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1  |  INTRODUC TION

Acute respiratory distress syndrome (ARDS) is defined as a 
life-threatening respiratory condition characterized by a change in 
compliance of the lungs resulting in hypoxia. Despite advances in 
clinical care, including lung-protective ventilation strategies1,2 and 
the advent of extracorporeal membrane oxygenation (ECMO),3,4 
regardless of etiology, the mortality rate of ARDS has remained 
at 30%–45%.5 Regardless of successful recovery from a critical 

condition, patients with ARDS continue to develop long-term respi-
ratory insufficiency.6,7

Much of the sustained respiratory insufficiency occurs once 
ARDS progresses to the fibroproliferative and then the fibrotic 
stage. Recovery from the disease process becomes slow and wean-
ing from the ventilator and/or ECMO becomes challenging. This is 
evident with a reported increase in mortality rate in patients with 
ARDS who progress to the fibroproliferative and fibrotic stages, as 
seen on high-resolution computed tomography (CT) by the presence 
of traction bronchiectasis or other signs of fibrotic changes.8,9
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Abstract
Background: Despite advances in critical care for acute respiratory distress syndrome 
(ARDS), some survivors in the acute phase are unable to wean from extracorporeal 
membrane oxygenation (ECMO) or mechanical ventilation. To date, little is known re-
garding whether lung transplantation confers a survival benefit for irreversible ARDS.
Methods: This retrospective study was conducted using the United Network for 
Organ Sharing database (May 2005–December 2018). Patients with restrictive lung 
disease were divided into two groups: patients with and without ARDS. Propensity 
score matching identified recipients without ARDS for the control group.
Results: A total of 63 patients with ARDS were waitlisted for lung transplantation, 
while 39 received a lung transplant after a median waitlist duration of 8 days. Seventy-
eight patients were matched as controls. In the ARDS group, the median age was 
30 years, and the median lung allocation score was 88.4. Among the 39 recipients, 
30 (76.9%) received ECMO support prior to transplantation. Lung transplantation for 
ARDS and restrictive lung disease showed similar 90-day (87.2% vs. 88.5%, p = .80), 
1-year (82.1% vs. 85.9%, p = .52), and 3-year (69.2% vs. 65.4%, p = .94) survival rates.
Conclusions: Lung transplantation provides acceptable outcomes in selected patients 
with irreversible ARDS.
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As other treatment modalities, such as ECMO or prolonged me-
chanical ventilatory support, have been successful in the setting 
of ARDS, the use of lung transplantation remains relatively low. 
However, there remains a substantial number of patients who may 
benefit from a lung transplant, such as those with persistent ARDS 
who are unable to recover while on ECMO or mechanical ventila-
tory support due to devastating lung injuries, as well as patients with 
chronic pulmonary symptoms after recovery when bronchiectasis 
and pulmonary fibrosis persist on chest CT.6 To date, the literature 
consists of 10 case reports10–19 and 1 single-center case series20 pri-
marily focusing on the use of lung transplantation as a life-saving 
treatment in the setting of ARDS. The largest single-center case se-
ries report from South Korea found a reasonable long-term outcome 
after lung transplantation for ARDS with a 3-year survival rate of 
78%.20 Due to the rarity of this clinical scenario, lung transplantation 
as the definitive treatment in patients with ARDS remains ill-defined 
and controversial. Nevertheless, lung transplantation for ARDS, es-
pecially novel coronavirus 2019 (COVID-19)-associated ARDS at-
tracted public attention. Therefore, we performed a retrospective 
analysis of the United Network for Organ Sharing (UNOS) database 
to report national outcomes following lung transplantation in pa-
tients with a diagnosis of ARDS.

2  |  PATIENTS AND METHODS

2.1  |  Data source

We performed a retrospective review of the UNOS database based 
on Organ Procurement and Transplantation Network (OPTN) data 
and identified all lung transplants performed between May 2005 and 
December 2018. The UNOS database contains all the relevant data 
of the organ donor and the transplant candidate/recipient for scien-
tific and educational purposes. All patients waitlisted for lung trans-
plantation with a diagnosis of ARDS as the primary indication at the 
time of evaluation (UNOS variable name “DIAG” in dataset) was reg-
istered as “ARDS/PNEUMONIA” in the UNOS database. This study 
conforms to the principles of the Declaration of Helsinki of 1975 
and the Ethics Committee for Clinical Research at the University 
of Pittsburgh approved the study protocol (STUDY20050181). The 
UNOS dataset is deidentified, and thus informed consent was not 
required for this study.

