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ABSTRACT

Background: Donor lung procurement and preservation is critical for lung
transplantation success. Unfortunately, the large variability in techniques impacts
organ utilization rates and transplantation outcomes. Compounding this variation,
recent developments in cold static preservation and new technological advances
with machine perfusion have increased the complexity of the procedure. The
objective of the American Association for Thoracic Surgery (AATS) Clinical Practice
Standards Committee (CPSC) expert panel was to make evidence-based
recommendations for best practices in donor lung procurement and
preservation based on review of the existing literature.

Methods: The AATS CPSC assembled an expert panel of 16 lung transplantation
surgeons from 14 centers who developed a consensus document of recommenda-
tions. The panel was divided into 7 subgroups covering (1) intraoperative donor
assessment, (2) surgical techniques, (3) ex situ static lung preservation methods,
(4) hypothermic preservation, (5) normothermic ex vivo lung perfusion (EVLP),
(6) donation after circulatory death (DCD) and normothermic regional perfusion,
and (7) donor management centers, organ assessment centers, and third-party
procurement teams. Following a focused literature review, each subgroup formu-
lated recommendation statements for each subtopic, which were reviewed and
further refined using a Delphi process until a 75% consensus was achieved on
each final statement by the voting group.

Results: The expert panel achieved consensus on 34 recommendations for current
best practices in donor lung procurement and preservation both in brain-dead as well
as DCD donation. The use of newmethods of cold preservation, the role of EVLP, and
DCD with and without concomitant heart donation are described in detail.

Conclusions: Consistent and best practices in donor lung procurement and
preservation are critical to improve both lung transplantation numbers as well as
recipient outcomes. The recommendations described here provide guidance
for professionals involved in the care of patients with end-stage lung disease
considered for transplantation. (J Thorac Cardiovasc Surg 2025;169:484-504)
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Key steps during lung procurement and
preservation.
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CENTRAL MESSAGE

Consistent and standardized
donor lung procurement and
preservation strategies are
essential to ensure optimal
donor lung utilization and trans-
plantation outcomes.
PERSPECTIVE
Significant variability exists in techniques for
donor lung procurement and preservation, influ-
encing both organ utilization rates and post-
transplantation outcomes. The goal of this expert
panel was to offer easily implementable, prag-
matic, and uniform recommendations for donor
lung procurement and preservation. These rec-
ommendations provide insights into current
practices while also offering a forward-looking
perspective on the future directions of lung
procurement and preservation.
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Abbreviations and Acronyms
AATS ¼ American Association for Thoracic

Surgery
A-NRP ¼ abdominal-normothermic regional

perfusion
CIT ¼ cold ischemic time
CoR ¼ class of recommendation
CPSC ¼ Clinical Practice Standards

Committee
DBD ¼ donation after brain death
DCD ¼ donation after circulatory death
DMC ¼ donor management center
EC ¼ Euro-Collins
ECD ¼ extended-criteria donor
ECMO ¼ extracorporeal membrane

oxygenation
EVLP ¼ ex vivo lung perfusion
FiO2 ¼ fraction of inspired oxygen
ICU ¼ intensive care unit
LoE ¼ level of evidence
LPD ¼ low-potassium dextran
LPP ¼ lung procurement and preservation
NRP ¼ normothermic regional perfusion
OCS ¼ Organ Care Systems
OPTN ¼ Organ Procurement and

Transplantation Network
Organ ARC ¼ organ assessment and repair center
PA ¼ pulmonary artery
P/F ¼ partial pressure of oxygen/fraction of

inspired oxygen
PGD ¼ primary graft dysfunction
SCD ¼ standard-criteria donor
TA-NRP ¼ thoracoabdominal-normothermic

regional perfusion
uDCD ¼ uncontrolled donation after

circulatory death
UNOS ¼ United Network for Organ Sharing
UW ¼ University of Wisconsin
WIT ¼ warm ischemic time
WLST ¼ withdrawal of life support therapy
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Despite significant progress in the field, the outcomes of
lung transplantation continue to lag behind those of other
solid organ transplants. This disparity is likely multifacto-
rial, encompassing every stage of the transplant process,
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including a donor’s journey through prerecovery lung opti-
mization to the intraoperative assessment and management
of lungs and extending to the postprocurement preservation
phase. Yet the processes of donor lung procurement and
preservation are characterized by a notable lack of standard-
ization. Variation in intraoperative donor lung assessment,
management, perfusion techniques, temperatures, solution
composition, and other aspects contribute to the lack of a
consistent framework. These inconsistencies become even
more relevant for donation after circulatory death (DCD)
lung donors. The divergent practices across individuals, in-
stitutions and/or regions can significantly impact the overall
quality of donor organs and their utilization, ultimately
influencing transplant outcomes.
Equally important to the aforementioned inconsistencies,

there is considerable variability in the storage conditions for
procured lungs. For instance, inflation pressure, fraction of
inspired oxygen (FiO2), and temperature during cold static
storage are not standardized. These variations may intro-
duce inconsistencies in organ quality and cellular integrity,
potentially influencing the success of the transplantation
procedure. Thus, maintaining organ viability during the
critical phases of retrieval, flush perfusion, and storage
has been the subject of investigations from the early days
of lung transplantation. Recent innovations and refine-
ments, such as ex vivo lung perfusion and exploration of
warmer temperatures for hypothermic preservation, have
brought about significant advancements in the field. Simi-
larly, the emergence of specialized organ recovery centers
and third-party recovery teams has the potential to be trans-
formative by concentrating donor and organ optimization
and procurement expertise to dedicated facilities and
personnel. Of note, most of the data generated on the topic
of lung procurement and preservation are derived from
retrospective studies, with only a few randomized clinical
trials.
The purpose of this expert consensus document from the

American Association for Thoracic Surgery (AATS) Clin-
ical Practice Standards Committee (CPSC) is to systemati-
cally review the existing literature on donor lung
procurement and preservation techniques. The aim is to pro-
vide easily implementable, pragmatic, and standardized
recommendations that contribute to the enhancement of or-
gan quality, thereby ensuring successful transplantation
outcomes. We present a total of 34 recommendations,
including intraoperative in situ and ex situ donor lung
assessment, management, and preservation; describe the
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new methods of cold preservation, the role of EVLP, and
DCD with and without concomitant heart donation; and
briefly discuss specialized donor/organ recovery centers
and personnel, providing associated evidence to support
those recommendations. The document is intended to serve
as a reference for professionals involved in the care of both
donors and recipients of lung transplantation.

METHODS
The AATS CPSC and Assembly of Expert Group

The AATS appointed co-chairs and members of the CPSC, who subse-

quently chose the subject of donor lung procurement and preservation. The

co-chairs then curated a writing group comprising renowned experts in

lung transplantation, particularly those individuals with expertise in clin-

ical practice guideline development, evidence-based medicine, research,

preparation of systematic reviews, or quality improvement. The writing

group members were approved by the AATS. All members completed their

conflict of interest disclosures.

Formulation of Clinical Topics and Working Groups
Following the assembly of an expert writing group panel of 16 lung

transplantation surgeons, the co-chairs and panel members developed an

organizational structure and outlined a set of topics for the consensus

statement. During group sessions, these topics were refined into a defin-

itive set covering the following topics (Figure 1): (1) intraoperative
FIGURE 1. Key steps during lung
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donor assessment, (2) surgical techniques, (3) ex situ static lung preser-

vation methods, (4) hypothermic preservation, (5) normothermic ex vivo

lung perfusion (EVLP), (6) DCD and normothermic regional perfusion

(NRP), and (7) donor management centers (DMCs), organ assessment

centers (OACs), and third-party procurement teams. The panel was sub-

divided into smaller working groups, each tasked with addressing spe-

cific topics aligned with their published expertise and individual

interests.

Development of an Expert Consensus Document
Each working subgroup diligently conducted a systematic literature re-

view tailored to its respective topics, sharing the compiled references for

group consideration. Subsequently, these groups formulated recommenda-

tion statements specific to their topics, supported by pertinent references

when available. The recommendations were then presented to the larger

group for evaluation using a Delphi method.

For the evaluation process, the expert consensus panel used a 5-point

Likert scale, graded as 1, strongly disagree; 2, disagree; 3, neither agree

nor disagree; 4, agree; or 5, strongly agree. A predetermined 80% response

rate was mandated for the vote to be considered complete. To establish

consensus, a predefined threshold of at least 75% agreement (“agree” or

“strongly agree”) was required for acceptance of the consensus statement.1

If the 75% threshold was not achieved, the statement underwent revision

after discussion with the writing group and subsequently was resubmitted

for repeat voting. This iterative process continued until consensus was

achieved on all recommendation statements. The class of recommendation

(CoR) and the level of evidence (LoE) supporting it were reported in
procurement and preservation.
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accordance with the terminology adopted by the American College of Car-

diology and American Heart Association.2

A summary of all sections with their statements, CoR, LoE, and agree-

ment is provided in Table 1.
TABLE 1. Table of statements including class of recommendation, level of

Section no. Statement no. Section

Intraoperative

donor

assessment

I 1 A P/F ratio>300mmHg traditionally has

gas exchange in a prospective allogra

and has not been shown to correlate w

part of the global intraoperative asses

2 Intraoperative bronchoscopy should be p

abnormalities, clear mucus plugging, a

Evidence of minor amounts of aspirat

secretions that do not readily reaccum

contraindication to organ acceptance; r

the context of associated friable airway

and pneumonia on imaging.

3 Fundamentals of gross inspection should

infarcts, contusions, and blebs/bullae,

and compliance. Atelectatic pulmonar

inspiratory pressure (ie, 30 mm Hg) to

suggests a suboptimal allograft.

4 Pulmonary vein gases are a useful adjun

Their greatest utility may be in assess

lobar transplant.

