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ABSTRACT

Objective: Donation after circulatory death (DCD) procurement and transplantation
after thoracoabdominal normothermic regional perfusion (TA-NRP) remains a novel
technique to improve cardiac and hepatic allograft preservation but may be compli-
cated by lung allograft pulmonary edema. We present a single-center series on early
implementation of a lung-protective protocol with strategies to mitigate posttrans-
plant pulmonary edema in DCD lung allografts after TA-NRP procurement.

Methods: Data from all lung transplantations performed using a TA-NRP procure-
ment strategy from October 2022 to April 2023 are presented. Donor management
consisted of key factors to reduce lung allograft pulmonary edema: aggressive pre-
donation and early posttransplant diuresis, complete venous drainage at TA-NRP
initiation, and early pulmonary artery venting upon initiation of systemic perfusion.
Donor and recipient characteristics, procurement characteristics such as TA-NRP
intervals, and 30-day postoperative outcomes were assessed.

Results: During the study period, 8 lung transplants were performed utilizing
TA-NRP procurement from DCD donors. Donor ages ranged from 16 to 39 years
and extubation time to declaration of death ranged from 10 to 90 minutes. Time
from declaration to TA-NRP initiation was 7 to 17 minutes with TA-NRP perfusion
times of 49 to 111 minutes. Median left and right allograft warm ischemia times
were 55.5 minutes (interquartile range, 46.5-67.5 minutes) and 41.0 minutes (inter-
quartile range, 39.0-53.0 minutes, respectively, with 2 recipients supported with car-
diopulmonary bypass or venoarterial extracorporeal membrane oxygenation during
implantation. No postoperative extracorporeal membrane oxygenation was
required. There were no pulmonary-related deaths; however, 1 patient died from
complications of severe necrotizing pancreatitis with a normal functioning allograft.
All patients were extubated within 24 hours. Index intensive care unit length of stay
ranged from 3 to 11 days with a hospital length of stay of 13 to 37 days.

Conclusions: Despite concern regarding quality of DCD lung allografts recovered us-
ing the TA-NRP technique, we report initial success using this procurement method.
Implementation of strategies to mitigate pulmonary edema can result in acceptable
outcomes following lung transplantation. Demonstration of short- and long-term
safety and efficacy of this technique will become increasingly important as the use
of TA-NRP for thoracic and abdominal allografts in DCD donors expands. (JTCVS
Techniques 2023;22:350-8)
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CENTRAL MESSAGE

We report initial success with
DCD lung allografts recovered
using the TA-NRP technique with
strategies to mitigate pulmonary
edema that result in acceptable
lung transplantation outcomes.
PERSPECTIVE
As the use of TA-NRP for recovery of thoracic
and abdominal organs in DCD donors expands,
it is increasingly important to optimize this tech-
nique to protect lung allografts from any poten-
tial insult and thus improve efficiency in donor
yield. Here we demonstrate encouraging early re-
sults with a lung protective strategy used during
TA-NRP DCD lung recovery.
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Abbreviations and Acronyms
CPB ¼ cardiopulmonary bypass
DBD ¼ donation after brain death
DCD ¼ donation after circulatory death
ECMO ¼ extracorporeal membrane oxygenation
P:F ¼ partial pressure of oxygen, arterial, to

fraction of inspired oxygen ratio
PGD ¼ primary graft dysfunction
TA-NRP ¼ thoracoabdominal normothermic

regional perfusion

Cain et al Thoracic: Lung Transplantation
Donation after circulatory death (DCD) has been increas-
ingly utilized for thoracic organ transplantation as a strategy
to expand the heart and lung donor pool. DCD lung procure-
ment has shown similar outcomes to donation after brain
death (DBD), despite a longer donor ischemia time, with
no differences in mortality or primary graft dysfunction
(PGD).1-3 Concerns have arisen with expansion of DCD
heart and abdominal transplantation regarding the
influence of warm ischemia time on these more
metabolically active organs that serve as a barrier to
broader use.4 Abdominal grafts obtained through DCD pro-
curement have been associated with a higher risk of
ischemic cholangiopathy resulting in more biliary compli-
cations, retransplantation, and higher mortality than those
procured from DBD donors.1,5