2.2  |  Statistical methods

Univariate analyses were performed using the Mann–Whitney 
test for continuous variables and chi-square test for categorical 
variables. Survival analysis was performed using the Kaplan–Meier 
method and the differences in survival outcomes between groups 
were compared using the log-rank test. Propensity score matching 
was performed to identify lung transplant recipients without ARDS 
in group D of the UNOS database (restrictive lung disease) for the 

control group. Only recipients with complete data on the match-
ing variables (lung allocation score [LAS], sex, age, transplant type) 
were included, which yielded 14 022 cases. Propensity matching 
was performed with the “MatchIt” program using nearest neigh-
bor matching at a ratio of 2:1 for controls:cases. The ARDS status 
(yes/no) was regressed based on sex, lung allocation score at time 
of transplant, age, and transplant type to create the propensity 
score. Seventy-eight control lung transplant recipients with restric-
tive disease were identified for 39 lung transplant recipients with 
ARDS. Propensity matching and survival analyses were performed 
using R (v. 3.6.2) and univariate tests were performed using SPSS 
(v. 27.0).

3  |  RESULTS

A total of 63 patients were identified as waitlisted for lung trans-
plantation with a primary diagnosis of ARDS between May 2005 and 
March 2018. Thirty-nine of these patients underwent lung trans-
plantation which represents 0.15% (39/25 541) of all lung transplant 
recipients during the study period. Table 1 compares the baseline 

TA B L E  1 Univariable comparison of characteristics between 
patients with ARDS who received a lung transplant and those who 
did not

Characteristics
No transplant 
(n = 24)

Transplant 
(n = 39) p

Age at listing

Median 23.5 34.0 .027

Range 2–62 11–67

Male sex, n (%) 10 (41.7) 21 (53.8) .34

LAS at removal

Median 85.78 88.38 .14

Range 0.00–92.24 45.61–91.51

Waitlist time (days)

Median 25.5 8.0 .006

Range 2–1637 1–669

BMI at removal

Median 23.39 25.37 .21

Range 15.5–32.8 14.0–33.4

Creatinine at removal

Median 0.70 0.62 .57

Range 0.34–1.40 0.10–4.24

ECMO at listing, 
n (%)

16 (66.7) 28 (71.8) .67

Ventilator at listing, 
n (%)

14 (58.3) 18 (46.2) .35

History of cigarette 
use, n (%)

4 (16.7) 10 (25.6) .41

Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body 
mass index; ECMO, extracorporeal membrane oxygenation; LAS, lung 
allocation score.
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characteristics of patients with a primary diagnosis of ARDS who 
were transplanted compared to those who did not receive a trans-
plant. While all other characteristics were similar between these two 
groups, patients with ARDS who received a transplant were older at 
the time of listing (median age 34.0 vs. 23.5, p < .027). Among the 
24 patients who did not receive a transplant, 17 were removed from 
the waiting list due to a change in their clinical condition. Thirteen 
patients (54.2%) were removed because of their clinical deteriora-
tion or death; on the other hand, four patients (16.7%) were removed 
because of their clinical improvement.

Table 2 includes the characteristics of lung transplant recipients 
in the ARDS and propensity-matched control groups. The median 
age of the recipients with ARDS was 35 years (range 11–67 years), 
and 5 patients were less than 18 years old. Out of 39 patients, 18 
were female and 21 were male. The median LAS at the time of an 
accepted offer in the ARDS group was 88.4 (range 45.6–91.5). The 
median waiting time from listing to transplantation was 8 days (range 
1–669) in this cohort. At the time of transplantation, out of 39 lung 
transplant recipients, 30 patients with ARDS (76.9%) required ECMO 
support as a bridge to lung transplantation and 5 patients with ARDS 
(12.8%) were on mechanical ventilator support without ECMO sup-
port. Four patients (10.3%) received supplemental oxygen therapy 
without mechanical ventilatory support. Out of 30 patients with 

ARDS on ECMO, nine (30.0%) remained without mechanical ventila-
tor support (ambulatory ECMO).