Surgical

technique

II 5 Pulmonary vasodilators (eg, prostagland

vasoconstriction and should be infuse

flush.

6 Donor lungs should be flushed antegrade

pulmonary arteries, while ensuring ade

or left atrium while the lungs are gentl

flushed retrograde via the pulmonary

after lung removal.

7 Extracellular fluid type solutions provid

preservation compared to intracellular

during lung procurement.

Ex situ lung

preservation

methods

III 8 Donor lung inflation with 50% oxygen a

storage might be beneficial for outcom

9 Direct contact with ice may result in fro

avoided by packing lungs in a first bag

second bag with a physiologic liquid

10 Intraoperative donor lung injuries to pul

be repaired on the back table at the tim

should not always be a contraindicatio

11 Inadvertent and unrecognized transectio

to either immediate bleeding and need

segmental infarction after transplantat
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Section I: Intraoperative Donor Assessment
On arrival at the donor hospital, the procurement surgeon should reas-

sess the donor’s medical history, organ-specific function, imaging studies,

and other relevant clinical parameters such as blood type compatibility, to
evidence, and consensus %

statements CoR LoE Consensus

been accepted as the threshold for adequate

ft. Adherence to this ratio is not mandatory

ith outcomes. It should be used instead as

sment.

IIa C-LD 100%

erformed routinely to assess for anatomic

nd ensure ventilation of all lobar segments.

ed gastrointestinal contents or purulent

ulate should not be considered an absolute

ather, these findings should be interpreted in

s, positive bronchoalveolar lavage cultures,

I C-EO 100%

include evaluation for lesions, edema,

with close attention to ease of recruitment

y parenchyma that requires significant

achieve and maintain full recruitment

I C-EO 100%

ct in the overall intraoperative assessment.

ment of a single lung or when considering

I C-LD 100%

ins) may reduce reactive pulmonary

d just prior to or with the initial pulmonary

I C-EO 94%

with cold preservation solution via the

quate venting from the left atrial appendage

y ventilated. In addition, the lungs should be

veins in situ after heart extraction or ex situ

I C-LD 100%

e superior protection during lung

fluid type solutions and should be used

I B-NR 100%

voiding hyperinflation prior to cold static

e after lung transplantation.

IIb C-LD 100%

st injury of donor lungs. This should be

filled with cold preservation solution and a

solution.

I C-EO 100%

monary vessels and parenchyma may often

e of retrieval or prior to implantation and

n for transplantation.

IIb C-LD 100%

n or ligation of pulmonary vessels may lead

for a lobectomy or to delayed lobar/

ion.

IIb C-EO 88%

(Continued)
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TABLE 1. Continued

Section no. Statement no. Section statements CoR LoE Consensus

Hypothermic

preservation

IV 12 Although the optimal temperature for donor lung storage has not yet been

determined, studies investigating static cold storage between 4 �C and 10 �C
support the use of these warmer temperatures for safe storage of donor lungs.

IIa B-NR 100%

13 Intentional extension of the CIT appears to be safe and feasible using preservation

temperatures warmer than 0 �C to 4 �C.
IIa B-NR 93%

Normothermic

EVLP

V 14 EVLP is useful under many conditions, including a P/F ratio<300 mm Hg, evidence

of pulmonary edema, poor lung compliance, and in donors with minor to moderate

aspiration.

I B-NR 93%

15 EVLP is an important option for donor lungs that either cannot be properly evaluated

in the donor and/or for logistical reasons.

I B-NR 100%

16 EVLP is not recommended in donors with potential signs of irreversible lung injury,

such as parenchymal destruction and/or consolidation. EVLP is not performed in

cases with signs of severe aspiration. Close examination and communication

between organ recovery and the implanting surgeon is recommended to determine

the suitability of the graft for EVLP.

III B-NR 93%

17 Graft quality assessment on EVLP is based on multiple standard physiologic and

objective parameters. One parameter alone is insufficient to assess graft quality.

I B-NR 100%

18 Clinical use of EVLP has been driven mainly by 3 major protocols: the Toronto

protocol, the Lund protocol, and the OCS protocol.

IIa C-LD 100%

Donation after

circulatory

death and

normothermic

regional

perfusion

VI 19 The decision to pursue organ donation in non-brain-dead donors still leads to

controversial ethical questions. Protocols in place throughout the decision to

withdraw life-sustaining therapy and the DCD process are critical to ensure an

ethical process for the donor that has led to increases in lung transplantation.

I C-EO 86%

20 DCD lung donation requires additional financial and educational investment from

transplant programs; however, this investment leads to expansion of the donor pool

for lung transplantation.

I C-LD 93%

21 Use of DCD lungs leads to equivalent long-term survival outcomes and expanded

adoption is encouraged.

I B-NR 100%

22 In patients not expected to survive withdrawal of life-sustaining treatments and who

have given consent (primary or next of kin), premortem heparin administration is

recommended for all DCD lung recoveries unless its use will hasten death or is

prohibited by local regulations.

I B-NR 93%

23 In patients not expected to survive the withdrawal of life-sustaining treatments and

who have given consent (primary or next of kin), it is essential to observe a locally

and/or legally accepted hands-off period following circulatory arrest and prior to

donor procurement to reduce the warm ischemic time and negate the potential for

autoresuscitation.

I B-NR 94%

24 In patients not expected to survive withdrawal of life-sustaining treatments and who

have given consent (primary or next of kin), the functional warm ischemic time

should be defined as the interval between systolic blood pressure decline to

<50 mm Hg and cold perfusion.

I B-NR 86%

25 The use of lungs from DCD organ donors is indicated when the time between

withdrawal of support therapy and asystole is<60 min (class I) and reasonable

when the time is<180 min.

I & IIa B-NR 86%

(Continued)
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TABLE 1. Continued

Section no. Statement no. Section statements CoR LoE Consensus

26 Evaluation of DCD lungs can be more difficult due to lack of standard tests. If after

intraoperative assessment there is still uncertainty regarding lung function, EVLP

should be considered prior to organ discard.

I B-NR 93%

27 In patients unsuccessfully resuscitated after cardiac arrest, lung donation might be

considered despite the logistical complexity.

IIa B-NR 86%

28 In the uncontrolled donation after cardiac arrest scenario, further assessment of the

grafts using EVLP is advised due to lack of information on donor lung function

prior to procurement.

IIa B-NR 93%

29 Concomitant recovery of both DCD heart and lungs using direct perfusion and

procurement is encouraged and recommended when appropriate.

I C-LD 94%

30 There are limited data on the effect of TA-NRP on lung function. The use of DCD

lungs after TA-NRP remains controversial, and additional data are required.

IIb C-EO 86%

31 The procurement of lungs during A-NRP can be performed safely without adversely

impacting lung transplant outcomes.

IIa C-LD 88%

Organ assessment

centers and

third-party

procurement

teams

VII 32 There may be a role for organ assessment centers where centralized expertise and

knowledge can be aggregated to maximize resuscitation and enhance lung organ

utilization. These centers would have resources and experience in EVLP to

physiologically assess and optimize allografts prior to acceptance.

IIa B-NR 88%

33 Recovery centers or donor management centers (hospital- or OPO-based) facilitate

overall donor organ recovery through donor optimization, coordination of multiple

recovery teams, timely recovery and a focus on honoring the donor and their

support people.

IIa C-EO 92%

34 Third-party procurement services may be an alternative option to increase organ

acceptance and recovery rates at centers where the procurement services may not

be readily available.

IIa C-EO 100%

CoR, Class of recommendation; LoE, level of evidence; P/F, partial pressure of oxygen/fraction of inspired oxygen; EVLP, ex vivo lung perfusion;DCD, donation after circulatory

death; TA-NRP, thoraco-abdominal normothermic regional perfusion; A-NRP, abdominal-normothermic regional perfusion; OPO, organ procurement organization.
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ensure that organs are still acceptable for transplantation. It is important to

emphasize that the evaluation process should not rely solely on isolated fac-

tors but instead use a more global assessment of the organ’s overall suit-

ability for transplantation.

1. A partial pressure of oxygen (PaO2)/FiO2 (P/F) ratio>300mmHg tradi-

tionally has been accepted as the threshold for adequate gas exchange in

a prospective allograft. Adherence to this ratio is not mandatory and has

not been shown to correlate with outcomes. It should be used instead as

part of the global intraoperative assessment. (CoR; Iia; LoE: C-LD)

A preoccupation with blood gas values has persisted over the years

and remains a cornerstone of donor lung evaluation. Historical publica-

tions in the first decade of successful lung transplant emphasized this

metric as an indication of a quality organ. The P/F ratio remains one

of the first objective values reported to surgeons and pulmonologists dur-

ing organ offers3,4; however, there is little evidence supporting the

outright rejection of an organ based solely on the P/F ratio. Yet reliance

on this single numerical parameter likely results in rejection of organs

with acceptable quality. For example, a low P/F ratio may be simply a

result of atelectasis or the donor’s unstable hemodynamics. Thus, the

P/F ratio at the time of donor recovery, after bronchoscopy, and after

recruitment with visible atelectasis, is the most reliable value. The recent

International Society for Heart and Lung Transplantation report on

deceased donors clearly demonstrates no discernible difference in either

1-year or 5-year survival rates across various PO2 quartiles. For instance,
The Journal of Thoracic and Ca
1-year survival when the PO2 was>500 mm Hg was equivalent to that

when the PO2 was<250 mm Hg.5

2. Intraoperative bronchoscopy should be performed routinely to assess

for anatomic abnormalities, clear mucus plugging, and ensure ventila-

tion of all lobar segments. Evidence of minor amounts of aspirated

gastrointestinal contents or purulent secretions that do not readily reac-

cumulate should not be considered an absolute contraindication to organ

acceptance. Rather, these findings should be interpreted in the context of

associated friable airways, positive bronchoalveolar lavage cultures,

and pneumonia on imaging. (CoR: I; LoE: C-EO)

Bronchoscopic examination of the airways is a fundamental aspect of

donor assessment. Relying solely on the donor’s initial bronchoscopy is

insufficient, given the likely time lapse between that procedure and the

actual procurement. Mucus and debris likely will be seen on examination,

a common occurrence in an intubated patient. The focus then should be on

evaluating the character of secretions and whether purulent secretions reac-

cumulate after suctioning, particularly in the lower lobes. This observation

may be indicative of a developing or worsening pneumonia. Additionally, it

is essential to assess the overall health of the bronchial tree. Friable hyper-

emic airways may suggest prior instances of aspiration or pneumonia. This

observation should be integrated with other findings, including the pres-

ence of purulent secretions and infiltrates, and with the findings of a thor-

ough gross inspection and palpation of the lungs to determine suitability for

transplantation. In rare instances, donors may exhibit anomalies such as a
rdiovascular Surgery c Volume 169, Number 2 489
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bronchus suis (ie, the pig bronchus6), in which the bronchus to the right up-

per lobe comes directly off the trachea or even an endobronchial neoplasm.

