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BACKGROUND: Extracorporeal membrane oxygenation (ECMO) is increasingly utilized as a bridge to

lung transplantation, but ECMO status is not explicitly accounted for in the Lung Allocation Score

(LAS). We hypothesized that among waitlist patients on ECMO, patients with pulmonary arterial

hypertension (PAH) would have lower transplantation rates.

METHODS: UsingUnitedNetwork forOrgan Sharing data, we conducted a retrospective cohort study of patients
who were ≥12 years old, active on the lung transplant waitlist, and required ECMO support from June 1, 2015

through June 12, 2020.Multivariable competing risk analysis was used to examinewaitlist outcomes.

RESULTS: 1064 waitlist subjects required ECMO support; 40 (3.8%) had obstructive lung disease (OLD), 97

(9.1%) had PAH,138 (13.0%) had cystic fibrosis (CF), and 789 (74.1%) had interstitial lung disease (ILD).

Ultimately, 671 (63.1%) underwent transplant, while 334 (31.4%) died or were delisted. The transplant rate

per person-years on thewaitlist on ECMOwas 15.41 for OLD, 6.05 for PAH, 15.66 for CF, and 15.62 for ILD.

Compared to PAH patients, OLD, CF, and ILD patients were 78%, 69%, and 62% more likely to

undergo transplant throughout the study period, respectively (adjusted SHRs 1.78 p = 0.007, 1.69

p = 0.002, and 1.62 p = 0.001). The median LAS at waitlist removal for transplantation, death, or delist-

ing were 75.1 for OLD, 79.6 for PAH, 91.0 for CF, and 88.3 for ILD (p < 0.001).

CONCLUSIONS: Among patients bridging to transplant on ECMO, patients with PAH had a lower trans-

plantation rate than patients with OLD, CF, and ILD.
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Prior to 2005, lung allocation in the United States was

prioritized by length of time on the waitlist, with additional

benefit given to patients with idiopathic pulmonary fibrosis

(IPF).1,2 In May 2005 the Organ Procurement and Trans-

plant Network (OPTN), operated by the United Network
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for Organ Sharing (UNOS), adopted the lung allocation

score (LAS) to allocate organs based on severity of illness

and the likelihood of post-transplant survival.2 This prior-

ity-based system has led to more lung transplants being per-

formed and decreased waitlist mortality, with similar post-

transplant survival.3,4 However, there was also a significant

change in the distribution of organs based on underlying

diagnosis, and not all patients benefitted equally.3-5

The introduction of the LAS system increased the like-

lihood of transplantation for all diagnoses, but patients

with pulmonary arterial hypertension (PAH) are less likely

to be transplanted than those with IPF or cystic fibrosis

(CF).5 Waitlist mortality improved for patients with inter-

stitial lung disease (ILD), chronic obstructive pulmonary

disease, and CF, but this effect is not clear for patients

with PAH.5,6 These disparities are partially mediated by

patients with PAH having relatively low LAS, and the

LAS being a poor predictor of mortality in PAH.4,5,7,8

It has been formally recognized that the LAS does not

adequately capture disease severity of PAH despite modi-

fications to the score—in February of 2015 bilirubin was

included to address PAH severity—so exception criteria

have been established for PAH patients with worsening

hemodynamics to have their LAS increased to the 90th

percentile.9,10 However, not all exceptions are granted,

and among PAH patients with a denied request have

increased mortality compared to those with an approved

exception, highlighting the prognostic impact of a higher

LAS.11

Since the LAS system allocates organs based largely on

disease severity, there has been a steady rise in pre-trans-

plant LAS and clinical acuity on the waiting list.12-14 As a

result, since 2005 the use of ECMO bridging has increased

by 271%.15,16 Despite this increase in use—and the need

for ECMO representing end-stage pathology without trans-

plantation—ECMO status is not specifically incorporated

into the LAS and is instead approximated as requiring

mechanical ventilation with a fraction of inspired oxygen

of 1.0.17-19 Additionally, veno-venous (VV) ECMO is not

differentiated from veno-arterial (VA) ECMO.

To our knowledge, prior investigations of the UNOS

registry utilized information about ECMO that was

recorded at the time of listing or transplantation. However,

this approach excludes patients who are initiated on ECMO

after listing and did not receive a transplant. In 2015,

UNOS began capturing data about ECMO use for all

patients at the time of removal from the waitlist for any rea-

son.20 This allows for a more accurate and complete analy-

sis of outcomes on the waitlist for patients bridged with

ECMO to lung transplantation.