Table 3 includes the donor and surgical characteristics of all lung 
transplant recipients with a primary diagnosis of ARDS. Among 39 
lung transplant recipients for ARDS, 36 (92.3%) received a dou-
ble lung transplantation and 3 received single lung transplantation 
(7.7%). The median donor age was 30 years (range 10–63). The isch-
emic time was 6.3  ±  2.1  h. In-hospital mortality occurred in four 
patients (10.3%). The cause of death was primary graft dysfunction 
(n = 1), ventricular failure (n = 1), multiorgan failure (n = 1), and pul-
monary embolism with small bowel ischemia (n = 1). Eight patients 
(20.5%) required renal replacement therapy after transplantation. 
The median length of hospitalization after transplantation was 
33 days, while the median follow-up period was 24.4 months. The 
90-day, 1-, and 3-year survival rates were 87.2%, 82.1%, and 69.2%, 
respectively (Figure 1). There were no significant differences in the 
donor or surgical characteristics or post-transplant outcome be-
tween lung transplant recipients with ARDS who required ECMO 
support as a bridge to transplantation versus those who did not 
require ECMO support, with the exception of in-hospital mortality 
(Table  4). In-hospital mortality was significantly higher in the pa-
tients who did not receive ECMO support as a bridge to lung trans-
plantation (p =  .032). However, the Kaplan–Meier survival analysis 
did not find any statistical difference between these two groups 

TA B L E  2 Patient characteristics comparing ARDS lung 
transplant recipients versus the control group

Characteristics
Control 
(n = 78)

ARDS 
(n = 39) p

Age (years)

Median 33 35 .87

Range 0–65 11–67

Male sex, n (%) 36 (46.2) 21 (53.8) .43

Median lung allocation score

Median 89.4 88.4 .16

Range 43.6–96.2 45.6–91.5

Waiting list time, days

Median 34 8 .00019

Range 1–4082 1–669

Body mass index 
(median)

22.3 25.4 .041

Serum creatinine 
(median)

0.70 0.64 .46

Serum total bilirubin 
(median)

0.50 0.60 .056

ECMO bridge to 
transplantation 
(n, %)

23 (29.5) 30 (76.9) <.0001

Note: Data of the analysis comparing the characteristics of the 39 
patients with ARDS and the 78 control patients. All p-values are two-
sided and are based on Mann–Whitney tests (for continuous variables) 
or chi-square tests (for categorical variables).
Abbreviations: ARDS, acute respiratory distress syndrome; ECMO, 
extracorporeal membrane oxygenation.

TA B L E  3 Donor and surgical characteristics as well as 
postoperative outcomes of patients in the acute respiratory 
distress syndrome and control groups

Characteristics
Control 
(n = 78)

ARDS 
(n = 39) p

Donor age (years)

Median 27 30 .24

Range 0–61 10–63

Donor cigarette history 
(n, %)

5 (6.4) 3 (7.7) .59

Donor CDC high risk 
(n, %)

11 (14.1) 7 (17.9) .59

Ischemic time (hours) 
(mean, SD)

5.9 (1.8) 6.3 (2.1) .60

Length of stay (days) 
(median, IQR)

27 (24) 33 (36) .09

Transplant type

Single (n, %) 2 (2.6) 3 (7.7) .20

Double (n, %) 76 (97.4) 36 (92.3)

Dialysis post-transplant 
(n, %)

13 (16.7) 8 (20.5) .42

Airway dehiscence (n, %) 0 0 (2.6) .16

Survival time (days) 
(median, IQR)

736 (1195) 583 (1648) .50

In-hospital mortality 7 (9.0) 4 (10.3) 1.00

Abbreviations: ARDS, acute respiratory distress syndrome; CDC, The 
Centers for Disease Control and Prevention; IQR, interquartile range; 
SD, standard deviation.
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(Figure 2). Table 5 includes a comparison of characteristics between 
the patients who survived and those who were deceased at 1 year; 
patients who were deceased had a significantly higher serum cre-
atinine concentration at transplantation than those who survived 
(p = .05).