3. Fundamentals of gross inspection should include evaluation for lesions,

edema, infarcts, contusions, and blebs/bullae, with close attention to

ease of recruitment and compliance. Atelectatic pulmonary parenchyma

that requires significant inspiratory pressure (ie, 30 cmH2O) to achieve

andmaintain full recruitment may suggest a suboptimal allograft. (CoR:

I; LoE: C-EO)

Despite the wealth of data available on prospective donors prior to

arrival at the procurement site, a diligent and thorough inspection of the

lungs remains irreplaceable. Even with the improved resolution of modern

imaging, subtle lung abnormalities can elude detection; for example, small

bullae in an older donor with a smoking history might signal early emphy-

sema. Similarly, what may seem like atelectasis in the lower lobes on im-

aging could reflect infarction, significant contusions secondary to trauma,

or consolidation due to pneumonia and vice versa.

Lung recruitment is fundamental to assessment of the organ. Procure-

ment teams should establish clear communication with anesthesia prior

to the procedure to underscore their intentions. At the time of these maneu-

vers, careful observation of lung compliance, both during recruitment and

following expiratory collapse, is essential. Lungs that do not recruit easily

or readily collapse on disconnection from the ventilator can be a cause for

concern. This information should be emphasized when communicating

with the implanting team.

4. Pulmonary vein gas values are useful adjuncts in the overall intraoper-

ative assessment. Their greatest utility may reside in assessment of a sin-

gle lung or when considering lobar transplant. (CoR: I; LoE: C-LD)

As mentioned previously, an inordinate amount of emphasis is given to

arterial blood gases and PaO2. Although postrecruitment pulmonary vein

gases are not strictly necessary, they can provide additional information

as part of a global organ assessment. There are specific scenarios in which

vein gases may prove particularly helpful, such as in donors in whom the

lower lobes are sluggish to recruit and/or potentially edematous.7 In such

cases, suboptimal gas exchange may warrant intraoperative decline or

favor lobar transplantation, especially for smaller recipients. Alternatively,

it may justify considering the organ for EVLP. In other instances, procure-

ment teams may choose to incorporate pulmonary vein gases into their

assessment of a single allograft.8
Section II: Surgical Techniques
Following the intraoperative assessment and acceptance of donor lungs,

the subsequent procurement and preservation play critical roles in ensuring

cellular viability during cold storage. Although certain steps are universal

to all organ procurements, some specific procedures for lung procurement

are highly recommended to optimize the process.

5. Pulmonary vasodilators (eg, prostaglandins) may reduce reactive pul-

monary vasoconstriction and should be infused just prior to or with

the initial pulmonary flush. (CoR: I; LoE: C-EO)

Administration of pulmonary vasodilators such as prostaglandin E1 or

prostacyclin I2 before flushing reduces the pulmonary vascular resistance,

ensuring a more uniform and effective flush while mitigating ischemia-

reperfusion injury.9 In addition, there may be cytoprotective mechanisms

of prostaglandins related to cAMP-mediated vascular protection10 and

shifts in the release of proinflammatory and anti-inflammatory cytokines.11

The standard approach to lung preservation in most lung transplant pro-

grams now involves using an extracellular-type flush preservation solution

with a low potassium content after prostaglandin injection.12 However, the

beneficial effects of prostaglandins when using an extracellular-type solu-

tion have not been conclusively demonstrated in clinical studies.13 Of note,

owing to its systemic effects, the administration of prostaglandins should
490 The Journal of Thoracic and Cardiovascular Surg
be communicated to the other retrieval teams and the anesthesia team in

the operating room.

6. Donor lungs should be flushed antegradewith cold preservation solution

via the pulmonary arteries while ensuring adequate venting from the left

atrial appendage or left atrium (LA) while the lungs are gently venti-

lated. In addition, the lungs should be flushed retrograde via the pulmo-

nary veins in situ after heart extraction or ex situ after lung removal.

(CoR: I; LoE: C-LD)

Once all the procurement teams are ready, the donor is systemically hep-

arinized. A large cannula is then inserted into the pulmonary trunk distal to

the pulmonary valve, ensuring a good distance from the valve while avoid-

ing preferential perfusion to only one lung, and then secured with a purse-

string suture. Before cross-clamping the aorta, prostaglandin is injected

into the pulmonary trunk. For DCD lung donors, prostaglandins could be

added into the pulmoplegia flush. The donor lungs are vented through

either the left atrial appendage or the LA itself. An antegrade pulmonary

flush typically with 3 L of a cold preservation solution is initiated through

gravity-dependent flow (30 cm above the level of the heart) while gentle

lung ventilation is continued.14

In addition to the antegrade flush, a retrograde flush should be per-

formed by administering typically 250 mL of the preservation solution

through each pulmonary vein, ideally in situ after heart extraction or, alter-

natively, ex situ after lung extraction on the back table.14 The retrograde

flush solution is vented through the pulmonary artery (PA). Experimental

evidence suggests that addition of a retrograde flush improves lung preser-

vation compared to an antegrade flush alone.15 This effect has been attrib-

uted to a more effective distribution of the flush solution along the

tracheobronchial tree,15,16 less severe impairment of surfactant function,17

and more effective clearance of red blood cells and/or clots within the

capillaries.18,19

The clinical application of a retrograde flush was initially reported in 3

patients undergoing heart-lung transplantation.20 Subsequent studies by

Varela and colleagues21 involving 23 consecutive lung transplantation pro-

cedures using retrograde flush demonstrated the feasibility of this tech-

nique while simultaneously procuring the heart. Venuta and colleagues22

conducted a randomized trial comparing antegrade flush with antegrade

flush followed by retrograde flush in 14 patients undergoing lung transplan-

tation. The addition of retrograde flush improved intrapulmonary shunt

fraction, the indexed alveolar-arterial oxygen tension gradient, mean

airway pressure, and chest X-ray score. Following this report, retrograde

flush was adopted by the majority of lung transplant centers; however, a

retrospective study showed no beneficial effect of late retrograde flush per-

formed at the recipient hospital.23 Given that pulmonary embolism can be

detected in 4.4% of donors,24 early retrograde flush at the donor hospital

appears to be important, particularly in cases of DCD lung donation.18,19

7. Extracellular fluid-type solutions provide superior protection during

lung preservation compared to intracellular fluid-type solutions and

should be used during lung procurement. (CoR: I; LoE: B-NR)

Intracellular-type solutions such as Euro-Collins (EC) solution and Uni-

versity of Wisconsin (UW) solution, which contain low sodium and high po-

tassium levels, have been widely used for solid organ preservation, such as

kidney and liver.25 This preference is rooted in the belief that the sodium-

potassium pump activity slows in anaerobic conditions during cold preserva-

tion, making intracellular preservation solutions vital for maintaining proper

electrolyte balance and preventing cellular swelling. However, the lung is

unique in its ability to maintain aerobic metabolism by utilizing oxygen in

the alveoli even in the absence of blood circulation,26 and thus it is conceiv-

able that a more physiologically suitable extracellular preservation solution

may be preferable for lung preservation. Fujimura and colleagues27 reported

successful 48-hour preservation using an extracellular-type solution in canine

lung transplants. The Toronto group demonstrated that low-potassium

dextran (LPD) solution outperformed EC solution in terms of significantly
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better immediate function of the preserved lungs in canine28 and rabbit29 lung

transplant models of 24-hour preservation. In a nonrandomized comparison

involving human bilateral lung transplantation, the Toronto group demon-

strated that the lung function as assessed by P/F was significantly better in

the LPD group (n ¼ 44) compared to the EC group (n ¼ 44) (mean,

370 � 133 mm Hg vs 310 � 134 mm Hg; P ¼ .017) despite significantly

longer total graft ischemic times in the LPD group (mean,

348 � 69 minutes vs 298 � 92 minutes; P ¼ .024).12 Similar findings

were reported by the Hannover group in a retrospective study comparing

LPD (n ¼ 51) and EC (n ¼ 55), highlighting improved airway compliance,

shorter mechanical ventilation duration, and superior 30-day graft survival

with LPD.30 A study using the United Network for Organ Sharing

(UNOS) database indicated that UW (n¼ 294) was associatedwith increased

risk of 1-year mortality compared to LPD (n ¼ 4161).31 Although random-

ized studies are lacking, these retrospective studies collectively suggest that

low-potassium solutions are superior to high-potassium solutions for lung

preservation. Other low-potassium preservation solutions, such as Celsior,32

EP-TU,33 and ET-Kyoto34 solutions, also have been used, with acceptable

outcomes.