Given the disparities in LAS and waitlist outcomes

across diagnosis groups, it is possible that patients sup-

ported on ECMO have differential survival and transplanta-

tion rates based on their underlying diagnoses; however this

has not been previously investigated. We hypothesized that

among waitlist patients supported on ECMO, those with

group B diagnoses (i.e., PAH) would have decreased trans-

plantation rates compared to patients with other diagnoses

owing to lower LAS.
Methods

Study design, participants, and data sources

This is a retrospective cohort study of all adults and adolescents

greater than 12 years old who were active on the waitlist for lung

transplant in the United States from June 1, 2015 through June 12,

2020, and who were receiving ECMO support as a bridge to trans-

plantation. The starting date of the study was chosen because

UNOS mandated that all sites report data on ECMO status at the

time of removal from the waitlist beginning June 1, 2015. Patients

were excluded from this study if data were missing about diagno-

sis group, if the LAS was missing or listed as zero, or if there was

no information available about the timing of ECMO initiation.

All data were obtained from the UNOS and OPTN database,

including demographic, clinical, and outcome data. This research

was approved by the Columbia University Institutional Review

Board, and was conducted in compliance with the International

Society of Heart and Lung Transplant ethics statement.
Measurements and outcomes

The primary predictor variable was diagnosis grouping as defined

in the LAS calculation.2 Group A includes obstructive lung dis-

eases (OLD) such as chronic obstructive pulmonary disease and

non-CF bronchiectasis, group B includes PAH, group C includes

CF, and group D includes IPF and ILD.2 Hereafter, the diagnosis

groups will be referred to by the predominant representative diag-

nosis. The patient time was calculated as time from ECMO

implantation until removal from the waitlist for clinical deteriora-

tion, death, transplantation, or another documented reason. Out-

comes were available for all patients since UNOS data for patients

on ECMO was reported at the time of waitlist removal. Patients

with outcomes other than transplantation, death, or removal for

clinical worsening were included in the analysis and censored at

the time of waitlist removal. A sensitivity analysis was performed

to examine likely outcomes for these patients.

The primary outcome was transplantation rate during the study

period. Secondary outcomes were post-transplant survival, LAS at

the time of waitlist removal, and risk of death or removal from the

waitlist for clinical deterioration. For the primary outcome, and

the risk of death or removal from the waitlist, the risk was calcu-

lated over the entire study period accounting for the competing

risk of transplant. Post-transplant survival was censored at the end

of the study period on June 12, 2020.
Analytical approach

Baseline characteristics across diagnoses were examined using

ANOVA testing, the Kruskal-Wallis test, and the chi-squared sta-

tistic. The primary outcome of risk of transplantation was exam-

ined using a multivariable competing risk regression based on

Fine and Gray’s proportional subdistribution hazards model.21

The competing risk model was adjusted for the following variables

based on plausible associations with the risk of transplantation and

a directed acyclic graph (DAG) used to select covariates: age,

blood group, height, and listing for double lung transplant only

(Figure S1).22 A sensitivity analysis was conducted including

adjustment for additional precision variables. LAS and ECMO

configuration were not adjusted for in the model, because we

hypothesized that they would be mediators of the primary out-

come. Furthermore, we hypothesized that among ECMO patients,

PAH patients would have lower LAS scores, and that this would
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contribute to lower transplantation rates. The secondary outcome

of risk of death or removal from the waitlist was also examined

using adjusted competing risk regression.

The LAS at time of transplantation were compared using Krus-

kal-Wallis testing, and included scores that were granted by

exception. Unadjusted post-transplant survival was analyzed using

a Kaplan-Meier analysis. There was a violation of the proportional

hazards assumption when assessing mortality based on diagnosis,

so instead of using a Cox proportional hazards model, post-trans-

plant survival, adjusting for age, sex, and double lung transplant

status, was assessed using Royston and Parmar’s (RP) flexible

parametric modeling using cubic splines.23,24 This model allows

for a changing hazard over time rather than assuming a propor-

tional hazard ratio throughout the analysis period. Knot selection

was optimized using Akaike and Bayseian information criteria

(Table S1). Analyses were performed in STATA/IC version 16.1

(StataCorp, LP) using stcrreg, stcox, and stpm2.
Results

Patient characteristics

There were 1064 waitlist candidates who required ECMO

support as a bridge to lung transplant during the study

period and met inclusion criteria (Figure S2). The median

age was 52 years (IQR 37-60), and 464 (43.6%) were

female. Forty (3.8%) patients had OLD diagnoses, 97

(9.1%) had PAH, 138 (13.0%) had CF, and 789 (74.1%)

had ILD. There were notable differences in age, sex, race,

ethnicity, body mass index (BMI), and proportion of

patients listed for only double-lung transplant across the

diagnosis groups, which is consistent with the differing epi-

demiology and clinical characteristics of the representative

conditions (Table 1).