When compared to the propensity-matched control group 
with restrictive lung disease, the ARDS group had more recipients 
who required ECMO support as a bridge to transplantation (29.5% 
vs. 76.9%, p <  .0001) even though the control group was matched 
using the LAS score. The median body mass index was higher in the 
ARDS group (22.3 vs. 25.4, p = .041), and the median waitlist time 
was significantly shorter (34 vs. 8 days, p = .00019). There was no 
difference in the post-transplant outcome between the groups. Lung 
transplantation for ARDS and restrictive lung disease had similar 90-
day (87.2% vs. 88.5%, p = .80), 1-year (82.1% vs. 85.9%, p = .52), and 
3-year (69.2% vs. 65.4%, p =  .94) survival rates (Figure 1). The sur-
vival outcome of patients who required ECMO as a bridge to lung 
transplantation was comparable between the ARDS and control 
group (Figure 3).

4  |  DISCUSSION

Lung transplantation can be the definitive treatment option for pa-
tients with irreversible ARDS when their disease progresses from the 
fibroproliferative to the fibrotic stage, with comparable outcomes to 
other restrictive lung diseases. In our analysis of lung transplantation 
in patients with ARDS in the United States, even in a group predomi-
nately consisting of patients who require ECMO as a bridge to trans-
plantation, outcomes remained acceptable with a 10.3% in-hospital 
mortality and 82.1% 1-year survival rate.

To date, there is no published data that summarizes the outcome 
of lung transplantation for ARDS using the UNOS database. There 
are 10 published case reports10–19 and 1 case series20 regarding lung 
transplantation for patients with ARDS, including 1 case of H1N1 
influenza,12 1 of Paraquat-induced lung injury,13 and 5 of inhalation 
lung injury.20 Increasing case reports are being published regarding 
COVID-19-associated ARDS.17–19 Historically, lung transplantation 
for ARDS has been offered to relatively young recipients before the 
emergence of COVID-19. The recipient age of reported cases prior 
to cases of COVID-19 were 35.7 ± 13.9 years.10–16 As for COVID-
19-associated ARDS, published cases are older (62.8 ± 9.6 years).17–

19 Similar to our study, previously reported recipients required 
ECMO support as a bridge to transplantation in 20 out of 23 cases 
(87.0%).10–12,14–20 The survival outcome reported by Chang and col-
leagues was similar to that observed in this study, and the 1-year 
survival rate post-transplantation was reported as 78.0%.20 In ad-
dition to these published case reports and series, lung transplanta-
tion procedures for vaping-related ARDS and COVID-19-associated 
ARDS have been reported by the media. Lung transplantation has 
been indicated for ARDS as the last resort to manage these current 
public health emergencies. The main issue related to transplantation 
in these populations is the lack of information regarding long-term 
survival because these reports are anecdotal and mainly focused on 
immediate surgical outcomes.

According to a previous study analyzing all adult lung transplant 
recipients in the UNOS registry data between 2005 and 2015, the 
mean lung transplant recipient age was 53.6  ±  14.1 years.21 The 
OPTN/Scientific Registry of Transplant Recipients (SRTR) 2017 
Annual Data Report found the median LAS of lung transplant recipi-
ents at the time of transplantation to be 40.3. Recipients with ARDS 
in this study tended to be younger (34.4 ± 17.4 years) and sicker (LAS 

F I G U R E  1 Kaplan–Meier analysis showing no significant difference between the ARDS group and the propensity-matched control group 
in terms of survival rate (3-year survival; χ2(1) = 0.005, p = .94:5-year survival; χ2(1) = 0.008, p = .93)
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84.1 ± 10.0) than recipients with other diagnoses. The proportion 
of lung recipients who required mechanical ventilation and ECMO 
was 6.0% and 5.2% in the OPTN/SRTR annual report,22 whereas 
in our cohort mechanical ventilation and ECMO were required in 
76.9% and 12.8% of patients with ARDS. Although the control group 
was propensity-matched using the LAS score, the ARDS group had a 
significantly larger number of patients on ECMO prior to transplan-
tation (29.5% vs. 76.9%, p  <  .0001). Additionally, when compared 
to the propensity-matched control group, the ARDS group had a 
significantly shorter waiting time for transplantation. These results 
suggest that, while the LAS score has improved the allocation of 
available organs, it does not fully depict the course of disease. These 
findings highlight the more fulminant nature of ARDS compared to 
other restrictive lung diseases.