Section III: Ex Situ Static Lung Preservation
Methods: Inspection, Repair, and Preservation

Following lung retrieval, thorough inspection of the pulmonary allograft

on the back table is imperative prior to their cold storage and transportation

to the recipient hospital. In this section, we present 4 recommendations for

ex situ preservation based on currently available knowledge. Of note, cur-

rent practice stems mainly from experimental work in animal models and

limited clinical data, supplemented by expert opinion.

8. Donor lung inflation with 50% oxygen avoiding hyperinflation prior to

cold static storage might be beneficial for outcome after lung transplan-

tation. (CoR: IIb; LoE: C-LD)

As mentioned in Section I, partial lung collapse is not uncommon in an

intubated, mechanically ventilated potential organ donor in the intensive

care unit (ICU). Atelectasis is associated with lower alveolar fluid clear-

ance, higher pulmonary vascular resistance, and poorer distribution of pres-

ervation solution.15,35,36 Therefore, recruiting atelectatic areas in the donor

lungs through a combination of bronchoscopic suctioning, increased inspi-

ratory pressure, and tidal volume prior to flushing the lungs is essential for

optimal outcomes. Additionally, recruitment with the chest open has

proven to be an effective strategy. By reversing atelectatic zones, ischemic

tolerance during cold storage is prolonged, and immediate post-

transplantation lung function is expected to be better.

Level of lung inflation. The optimal degree of lung inflation has

been investigated extensively by the group at Washington University in

St Louis, Mo. In an early study involving canine left-single lung transplan-

tation, intermittent occlusion of the contralateral PA for 10 minutes, donor

lung hyperventilation, and inflation to 30 cmH2O before hypothermic stor-

age yielded excellent post-transplantation lung function after a 30-hour

preservation.37 In a follow-up study using the same model but with perma-

nent PA occlusion, donor lung hyperinflation during storage increased re-

perfusion pulmonary edema with worse post-transplantation allograft

function.38 These findings corroborated an earlier study by the group using

an ex vivo rabbit lung gravimetric model showing that high tidal volume or

a high FiO2 increased pulmonary capillary permeability on reperfusion.39

Similarly, DeCampos and colleagues40 investigated the optimum inflation

volume for hypothermic storage. Comparing rat lungs blocks stored in atelec-

tasis and at 25%, 50%, 75%, and 100% of total lung capacity, the authors

found that the optimum inflation volume for lung preservation was 50% of

total lung capacity. The importance of full static lung inflation at 26 cmH2O

pressure and during 8 hours of cold lung storage also was demonstrated in a

rat double-lung transplantation model by Hausen and colleagues.41 More

recent studies with rat and rabbit lungs confirmed the negative impact of

both deflation36 and hyperinflation42,43 on lung graft quality.
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Van Raemdonck and colleagues44 investigated the impact of postmor-

tem alveolar expansion in a DCD donor using a rabbit lung flush model

and found that the tolerance to warm ischemia could be prolonged by

inflating or ventilating donor lungs prior to cold crystalloid flush. Impor-

tantly, the beneficial effect of alveolar expansion was not contingent on

the presence of oxygen during the warm ischemic period.45 Various suc-

cessful methods for preserving DCD lungs postmortem have been reported

in clinical series, including topically cooling the lungs with chest

drains,46,47 inflation,48,49 or ventilaton.50,51

Level of oxygen. During cold storage, oxygen is required to support

aerobic metabolism, albeit at a reduced rate due to hypothermia.26 The

optimal oxygen concentration during lung preservation was studied in

excised rabbit lungs by the group at Washington University in St Louis

in the early 1990s. In the absence of alveolar oxygen, lactate accumulated

and adenosine triphosphate and phosphocreatine were decreased in lung

tissue.26 In an ex vivo paracorporeal perfused rabbit lung model, lungs pre-

served with 100% oxygen prior to storage at 10 �C for 24 hours outper-

formed those with room air, while lungs inflated with 100% nitrogen

failed to function.52 A separate study from Kyoto University in Japan

compared various oxygen concentrations (0% O2, 5% O2, room air,

50% O2, and 100% O2) during inflated storage using an ex vivo rat lung

reperfusion model. The findings indicated that hyperoxygenation induces

mitochondrial dysfunction and increases lipid peroxidation, resulting in

deleterious lung function after reperfusion.53 Investigators at the University

of Texas in Dallas, using a rat lung ventilation and perfusion model after a

period of cold storage, demonstrated a shift toward fatty acids as a substrate

for oxidative metabolism, particularly with a higher oxygen content.54

Because fatty acid oxidation occurring after ischemia is deleterious, an

FiO2>50%may contribute to oxygen toxicity and impaired mitochondrial

function on reperfusion, attributed to the production of oxygen free

radicals.

Adding carbon monoxide, hydrogen, or a combination of both into the

gas mixture on inflation of donor lungs prior to cold storagewas reported to

be protective against ischemia-reperfusion injury in rat studies.55,56

Despite these promising results, to date the beneficial effects of using car-

bon monoxide during lung preservation have not been reported in clinical

lung transplantation.

Based on the collective findings from animal research discussed above,

one can conclude that the post-transplantation outcome is superior when

prior to cold static storage, lungs are inflated with 50% oxygen, at a tidal

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

and airway pressure of 15 to 20 cmH2O, effectively avoiding hyperinfla-

tion. Notably, there is a dearth of prospective comparative clinical studies

exploring the optimal oxygen concentration, tidal volume, and airway pres-

sure for inflation prior to clamping or stapling the trachea before donor lung

retrieval. The recommended ventilation and oxygen settings are listed in

Table 2.

9. Direct contact with ice may result in frost injury of donor lungs. This

should be avoided by packing lungs in a first bag filled with cold pres-

ervation solution and a second bag with a physiologic liquid solution.

(CoR: I; LoE: C-EO)

To maintain a low temperature during transportation, procured organs

are typically stored surrounded by ice cubes in a portable container. Studies

have shown that the average organ temperature drops below 2 �C during

transportation and to �0 �C after 6 hours.57 Preservation solution may

freeze at temperatures below 0 �C, posing a risk of cryoinjury to the organ
and potential post-transplantation primary nonfunction.

A recent study from Japan compared different packing methods for

bovine liver grafts to prevent freezing injury during transportation for liver

transplantation. The temperature of the ice cubes in the cooler box used for

graft transportation was �18 �C instead of 0 �C, at which point livers can

freeze. The authors found that maintaining a sufficient amount of lactated

Ringer’s solution in the second bag acted as a temperature buffer, avoiding
rdiovascular Surgery c Volume 169, Number 2 491



TABLE 2. Current recommendations for lung static preservation and

storage

Category Recommendation

Type of solution Extracellular type

Volume of flush solution

Antegrade 50-60 mL/kg in PA

Retrograde 250 mL in each pulmonary vein

PA pressure during flush delivery 30 cm above the level of the heart

Temperature of flush solution 4-8 �C

Lung ventilation settings VT: 6-8 mL/kg or 50% TLC;

PEEP: 5 cmH2O

Oxygenation FiO2: 50%

Inflation pressure (pre stapling) 15-20 cmH2O

*Standard storage temperature 0-4 �C

PA, Pulmonary artery; VT, tidal volume; TLC, total lung capacity; PEEP, positive end-

expiratory pressure;FiO2, fraction of inspired oxygen. *Results from ongoing clinical

trials preserving donor lungs at elevated temperatures (4-10 �C) are awaited.
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direct contact between the UW solution in the first bag and the ice cubes in

the cooler box. This effectively averted excessive low temperatures and

freezing of the UW and grafts.58

The authors are not aware of any studies investigating the best method

of packing lungs prior to cold storage. Based on individual case experi-

ences, both direct and indirect exposure of lung parenchyma to ice can

result in frostbite, observed as frozen perihilar fatty tissue during unpack-

ing and preparation on the back table for subsequent implantation. There-

fore, it is advised to pack lungs first in a bag filled with cold extracellular

composition solution, avoiding direct ice contact, followed by a second bag

filled with a cold physiologic solution. Deairing the bags and sealing with a

heavy ribbon ensures complete immersion of donor lungs in the preserva-

tion solution. A third empty bag can be used prior to placing the lungs in a

cooler for transport.

10. Intraoperative donor lung injuries to pulmonary vessels and paren-

chyma often may be repaired on the back table at the time of retrieval

or prior to implantation and should not always be a contraindication for

transplantation. (CoR: IIb; LoE: C-LD)

Cardiothoracic surgical fellows, when trained for donor lung assessment

and procurement, should receive instruction from a senior attending sur-

geon following a standardized protocol before independently performing

the procedure at a donor hospital.59 Injuries to the donor lung should be

avoided at the time of retrieval. It is mandatory to carefully inspect the ex-

planted organ on the back table before packing and storage. Any identified

injuries should be meticulously documented and communicated to the

recipient team to ensure preparation for potential technical challenges dur-

ing pulmonary graft implantation or for potential complications following

transplantation.

Parenchymal abnormalities such as small blebs, an isolated bulla, scar

lesions, or peripheral infarcts usually can be resected with a linear stapling

device. Similarly, parenchymal lacerations can be sutured or stapled wedge

excised before packing. Occasionally, a lobectomy in an otherwise healthy

donor lungmay be necessary to address larger or more centrally located ab-

normalities, as seen in significant lobar contusion or pneumonia.

Intraoperative injuries to pulmonary vessels may occur inadvertently

during the dissection, splitting, or extraction of the heart-lung block.

Most injuries result from leaving an excessively short arterial or left atrial

cuff to the double-lung block. Such incidents may occur during a hurried

cardiectomy in which careful attention to anatomic landmarks is neglected.