Thoracoabdominal normothermic regional perfusion
(TA-NRP) has emerged as an alternative strategy to direct
procurement DCD, with or without ex vivo perfusion, to
limit donor warm ischemia time while allowing for in situ
examination of the donor graft function after reinstitution
of thoracoabdominal flow with extracorporeal membrane
oxygenation (ECMO).6,7 Early results have been promising
for cardiac allografts, and adoption of this technique has
expanded across the United States.6-10 Utilization of
TA-NRP for abdominal allograft recovery has also demon-
strated distinct benefits, with reductions in biliary complica-
tions, rates of graft failure, and PGD in comparison to
ex vivo perfusion or direct procurement DCD.11 Despite
these advantages, TA-NRP in lung recovery remains under-
studied and hesitancy remains in utilizing lungs procured
via this method due to concerns over pulmonary edema,
which may negatively influence lung graft function. With
the growing utilization of TA-NRP as a strategy for DCD
cardiac recovery and abdominal recovery, it will become
increasingly important to evaluate the feasibility of lung re-
covery utilizing this technique and to optimize protocols for
DCD lung procurement utilizing TA-NRP to reduce PGD.

Here we present a single-institution experience demon-
strating outcomes after implementation of a lung-protective
protocol for TA-NRP DCD lung transplantation to mitigate
posttransplant pulmonary edema in DCD lung allografts.
We aim to describe early postoperative outcomes with this
technique and highlight key technical points we believe are
important to optimize graft function.

METHODS
A retrospective review of a prospectively collected single institution

TA-NRP database was conducted. All patients older than age 18 years

who received single or bilateral orthotopic lung transplant using a DCD

TA-NRP procurement strategy from October 2022 (TA-NRP program start

date) to April 2023 were included for analysis. Donor and patient charac-

teristics were evaluated in addition to procurement and intraoperative sur-

gical characteristics. Perioperative and early postoperative outcomes were

evaluated with specific focus on mortality, pulmonary-related mortality,

and early postoperative pulmonary function utilizing International Society

for Heart and Lung Transplantation 2016 consensus guidelines for defini-

tion of PGD.12 This study was evaluated and approved by the local institu-

tional review board (No. 20-0081; approved April 12, 2023).

Statistical Analysis
This was primarily a descriptive study, and collected demographic and

hemodynamic values were reported as mean � SD or median with corre-

sponding interquartile range (IQR) as dictated by the dataset distribution.

Variables were checked for the Gaussian distribution using normal plots

and using D’Agostino-Pearson, Shapiro-Wilk, and Kolmogorov-Smirnov

tests. Given the small sample size, a nonparametric data distribution was

observed.

Donor Evaluation
DCD lung donors are evaluated similarly to any other donor with several

important caveats. Given limitations in the ability to perform predonation

recruitment maneuvers such as therapeutic bronchoscopy, prone posi-

tioning, and mechanical ventilatory recruitment, a slightly lower partial

pressure of oxygen, arterial, to fraction of inspired oxygen ratio (P:F) cutoff

>200 is allowed. Despite this, preoperative imaging in the form of chest

radiograph, and chest computed tomography (when clinically indicated)

should still demonstrate no consolidations, gross anatomical abnormalities,

or evidence of aspiration. Any bronchial alveolar lavage or sputum cultures

obtained are evaluated, and procedural reports from any therapeutic bron-

choscopy are reviewed.

Predonation Allograft Management and
Intraoperative Evaluation

Suitable donors should have robust urine output or receive diuresis with

20 to 40 mg furosemide every 8 hours to aid in counteracting the expected

pulmonary edema related to their critical condition. This will further aid in

preventing overall pulmonary edema following TA-NRP and cold static

storage.