Out of 63 patients with a primary diagnosis of ARDS who were 
placed on the waiting list for a lung transplantation, 24 (38.1%) were 
de-listed after the median waitlist duration of 25.5 days. The deci-
sion for de-listing occurred relatively quick after the initial listing. 
This is likely because 44 patients (65.7%) were on ECMO at the time 
of listing. A single-center experience of ECMO as a bridge to lung 
transplantation reported the median duration from ECMO to de-list-
ing as 14 days, while the median duration from ECMO to transplant/
death was 12 days.23 The main challenge with listing patients with 
ARDS for lung transplantation is the balance between allowing these 
patients to recover from their insult versus listing them at an appro-
priate time to allow for good outcomes following transplantation. 
This balance is very challenging due to the lack of consensus regard-
ing this clinical decision, as well as the limited time in which these 
patients may become too clinically unstable for transplantation. The 
fact that 4 (6.3%) among 63 listed patients were de-listed because 

TA B L E  4 Extracorporeal membrane oxygenation versus no 
extracorporeal membrane oxygenation bridge data of patients with 
acute respiratory distress syndrome

Characteristics
No-ECMO, 
(n = 9)

ECMO, 
(n = 30) p

Age (years) (mean, SD) 48.7 (17.2) 34.7 (14.7) .10

Range 17–67 11–63

Sex (male) (n, %) 5 (55.6) 16 (53.3) .91

LAS at transplant (mean, SD) 76.2 (20.7) 86.3 (27.7) .52

Waitlist time (days) (median, 
IQR)

7 (15) 8 (17) .73

Body mass index (kg/m2) 
(mean, SD)

25.6 (3.4) 25.1 (5.1) .81

Serum creatinine (mean, SD) 1.20 (1.40) 0.72 (0.54) .06

Serum total bilirubin (mean, 
SD)

0.59 (0.33) 0.94 (0.96) .71

Ischemic time (hours) (mean, 
SD)

5.6 (0.72) 6.4 (2.30) .30

Transplant type

Single (n, %) 2 (22.2) 1 (3.3) .13

Double (n, %) 7 (77.8) 29 (96.7)

Length of stay (days) 
(median, IQR)

26.0 (45) 37.5 (34) .074

Dialysis post-transplant 
(n, %)

1 (11.1) 7 (23.3) .60

Survival time (days) (median, 
IQR)

583 (2167) 597 (1625) .68

In-hospital mortality (n, %) 3 (33.3) 1 (3.3) .032

Abbreviations: ARDS, acute respiratory distress syndrome; ECMO, 
extracorporeal membrane oxygenation; IQR, interquartile range; LAS, 
lung allocation score; SD, standard deviation.

F I G U R E  2 Kaplan–Meier analysis showing no significant differences in survival between ARDS recipients under extracorporeal 
membrane oxygenation (ECMO) bridge to transplantation and ARDS recipients without ECMO support (1-year survival: χ2(1) = 2.40, p = .12; 
3-year survival: χ2(1) = 1.02, p = .31; 5-year survival: χ2(1) = 1.67, p = .20)
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of clinical improvement also highlights the difficulty in judging who 
should be listed for a lung transplantation as a result of ARDS. Most 
of the recipients of a single lung transplant in this study were pa-
tients who were able to wean from ECMO or mechanical ventilation. 
In these cases, allowing enough time for lung recovery may enable 
the option of a single lung transplantation.