A thorough inspection of pulmonary vessels on the back table is essential to

promptly recognize and address such injuries. Several techniques for
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repairing a short arterial or atrial cuff before implantation60-66 or when

standard hilar clamping is no longer possible62,67 have been described;

however, no large series comparing different repair techniques are avail-

able, with most of the literature based on individual case reports or small

case series.68-70

11. Inadvertent and unrecognized transection or ligation of pulmonary

vessels may lead to either immediate bleeding and need for lobectomy

or to delayed lobar/segmental infarction after transplantation. (CoR:

IIb; LoE: C-EO)

Inadvertent and unrecognized injury to pulmonary vessels may result in

serious complications. Immediate bleeding in the lung hilum, at a distance

from the vascular anastomoses, may occur during reperfusion if an arterial

or venous branch is injured at procurement. The bleeding vessel can be

ligated, clipped, or sutured, whereas a bleeding parenchymal laceration

or staple line usually can be controlled with a local hemostatic agent,

such as a biological glue or adhesive.

Ligation of a side branch of a PA or pulmonary vein in the donor lung

can result in a segmental or lobar infarction that might not become apparent

until a week after transplantation. A lobectomy is often necessary to solve

the problem and to save patient’s life.71,72 The authors have seen cases

where a right upper lobe artery was mistakenly ligated for the azygos

vein in the donor. A right upper lobectomy was needed at 1 week post-

transplantation when upper lobe infarction became apparent on chest

computed tomography. Likewise, in an ex situ donor right lower lobectomy

on the back table, the anomalous origin of the right middle lobe pulmonary

vein from right inferior pulmonary vein resulted in infarction of the right

middle lobe, necessitating a return to the operating room for a subsequent

right middle lobectomy. Rarely, the right upper lobe pulmonary vein may

atypically drain into the superior vena cava. Consequently, meticulous

attention is imperative during lung retrieval.

Clinical experience with injured pulmonary vessels and management of

anastomotic complications owing to either an excessive cuff length with

kinking or a too-short cuff resulting in restrictive suture is limited to indi-

vidual case reports or small case series.68,69,73-76
Section IV: Hypothermic Preservation on 0 �C to 4 �C
versus 4 �C to 10 �C Temperature

Hypothermic preservation stands as a cornerstone in organ preservation,

offering a pivotal strategy to slow metabolic processes and diminish oxy-

gen demand, thereby maintaining organ viability, curtailing ischemic

injury, and extending the time window for transplantation. In lung preser-

vation, a combination of antegrade and retrograde cold flush perfusion

through the pulmonary vessels, coupled with topical cooling and cold static

storage, has been the accepted standard technique.77 With emerging evi-

dence, this section delves into the optimal lung preservation temperatures.

12. Although the optimal temperature for donor lung storage has not yet

been determined, studies investigating static cold storage between 4
�C and 10 �C support the use of these warmer temperatures for safe

storage of donor lungs. (CoR: IIa; LoE: B-NR)

A cold static preservation of donor lungs at 0 �C to 4 �C on ice has been

the gold standard for decades. However, as outlined in the preceding sec-

tion, the use of ice for storage has been noted to result in uneven cooling

of the lungs, often causing temperatures to drop below freezing. Previous

experimental research identified superior lung graft preservation efficacy

at 10 �C.78,79 For instance, more recent animal studies demonstrated better

mitochondrial metabolic and inflammatory profiles in lung grafts preserved

at 10 �C compared to those preserved on ice.77 Encouraged by these results,

a safety clinical study80 and a subsequent multicenter nonrandomized clin-

ical trial were conducted, revealing comparable outcomes between recipi-

ents transplanted with lungs preserved at 10 �C at long ischemic times

(�14 hours) and those with lungs stored on ice (�7 hours) in terms of
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primary graft dysfunction (PGD), perioperative mortality, and in 1-year

survival.80 Similarly, outcomes from a multicenter registry have been re-

ported, wherein lungs preserved in a device designed to maintain stable

temperatures between 4 �C and 8 �C showed a trend toward a reduced

PGD rate at 72 hours.81

In conclusion, while the current standard for static cold preservation in-

volves ice at temperatures between 0 �C and 4 �C, recently published

studies demonstrate the feasibility and safety of cold storage at tempera-

tures warmer than the conventional range. Ongoing trials challenge the ex-

isting paradigm, potentially influencing the standard of care for the

transportation and storage of lung grafts.

13. Intentional extension of the CIT appears to be safe and feasible using

preservation temperatures warmer than 0 �C to 4 �C. (CoR: IIa; LoE:
B-NR)

Some studies examining the optimal temperature for cold static storage

also have explored the concept of intentionally prolonging the cold

ischemic time (CIT) of the lung grafts.77 In a safety study by the Toronto

group, 5 patients underwent transplantation after preserving the lung grafts

at 10 �C and extending the CIT up to 16 hours with no reported instances of

PGD grade 3 at 72 hours.77 Subsequently, in a multicenter nonrandomized

clinical trial from the Madrid, Vienna, and Toronto group, 70 patients un-

derwent transplantation using this preservation technique and thenmatched

to a contemporary cohort using the standard static preservation on ice. The

median CIT was approximately 11 hours for the first lung and nearly

14 hours in second lung in the 10 �C preservation cohort, versus 6 hours

and 8 hours, respectively, in the ice cold preservation cohort. There were

no significant differences between the 2 cohorts in terms of the key postop-

erative outcomes such us PGD grade, ventilation time, hospital and ICU

length of stay (LOS), and early mortality. After 1 year, overall survival

also was comparable in the 2 groups.80 This study sheds light on the feasi-

bility and safety of intentionally prolonging CIT significantly, challenging

previous notions in the field. The results of the ongoing 4 �C versus 10 �C
randomized clinical trial (NCT 05898776) are awaited, which also is eval-

uating intentional extension of CIT in the 10 �C arm.
Section V: Normothermic Ex Vivo Lung Perfusion
(EVLP)

Normothermic EVLP represents an established clinical practice that has

significantly increased donor lung utilization rates. It serves as a valuable

platform for preserving lungs under physiologic conditions, affording

meticulous organ quality assessment for extended-criteria donors (ECDs)

and logistical problem-solving for standard-criteria donors (SCDs) or

ECDs. Additionally, based on preclinical studies, EVLP may serve as an

innovative modality for precise pharmaceuticals and molecular treat-

ments.82-88 However, proof of feasibility in human clinical lung

transplantation is not yet evident.

In this section, we present 5 recommendations on the use of EVLP for

lung transplantation based on single-center retrospective studies, experi-

mental work in animal model, and few prospective randomized and non-

randomized controlled clinical trials.89-93

14. EVLP is useful under many conditions, including donor lungs with a P/

F ratio<300 mm Hg, evidence of pulmonary edema, or poor lung

compliance, and in donors with minor to moderate aspiration. (CoR:

I; LoE: B-NR)

EVLP serves as a useful intermediary phase between donor lung

retrieval and subsequent transplantation into the recipient, particularly

for “high-risk” organs. It provides a valuable opportunity for the reassess-

ment and optimization of these organs, addressing the unique challenges

they pose to lung transplantation.94-100

As highlighted in Section I, despite evidence to the contrary, the P/F ra-

tio remains a criterion for assessing and accepting donor lungs. Lungs with
The Journal of Thoracic and Ca
a P/F<300 mm Hg often are rejected owing to concerns about suboptimal

organ function.101 In such instances, EVLP proves particularly invaluable,

enabling a comprehensive evaluation of organs and potential improvement

of the P/F before transplantation. Interventions during EVLP, such as

mucus clearance through ex vivo bronchoscopy and the gentle, gradual

recruitment of the atelectatic lungs outside of the rigid confines of the

pleural cavity, ensure the selection of organs with acceptable quality for

transplantation.93,99

Neurogenic and hydrostatic pulmonary edema is prevalent in both

brain-dead and DCD donors, significantly compromising lung function

and oxygen exchange.102 EVLP can be a useful tool to tackle this issue,

allowing removal of excess fluid using cellular or acellular perfusate, de-

pending on the specific EVLP platform used. The response to treatment

is assessed methodically by careful monitoring of the perfusate level,

evaluating gross appearance of the lungs, and assessing various lung

functional parameters, such as P/F ratio, peak pressure, pulmonary

vascular resistance, lung compliance, and deflation test. Additional eval-

uations include bronchoscopy, lung X-ray, perfusate biomarkers, and

histologic evaluations of any abnormal findings. Hence, EVLP serves

as a pivotal tool for optimizing and assessing the suitability of lungs

for transplantation.103,104

Aspiration of gastric contents into the lungs occurs frequently in organ

donors, often resulting in rejection of these lungs over concerns about

compromised organ quality and function and the potential development

of post-transplantation PGD. In cases where donors have incurred minor

to moderate aspiration injuries, EVLP provides a valuable platform for

assessment, offering insights into the effective management of injuries

and determining the suitability of these lungs for transplantation.103,104

15. EVLP is an important option for donor lungs that cannot be properly

evaluated in the donor and/or for logistical reasons. (CoR: I; LoE:

B-NR)

EVLP has a crucial role beyond reevaluating discarded donor lungs,

especially in scenarios with logistical complexities or challenges assessing

donor lungs within the donor’s body.93-95 Such factors as time constraints,

donor medical history, and specific medical conditions can hinder

comprehensive evaluations, particularly in cases involving venoarterial

ECMO or DCD donors.105 The prolonged agonal time (>60 minutes) dur-

ing DCD lung retrieval can pose a risk of lung injury, potentially jeopard-

izing transplant outcomes. EVLP provides an opportunity to reevaluate

these lungs for transplantation.96,97,100 Donor organ challenges may be

more pronounced in donor hospitals with lower volumes, in which local

medical professionals may have limited experience and expertise. In

such cases, EVLP emerges as a solution, offering a thorough and controlled

assessment of lung functionality and viability.

16. EVLP is not recommended in donors with potential signs of irrevers-

ible lung injury, such as parenchymal destruction and/or consolidation.

