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Abstract

Thoracoabdominal normothermic regional perfusion (TA-NRP) has recently begun being utilized 

in the United States for recovery of cardiothoracic allografts from some donors after circulatory 

death (DCD), but data on lungs recovered in this method is limited to case reports. We conducted 

a national retrospective review of lung transplants from DCD donors recovered using TA-NRP. 

Of the 434 total DCD lung transplants performed between January 2020 and March 2022, 17 

were recovered using TA-NRP. Compared to direct recovery DCD transplants, recipients of 

TA-NRP DCD transplants had lower likelihood of ventilation >48 hours (23.5% vs 51.3%, p 
= 0.027) and similar likelihood of predischarge acute rejection, requirement for extracorporeal 

membrane oxygenation at 72 hours, hospital lengths of stay, and survival at 30, 60, and 90 days 

post-transplant. These early data suggest that DCD lung recovery using TA-NRP might be a safe 

way to further expand the donor pool and warrant further study.
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Donation after circulatory death (DCD) has been increasingly used to address the organ 

shortage and has demonstrated excellent outcomes in lung transplants.1,2 For cardiac 

transplantation, however, DCD has not been as widely adopted given the ischemic insult 
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to myocardial tissue.3 A novel strategy involving thoracoabdominal normothermic regional 

perfusion (TA-NRP) for recovery of cardiothoracic allografts has been increasingly utilized 

in the United States, primarily driven by cardiac recovery teams to increase the availability 

of cardiac allografts from DCD donors. TA-NRP involves in situ reperfusion of thoracic 

and abdominal organs via extracorporeal membrane oxygenation prior to organ retrieval. 

Following declaration of death and a 2 to 5 min standoff time, chest entry is performed, the 

right atrium and ascending aorta are cannulated, and extracorporeal flow is established with 

a reperfusion time of up to 90 min, after which cross clamp and recovery are performed in 

identical fashion as a brain-dead donor recovery.1,4

With increased interest in utilizing TA-NRP for cardiac transplant,3,5 we sought to evaluate 

the early outcomes of lung transplants from TA-NRP DCD donors in the United States. 

We retrospectively reviewed adult (≥18 years) lung-only transplants from DCD donors 

between January 1, 2020 and March 31, 2022 in the United Network for Organ Sharing 

(UNOS) database. To determine organ recovery during which TA-NRP was likely utilized, 

we considered a transplant to have used TA-NRP if the interval between asystole and 

aortic cross-clamp time was ≥50 min. This interval was chosen based on the 2020 ISHLT 

consensus statement, which suggests a TA-NRP interval of 45 to 90 min.1,3,5 The time 

between asystole and cross-clamp includes stand-off time after declaration of death (2-5 

min), chest entry (2 min), and, in the cases of TA-NRP, the reperfusion interval prior to 

cross-clamp. All other DCD transplants were considered direct recovery transplants. Our 

threshold of 50 min captures nearly all TA-NRP donors described by Hoffman et al3 and 

Smith et al,5 while minimizing the number of direct recovery donors captured. Baseline 

characteristics and outcomes were assessed using Wilcoxon rank sum and chi-square testing 

for continuous and categorical variables, respectively. Post-transplant survival at 30, 60, 

and 90 days was assessed using time-to-event analysis and log-rank tests. This study was 

deemed exempt for the need for institutional review board approval by the Johns Hopkins 

Institutional Review Board.

Of the 434 total DCD lung transplants, 17 (3.9%) were recovered using TA-NRP by 12 lung 

transplant centers (Figure 1). TA-NRP donors had a lower median age than direct recovery 

donors (28 [21-36] vs 40 [29-49] years, p = 0.003; Table 1), similar time from withdrawal 

of life support to asystole (23.5 [16-31] vs 20 [15-26] min, p = 0.2), and, by definition, 

longer asystole to aortic cross-clamp time (100 [72-117] vs 7 [4-9] min, p < 0.001). Ex vivo 

lung perfusion (EVLP) was utilized in 1 (5.9%) TA-NRP and 86 (20.6%) direct recovery 

transplants (p = 0.2).