Of the 1064 patients, 644 (60.5%) required initial sup-

port with VV ECMO, while 299 (28.1%) initially required

VA ECMO. Patients with PAH were significantly more

likely to require VA ECMO than patients with other diag-

noses (p < 0.001), and patients with CF were the least likely

to require VA ECMO. There was no significant difference

across diagnosis groups for requiring a change in ECMO

configuration. Patients whose initial ECMO configuration

was VA were more likely to die or be delisted than patients

who initially required VV ECMO (Sub-distribution hazard

ratio [SHR] 1.59, 95% CI 1.26-2.00), and less likely to be

transplanted (SHR 0.61, 95% CI 0.50-0.73; 16.74 trans-

plants per person-year on ECMO on the waitlist for VV vs

9.13 for VA, p < 0.001). Patients with OLD, CF and ILD

had decreased transplant rate and increased risk of death on

VA ECMO compared to VV, but PAH patients had similar

outcomes (Table S2).

The median time spent on the waitlist while supported

on ECMO was 8 days (IQR 4-17, range 0-257). A total of

671 (63.1%) waitlist candidates underwent transplantation

during the study period, while 172 (16.2%) died, and 162

(15.2%) were removed from the waitlist for clinical worsen-

ing. There were 12 patients (1.1%) who improved and no

longer required transplant— 11 of them had ILD and 1 had

PAH. There were 44 patients (4.1%) whose outcomes were

unknown and documented as “other” at the time of waitlist
removal; 1 OLD, 16 PAH, 5 CF, and 22 ILD. Bilateral lung

transplant was performed in 615 patients (92.1% of trans-

plants).
Primary outcome

In competing risk analysis, patients with PAH were less

likely to be transplanted throughout the entire study period

than patients with any other diagnosis (Figure 1). During

the study period, 49.5% of PAH patients received a trans-

plant after bridging with ECMO support (48/97) with a

transplant rate of 6.05 transplants per person-year on

ECMO on the waitlist, compared to 72.5% of OLD patients

(29/40) with a transplant rate of 15.41, 73.9% of CF patients

(102/138) with a transplant rate of 15.66, and 62.4% of ILD

patients (492/789) with a transplant rate of 15.62 (Figure 2).

Relative to patients with PAH, OLD patients were 78%

more likely to undergo transplant (adjusted SHR 1.78, 95%

CI 1.17-2.71), CF patients were 69% more likely (adjusted

SHR 1.69, 95% CI 1.22-2.34) and ILD patients were 62%

more likely (adjusted SHR 1.62, 95% CI 1.21-2.17)

(Table 2).
Secondary outcomes

The risk of death or removal from the waitlist for clinical

deterioration was similar between diagnosis groups

(Figure S3, Table S3). Given that a patient’s LAS deter-

mines his or her priority on the waiting list, the final LAS,

including exception scores, were compared between diag-

nosis groups. The median LAS at the time of waitlist

removal for the entire cohort was 88.2 (IQR 85.4-90.2).

The median LAS at time of waitlist removal was 75.1 for

OLD patients, 79.6 for PAH patients, 91.0 for CF patients,

and 88.3 for ILD patients (p < 0.001 for between group

comparisons) (Figure 2). Exception scores were granted to

16 patients; 2 patients with OLD had an average LAS

increase of 8.1, 9 PAH patients increased an average of

24.7, 1 CF patient increased 4.2, and 4 ILD patients

increased an average of 39.5.

The median follow up time post-transplant was 367 days

(IQR 165-743), and follow up time beyond 1 year was

available for 51.2% of patients. Median follow up time was

significantly longer for CF patients compared to all other

groups (562 days for CF vs 363.5 days for OLD, 348.5 days

for PAH, and 366 days for ILD, p = 0.0136). There was a

significant difference in 1 year post-transplant survival by

diagnosis using an unadjusted Kaplan-Meier analysis with

Wilcoxon-Breslow-Gehan testing (p = 0.0037) (Figure 3A).