Once TA-NRP perfusion commences, evaluation of the lung allograft

mirrors any other procurement. Endobronchial anatomy and presence of

endobronchial pathology is assessed after reintubation. Visual inspection

includes assessment for damage, contusions, consolidations, nodules, inad-

equate elastic recoil, or aberrant anatomy. The pleural space is similarly

evaluated for pathologic findings, including the pleural fluid quality. Atel-

ectasis is recruited. If concern exists for the ability of an individual lung

lobe to oxygenate blood, pulmonary vein sampling after weaning

completely from TA-NRP may be performed. This sampling should be de-

ferred until complete weaning from TA-NRP because the circuit flow and

oxygenator will confound interpretation of these blood gases. Our practice

does not include routine assessment of individual lobar blood gasses but

rather assessment of the lung in total.
JTCVS Techniques c Volume 22, Number C 351
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Withdrawal and Procurement Policy
Our institution’s policy on donor withdrawal and allograft procurement

policy has been described previously.7 Briefly, decisions regarding with-

drawal of life support and organ donation are made by a patient’s family

in consultation with the patient’s medical team. The choice to pursue organ

donation is independent of the decision to proceed with withdrawal of care

and does not influence the continued medical care received by a patient

before organ donation.

Location of withdrawal of care, preparation of a donor for the operating

room, timing of heparin administration, and the length of the standoff

period are dictated by the local organ procurement organization and recov-

ery hospital policy. A predonation conference with all participating teams

ensures efficiency in maximizing organ donation while adhering to the

highest technical and ethical standards. It is important to coordinate with

any other procuring teams and agree on an organized approach to procure-

ment. Whereas TA-NRP can adequately support all thoracoabdominal

grafts as a standalone strategy, any planned use of organ care systems or

direct procurement should be discussed among all team because these

can alter surgical approach and/or require a significant autologous blood

prime, which influences implementation TA-NRP. Our policy is to inde-

pendently confirm asystole after declaration of death and before incision.

Additionally, a pre-reperfusion time out is performed before initiation of

TA-NRP where interruption of cerebral circulation is confirmed.

Ethical Considerations
During DCD, a patient is declared dead by circulatory standards. This

standard includes irreversible cessation of circulatory and respiratory func-

tion. In the United States, the circulatory standard for declaration of death

is absolute and therefore the so-called dead donor rule is respected. Using

the TA-NRP technique, circulatory death is permanent and physiologic func-

tion is not spontaneously restored. After circulatory death, spontaneous

resuscitation with a sustained blood pressure and blood flow to support
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physiologic needs is not possible and has never been reported. However,

in all DCD cases a mandatory no-touch period is observed, thereby elimi-

nating the theoretical risk of autoresuscitation. A more thorough description

of the ethical considerations are outlined by Entwistle and colleagues.13

Procurement Technique and Graft Evaluation
A schematic of the donation timeline is provided in Figure 1. The patient

is anticoagulated with 30,000 U heparin at a minimum of 3 minutes before

terminal extubation. Following declaration of death by an independent pro-

vider and appropriate standoff period as determined by local institutional

protocols, the sternum is opened over the midline and retractor is placed.

A pericardial incision is made and continued cranially up to the pericardial

reflection at the proximal aortic arch where the innominate vein is retracted

cranially or divided with a vascular stapler, if not being procured with the

heart. The brachiocephalic trunk, left carotid artery, and left subclavian ar-

tery are then exposed and clamped. A right atriotomy is then performed and

a dual stage venous cannula is placed. At this point, venous drainage is

started. An aortic cannula is inserted at the proximal aorta arch and de-

aired carefully, and TA-NRP is initiated. The donor is then reintubated

early in the course of TA-NRP, and ventilation is started with a tidal volume

of 6 to 8mL/kg bodyweight, positive end-expiratory pressure of 5 cmH2O,

and fraction of inspired oxygen of 0.5. Peripheral arterial monitoring is

often unreliable, and so an aortic root cannula with a vent line is inserted

and connected to a pressure transducer to guide pressure management. A

right-angle metal tip cannula is inserted into the main pulmonary artery

and connected the drainage line to aid in pulmonary artery decompression

during TA-NRP to augment pulmonary edema. This same cannula is used

for the pulmonary preservation solution administration/flush following TA-

NRP. Once support is stabilized, allograft evaluation commences as noted

above.

