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ABSTRACT

Background: Donor to recipient size matching is an essential part of lung trans-
plantation, with significant mismatch leading to worse patient outcomes. The
current practice is based on limited data along with broadly accepted themes
that have not been articulated in the form of objective and definitive guidelines.
The objective of the American Association for Thoracic Surgery Clinical Practice
Standards Committee expert panel was to develop evidence- and expert-based
recommendations for optimal donor to recipient lung allograft size matching
based on review of the existing literature.

Methods: The American Association for Thoracic Surgery Clinical Practice
Standards Committee assembled an expert panel of 18 lung transplant surgeons
from 15 centers who developed a consensus document of recommendations.
The panel was divided into subgroups covering size-matching in (1) bilateral-lung
transplantation, (2) single-lung transplantation, (3) lobar transplantation, (4) unique
situations, and (5) management of complications after severe size mismatch. After
a focused literature review, each subgroup formulated recommendation state-
ments for each subtopic, which were reviewed and further refined using a Delphi
process until consensus was achieved on each final statement by the voting group.

Results: The expert panel achieved consensus on 20 recommendations for cur-
rent best practices in donor and recipient size matching. These recommendations
include the use of a ratio of donor-to-recipient predicted total lung capacity
between 0.8 and 1.2, with special considerations based on recipient pathology,
single-lung or lobar transplantation, and anatomic variations such as chest wall
abnormalities or significant mediastinal shift. Furthermore, oversized allografts
can be reduced in size via nonanatomic or anatomic resection in select cases
when required.

Conclusions: Consistent practice guidelines regarding donor to recipient size
matching will be helpful and important to achieve optimal outcomes in lung
transplantation. 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 2026; l:1-16)
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CENTRAL MESSAGE

Size matching is important
aspect of donor selection for
lung transplantation. It uses pre-
dicted donor and recipient total
lung capacity, adjusting for indi-
vidual recipient anatomy and
disease.

PERSPECTIVE

Appropriate donor-to-recipient size matching is
critical for successful lung transplantation. Signif-
icantly over- and undersizing can lead to early
complications and late morbidity. Given limited
available data regarding size matching in lung
transplantation, an expert panel was formed to
provide recommendations on preferred clinical
strategies.
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Abbreviations and Acronyms
AATS = American Association for Thoracic
Surgery
Al = artificial intelligence
aTLC = actual total lung capacity
BLT bilateral-lung transplantation
CPSC = Clinical Practice Standards Committee
CT = computed tomography
CXR = radiograph of the chest
DCC = delayed chest closure
ECMO = extracorporeal membrane oxygenation
FVC = forced vital capacity
IPAH = idiopathic pulmonary artery hypertension
PE = pectus excavatum
PGD = primary graft dysfunction
PHM = predicted donor heart mass
pTLC = predicted total lung capacity
TLC = total lung capacity
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Organ selection for lung transplantation requires a
comprehensive evaluation of donor and recipient character-
istics. Beyond lung allograft quality, assessment of donor-
to-recipient size matching is an important consideration in
donor selection. Determining appropriate size matching
seems intuitive but is often imprecise and varies among
practitioners as the result of limited data to inform
evidence-based clinical practice. There are also factors to
consider beyond chest size alone, including individual
recipient anatomy, recipient restrictive or obstructive
pathology, concomitant diaphragm dysfunction, and the
planned procedure: single, bilateral, lobar, or combined
heart-lung transplantation.
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In practice, optimal size matching may be undervalued in
the context of a persistent shortage of quality donor lungs.
The permissible degree of tolerance is unknown, and donor
allograft size does not need to be a perfect match; however,
transplanting significantly size-mismatched lungs is associ-
ated with increased early and late morbidity.' Oversized
lungs may pose technical challenges during surgical
implantation and/or chest closure and may hinder recovery
as a result of thoracic tamponade, persistent atelectasis, or
ventilation-perfusion mismatch. Alternatively, undersized
lungs may lead to worse primary graft dysfunction
(PGD), provide insufficient respiratory function, increase
the risk of pleural space complications, and increase the
risk of developing chronic lung allograft dysfunction.”