EVLP is not performed in cases with signs of severe aspiration. Close

examination and communication between organ recovery and the im-

planting surgeon is recommended to determine the suitability of the

graft for EVLP. (CoR: III; LoE: B-NR)

Although EVLP is recommended for salvaging discarded donor lungs,

in certain situations its use is not advisable with current methods and treat-

ment options—for instance, when there is evidence of irreversible lung

injury and permanent damage to the lung parenchyma, such as substantial

parenchymal destruction, lacerations with hemorrhage resulting from

trauma that cannot be easily staple-resected, or consolidation due to lobar

pneumonia. In such cases, EVLP has proven ineffective in improving the

condition of the donor lungs and potentially can exacerbate underlying

pathology.89,90,92,93,97,99,100,104,106 Similarly, in cases of severe aspiration

resulting in severe secondary pneumonitis and the persistence of substan-

tial gastric contents within the lungs despite bronchoscopy with suction

and clearance attempts, EVLP might not yield favorable outcomes.
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17. Graft quality assessment on EVLP is based on multiple standard phys-

iologic and objective parameters. One parameter alone is not sufficient

to assess graft quality. (CoR: I; LoE: B-NR)

When evaluating donor lungs for transplantation, it is crucial to consider

a diverse array of physiologic and objective parameters. Lung function is

influenced by numerous factors, and relying on a single parameter alone

is insufficient for determining suitability for transplantation.104 Assessing

multiple parameters can provide a more comprehensive and precise assess-

ment of the donor lung. These physiologic and objective parameters

encompass measures of lung oxygenation, PA pressures, airway pressures,

compliance, lung resistance, lung weight, and changes in volume in the

reservoir, among others.107-109

Objective parameters, identified through such modalities as bronchos-

copy, lung X-ray, ultrasound, and gross lung evaluation, are pivotal in

this assessment process.89-91 Bronchoscopy findings, including edema

fluid, hemorrhagic fluid, purulent secretions, and signs of aspiration,

among others, provide insight into the condition of the lung. The

management of parenchymal edema in EVLP has garnered considerable

attention, as it influences decisions regarding lung discarding.

Conventionally, lungs in EVLP are positioned supine, increasing the risk

of fluid accumulation in posterior-dependent regions. Preclinical and hu-

man studies suggest that prone positioning during EVLP is feasible, pro-

moting a more homogeneous distribution of interstitial fluid and

potentially reducing edema and mitigating ischemia-reperfusion injury.110

Additionally, gross lung evaluation involves visually inspecting the lungs

for such characteristics as bogginess (indicative of fluid accumulation), in-

farcts, nodules, masses, and other abnormalities that may impact lung func-

tionality and suitability for transplantation.

Several assessment systems have been developed for lungs during

EVLP to assist clinicians in making an informed decision about a lung’s

transplantability. For instance, there is growing attention on biomarkers

in the perfusate, particularly interleukins (IL-6 and IL-8) and cell-free

DNA, which could differentiate between favorable and unfavorable grafts

and predict transplant outcomes.111,112 The EXPIRE regression model,

which integrates donor characteristics, gas exchange, and mechanical pa-

rameters on EVLP, has demonstrated the ability to predict lung suitability

within just 4 hours into EVLP.113 Machine-learning algorithms, like the In-

sighTx AUROC model based on clinical and biochemical data on EVLP,

yielded good results when assessing the suitability of donor lungs for trans-

plant.114 The majority of these assessment systems are not yet used in

routine clinical practice, however. Lung weight also has been described

as a surrogate marker for lung edema during EVLP.115

18. Clinical use of EVLP has been driven mainly by 3 major protocols: the

Toronto protocol, the Lund protocol, and the Organ Care System

(OCS) protocol. (CoR: Iia; LoE: C-LD)

The clinical application of EVLP has witnessed significant advance-

ments, driven primarily by 3 major protocols: the Toronto protocol, the

Lund protocol, and the OCS protocol.90,91,98 These protocols represent

pivotal milestones in the field of lung transplantation, transforming how

donor lungs are assessed, optimized, and ultimately transplanted. All 3 pro-

tocols have been used successfully in clinical trials.89,116 Determining the

superiority of these protocols over one another is challenging owing to a

lack of randomized controlled clinical trials comparing them. Nonetheless,

their adoption has expanded the donor pool for lung transplantation.92

There are distinct differences among the protocols. The Lund protocol

uses STEEN solution (XVIVO Perfusion AB), a buffered extracellular so-

lution with colloid osmotic pressure for the prevention of pulmonary

edema, together with red blood cells, and maintains a target flow rate of

100% of cardiac output in continuous flow with an open LA. The Toronto

protocol uses an acellular STEEN perfusate and 40% cardiac output in

continuous flow against a closed LA with pressure of 5 mm Hg. With the

Toronto protocol, extended EVLP with preservation times up to 12 hours
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has been reported. The OCS, developed by Transmedics, uses its own

OCS lung solution together with red blood cells and a pulsatile flow at 2

to 2.5 L/minute with an open LA.

Several multicenter studies have investigated the safety and outcomes of

EVLP for both SCD and ECD lungs. Among these, the NOVEL trial, the

first prospective, multicenter trial, published its findings in 2014.117 This

study revealed no statistically significant differences in PGD3 rates, ICU

duration, or 1-year survival between ECDs and SCDs. In 2018, the

INSPIRE trial, the first prospective multicenter randomized controlled

trial, explored the use of OCS’s portable EVLP system for SCD lungs98

demonstrating a decrease in PGD3 rates within the first 72 hours following

transplantation and no differences in survival after 24 months.

The subsequent OCS EXPAND trial, applying a similar protocol to

ECD lungs, likewise reported no differences in survival at the 24-month

post-transplant period.107 However, higher than anticipated rates of

PGD3 were observed. Similarly, the DEVELOP-UK trial, using a modified

Lund protocol on ECD lungs, was terminated prematurely because of

elevated initial PGD3 rates and the requirement for ECMO within the first

3 days post-transplantation in the EVLP arm.106 Intriguingly, in the

EXPAND trial, PGD3 rates peaked during the initial post-transplantation

hours but normalized after 72 hours, exerting no adverse impact on sur-

vival.107 This phenomenon possibly suggests a distinct PGD phenotype.

These findings were corroborated by other multicenter trials, including

one by Nilsson and colleagues99 focusing on ECD-EVLP cases at 2 Scan-

dinavian centers using the Lund protocol. These studies detected no differ-

ences in long-term survival, although initial P/F ratios were lower and ICU

stays were longer for the EVLP cases.118

Additionally, investigations into the use of initially rejected donor lungs

on EVLP have reported notable conversion rates, some exceeding

80%.119,120 The introduction of EVLP has led to an 18% increase in trans-

plantation volume in Germany and increases of up to 70% in highly expe-

rienced centers like Toronto. Several other centers have reported significant

reductions in waitlist times following EVLP adoption. These findings

collectively underscore the evolving landscape of lung transplantation,

with EVLP playing an important role in expanding donor lung

utilization.121

Section VI: Donation After Circulatory Death
(Controlled and Uncontrolled) and Normothermic
Regional Perfusion

Despite a resurgence in the use of DCD lung donors, this pool remains

underutilized globally owing to resource constraints, logistical challenges,

and legislative factors. Additionally, the lack of consensus on definitions

and workup surrounding DCD recovery, including the start of warm

ischemic time (WIT), maximum tolerable ischemic time, placement of

nasogastric tube to prevent aspiration before extubation, premortem bron-

choscopy, and heparin before withdrawal of life support therapy (WLST),

among others, further complicates the issue. The recent introduction of

NRP, a technique to resuscitate organs in a DCD donor using a modified

ECMO device, has increased the DCD heart recovery rates. However,

the impact of NRP on donor lung utilization remains unclear, owing to

limited available data. This section addresses controversies surrounding

DCD donation, provides guidelines for approaching DCD donors, and dis-

cusses the role of NRP in DCD lung donation.

19. The decision to pursue organ donation in non–brain-dead donors still

leads to controversial ethical questions. Protocols in place throughout

the decision to withdraw life-sustaining therapy and the DCD process

are critical to ensure an ethical process for the donor, which has led to

increases in lung transplantation. (CoR: I, LoE: C-EO)

The adoption of DCD has increased the donor pool for lung transplan-

tation, although controversy persists regardingWLST.122,123 Ethical guide-

lines governing DCD organ procurement include separation of the decision
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to withdraw life-sustaining therapy from the decision to proceed with organ

donation.124 During the DCD process, the declaration of death is performed

by physicians not involved in the organ procurement process, ensuring an

impartial assessment. Furthermore, a dedicated “stand off” period is

mandated after circulatory arrest before initiating organ procurement, rein-

forcing the ethical principles and safeguarding the integrity of the donation

process.124,125

20. DCD lung donation requires additional financial and educational in-

vestment from transplant programs; however, this investment leads

to expansion of the donor pool for lung transplantation. (CoR: I;

LoE: C-LD)

DCD lungs expand the donor pool for lung transplantation but remain

underutilized in some countries, including the United States. Currently,

only 4% to 5% of lung transplants performed in the US are from DCD do-

nors, indicating untapped potential for a more extensive application of

these organs.126 In contrast, international use of DCD lungs is notably

higher at 30% to 40%.126 DCD lung procurement requires specialized

training for assessment and procurement. Additionally, lung transplant pro-

grams must make a financial investment, considering the possibility that a

donor may not pass within the allotted time, resulting in an increase in

costly dry runs.127

21. The use of DCD lungs leads to equivalent long-term survival out-

comes, and expanded adoption is encouraged. (CoR: I; LoE: B-NR)

Multicenter studies have demonstrated that survival outcomes are

similar between DCD and donation after brain death (DBD) lung donors

with or without EVLP.100,128-130 As noted in Section V, EVLP is a

valuable tool for evaluating organ function prior to transplant in

circumstances where concern persists and/or there is inadequate in situ

and ex situ assessment.97,131

22. In patients not expected to survive WLSTand who have given consent

(primary or next of kin), premortem heparin administration is recom-

mended for all DCD lung recoveries unless it will hasten death or is

prohibited by local regulations. (CoR: I; LoE: B-NR)

Many countries advocate for premortem heparin administration for all

DCD organ recoveries, except when its use may hasten death or is pro-

hibited by local regulations.124,132 Despite this recommendation, only

91% of US organ procurement organizations (OPOs) mandate heparin

administration.133 Among the 5 countries in which antemortem adminis-

tration of heparin is not allowed, this restriction is attributed in part to a

lack of professional guidance.132 Similarly, premortem bronchoscopy is

recommended to assess and optimize lungs for transplant as in DBD do-

nors. Standardizing practices and providing clear professional guidance

may mitigate confusion and improve organ utilization while upholding

ethical standards.