Complications and risks during TA-NRP procurement center largely

around the need for expedient sternotomy and cannulation, including risk
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for inferior vena cava or hepatic venous injury during atrial cannulation,

aortic hematoma or dissection during cannulation, arterial cannula malpo-

sition, and right ventricular laceration or pulmonary laceration during ster-

notomy and pericardiotomy. Predonation arrhythmia is also a potential risk

related to coronary air embolism during rapid cannulation. These risks are

minimized through clear predonation communication between all procur-

ing surgeons clarifying the technical approach, and through employing a

dedicated procurement teams experienced with the technique.

We aim for an ideal TA-NRP duration of 45 to 60 minutes to allow for

graft recovery and limit the theoretical risk of pulmonary edema accumu-

lation. Competing interests exist in multivisceral procurement, and

extended durations of TA-NRP from 90 to 120 minutes may be preferred

for abdominal procurement. We have found a compromise of 60 to 80 mi-

nutes to be reasonable to prevent the theoretical risk of excessive pulmo-

nary edema. Following TA-NRP, the aorta is crossclamped, the lungs are

flushed with 4 L Perfadex (Xvivo) and 500 mg prostaglandin E1 in the stan-

dard fashion through the previously placed pulmonary arterial cannula.

Ventilation is continued until the lungs are excised. An extra 1 to 2 L Per-

fadex is given retrograde via the pulmonary veins on back table tominimize

risk of retained pulmonary emboli.

TA-NRP Circuit and Management
Our TA-NRP platform is based on the Spectrum Medical ECLS hard-

ware platform (Spectrum Medical Inc). This portable extracorporeal life

support platform consists of a perfusion interface workstation mounted

on a carbon fiber frame with the ability to operate both a centrifugal

pump and a roller pump to provide independent blood suction and venting

capability independent of arterial blood flow management. This platform

also incorporates an integrated data management system that creates an

electronic record of the NRP procedure. The extracorporeal circuit contains

a standard cardiopulmonary bypass (CPB) hard shell venous reservoir and

membrane oxygenator (LivaNova), centrifugal blood pump, and three-

eighths-inch venous arterial tubing loop. Venous return is controlled using
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FIGURE 2. Standard thoracoabdominal normothermic regional perfusion circu

circuit without compromising suction to the blood reservoir.
regulated vacuum applied to the venous reservoir (Boehringer Labora-

tories) (Figure 2).

The circuit is primed with 800 mL Plasmalyte A (Baxter), 50 mEq 8.4%

sodium bicarbonate, 10,000 U heparin, 500 mg methylprednisone, and

200 mg rocuronium. After sternotomy a 36 to 46 venous cannula (Edwards

Lifesciences) is placed, and 1000 to 1500 mL blood is collected via the

venous line to the CPB reservoir. This blood is recirculated and oxygenated

through a recirculation line integrated in the circuit. After isolation of the

arch vessels and placement of a 21 Fr aortic cannula, the recirculation line

is clamped and CPB is initiated. Blood flow is based on an adjusted cardiac

index target of 1.8 to 2.0 L/minute/m2 body surface area and adjusted to

normalize oxygen delivery and maintain the mixed venous saturation

>70%. Serial blood gas and electrolyte analysis are performed to normalize

blood chemistries. Blood pressure is supported with bolus injections of phen-

ylephrine or vasopressin to maintain a mean arterial pressure>50 mm Hg.
RESULTS
During the study period, 8 patients underwent lung trans-

plantation using a TA-NRP donation strategy with 1 single
left lung donation and 7 bilateral donations. Donor character-
istics are shown in Table 1 and demonstrate a median age of
32.5 years (IQR, 26.0-37.0 years) andmale gender in 4 out of
8 (50%) donors. Trauma was the most frequent cause of
intensive care unit admission for donors (4 out of 8;
50.0%). Predonation gas exchange demonstrated a peak me-
dian P:F of 493 (IQR, 424.0-542.5). All donors had normal
anatomy and thin secretions on bronchoscopic evaluation.
Recipients for transplantation had a median age of