The traditional donor-to-recipient comparisons of height
or the thoracic cranial-caudal dimension and transverse
width on imaging of the chest are easily obtainable but
remain suboptimal methods for size matching. The ratio
of donor-to-recipient predicted total lung capacity (pTLC)
is currently the most accurate strategy to correctly size
match. Although a donor-to-recipient pTLC range of 75%
to 125% for bilateral-lung transplantation (BLT) has served
as a pragmatic benchmark recommended by consensus
experts in 2003 by the International Society for Heart and
Lung Transplantation, recent data support a more restricted
ratio of 0.8 to 1.2, particularly for recipients with interstitial
lung disease.”* Despite pTLC being a broadly applicable
and reproducible method, it is recognized that pTLC does
not fully account for the anatomic heterogeneity of diseased
lungs and that calculations are derived from specific popu-
lation data that may not be applicable for all individual
patients and patients of all races.

The objective of this expert consensus document from the
American Association for Thoracic Surgery (AATS)
Clinical Practice Standards Committee (CPSC) is to
systematically review the available literature regarding
donor-to-recipient size matching and provide evidence-
and expert-based recommendations for consideration in
donor assessment and selection in lung transplantation.
This document presents 20 recommendations organized
by clinical scenario, including, bilateral, single, and lobar
transplantation, unique anatomic considerations, innova-
tions in size-matching, and complications related to size

Received for publication Feb 11, 2026; revisions received March 25, 2026; accepted
for publication March 25, 2026.Address for reprints: Konrad Hoetzenecker, MD,
PhD, Department of Thoracic Surgery, Vanderbilt University Medical Center,
1161 21st Ave S, MCN D-5237, Nashville, TN 37232-2730 (E-mail: konrad.
hoetzenecker @ vumc.org).

0022-5223

Copyright © 2026 The Authors. Published by Elsevier Inc. on behalf of The Amer-

ican Association for Thoracic Surgery. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.jtcvs.2026.03.620

2 The Journal of Thoracic and Cardiovascular Surgery < ll 2026


mailto:konrad.hoetzenecker@vumc.org
mailto:konrad.hoetzenecker@vumc.org
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jtcvs.2026.03.620

Chang et al

Transplantation

mismatch. These statements are supported by the available
evidence; however, because of limited data, many
recommendations are determined on the basis of expert
consensus opinions. The class of recommendation and the
level of evidence are reported according to the recommen-
ded terminology adopted by the AATS and other
associations and societies.

METHODS
The AATS CPSC and Assembly of Expert Group

The CPSC of the AATS decided to formulate a consensus
statement on donor/recipient size-matching in lung
transplantation. A writing group was formed including 16
experts in lung transplantation. Five primary topics were
identified: (1) size matching in BLT, (2) size matching in
single-lung transplantation, (3) size matching in lobar trans-
plantation, (4) unique situations, and (5) management of
complications after severe mismatch. Writing group mem-
bers were assigned topics on the basis of their expertise
and individual interests (subgroups). The writing group
members and the topics were approved by the AATS. All
members completed their conflict-of-interest disclosures.

Development of an Expert Consensus Document

A systematic literature review was conducted on pub-
lished evidence on donor/recipient size-matching using
the following search strategy: lung transplantation AND
[size-matching OR size mismatch OR size] AND [total
lung capacity OR height OR weight OR chest radiography
OR gender OR lobar lung transplantation OR volumetry OR
artificial intelligence OR chest wall deformities OR pectus
OR complications]. Results were screened by S.C. and
K.H., and a complete list of literature was provided to the
writing group. Next, 3 to 5 recommendation statements
were developed for each topic by the subgroups and
presented to all members of the writing group for evaluation
using a Delphi methodology.