23. In patients not expected to survive WLSTand who have given consent

(primary or next of kin), it is essential to observe locally and/or legally

accepted hands-off period following circulatory arrest and prior to

donor procurement to negate the potential for autoresuscitation.

(CoR: I; LoE: B-NR)

The hands-off period is observed to reduce the potential for autoresus-

citation after circulatory arrest. Recommended durations ranging from 2 to

5 minutes have been endorsed by the American Society of Transplant Sur-

geons, Society of Critical Care Medicine, and Institute of Medicine.124

Among OPOs in the United States, only �20% opt for hands-off periods

of <5 minutes.127 Globally, a 5 minute hands-off period is the most

commonly applied standard.132

24. In patients not expected to survive WLST and who have given con-

sent (primary or next of kin), the functional WIT should be defined as the

interval between systolic blood pressure decline to<50 mm Hg until cold

perfusion. (CoR: I; LoE: B-NR)
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Since the introduction of DCD organ transplantation, numerous reports

have consistently confirmed the safety and efficacy of using organs from

DCDdonors.124,128-130,134 Concern overWIT is due to reports ofworse organ

outcomes.133 However, the period ofWIT has beenvariably defined and diffi-

cult to standardize. Recently, WIT has been defined to start after systolic

blood pressure declines to<50 mm Hg or 60 mm Hg.128,135 Standardizing

the definition of WIT, akin to determining a standardized definition for

PGD, will facilitate further studies and improve the understanding of

WIT’s impact on organ outcomes. Moreover, it will provide clear guidance

for donor hospital and donation experts when communicating with donor

families regarding the potential time requirements for successful donation.

25. The use of lungs from DCD organ donors is indicated when the time

between WLST and asystole is<60 minutes (class I) and reasonable

when the time is<180 minutes. (CoR: I and Iia; LoE: B-NR)

Standardization of definitions and experience in DCD lung transplant

have expanded with reported success of lung transplant within 180 minutes

of WLST.130,136-142 Despite work suggesting that prolonged WIT may be

tolerated in DCD lung transplant, the International Society for Heart and

Lung Transplantation DCD registry data suggest that 99% of reported

DCD lung transplants involve a WIT<60 minutes.130 It is important to

note that different countries and different institutions within a country

(ie, United States) have different thresholds and definitions for maximal

allowable WIT following WLST. Therefore, the distinction between

WLST and WIT is critical for the continued understanding and optimiza-

tion of DCD lung transplant. For example, it is entirely possible that a

3-hour interval may be seen after WLST with only a 20-minute WIT, the

latter based on the foregoing definition of functional WIT.

26. Evaluation of DCD lungs can be more difficult owing to a lack of stan-

dard tests. If after intraoperative assessment there is still uncertainty

regarding lung function, EVLP should be considered prior to organ

discard. (CoR: I; LoE: B-NR)

In the evaluation of DCD lung offers, certain standard tests commonly

available during the evaluation of brain-dead donors, such as bronchoscopy

and computed tomography scans, might not be available. Consequently,

when procuring DCD lungs without some of these data, intraoperative organ

assessment becomes critical in determining the suitability of a lung for trans-

plantation. This will necessitate reintubation in the operating room for bron-

choscopic evaluation to assess the airway for signs of infection,

inflammation, and indications of aspiration and to ensure airway clearance

for recruitment. The intraoperative assessment encompassing in situ palpa-

tion of the lungs, their recruitability, and deflation test to evaluate for lung

edema, consolidation, recoil, and overall function, as well as their ex situ

evaluation, are crucial (Table 3). If concerns persist regarding the quality

of the lungs, the EVLP platform serves to further evaluate DCD lungs and

mitigate worries related to organ injury during the DCD lung transplant pro-

cess.97,131 A checklist for DCD lung procurement is shown in Table 3.

27. In patients unsuccessfully resuscitated after cardiac arrest, lung dona-

tion might be considered despite the logistic complexity. (CoR: Iia;

LoE: B-NR)

Uncontrolled DCD (uDCD) lung transplants have been reported in Spain,

Italy, and Canada.143While the potential for expanding the donor pool is sub-

stantial, widespread adoption is limited owing to logistical complexities,

resource requirements, potential ethical dilemmas and nonstandard organ

assessment needs.143 Despite these challenges, uDCD lung transplant has

demonstrated comparable outcomes to DBD lung transplant, underscoring

its potential to contribute significantly to organ transplantation efforts.143

28. In the uncontrolled donation after cardiac arrest scenario, further

assessment of the grafts using EVLP is advised owing to a lack of in-

formation on donor lung function before procurement. (CoR: Iia; LoE:

B-NR)
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TABLE 3. DCD checklist before and during procedure

Checklist for DCD procurement prior to withdrawal of life support

1. Determine location of withdrawal

a. If not in the operating room, determine who will be transporting

patient to the OR

2. Discuss heparin administration prior to withdrawal

3. Nasogastric tube insertion prior to extubation to avoid aspiration

4. Review who will be performing the declaration of death

5. Determine length of standoff period

6. Discuss who will be reintubating the patient after the standoff period

7. Confirm availability of the bronchoscopy equipment

8. Confirm all surgical instruments are present on a separate sterile table

Checklist for intraoperative evaluation of DCD lungs

1. Once intubated, perform bronchoscopy to evaluate the airway.

2. Confirm appropriate vent settings: FiO2, 50%; PEEP, 5 cmH2O; tidal

volume, 6-8 mL/kg.

3. Sternotomy.

4. Cannulate the main PA.

5. Inject prostaglandin into the main PA and manually compress the

heart to circulate or in the pulmoplegia solution.

6. Start flush with extracellular type perfusate.

7. Amputate the left atrial appendage and cut the IVC to vent the heart.

8. During flush, begin recruiting lungs with gentle pressure.

9. Manually palpate and inspect all lobes of the lung in situ.

10. Temporarily disconnect the lungs from the ventilator to check

deflation.

11. Begin standard lung procurement.

12. Palpate and inspect lungs ex situ.

13. If concern for function persists, consider ex vivo lung perfusion.

DCD, Donation after circulatory death; FiO2, fraction of inspired oxygen; PEEP, pos-

itive end-expiratory pressure; PA, pulmonary artery; IVC, inferior vena cava.
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uDCD has the potential to be an additional source of donors, yet fewer

than 100 cases have been reported from 2001 to the present. Beyond logis-

tical complexities, a significant hindrance to widespread adoption is the

lack of standardized assessment of organ function for previously unknown

uDCD grafts. The most frequently used approach for in situ functional or-

gan assessment entails topical cooling using chest tubes and gas analysis

corrected by temperature, using the effluent of the LA. For this assessment,

preservation solution is infused through the PA and drained through the left

atrial appendage. Subsequently, 300 mL of previously retrieved donor

blood is infused, and the theoretically oxygenated effluent is sampled for

gas analysis.50,144-146 Similar outcomes to other donor sources, such as

controlled DCD or DBD, have been reported.144-146

On the other hand, EVLP has a key role in uDCD programs, enabling a

much more comprehensive evaluation and validation of grafts. In the

uDCD scenario, there is a lack of functional information on grafts before

the recovery; thus, the EVLP platform has been advocated as a crucial

method for further functional assessment of these unique grafts.48,49,147

29. Concomitant recovery of both DCD heart and lungs using direct perfu-

sion and procurement is encouraged and recommended when appro-

priate. (CoR: I; LoE: C-LD)

The use of DCD hearts is on the rise with the implementation of two

novel methods aimed at limiting cold ischemia of the heart: normothermic

machine perfusion and normothermic regional perfusion (NRP), the latter

of which is described in detail below.148 When normothermic machine

perfusion is used for heart preservation, donor blood must be collected

before cross-clamping and flushing of donor organs. Apart from this brief

delay in the organ flushing process, the procurement strategy for
496 The Journal of Thoracic and Cardiovascular Surg
concomitant heart and lung DCD procurement is not significantly different

from these procurements are performed in isolation.148,149 The importance

of communication between the heart and lung teams for concomitant re-

covery cannot be overstated.

30. There are limited data on the effect of thoraco-abdominal normo-

thermic regional perfusion (TA-NRP) on lung function. The use of

DCD lungs after TA-NRP remains controversial, and additional data

are needed. (CoR: Iib; LoE: C-EO)

TA-NRP limits organ ischemia during DCD procurement.150 After

declaration of death and the “no touch” period, sternotomy is performed,

and the donor is cannulated via the aorta and right atrium. The patient is

placed on circulatory support, restoring blood flow, while cross-clamping

the head vessels to eliminate cerebral blood flow (Figure 2). This allows

the reanimation of the heart and heart function is evaluated in real time after

exposure towarm ischemia through the DCD process. Similar to traditional

DCD lung procurement, it is important that the donor is reintubated and

that ventilation of the lungs is maintained during NRP. One significant

advantage of NRP is that by restarting the heart and circulation, once the

donor is weaned off bypass, the procurement strategy is similar to a tradi-

tional brain death protocol. Now arterial blood gases can be obtained to

assess lung function. Typically, NRP will last for 30 to 60 minutes.

