)

Total ischemic time, right, min 199.0 (142.0–291.5)

Total ischemic time, left, min 319.0 (222.0–350.5)

Number of intraoperative packed red blood cell 10.0 (3.5–12.5)

Number of intraoperative fresh frozen plasma 2.0 (1.0–6.5)

Donor characteristics

 Gender, male 8 (72.7)

 Age, years 51.0 (40.5–58.0)

 Body mass index, kg/m2 23.3 (21.2–25.1)

 Predicted TLC ratio 1.0 (1.0–1.1)

 Smoker 2 (18.2)

 Lung donor score 5.0 (3.0–6.5)

 PaO2 at FiO2 100% 504 (379–540)

 Donor cause of brain death

  Brain hemorrhage 4 (36.4)

  Suicide 3 (27.3)

  Hypoxic brain damage 4 (36.4)

COVID-19, coronavirus disease 2019; ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane 
oxygenation; TLC, total lung capacity; PaO2, partial pressure of oxygen in arterial blood; FiO2, fraction of inspired oxygen.
Values are presented as median (interquartile range) or number (in percentage).
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Table 4. Post-lung transplantation course and outcomes.

Patients with COVID-19-associated ARDS (N = 11)

Induction therapy 10 (90.9)

Postoperative prolonged ECMO 4 (36.4)

PGD at 72 h

 PGD 0 9 (81.8)

 PGD 1 0 (0.0)

 PGD 2 1 (9.1)

 PGD 3 1 (9.1)

Complications

 Acute kidney injury required renal replacement 
therapy

3 (27.3)

 Bleeding requiring chest reopening 2 (18.2)

 Bleeding managed by medical management 2 (18.2)

 Infection 7 (63.6)

 Airway complication 3 (27.3)

 Critical illness neuropathy 5 (45.5)

 Complicated pleural effusion 3 (27.3)

Rehabilitation after transplantation 10 (90.9)

Highest rehabilitation stage

 Passive range of motion 1 (10.0)

 Active range of motion 1 (10.0)

 Sitting on edge of bed 0 (0.0)

 Sit to stand 3 (30.0)

 Walking in place 5 (50.0)

Length of stay in ICU, days 88.0 (75.0–98.5)

Length of hospital stay, days 156.0 (137.0–191.3)

Time from transplantation to ICU discharge, days 13.0 (11.5–25.5)

Number of patients still in hospitala 1 (10.0)

Overall survival

 Alive 10 (90.9)

 Expired 1 (9.1)

Follow-up after transplantation, days 322.0 (299.3–397.3)

COVID-19, coronavirus disease 2019; ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane 
oxygenation; PGD, primary graft dysfunction; ICU, intensive care unit.
Values are presented as median (interquartile range) or number (in percentage).
aPatients in hospital as of December 31, 2021.
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Table 5. Comparison of clinical characteristics and outcomes between COVID-19 patients and other causes patients who received 
extracorporeal membrane oxygenation as a bridge to lung transplantation.

Patients with COVID-19-associated 
ARDS (N = 11)

Control (N = 27) p

Gender, male 6 (54.5) 21 (77.8) 0.238

Age, years 60.0 (57.5–62.5) 58.0 (53.0–62.0) 0.287

Body mass index, kg/m2 23.7 (20.4–25.3) 21.4 (18.7–23.4) 0.122

Comorbidity

 Cardiovascular disease 0 (0.0) 1 (3.7) 1.000

 Chronic lung disease 1 (9.1) 21 (77.8)a <0.001

 Diabetes mellitus 1 (9.1) 3 (11.1) 1.000

Normal left ventricular ejection fraction 11 (100.0) 25 (92.6) 1.000

Time from intubation to LT, days 67.0 (54.5–83.5) 18.0 (7.0–26.5) <0.001

Time from listing to LT, days 26.0 (9.0–38.0) 27.0 (10.5–40.5) 0.961

Time from ECMO to LT, days 49.0 (32.0–66.0) 11.0 (6.0–18.0) <0.001

Characteristics of LT

 Bilateral lung transplantation 11 (100.0) 26 (96.3) 1.000

 Operation time, min 510 (447–541) 575 (474–690) 0.097

 Total ischemic time, right, min 199 (142–292) 280 (231–363) 0.053

 Total ischemic time, left, min 319 (222–351) 331 (250–372) 0.384

 Number of intraoperative packed RBC 10.0 (3.5–12.5) 9.0 (6.5–12.0) 0.821

 Number of intraoperative FFP 2.0 (1.0–6.5) 3.0 (0.0–6.0) 0.961

PGD at 72 h

 PGD 0 9 (81.8) 25 (92.6) 0.435

 PGD 1 0 (0.0) 0 (0.0)  

 PGD 2 1 (9.1) 2 (7.4)  

 PGD 3 1 (9.1) 0 (0.0)  