This model was unadjusted, and violated proportional-haz-

ards assumption, so additional survival analysis was per-

formed. In a RP flexible parametric survival model adjusted

for age, sex, and receiving a double lung transplant, there

was no statistically significant difference in of the hazard

ratio for death at 1 year post-transplant (Figure 3B, Table 3).

Notably, patients with PAH and ILD had relatively high

early post-transplant mortality, and patients with CF and

OLD had statistically significantly improved survival at



Table 1 Characteristics for 1,064 Lung Transplant Candidates Supported on Extracorporeal Membrane Oxygenation

Obstructive lung

disease − Group A

Pulmonary arterial

hypertension − Group B Cystic fibrosis − Group C

Interstitial lung

disease − Group D p-value

Number of candidates 40 97 138 789 N/A

Age, median (IQR) 55 (48-63) 39 (27-53) 27 (22-32) 55 (46-62) <0.001
Female, n (%) 21 (53) 73 (75) 88 (64) 282 (36) <0.001
Race/Ethnicity, n (%)

White 24 (60) 58 (60) 113 (82) 503 (64) <0.001
Black 12 (30) 16 (17) 8 (6) 111 (14)

Hispanic 2 (5) 14 (14) 16 (12) 126 (16)

Other 2 (5) 9 (9) 1 (1) 49 (6)

BMI at listing, median (IQR) 23.8 (20.0-26.9) 23.5 (21.0-28.1) 20.1 (17.7-22.1) 27.0 (24.1-30.4) <0.001
Last LAS, median (IQR) 75.1 (69.7-78.9) 79.6 (75.6-83.1) 91.0 (90.4-91.7) 88.3 (86.5-89.9) <0.001
Last LAS, n (%)

<70 10 (25) 13 (13) 8 (6) 26 (3) <0.001
70-79.9 23 (57.5) 31 (32) 4 (3) 12 (2)

80-89.9 5 (12.5) 48 (50) 16 (12) 568 (72)

≥90 2 (5) 5 (5) 110 (80) 183 (23)

Double lungs only, n (%) 26 (65) 86 (89) 127 (92) 501 (63.5) <0.001
Height cm, median (IQR) 167 (160-173) 165 (155-170) 165 (155-170) 170 (163-178) <0.001
Blood type, n (%)

O 20 (50) 49 (50.5) 64 (46) 407 (52) 0.595

A 16 (40) 28 (29) 53 (38) 260 (33)

B 3 (7.5) 15 (15.5) 17 (12) 81 (10)

AB 1 (2.5) 5 (5) 4 (3) 41 (5)

ECMO mode n (%)

VV 27 (67.5) 16 (17) 102 (74) 478 (61) <0.001
VA 8 (20) 71 (73) 10 (7) 187 (24)

VV! VA 1 (2.5) 1 (1) 3 (2) 16 (2)

VA! VV 0 (0) 1 (1) 3 (2) 19 (2)

Unknown 4 (10) 8 (8) 20 (15) 89 (11)

Abbreviations: BMI, body mass index; ECMO, extracorporeal membrane oxygenation; IQR, inter-quartile range; LAS, lung allocation score; VA, veno-

arterial; VV, veno-venous.
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30 days post-transplant compared to PAH patients (Table 3).

However, at 1 year post-transplant there were no differen-

ces between diagnoses in the hazard ratios for mortality

(Table 3).
Sensitivity analyses

There were 44 patients with a waitlist removal reason of

“other.” These patients’ outcomes are unknown, however it

is implausible that they were transplanted without it being

documented by UNOS. Sensitivity analyses were per-

formed assuming all of these patients died or were removed
Figure 1 Cumulative incidence of transplantation by diagnosis

group, unadjusted. ECMO, extracorporeal membrane oxygen-

ation.
for clinical deterioration, or excluding them from the cohort

entirely. If all of these patients died or worsened, then PAH

patients would have increased risk of death / removal from

the waitlist and decreased rate of transplant compared to all

other diagnosis groups (Table 4). When these patients were

excluded from the cohort entirely, PAH patients had

decreased transplantation compared to patients with all

other diagnoses, and there was no difference in the risk of

death or removal from the waitlist.

We selected covariates for our primary analyses using a

DAG, and we conducted a sensitivity analysis including

additional precision variables in the model. These variables

were sex, race / ethnicity, and center volume of ECMO-

bridge-to-transplant patients. This sensitivity analysis had

the same findings as the primary analysis with PAH patients

having lower transplant rates than patients with all other
Figure 2 Unadjusted transplant rate and median lung alloca-

tion score by diagnosis. LAS, lung allocation score.



