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Abstract

BACKGROUND—Use of extracorporeal membrane oxygenation (ECMO) as bridge to lung 

transplant has increased. However, little is known about patients placed on ECMO who die while 

on the waiting list. Using a national lung transplant data set, we investigated variables associated 

with waitlist mortality of patients bridged to lung transplant.

METHODS—All patients supported on ECMO at time of listing were identified using the United 

Network for Organ Sharing database. Univariable analyses were performed using bias-reduced 

logistic regression. Cause-specific hazard models were used to determine the effect of variables of 

interest on hazard of outcomes.

RESULTS—From April 2016 to December 2021, 634 patients met inclusion criteria. Of these, 

445 (70%) were successfully bridged to transplant, 148 (23%) died on the waitlist, and 41 

(6.5%) were removed for other reasons. Univariable analysis found associations between waitlist 

mortality and blood group, age, body mass index, serum creatinine, lung allocation score, days 

on waitlist, United Network for Organ Sharing region, and being listed at a lower-volume center. 

Cause-specific hazard models demonstrated that patients at high-volume centers were 24% more 

likely to survive to transplant and 44% less likely to die on the waitlist. Among patients who 

were successfully bridged to transplant, there was no difference in survival between low- and 

high-volume centers.

CONCLUSIONS—ECMO is an appropriate strategy to bridge selected high-risk patients to lung 

transplant. Of those placed on ECMO with intent to transplant, about one quarter may not survive 

to transplantation. High-risk patients requiring advanced support strategies may be more likely to 

survive to transplant when bridged at a high-volume center.
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Lung transplant remains the singular durable strategy for survival in critically patients with 

end-stage lung disease. Of those patients who are successfully transplanted, one quarter will 

be hospitalized pre-transplant, with nearly 14% requiring support in the intensive care unit.1 

Previously, mechanical ventilation was the only support strategy available leading to higher 

mortality rates compared with nonventilated patients.2 The use of extracorporeal membrane 

oxygenation (ECMO) to bridge these patients to transplant has increased significantly 

over the past two decades3,4 with equivalent survival to those supported with mechanical 

ventilation.5 Further evidence of acceptable outcomes using ECMO as a bridge to transplant 

(BTT) has resulted in increased implementation of its use.6-8 Little is known, however, 

about the characteristics of patients placed on ECMO who die while on the waiting list 

rather than undergoing successful transplantation. Using a national lung transplant data set, 

we investigated patient variables associated with waitlist mortality while on ECMO and 

compared with those who were successfully bridged to transplant.

PATIENTS AND METHODS

National data were collected from the United Network for Organ Sharing (UNOS) standard 

transplant analysis and research file based on Organ Procurement and Transplantation 

Network data as of March 31, 2022. All patients in the present study were activated on the 

waitlist between April 2016 (the period when UNOS began consistently collecting ECMO 

data) through December 31, 2021. This data set consisted of a prospectively collected open 

cohort using informed consent. Inclusion criteria for this study comprised all patients on 

ECMO listed for lung transplant at age ≥18 years at time of listing. Exclusion criteria 

included multiorgan transplants or previous lung transplant. Waitlist removal codes (eg, 

death, too sick to transplant, or removed due to transplant) were used to determine the 

outcomes. Patients who were successfully bridged to transplant and those who died on 

ECMO were compared. The study was approved through the University of Pittsburgh 

institutional review board protocol 20050181 (approval date: June 15, 2020).

Univariable analyses were performed using Mann-Whitney U tests for bivariate continuous 

variables and Kruskal-Wallis tests for analyses with 3 groups. Chi-square tests were 

used for categorical variables with post-hoc comparisons performed by analysis of the 

adjusted standardized residuals. Competing risk models were utilized to determine the 

effect of variables of interest on the hazard of outcomes.9 Analyses were conducted 

in R (v. 4.1.2; The R Project for Statistical Computing) with packages gtsummary, 
survival, and tidycmprsk. Transplant center volume was defined as the number of lung 

transplants performed at a center during a particular year. Center volume was divided 

into 2 categories a priori based on previous lung transplant literature, with 34 or fewer 

annual transplants defining a “lower” volume center, and 35 or more defining “high” 

volume.10-12 Adjusted cause-specific hazard models were performed using variables that 

were significantly different between high- and low-volume centers as nuisance covariates. 