The survival benefit of lung transplantation for ARDS is currently 
unknown. Previous case reports do not include long-term outcomes 
and this report is the first to summarize long-term outcome post-
lung transplantation for ARDS using the UNOS database. The sur-
vival outcomes of the ARDS group were comparable to that of the 
propensity-matched control group, despite the fact that the over-
whelming majority of these patients (76.9%) required preoperative 
ECMO as a bridge to transplantation and 12.8% received mechanical 
ventilation without ECMO support at the time of transplantation. 
This is particularly intriguing as the outcomes of ECMO as a bridge 
to lung transplantation, which is one of the biggest risk factors for 
early mortality, were reported to be 57%–93% at 12  months23–28 
and 62%–80% at 3 years.25,26,28 However, in this study, there were 
more in-hospital mortalities post-lung transplant in patients who did 
not receive ECMO support. Additionally, a higher creatinine concen-
tration at the time of transplantation was found to be a significant 
risk factor for 1-year mortality. While, more evidence is needed to 
further support lung transplantation in patients with ARDS, this 
study suggests transplantation is an effective and uncompromising 
treatment in the setting of ARDS.

This study has several limitations. The first is the small number 
of patients in the ARDS cohort. While this limits our generalizabil-
ity, our limited cohort likely represents the national lung trans-
plant ARDS cohort as reported by a widely used national database. 

TA B L E  5 Comparison of characteristics between patients who 
survived and those who were deceased at 1 year

Characteristics
Survived, 
(n = 23)

Deceased, 
(n = 7) p

Age (years)

Median (IQR) 30.0 (30.0) 38.0 (22.5) .5

Range 11–60 13–67

Male sex, n (%) 10 (43.5) 7 (100.0) .008

LAS at transplant

Median (IQR) 87.13 (8.7) 88.99 (1.7) .13

Range 46.3–90.9 84.13–91.0

Waitlist time (days)

Median (IQR) 7 (16) 11 (35) .74

Range 2–249 1–73

BMI at transplant

Median (IQR) 25.1 (4.8) 24.6 (10.2) .74

Range 14.0–33.4 18.3–30.0

Creatinine at transplant

Median (IQR) 0.6 (0.3) 0.7 (0.4) .05

Range 0.1–2.15 0.5–4.24

ECMO at listing, n (%) 17 (73.9) 4 (57.1) .4

Ventilator at listing, 
n (%)

12 (52.3) 3 (42.9) .67

History of cigarette 
use, n (%)

3 (13.0) 0 (0.0) .31

Note: Seven patients had not yet reached 1 year of follow-up and were 
excluded from the analysis.
Abbreviations: BMI, body mass index; ECMO, extracorporeal membrane 
oxygenation; IQR, interquartile range; LAS, lung allocation score.

F I G U R E  3 Kaplan–Meier analysis showing no significant difference in post-transplant survival after extracorporeal membrane 
oxygenation (ECMO) bridge to lung transplantation between ARDS recipients and propensity-matched controls (1-year survival: χ2(1) = 0.00, 
p = .98; 3-year survival: χ2(1) = 0.00, p = .93; 5-year survival: χ2(1) = 0.06, p = .80)
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Second, the variables we could examine were limited to those in-
cluded in the UNOS database. The database does not include all the 
clinically relevant parameters, for example, the etiology of ARDS or 
severity of fibrosis, which may be helpful to identify the indications 
and contraindications. Finally, with the UNOS database, the lack 
of data regarding various key clinical variables such as the date of 
onset, intubation, or initiation of ECMO limits our ability to offer 
insight regarding the best timing to consider lung transplantation in 
patients with ARDS.

In conclusion, the current study demonstrates that the use of 
lung transplantation in the setting of end-stage lung disease second-
ary to ARDS can provide a reasonable survival benefit when com-
pared to alternative therapies. Trends show that national practices 
favor the use of lung transplantation in younger recipients who are 
in critical condition requiring ECMO and/or mechanical ventilation 
support. A more detailed review is required regarding best practices 
in order to maximize long-term survival and allograft function.

5  |  DISCL AIMER

The data reported here have been supplied by UNOS as the contrac-
tor for the OPTN. The interpretation and reporting of these data 
are the responsibility of the authors and in no way should be seen 
as an official policy of or an interpretation by the OPTN or the US 
Government.
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