61 years (IQR, 51.0-67.25 years) and 4 out of 8 (50.0%)
of recipients were men. Complete recipient characteristics
able Pack

ckup drive unit

Pump Control Console
(Roller Pump Behind

Panel)

¼” Roller pump
head for suction

Perfusion Trolley
with Pump Console

Piccolo Point of Care Chemistry
Analyzer for Liver Function Analysis

Reverse view (Console)

it. The use of a roller pump in our circuit facilitates the return of blood to the
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TABLE 1. Donor baseline demographics (n ¼ 8)

Donor characteristic Result

Age (y) 32.5 (26.0-37.0)

Male sex 4 (50)

Race/ethnicity

White 6 (83)

Black 1 (12.5)

Hispanic 1 (12.5)

Other 0

Cause of death

Anoxia 1 (12.5)

Cerebrovascular/stroke or head trauma 2 (25.0)

Trauma 4 (50.0)

Other 1 (12.5)

Abnormal chest radiograph 4 (50.0)

�20 pack-year smoking history 0

Highest P:F 493 (424.0-542.5)

Hepatitis C þ 0

Donor BMI 22.8 (19.7-23.1)

Abnormal donor bronchoscopy? 0

Lung procured/transplanted

Bilateral 7 (87.5)

Isolated right 0

Isolated left 1 (12.5)

Total recipients per donor, all organs 5 (4.5-5)

Values are presented as median (interquartile range) or n (%). P:F, Partial pressure of

oxygen, arterial, to fraction of inspired oxygen ratio; BMI, body mass index.

TABLE 2. Recipient baseline demographic data (n ¼ 8)

Recipient characteristic Result

Age (y) 61 (51.0-67.25)

Male sex 4 (50)

Ethnicity

White 6 (75)

Black 2 (25)

Hispanic 0

Other 0

Diagnosis

Obstructive disease 3 (37.5)

Pulmonary vascular disease 0

Cystic fibrosis 1 (12.5)

Restrictive disease 4 (50)

Other 0

Lung allocation score 35.15 (33.012-36.66)

Recipient 6-min walk test

Distance (ft) 1350 (1250-1550)

Oxygen requirement (L) 8 (5-12.5)

Recipient ventilation and perfusion

distribution

Left ventilation 48.3 (46.25-53.65)

Right ventilation 51.7 (46.35-53.75)

Left perfusion 47.58 (43.24-53.5)

Right perfusion 52.43 (47.00-56.77)

Recipient pulmonary vascular

resistance (Woods units)

2.96 (1.87-3.58)

Recipient prior chest surgery 1 (12.5)

Recipient prior chest radiation? 0

Total days on waitlist 49.5 (10.75-96.25)

BMI 26.3 (23.4-28.7)

Preoperative ECMO? 0

Preoperative mechanical ventilation? 0

Values are presented as median (interquartile range) or n (%). BMI, Body mass index;

ECMO, extracorporeal membrane oxygenation.

Thoracic: Lung Transplantation Cain et al
are shown in Table 2. Indications for transplantation were
chronic obstructive lung disease in 3 out of 8 (37.5%) pa-
tients and restrictive idiopathic pulmonary fibrosis in 4
out of 8 (50.0%). All patients were admitted from home
immediately before transplantation. None required me-
chanical ventilation or ECMO during the preoperative
period.