Kaplan-Meier analyses were conducted to evaluate the relationship between center volume 

and posttransplant survival in patients who survived to transplant. A P < .05 was considered 

statistically significant.
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RESULTS

A total of 634 patients on ECMO met initial inclusion criteria: 445 (70.2%) who were 

transplanted, 148 (23.3%) who died on the waitlist, and 41 (6.5%) who were removed for 

other reasons (eg, condition improved). Univariable comparisons between the 593 patients 

who were transplanted or died on the waitlist are displayed in Table 1. Patients who died on 

the waitlist were older (54 vs 47 years, P < .001), on the waitlist for longer duration (14 vs 

9 days, P < .001), were more likely to have blood type AB, and were listed with lower lung 

allocation scores (LAS) and higher creatinine relative to patients who survived to transplant. 

Patients listed at a high-volume center were more likely to survive to transplant. There was a 

significant association between geographical region and waitlist outcome (P = .014). Patients 

on ECMO listed in the southwestern region (AZ/CA/NV/NM/UT) were more likely to live 

to transplant rather than die on the waitlist, whereas patients listed in the northeast regions 

(both NY/VT and DE/DC/MD/NJ/PA/WV/VA) were more likely to die on the waitlist.

Univariable comparisons between high-volume and lower-volume centers are displayed in 

Table 2. There was a significant difference in waitlist outcome between patients at high- 

and low-volume centers (P < .001) with 79% of patients at high-volume centers transplanted 

vs 66% at low volume centers. There was a significantly higher proportion of patients at 

high-volume centers supported on mechanical ventilation (60% vs 41%, P < .001) at time 

of listing, and a trend for differences in LAS (P = .053). All other characteristics including 

age, diagnosis group, blood type, and comorbidities showed no difference between high- and 

low-volume centers.

To investigate the relationship between center volume and outcomes, cause-specific hazard 

models were conducted with center volume (high/lower) as the predictor of interest. Patients 

at high-volume centers were 24% more likely to survive to transplant (χ2 (1) = 10.43, P = 

.001) relative to lower-volume centers and were 44% less likely to die on the waitlist (χ2 

(1) = 10.49, P = .001). There was no difference between high- and lower-volume centers for 

removal for other reasons (χ2 (1) = 0.67, P = .42). An unadjusted cumulative incidence plot 

is displayed in Figure 1. Differences in waitlist outcomes remained following adjustment 

for region, ventilator rates at listing, and LAS, with patients at lower-volume centers less 

likely to be transplanted (hazard ratio 0.71, 95% CI 0.57-0.89, P = .003) and more likely to 

die on the waitlist (hazard ratio 1.54, 95% CI 1.09-2.17, P = .015) relative to high volume 

centers (Table 3). For transplanted patients, the median follow-up time was 364.5 days. 

Kaplan-Meier analysis found no difference in posttransplant survival between high- and 

low-volume centers (Figure 2, P = .22).

An analysis of donor characteristics for the 445 patients who were transplanted is reported in 

Table 4. No differences in donor age or use of extended criteria donors were demonstrated 

between high- and low-volume centers, though donor type (donation after cardiac death 

[DCD] vs donation after brain death) was significantly associated with center volume (p= 

0.019). DCD donors constituted only 6.1% of all transplanted lungs, but their use was highly 

concentrated at high-volume centers.
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COMMENT

The implementation of ECMO as a BTT for decompensated patients has evolved from 

initially being considered a contraindication to transplant into a critically important 

strategy.13 Its use has increased considerably in the last decade and constitutes as much 

as 5.2% of lung transplant patients as recently as 2017.14 Though these patients may exhibit 

increased perioperative and in-hospital mortality rates,15 posttransplant survival may not be 

impacted. Comparisons of patients bridged to transplant with ECMO to patients who are 

not bridged have demonstrated equivalent posttransplant survival at 1 and 3 years in both 

adult7,15-17 and pediatric18 populations.

Several factors, however, seem to attenuate comparable survival in ECMO BTT patients. 

Extended duration of ECMO support17,19,20 as well as ECMO support in redo lung 

transplant patients21 have negative effects on posttransplant survival. Center volume may 

also have notable impact on posttransplant survival of patients supported preoperatively 

with ECMO.5,22 Multiple studies using both institutional outcomes and national datasets 

have reported on increased survival after ECMO BTT at higher-volume centers. Hayes 

and colleagues,22 in a retrospective UNOS data set analysis, demonstrated that low center 

volume was associated with significant reduction in posttransplant survival for patients 

preoperatively bridged with ECMO. The impact of center volume on survival outcomes was 

not demonstrated in patients who were not bridged with ECMO. Our study evaluated the 

impact of center volume on outcomes of patients supported on ECMO at the time of listing 

for transplant to evaluate the outcome of either death or successful transplant using a cut 

point of 35 transplants a year to stratify medium/high- vs low-volume transplant centers.

Though we did not find a difference in posttransplant survival, we did note a significant 

difference in waitlist mortality when stratified by center volume. Patients supported on 

ECMO at the time of listing at centers with >35 transplants per year were significantly more 

likely to survive to transplant rather than suffer an ECMO mortality prior to transplant. 