Table 2 Transplant Rates Compared Across Diagnosis Groups

Outcome

Obstructive lung

disease − Group A

n = 40

Pulmonary arterial

hypertension − Group B

n = 97

Cystic fibrosis − Group C

n = 138

Interstitial lung

disease − Group D

n = 789

Transplantation, No. (%) 29 (72.5) 48 (49.5) 102 (73.9) 492 (62.4)

Transplant rate, transplants

per person years on waitlist

on ECMO

15.41 6.05 15.66 15.62

Unadjusted SHR for trans-

plant (95% CI)

1.63 (1.08-2.48) 1 1.83 (1.33-2.53) 1.51 (1.13-2.02)

Adjusteda SHR for transplant 1.78 (1.17-2.71) 1 1.69 (1.22-2.34) 1.62 (1.21-2.17)

Abbreviations: CI, confidence interval; ECMO, extracorporeal membrane oxygenatation; SHR, sub-distribution hazard ratio.

The bold values are statistically significant based on the statistical analysis used (i.e. the confidence interval does not cross 1, and the p-value was

<0.05).
aAdjusted for age at the time of waitlist activation, ABO blood type, height, and listing only for double lung transplant.
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diagnoses (Table S4). Additional sensitivity analysis evalu-

ating an OPTN / UNOS policy change in 2017 is included

in the supplement.25,26
Discussion

PAH patients bridged to transplant with ECMO were less

likely to be transplanted than patients with OLD, CF, or
Figure 3 Post-transplant survival by diagnosis group (A)

Kaplan-Meier curve for unadjusted, analysis censored at 1 year

(B) Flexible parametric survival analysis censored 1 year post-

transplant. Parametric survival analysis is adjusted for age, sex,

and double lung transplant. CF, cystic fibrosis; ILD, interstitial

lung disease; OLD, obstructive lung disease; PAH, pulmonary

arterial hypertension.
ILD. This is despite PAH patients having similar post-trans-

plant survival at 1-year compared patients with other diag-

noses on adjusted analysis. This study demonstrates that

there are disparate waitlist outcomes for patients bridged to

transplant with ECMO.

The LAS system is designed to be priority-based and

allocate organs according to need and potential benefit;

however, it has created inequalities in the distribution of

organs based on underlying diagnosis.2,3,5 Specifically,

patients with PAH have seen less benefit and have worse

waitlist outcomes than those with other diagnoses.5,27,28

Patients with PAH often have lower LAS due to the criteria

incorporated in the formula, and the LAS is generally a

poor predictor of mortality in patients with PAH.4,5,7,27

While specific exception score criteria have been outlined

for PAH patients, a significant proportion of these requests

are denied, and PAH patients have worse outcomes after an

exception denial than patients with other diagnoses.11

There has been a marked increase in the use of ECMO as

a bridge to transplant in the last decade, and thus evaluation

of organ distribution among these patients is clinically

important.15,16 Despite the increase in use, ECMO status,

regardless of configuration, is not specifically incorporated

into the LAS, and is instead approximated as requiring

mechanical ventilation.17-19 This may further disadvantage

patients with PAH who, as discussed, often have lower

LAS, and who more often require VA ECMO.

PAH patients had a lower final LAS compared to CF and

ILD patients even when accounting for exception scores.

This difference was most notable when looking at the

extremes of LAS in this cohort as only 5% of patients with

PAH had an LAS > 90 compared to 80% of CF patients

and 23% of ILD patients. Of note, patients with OLD had

similar final LAS to PAH patients, but still had significantly

increased rate of transplantation, so it is clear the disparity

in outcome is not entirely explained by LAS.

Interestingly, candidates requiring VA ECMO compared

with those on VV ECMO had decreased transplant rates

and increased risk of death or delisting across all diagnosis

groups except PAH. However, the vast majority of PAH

patients bridging to transplant utilized VA ECMO rather

than VV, and typically pulmonary hypertension is consid-

ered an indication for VA ECMO support.28 Therefore, the



Table 3 Post-Transplant Survival and Hazard Ratios at 30 Days and 1 Year Post-Transplant

Obstructive lung

disease − Group A

Pulmonary arterial

hypertension − Group B Cystic fibrosis − Group C

Interstitial lung

disease − Group D

30 day survival rate (95% CI) 0.99

(0.98-1.00)

0.94 (0.92-0.96) 0.98

(0.97-0.998)

0.96

(0.94-0.97)

HR at 30 days (95% CI) 0.10

(0.02-0.65)

1 0.20

(0.06-0.63)

0.48

(0.21-1.07)

1 year survival rate (95% CI) 0.94

(0.87-1.00)

0.82 (0.79-0.85) 0.93

(0.88-0.97)

0.84

(0.80-0.87)

HR at 1 year (95% CI) 1.57

(0.50-4.98)

1 0.93

(0.35-2.46)

1.56

(0.64-3.80)

Abbreviations: CI, confidence interval; HR, hazard ratio.