Complete donation, warm, and cold ischemia times are
shown in Table 3. Median asystole to reperfusion time
was 9.5 minutes (IQR, 8.75-12.5 minutes). Total TA-NRP
perfusion time was 86.5 minutes (IQR, 79.75-92.5 minutes)
reflecting a slight preference for longer reperfusion time
favored in multivisceral and hepatic procurement. No surgi-
cal damage was noted due to TA-NRP procurement for any
candidate organs, including lung allografts. TA-NRP dona-
tion resulted in a median of 5 (IQR, 4.5-5) organ recipients
per donor. Mechanical circulatory support was required
during implantation for 2 out of 8 (25.0%) recipients.
One of these recipients was planned mechanical support
due to severe pulmonary hypertension, with preoperative
pulmonary vascular resistance of 11.1 Woods units. The
second required support during contralateral implantation
354 JTCVS Techniques c December 2023
due to graft edema and impaired gas exchange, which
improved quickly postoperatively.

There were no early postoperative pulmonary related mor-
talities observed. One patient died from complications related
to severe necrotizing pancreatitis on postoperative day 28.
There were no 30-day readmissions or reoperations. Median
postoperative duration of intubation was 15.5 hours (IQR,
9.0-15.5 hours) and 7 out of 8 patients demonstrated PGD
grade 1 or less at all time points beyond 24 hours. Postoper-
ative P:Fs are shown in Figure 3. PGD grade II was observed
in the lone left single transplant recipient at 0 to 48 hours. To-
tal duration of hospitalization was a median of 17 days (IQR,
14.5-28 days). No bronchial anastomotic complications were
noted during the index hospitalization or during postoperative
surveillance bronchoscopy for any individuals (Table 4).



TABLE 3. Thoracoabdominal normothermic regional perfusion (TA-

NRP) and ischemic times (n ¼ 8)

Procedure-related characteristic Result

Bilateral orthotopic lung transplant? 7 (87.5)

Withdrawal of life support to asystole time (min) 19 (14-28.25)

Asystole to reperfusion (min) 9.5 (8.75-12.5)

Standoff time 6 (5-7)

TA-NRP perfusion time (min) 86.5 (79.75-92.5)

Cold ischemia time (min)

Left* 202 (191-419)

Righty 275 (146-335)

Warm ischemia time (min)

Left 55.5 (46.5-67.5)

Rightz 41.0 (39.0-53.0)

Total ischemia time (min)

Left* 243 (223.5-414.0)

Righty 221 (154.0-375.0)

Intraoperative CPB or ECMO support required? 2 (25.0)

CPB/ECMO duration, if used 191/170

Values are presented as median (interquartile range), n (%) or n/N. TA-NRP, Thora-

coabdominal normothermic regional perfusion; CPB, cardiopulmonary bypass;

ECMO, extracorporeal membrane oxygenation. *n ¼ 6. yn ¼ 5. zn ¼ 7.
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DISCUSSION
Here we present early exploratory results utilizing a lung

protective strategy for TA-NRP during DCD procurement of
thoracic organs.We sought to outline the technical feasibility
and early pulmonary allograft outcomes utilizing this
approach. Our cohort experienced no pulmonary related
mortalities with 1 early postoperative death related to severe
acute pancreatitis (Table 4). Early graft function was excel-
lent in all recipients, with 7 out of 8 patients demonstrating
PGD grade 1 or less at 24 hours and all patients were extu-
bated within 24 hours of implantation. We observed no
airway complications in the perioperative or early postoper-
ative period. Notable in this cohort of donors was a nearly
complete utilization of thoracic and abdominal organs
from each donor, with a median of 5 transplant recipients
per DCD donor with this single perfusion modality. This
may serve as an opportunity for increased efficiency in donor
yield because recipient yield using conventional DCD pro-
curement with or without use of ex vivo organ perfusion
has been shown to be substantially lower in ischemia sensi-
tive organs when TA-NRP is not used during procurement.14

Because DCD procurement for thoracic and abdominal or-
gans continues to play a larger role in addressing donor short-
ages, techniques that maximize organ recovery and function
without adding additional cost will become increasingly
important to provide equity in access to transplantation.