Controversy remains whether NRP leads to lung damage. Most recent

data on the subject suggest that after “standard” lung evaluation, transplanta-

tion can proceed, with outcomes comparable to standard DCD lungs.151-157

However, the rate of lung declines after TA-NRP is not well documented,

and many centers have noted unpredictable results.158 The lack of standard-

ization of TA-NRP with inconsistent venting practices may lead to lung

edema, accounting for variable outcomes. Furthermore, long-term survival

studies for the use of lungs following TA-NRP need further evaluation.

Another strategy involves performing peripheral venoarterial cannulation

prior toWLST. In this scenario, after peripheral cannulation,WLST is carried

out. Following declaration of death, the subsequent steps mirror those

described above: a sternotomy is performed, followed by cross-clamping

of the head vessels to eliminate cerebral blood flow.159 Subsequently, venti-

lation is restored and TA-NRP is started, facilitating heart recovery and

enabling evaluation of both heart and lung grafts.

Owing to a lack of data comparing direct perfusion and procurement

with TA-NRP, the panel cannot currently recommend one method over

the other for lung recovery. Future studies are awaited to provide clearer

insights.

31. The procurement of lungs during abdominal-normothermic regional

perfusion (A-NRP) can be performed safely without adversely impact-

ing lung transplant outcomes. (CoR: Iia; LoE: C-LD)

Although direct lung procurement can be performed safely during

A-NRP with favorable transplant outcomes,160-162 the variability in

techniques underscores the need for standardization to ensure consistently

reproducible results (Table 4). The most common published method for A-

NRP includes peripheral femoral cannulation either percutaneously or via

a surgical cut down before WLST. At the same time, an occlusive balloon

is placed in the descending aorta through the contralateral femoral artery

(Figure 3). It is inflated once circulatory arrest is declared and before the

initiation of A-NRP, precluding cerebral perfusion during NRP. After circu-

latory arrest and a predetermined no-touch period, NRP is initiated. The

donor is reintubated and ventilated using the parameters described in

Table 2. A median sternotomy is performed simultaneously. The venous re-

turn to the heart through the superior and inferior vena cava is eliminated by

ligating these vessels. The cessation of venous return from the upper half of

the body may result in reduced blood flow to the pump. Consequently, the

controlled DCD donor is administered 1 to 1.5 L of saline to mitigate this

effect. Lung perfusion, preservation, graft macroscopic evaluation, and sub-

sequent retrieval are then performed in the standard fashion, as described in

Section II. Meticulous attention must be paid to hemostasis, such as ligating
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FIGURE 2. Central cannulation approach for thoracoabdominal normothermic regional perfusion (TA-NRP). ECMO, Extracorporeal membrane oxygen-

ation; CPB, cardiopulmonary bypass.
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the azygous vein prior to its transection, to mitigate the risk of excessive

blood loss, which potentially could lead to A-NRP malfunction, compro-

mising abdominal organ viability.

It is particularly important to observe local legislative policies that

may or may not allow cannulation before WLST. In scenarios in which
The Journal of Thoracic and Ca
cannulation before WLST is restricted, either peripheral or direct

cannulation in the abdomen can be performed following the no-touch

period. Evaluation and perfusion of lungs are then performed after

initiating A-NRP, adhering to the same methodology as described

above.
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TABLE 4. Checklist for perioperative management of DCD lungs

using A-NRP

1. Donor is usually peripherally cannulated for VA-ECMO before

WLST.

2. Introduce an occlusive intra-aortic balloon through the contralateral

femoral artery and inflate it at the level of the descending aorta.

3. Carry out WLST according to hospital protocol.

4. After intubation, perform bronchoscopy to evaluate the airway.

5. Confirm appropriate ventilator settings: FiO2, 50%; PEEP, 5

cmH2O; tidal volume, 6-8 mL/kg.

6. Start A-NRP; the occlusive balloon in the descending aorta precludes

retrograde perfusion of the brain.

7. Sternotomy.

8. Cross-clamp the IVC, mobilizing the venous cannula if necessary.

9. Ligate the SVC.

10. Cannulate the PA.

11. Start flush with extracellular type solution primed with

prostaglandin.

12. Cut the left atrial appendage and IVC above the clamp.

13. During flush, begin recruiting lungs with gentle pressure.

14. Manually palpate and inspect all lobes of the lung.

15. Disconnect from the ventilator to evaluate deflation of the lungs.

16. Begin standard lung procurement: ligate the azygos vein prior to

division to avoid excessive bleeding.

DCD, Donor after circulatory death; A-NRP, abdominal-normothermic regional

perfusion; VA-ECMO, venoarterial extracorporeal membrane oxygenation; WLST,

withdrawal of life-sustaining therapy; FiO2, fraction of inspired oxygen; PEEP, pos-

itive end-expiratory pressure; IVC, inferior vena cava; SVC, superior vena cava; PA,

pulmonary artery.
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Section VII: Donor Management Centers, Organ
Assessment Centers, and Third-Party Procurement
Teams

In solid organ transplantation, a new interest in donor management and

pretransplant donor allograft optimization has led to rapid, marked changes

in workflow. The emergence of specialized entities, such as DMCs, OACs,

and third-party (ie, fee-for-service or nonimplanting center) procurement

teams has begun to revolutionize the field.163-166 These changes have

been led in large part by lung transplantation professionals.

While these innovations are still evolving, their impact on organ

recovery safety and cost considerations (monetary, time, and personnel)

are yet to be completely assessed.167 These dynamic processes are

unfolding in tandem with donor hospitals, transplant centers, United

Network for Organ Sharing (UNOS)/Organ Procurement and Transplanta-

tion Network (OPTN) collaboration, guidance, and federal statutes in the

United States.

32. There may be a role for OACs in which centralized expertise and

knowledge can be aggregated to maximize resuscitation and enhance

lung organ utilization. These OACs would have resources and experi-

ence in EVLP to physiologically assess and optimize allografts prior to

acceptance. (CoR: Iia; LoE: B-NR)

Just as with many endeavors that benefit from economies of scale, a con-

centration of experience, specifically in terms of number of donors managed

and organs assessed, inherently contributes to improvement in organ recov-

ery yield and quality of organs available for transplantation. This trend is

notably observed in OACs.168 A higher concentration of lung allografts

managed within OACs enables the local staff to gain greater competency

and efficiency as has been demonstrated with centralized ex vivo machine

perfusion facilities in North America.163 The individualized attention given

to lung allograft at OAC can result in improved outcomes. While concerns
498 The Journal of Thoracic and Cardiovascular Surg
have been raised about the 2 CITs inherent in centralized EVLP centers, a

multicenter study demonstrated the feasibility of remote EVLP for declined

lung allograft with a resultant increase in number of transplants without

compromising short or long term outcomes.105 The repetition and accumu-

lated expertise gained in such environments can contribute to the success

and efficiency of organ recovery and transplantation processes.104

33. Recovery centers or donor management centers (either hospital or

OPO based) facilitate overall donor organ recovery through donor

optimization, coordination of multiple recovery teams, timely recov-

ery and a focus on honoring the donor and their support people.

(CoR: IIa, LoE: C-EO)

A DMC facilitates enhanced donor allograft utilization. The co-

localization and a higher concentration of donors managed within DMCs

enables the local staff to gain greater competency and efficiency. This

centralization brings the nuances of effective donor management from hos-

pitals or centers that, individually, may perform very few recoveries to cen-

ters of expertise. Hence, the concentration of expertise and resources

directed toward DBD donor at DMC can result in improved outcomes,

which in turn can result in higher overall organ recovery yield and a better

lung allograft quality.168 However, rigorous prospective studies are needed

for validation.

Furthermore, the relocation of DBD donor from local hospitals allows

for a more thoughtful allocation of the organ, removing external constraints

imposed by the donor’s hospital, including staffing issues, elective case

load, overall capacity, and ICU bed occupancy. Removing these constraints

allows time to perform prospective crossmatching and facilitates broader

organ sharing, among other benefits, enhancing the overall efficiency and

effectiveness of the transplantation process.169

34. Third-party procurement services may be an alternative option to

increase organ acceptance and recovery rates at centers in which the

procurement services might not be readily available. (CoR: Iia; LoE:

C-EO)

Expanding lung transplant access and volume could be achieved

by delegating procurements to other qualified teams. Whether using a

loco-regional recovery team from a transplant center or adopting a fee-

for-service model, such an approach would optimize (implanting) surgeon

resources, increase safety, and improve program sustainability.170

Although challenging to quantify owing to a lack of prospective multi-

center studies, the impact of the donor organ procurement team on the

transplant center surgeon’s quality of life and workforce health can be sig-

nificant without impacting lung transplant outcomes. Although the wide-

spread adoption of third-party procurement raises financial concerns for

transplant centers regarding professional fee collection, it potentially can

offset these concerns by reducing the travel-related time, cost, and safety

risks for the transplant center surgeons.171,172
CONCLUSIONS
Lung procurement and preservation techniques have

evolved significantly over the past decade, including the
adoption of EVLP, DCD, NRP, temperature-controlled de-
vices, and the establishment of organ recovery teams and
centers. Although these innovations hold promise for ex-
panding the donor pool, significant variability in these prac-
tices exists among centers and regions. Therefore, this
expert panel has endeavored to present easily implement-
able, pragmatic, and uniform recommendations for donor
lung procurement and preservation, with the overarching
goal of increasing organ utilization rates and enhance
post-transplantation outcomes.
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FIGURE 3. Peripheral cannulation approach for abdominal normothermic regional perfusion (A-NRP). ECMO, Extracorporeal membrane oxygenation;

CPB, cardiopulmonary bypass.
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