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 estab-
lish a consensus, a predefined threshold of at least 75%
agreement (“agree” or “strongly agree”) was required for
acceptance of the consensus statement.” If the 75%
threshold was not achieved, the statement underwent revi-
sion by the subgroup on the basis of a discussion involving
the whole writing group and was resubmitted for repeat
voting. This iterative process continued until consensus
was achieved on all recommendation statements.
Agreement was reached after a median of 2 rounds of voting
(min 1 to max 4). The language for each statement was
chosen to be consistent with that recommended in the

harmonizing guidelines consensus document by the
AATS, European Association for Cardio-Thoracic Surgery,
European Society of Thoracic Surgeons, and Society of
Thoracic Surgeons (Figure 1).° A consolidated table sum-
marizing all 20 recommendations is provided in Table 1.

RESULTS
Section 1: Size Matching in BLT

Statement 1.1. Appropriate donor and recipient size
matching is critical for successful lung transplantation.
Although size-matching strategies have traditionally
included height-based measurements, lung and chest-wall
measurements from radiographic imaging, and the ratio be-
tween donor and recipient pTLC, we recommend pTLC as
the most accurate strategy to correctly size match and adjust
for key variables. (Class I, Level B-NR)

Donor-to-recipient lung size matching has repeatedly
been demonstrated to affect short- and long-term outcomes
after BLT.”” Multiple studies have demonstrated an
association between donor-to-recipient size mismatch and
poor survival after lung transplantation with size mismatch-
ing being associated with PGD,”"* hemodynamic compro-
mise’ and impaired survival.'’ Eberlein and colleagues''
reported that size mismatch is also an independent predictor
of death after lung transplantation.

Historically, multiple sizing strategies have been used,
including height-based measurements or lung and chest-
wall measurements from radiographic images. Although
height is an important predictor of lung size, height-based
sizing strategies fail to account for important lung size dif-
ferences associated with sex, age, and race. Mason and col-
leagues'” and Eberlein and colleagues'”'* demonstrated
that sex affects lung size independent of height, with the
male lung being approximately 20% larger than the female
lung."” In a height-based sizing system, significant size
mismatch can occur with donor and recipient sex mismatch,
resulting in poorer outcomes and worse survival.

Imaging-based sizing strategies that use lung height and
chest-wall measurements are subject to variability in mea-
surement technique, imprecise measuring, as well as patient
positioning and ventilatory conditions. Although a recipi-
ent’s radiograph of the chest (CXR) is performed in the
standing position without positive pressure ventilation, the
donor’s CXR is performed in the supine position under pos-
itive pressure ventilation, making an accurate comparison
between both images difficult. Furthermore, the measure-
ment of recipient lung size on the basis of CXR is more
reflective of the recipient’s underlying diagnosis and body
mass index, rather than an appropriate measurement of a
more normal size after lung transplant, increasing the risk
of size mismatch.'® Because the chest cavity generally
trends toward its normal size after lung transplantation,
the recipient’s pTLC is the most accurate parameter to
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Class of Recommendation

Suggested phrases for writing recommendations

c Strong recommendation

Benefit >>> risk

Moderate recommendation Saouicduo consicored
la ; e |s reasonable

Benefit >> risk e Can be useful/effective/beneficial

b \ Weak recommendation ) « May/might be reasonable
' Benefit 2 risk * May/might be considered

Moderate recommendation

m No benefit: risk = benefit
Strong recommendation

Harm: risk > benefit

e |s not recommended
e |s contraindicated
e Should not be performed/administrated

Level of Evidence

High-quality evidence from more than one RCT with no concern for high risk of bias, or
meta-analyses of high-quality RCTs with no concerns for significant bias.

Randomized Moderate-quality evidence from 1 or more RCT or meta-analysis of
(B-R): RCTs.
B Non-Randomized Moderate-quality evidence from 1 or more well-designed,
(B-NR): well-executed nonrandomized studies, observational studies,
or registry studies or meta-analyses of such studies.
Limited data Studies with limitations of design or execution, meta-analyses of
(C-LD): such studies, case series, or physiological or mechanistic studies
C in human subjects.
Expert opinion Consensus of expert opinion based on clinical experience.
(C-EO):

FIGURE 1. Framework for class of recommendation and level of evidence. Adapted from American Association for Thoracic Surgery, European Asso-
ciation for Cardio-Thoracic Surgery, European Society of Thoracic Surgeons, and Society of Thoracic Surgeons guidelines. (reprinted with permission).®

guide donor-to-recipient size matching and can most accu- In pediatric donors, age also should be considered during
rately reflect the sizing goal to restore physiology towards matching, because lung growth usually lags behind body
normal after transplant.” length growth. Therefore, these donors may still have
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TABLE 1. Recommendations

COR LOR

Size-matching in bilateral-lung transplantation

Statement 1.1.