We have noted several beneficial technical points to em-
ploying TA-NRP that combat a slight propensity for these
grafts to accumulate pulmonary edema. Although the lung
allograft is relatively tolerant of the ischemia during the
DCD process, this early edema can impair immediate post-
operative graft function. We have found a strategy of predo-
nation diuresis, early venous cannulation with subsequent
donor decongestion before initiating TA-NRP, early pulmo-
nary arterial venting, early reintubation and ventilation dur-
ing TA-NRP, and limitation of NRP duration to be
beneficial in mitigating these changes. Mechanisms for pul-
monary edema in these allografts include both increased
aortic afterload and increased bronchial blood flow, as
well as lack of cardiac contractility during TA-NRP initia-
tion; all resulting in transient left atrial hypertension. Pro-
longed reperfusion with TA-NRP and its associated
volume shifts may exacerbate pulmonary edema. We hy-
pothesize this contributed to early pulmonary edema in pa-
tient 2 of this series, an individual who had a TA-NRP
duration of 111 minutes and early pulmonary edema
contributing to impaired graft gas exchange. It should be
noted that early postoperative diuresis in this recipient re-
sulted in quick resolution of the edema and an otherwise
normal postoperative course (Figure 3). Following this
observation, we have favored shorter TA-NRP for thoracic
organs, although the decision on duration of TA-NRP is
JTCVS Techniques c Volume 22, Number C 355



TABLE 4. Recipient perioperative and early postoperative outcomes

(n ¼ 8)

Postoperative outcome Result

Duration of mechanical ventilation (h) 15.5 (9.0-15.5)

Ventilatory support>48 h 0

Intubation at 72 h 0

ECMO use postoperatively? 0

Duration of postoperative ECMO 0

Postoperative P:F

POD 0 280.5 (236-355.5)

POD 1 338 (318.5-381)

POD 2* 370 (316.0-436.0)

POD 3y 319 (312.5-325.5)

Reintubation? 2 (25.0)

Predischarge acute rejection 0

Postoperative rejection on biopsy? 2 (25.0)

Bronchial anastomotic complication? 0

Postoperative dialysis 0

ICU length of stay 4.5 (3.5-5.5)

Hospital length of stay (d) 17 (14.5-28)

Survival at 30-d posttransplant 7 (87.5)

Survival at 60-d posttransplantz 5 (87)

Survival at 90-d posttransplantz 5 (87)

Death from pulmonary cause? 0

Postoperative readmission

30-d 0

Overall during follow-up 4 (50)

Reoperation postoperatively? 0

Values are presented as median (interquartile range) or n (%). ECMO, Extracorporeal

membrane oxygenation; P:F, partial pressure of oxygen, arterial, to fraction of

inspired oxygen ratio; POD, postoperative day; ICU, intensive care unit. *n ¼ 7.

yn ¼ 4. zn ¼ 6.
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collaborative among procuring surgeons, and intended to
maximize function of all organs.

Early investigation of TA-NRP during DCD lung pro-
curement without subsequent implementation of ex vivo
lung perfusion has, to date, been limited largely to case an-
ecdotes with and without the use of ex vivo lung perfusion
in conjunction with TA-NRP.15-18 These reports have been
helpful in outlining feasibility but have not allowed for
refining TA-NRP as a standalone procurement technique.
Despite this, these reports have been encouraging with no
reports of primary graft nonfunction, and overall favorable
early postoperative pulmonary graft function. In addition to
these reports, an indirect evaluation of outcomes and utili-
zation of TA-NRP DCD lung procurement has recently
been completed through query of the United Network for
Organ Sharing database. This study demonstrated 17 sus-
pected TA-NRP DCD lung procurements from over a 15-
month period starting January 2020 as defined by time
356 JTCVS Techniques c December 2023
from asystole to aortic crossclamp>50 minutes. Early post-
operative results demonstrated no significant difference in
rates of prolonged intubation (>48 hours); ECMO utiliza-
tion; predischarge acute rejection; and survival at 30, 60,
and 90 days compared with recipients of direct DCD pro-
curement lung allografts during the same study period.19

Taken together, these investigations outline feasibility and
promise with this technique; however, the important
detailed analysis of early patient outcomes with an
emerging technique has yet to be completed. This analysis
is paramount to maintain quality in thoracic grafts for
recipients.