Complications

 Acute kidney injury required renal replacement therapy 3 (27.3) 7 (25.9) 1.000

 Bleeding requiring chest reopening 2 (18.2) 6 (22.2) 1.000

 Bleeding requiring medical management 2 (18.2) 1 (3.7) 0.196

 Infection 7 (63.6) 4 (14.8) 0.005

 Airway complication 3 (27.3) 2 (7.4) 0.134

Postoperative prolonged ECMO 4 (36.4) 8 (29.6) 0.714

Length of stay in ICU, days 88.0 (75.0–98.5) 33.0 (23.0–43.5) <0.001

Hospital survival 0.395

 Alive 10 (90.9) 20 (74.1)  

 Expired 1 (9.1) 7 (25.9)  

COVID-19, coronavirus disease 2019; ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation; FFP, fresh frozen 
plasma; ICU, intensive care unit; LT, lung transplantation; PGD, primary graft dysfunction; RBC, red blood cell.
Values are presented as median (interquartile range) or number (%).
aTwenty-one patients (13 idiopathic pulmonary fibrosis, 5 connective tissue disease–related interstitial lung disease, 2 bronchiolitis obliterans, and 
1 emphysema).
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22 years, and these patients revealed a 30-day and 
1-year survival rate with 92.3% and 71.6%, 
respectively. Harano et al.14 analyzed the United 
Network for Organ Sharing database and pre-
sented outcomes of 39 lung-transplanted ARDS 
patients. They compared postoperative outcomes 
of ARDS patients with restrictive lung disease 
patients. The ARDS patients received more 
ECMO bridging to LT, but survival time and in-
hospital mortality rates were not significantly dif-
ferent. Overall, previous studies have shown that 
LT could be considered in carefully selected 
ARDS patients. Recent case series of LT for 
severe COVID-19-related ARDS show similar 
results with previous studies of ARDS 
patients.15,16,21 In addition, these studies empha-
sized a multidisciplinary approach to selecting 
suitable candidates for LT for severe COVID-19. 
Moreover, a multidisciplinary approach to select-
ing suitable COVID-19-related ARDS patients 
for LT also proceeded. However, the median age 
of lung transplants was higher than those of other 
reports.14,15 This may be due to the Korean lung 
allocation system which is primarily based on the 
urgency of a transplant.22 According to the 
Korean lung allocation system, patients with 
ECMO on the waiting list had the highest priority 
for transplantation, regardless of the probability 
of post-transplant survival. However, the results 
of this study provide additional information on 
LT in relatively old patients with COVID-19-
related ARDS because the disease is more pro-
gressive in older patients.23,24

Previous studies showed that physical function 
before LT was associated with morbidity and 
mortality after transplantation.25–27 Similar to 
other ARDS patients, patients with severe 
COVID-19-related ARDS were also affected by 
ICU-acquired weakness.28 These patients often 
received deep sedation to prevent patient-ventila-
tor dyssynchrony and ventilator-induced lung 
injury and also required long ICU stay. Therefore, 
ICU-acquired weakness may be aggravated dur-
ing the course of managing COVID-19-related 
ARDS. All patients in this study received rehabili-
tation during their ICU stays, and 45.5% were 
awake while on ECMO. The awake ECMO has 
several benefits for physical function such as 
reduced sedatives and active rehabilitation.29–31 
In addition, patients who were treated with the 
awake ECMO as a bridge to transplantation and 
active rehabilitation would have better outcomes 
than patients who received MV as a bridge to 

transplantation.25 These results suggest that con-
sidering the availability of active rehabilitation 
with awake ECMO may be a key factor for select-
ing suitable patients for LT. Considering the 
patient’s physical function and frailty when decid-
ing on LT in COVID-19-related ARDS patients 
is important based on these experiences with 
ARDS patients.

Although the results of this study provide impor-
tant information about the outcome of LT in 
patients with severe COVID-19-related ARDS, 
the study has several limitations that should be 
acknowledged. First, this retrospective study was 
limited to a small number of patients and was asso-
ciated with the inherent shortcomings of the study 
design. Second, the relatively elderly patients 
bridged with ECMO in this study may reflect the 
Korean lung allocation system based first on trans-
plant urgency, which is different from the US and 
the European lung allocation score system based 
on the expected benefit after LT as well as the dis-
ease severity. Therefore, this result has limited 
generalization with other countries. However, 
acceptable results also can be obtained even in 
relatively elderly COVID-19 patients if the physi-
cal function before transplantation is good. Finally, 
COVID-19-related ARDS patients could not be 
compared with other causes of ARDS because a 
small number of patients were registered in the 
KOTRY and a few patients received LT for other 
causes after bridging with ECMO. Further system-
atic studies that could directly compare the out-
comes of LT between COVID-19-related ARDS 
and other cases of ARDS are needed.

In conclusion, LT in patients with COVID-19-
related ARDS leads to acceptable short-term out-
comes. LT could be considered only for patients 
who are carefully selected with physical function 
as experienced from previous ARDS patients.
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