Recipients of TA-NRP grafts had lower likelihood of ventilation >48 hours (23.5% vs 

51.3%, p = 0.027) and trended towards shorter hospital lengths of stay (15 [10-28.5] vs 

23 [15-39] days, p = 0.060; Table 2). Recipients of TA-NRP grafts had similar rates of 

intubation (30.8% vs 46.7%, p = 0.4) and extracorporeal membrane oxygenation at 72 hours 

(7.7% vs 17.3%, p = 0.7), as well as predischarge acute rejection (11.8% vs 7.0%, p = 0.4). 

On Kaplan–Meier analysis, TA-NRP versus direct recovery recipients had similar 30-day 

(100% vs 96.4%, p = 0.4), 60-day (100% vs 95.4%, p = 0.4), and 90-day (92.9% vs 93.6%, 

p > 0.9) survival.
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This is the first national study of lung transplant outcomes using TA-NRP DCD allografts. 

Currently, the effects of TA-NRP on lung allograft function are largely unknown; particular 

concerns include the limited lung perfusion prior to return of cardiac activity, the 

potential for reperfusion with byproducts from the abdominal compartment6, and the ethics 

surrounding this technique.7 TA-NRP in lung transplantation has only been described in 

case reports by Urban et al6,8 and Vandendriessche et al9 Our results on the early national 

experience with TA-NRP lungs demonstrated satisfactory outcomes, with no differences in 

perioperative outcomes and short-term post-transplant survival, though with younger and 

more nonsmoking donors. These results support the further study of lung grafts recovered 

using TA-NRP.

While recovery using TA-NRP has increased over the last 2 years, uptake of this practice 

for lung transplantation lags behind other organs. Of the total 146 TA-NRP donors, only 

17 (11.6%) lungs were transplanted. Lungs from an additional 8 (5.5%) TA-NRP donors 

were recovered for transplant but discarded, resulting in a discard rate of 32%, compared 

to a discard rate of 24.4% for DCD donors previously reported.10 Meanwhile, hearts were 

transplanted from 110 TA-NRP donors (75.3%), kidneys from 134 (91.8%), and livers from 

82 (56.2%). Hearts were transplanted from 23 of the 25 donors (92%) in which lungs 

were recovered. Although standard recovery may be preferred for DCD lungs, our study 

suggests that the lungs from DCD donors with TA-NRP performed for cardiac transplant 

might currently be underutilized and may offer a safe way to further expand the donor pool, 

particularly as interest in TA-NRP for cardiac transplant continues to grow.4 Additionally, 

TA-NRP may act as an alternative to EVLP, allowing for assessment of marginal DCD donor 

lungs without the added costs associated with EVLP and increasing accessibility of marginal 

DCD lungs to programs without a dedicated EVLP team.

This study has several limitations. Given the novelty of TA-NRP, it is not yet available as a 

variable in the UNOS database and therefore our identification of patients using asystole and 

cross-clamp time might result in misclassification. The registry database also does not have 

more granular information on pulmonary function during the TA-NRP phase or reasoning 

for discarding the TA-NRP lungs. Lastly, the recent uptake of this procedure limits the 

available follow-up time.

In conclusion, we report on the outcomes of the first 17 lung transplants performed 

following TA-NRP recovery in the United States. Our analysis demonstrates satisfactory 

perioperative outcomes and short-term survival. Future studies should continue to assess the 

safety and organ utilization rate of this technique.

Abbreviations:

DCD donation after circulatory death

ECMO extracorporeal membrane oxygenation

EVLP ex vivo lung perfusion

NRP normothermic regional perfusion
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TA-NRP thoracoabdominal normothermic regional perfusion

UNOS United Network for Organ Sharing
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Figure 1. 
Number of heart and lung transplants performed from donation after circulatory death 

(DCD) donors after thoracoabdominal normothermic regional perfusion (TA-NRP) in the 

United States.
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