The observed increase in waitlist mortality at low-volume transplant centers is likely 

multifactorial. High-volume transplant centers may be associated with advanced critical 

care programs, as the effect of center volume on mortality is also seen in hospitalized 

patients who are not bridged.23 Similarly, larger centers may also be associated with 

robust ECMO programs, in which high volume also leads to improved mortality rates.24 

Larger transplant centers may be also more aggressive in their donor selection and include 

variances from standard criteria (such as an abnormal radiograph). An evaluation of donor 

characteristics provides additional insight into the transplantation trends of bridged patients 

at high vs low volume hospitals. In this cohort, the use of DCD donors was overwhelmingly 

confined to large volume centers. Though long-term survival outcomes with DCD donors 

are comparable,25 DCD donors make up a very small percentage of transplanted lung in 

the United States. The lack of its widespread adoption is multifactorial,26 though higher-

volume centers may be more equipped to consider DCD offers in their donor pool, thereby 

contributing to increased likelihood of successfully bridging patients to transplant.

The impact of UNOS transplant region on ECMO waitlist mortality is another significant 

finding in our study. During the span of the waitlist data analyzed in this data set 
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(2016-2021), two important factors have contributed to regional differences in lung 

transplant outcome. First is the transition in 2017 from lung allocation confinement within 

the Donation Service Area to a distance 250 nautical miles, allowing for a broader 

distribution of donor organs. Prior to this change, incidence of lung transplant was impacted 

more by Donation Service Area than LAS or blood type,27 with significant variations in 

local lung availability contributing to differences in regional outcomes.28 These impacts are 

likely reflected in the regional differences in successful transplant outcome for patients listed 

on ECMO in our analysis. Second, the impact of the COVID-19 pandemic on transplant 

practice and organ availability during this time period should be considered. The outset of 

the COVID-19 pandemic created volume shifts across the country, with reduction in lung 

transplant volume in some UNOS regions and increase in others.29

Our analysis additionally reports on several characteristics known to be associated with 

poor posttransplant survival and are noted in this study to be associated with pretransplant 

mortality on ECMO, including advanced age, blood type AB, increased serum creatinine, 

and greater number of days on the wait list. The clinical impact of minor differences in 

patient characteristics such as body mass index on waitlist outcomes is unclear and statistical 

significance may be attributable to the large sample size of our analysis. While LAS score 

comprises several patient comorbidities and risk factors, lower LAS score was associated 

with waitlist mortality in bridged patients. The relationship between LAS score on ECMO 

run duration here is unclear, though greater number of days on the waitlist may have 

contributed to the increased mortality in this group.

Several limitations in this study should be considered, including the retrospective nature 

of the analysis and limited data reportable within a large national data set. Our analysis 

is also limited to two timepoints: ECMO status at listing and status at removal. Thus, we 

are unable to capture adverse outcomes for patients who may have been placed on ECMO 

BTT after listing and did not live to transplant. Similarly, the ECMO run data begin at the 

point of listing and we are unable to determine duration of ECMO support prior to listing. 

While comparable outcomes in bridged patients on venovenous vs venoarterial ECMO have 

been reported,16 we are unable to report on cannulation strategy or patient acuity including 

whether patients were awake, ambulatory, or participating in physical therapy (one of several 

characteristics known to improve posttransplant survival).7 In addition, we are unable to 

evaluate whether there exists a volume outcome relationship with both ECMO center 

volume and transplant center volume. In the future, single-center analyses may be designed 

to prospectively capture outcomes of all bridged patients, including those who may have 

been cannulated after listing. These findings reveal the need to investigate factors associated 

with waitlist mortality on patients bridged with ECMO including consideration of whether 

patients in need of advanced support strategies should be transferred to a higher-volume 

program for greater odds of survival to transplant. Further study is needed to determine 

practice patterns that may be enacted by lower-volume centers to lead to improved outcomes 

in this cohort of patients.

ECMO has evolved as an important strategy in the armamentarium of lung transplant 

surgeons as a method to bridge endstage pulmonary patients to lung transplantation. Using 

a large national database, we report several factors associated with BTT ECMO waitlist 
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mortality, including waitlist duration, transplant center volume, and UNOS region. As we 

continue to hone strategies to support critical patients, it is important to continue to identify 

and mitigate risks of preoperative ECMO mortality to provide patients with the greatest 

opportunity to survive to transplant.
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FIGURE 1. 
Cumulative risk of waitlist outcome of patients supported on extracorporeal membrane 

oxygenation at high- vs low-volume centers.
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FIGURE 2. 
Posttransplant survival of patients bridged on extracorporeal membrane oxygenation at high- 

and low-volume centers.
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