Utilization of DCD procurement for lung transplantation
has gained an increasingly important role in addressing the
longstanding shortages faced by patients with end-stage
lung disease. Utilization of lungs procured using a direct
procurement DCD strategy has not been shown to have infe-
rior outcomes related to organs procured from brain-dead
donors. Multiple corroborating studies have demonstrated
equipoise in recipient survival, PGD, and acute rejection
in both 1- and 5-year outcomes.2,20-22 Comparison of
DCD- and DBD-procured lungs during a multiera study
of the United Network for Organ Sharing/Organ Procure-
ment and Transplantation Network database from 2005 to
2020 further supported these findings with equivalent sur-
vival in recipients despite a trend for DCD recipients to
be older, be admitted to the intensive care unit preopera-
tively, and have higher likelihood for preoperative support
with ECMO.1 Concurrent with the 7-fold increase in
DCD lung transplantation observed over the era of these
prior studies has been the introduction and popularization
of DCD heart transplantation, either through direct procure-
ment with use of organ care systems or TA-NRP. To date,
DCD heart transplantation with organ care systems or TA-
NRP have shown comparable outcomes to DBD donation
with cold static storage.23 This progress has been paired
with the adoption of TA-NRP in DCD liver procurement
to drastically improve biliary complications in DCD liver
transplantation.24,25 The emerging role of TA-NRP in opti-
mizing heart and liver procurement creates urgency to opti-
mize this technique to protect the lung allografts from any
potential insult. In the present study, we outline our strategy
to facilitate this.

We have identified an increased frequency of NRP being
used to facilitate recovery of cardiac and abdominal allo-
grafts. Given the reality of a national paradigm shift in recov-
ery of DCD organs and the results of our centers success with
lung procurement using TA-NRP, we have altered our donor
recovery strategy to permit recovery of DCD lung allografts
by either direct procurement or by use of the normothermic
regional perfusion technique. We currently have no prefer-
ence as to recovery method and believe that these lung allo-
grafts should not be avoided simply because TA-NRP is
being used during multiorgan recovery.
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Lung Recovery Utilizing Thoracoabdominal Normothermic Regional Perfusion (TA-NRP)
During Donation after Circulatory Death

• 8 TA-NRP lung transplantations
 • 1 single lung donation
 • 7 bilateral donations

• No pulmonary related mortality
 • 1 mortality related to severe necrotizing
  pancreatitis
• No 30-day readmissions or reoperations
• 7/8 patients with PGD grade I or less at all time
 points beyond 24 hours
• No bronchial anastomotic complications
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FIGURE 4. Lung recovery utilizing thoracoabdominal normothermic regional perfusion (TA-NRP) during donation after circulatory death (DCD). PGD,

Primary graft dysfunction; PA, pulmonary artery.
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Our study has several important limitations. This is an
early experience, single-center study with a novel technique
for DCD lung procurement using TA-NRP and, as a result,
these early results should be interpreted with caution.
Long-term outcomes related to graft performance and com-
plications are not described in this study.
CONCLUSIONS
Herewe demonstrate encouraging early results with a lung

protective strategy for implementing TA-NRP for DCD lung
recovery. Please see Figure 4 for a graphical abstract of this
study. Given the reality of a national paradigm shift in recov-
ery strategies for DCD donation, and a greater implementa-
tion of TA-NRP, we have altered our donor recovery strategy
with a goal of optimizing recovery of DCD lung procurement
by normothermic regional perfusion. We currently have no
preference for direct procurement or TA-NRP procurement
for DCD lung donation and believe that these lung allografts
should not be avoided simply due to utilization of TA-NRP
by others during multivisceral recovery.
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