The bold values are statistically significant based on the statistical analysis used (i.e. the confidence interval does not cross 1, and the p-value was

<0.05).
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small number of PAH patients supported on VV ECMO

were likely highly selected for this configuration—for

example, PAH patients with an atrial septal defect—making

comparing outcomes difficult.29 The increased mortality

among patients requiring VA ECMO support in this cohort

may be explained by those patients having more severe dis-

ease that requires both cardiac and respiratory support,

challenges to mobilization and physical therapy on VA

ECMO, and because VA ECMO has a higher complication

rate in general.30 Since PAH patients were more likely to

require VA ECMO, this likely contributes to the difference

in transplant rates seen between diagnoses. We did not

adjust for ECMO configuration in the analysis because we

believe the type of support is intrinsically linked to the

underlying diagnosis, and as a mediator of the outcome

rather than a confounder. Further analysis is warranted to

examine the potential effect of incorporating ECMO status

and configuration into the LAS on waitlist mortality, trans-

plant rate and post-transplant survival.

Patients with PAH bridging to transplant on ECMO had

increased early risk of death post-transplant, but similar

post-transplant risk of death at 1 year compared to patients

with OLD, CF, and ILD. While PAH patients had poor

early post-transplant outcomes and increased hazard ratio

of death compared to CF and OLD patients at 30 days post-

transplant, the survival disparity narrowed after the acute

perioperative period and the hazard ratios for mortality at 1

year post transplant were similar between all diagnoses.

These findings reflect known trends seen among lung trans-

plant patients and are not specific to those bridging to trans-

plant with ECMO.31,32 Since post-transplant outcomes

became more congruous over time, the worse early post-

transplant outcomes for PAH patients does not justify the

disparity seen in LAS or transplant rate.

Our primary finding was consistently demonstrated on

sensitivity analyses. For patients with a waitlist removal

code of “other” true outcomes are unknown; however, it

seems unlikely that these patients were ultimately trans-

planted without this information being captured in the

UNOS database. In the liver transplant literature it has been

reported that patients are often misclassified and coded as

removed from the waitlist for “other” reasons, but in fact

had died or were removed from the list for clinical worsen-

ing.33 It is likely a safe assumption that patients with this
designation ultimately died or were delisted, and in this sce-

nario patients with PAH had decreased risk of transplant

and increased risk of death or removal from the waitlist for

clinical deterioration compared to all other diagnoses.

There are several limitations in this analysis. All ana-

lyzed data were obtained from OPTN/UNOS and there may

be missing information and inaccuracies in this database

based on the quality of documentation and reporting. This

includes missing information about outcome, which was

specifically addressed in the above sensitivity analysis. We

did not address predictors of waitlist outcomes that are not

collected by OPTN/UNOS. While we included as many

patient records as possible, the sample size is small for cer-

tain subgroups within the dataset, such as the relatively few

patients with OLD, and the relatively small proportion of

patients who died on the waitlist. Therefore, there is the

possibility for Type II statistical error in the analysis on

waitlist mortality, and for lack of power in drawing conclu-

sions about differences in LAS; large, prospective follow-

up studies are necessary. We did not have information

available about mechanical ventilation or sedation while on

ECMO, which may be important co-factors. Finally, we did

not include waitlist candidates younger than age 12,

because lungs are allocated by a different system in this age

group.34

In summary, patients with PAH bridging to transplant on

ECMO have lower transplantation rates than patients with

OLD, CF, and ILD. Differences in LAS and the type of

ECMO support required between diagnoses may explain

this discrepancy. These findings, in combination with prior

studies showing disparities in outcomes in the LAS era

based on diagnosis, warrant further attention.2,3,5,10,11 One

strategy for mitigating these disparities may be incorporat-

ing ECMO status and configuration specifically in the LAS,

and adjusting for the impact ECMO has on survival based

on underlying diagnosis. Future studies could illuminate the

impact of such a modification.
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