Appropriate donor and recipient size matching is critical for successful lung transplantation. Although size-matching
strategies have traditionally included height-based measurements, lung and chest wall measurements from
radiographic imaging, and the ratio between donor and recipient pTLC, we recommend pTLC as the most accurate
strategy to correctly size match and adjust for key variables.

Statement 1.2.

Formulas for calculating pTLC are derived from population-based analyses and vary by region. For bilateral-lung
transplantation, the preponderance of data recommends targeting a donor-to-recipient pTLC ratio of 0.8 to 1.2.

Statement 1.3.

Undersizing with a donor-to-recipient pTLC ratio of <0.8 should be avoided in general, particularly in recipients with
primary pulmonary arterial hypertension and obstructive lung disease. Oversizing with a donor-to-recipient pTLC
ratio of >1.2 should generally be avoided in recipients with restrictive lung disease.

Statement 1.4. IIa C-EO

Sizing decisions should be made in the context of recipient-specific considerations including the patient’s underlying
disease, actual total lung capacity, and chest anatomy.

Statement 1.5. IIb C-LD

In certain candidates, such as individuals with high immune sensitization or other barriers to donor organ access, taking
oversized lungs and doing anatomic or non-anatomic downsizing may be reasonable.

Size-matching in single-lung transplantation

Statement 2.1. I C-EO
In the setting of single-lung transplantation, it is recommended to look beyond pTLC ratios and to also assess possible

pleural cavity asymmetry from native lung disease or previous surgeries.
Statement 2.2. IIa C-LD
Candidates with restrictive lung disease undergoing single lung transplant should be considered for a larger donor allograft,

provided it is not oversized for the chest cavity, because undersizing may lead to worse outcomes. Data would suggest

that long-term outcomes may be compromised when the D:R ratio is less than 0.8.
Statement 2.3. I C-EO
In candidates with obstructive lung disease undergoing a single-lung transplant, it is recommended to match a lung

closer to the actual TLC to prevent undersizing.

Size-matching in lobar transplantation
Statement 3.1. IIa
Lobar-lung transplantation can be a viable option when donor-recipient size matching is appropriately assessed, and the
surgical procedure is technically well-executed.
Statement 3.2. IIb
Compared with whole-lung transplantation, the risk of primary graft dysfunction in lobar lung transplantation may be
greater (IIb, B-NR); however, satisfactory functional recovery and long-term survival can be achieved (Ila, B-NR).

IIa

Statement 3.3. IIa
Size matching in lobar lung transplantation should follow the same principles as whole lung transplantation, primarily

based on pTLC.
Statement 3.4. ITa C-LD
In lobar-lung transplantation, graft size should be calculated on the basis of the number of lobar segments to be

transplanted.
Statement 3.5. IIa C-EO

Because of the particular technical aspects and challenges in size-matching, lobar-lung transplantation should be
performed in experienced centers.

Unique considerations
Statement 4.1. I C-LD
In patients with severe asymmetric chest wall abnormality and/or significant mediastinal shift (such as scoliosis, PE,
previous lung resection, bronchiectasis), bilateral-lung transplant is recommended with appropriate downsizing of
the graft if required to accommodate for the smaller pleural space to avoid oversizing.

(Continued)
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TABLE 1. Continued
COR LOR
Statement 4.2. IIa C-EO
In patients with severe PE, repair of the pectus deformity should be considered at the time of transplant.
Statement 4.3. I C-LD

‘When sizing for heart-lung blocks, using recipient’s pTLC and predicted donor heart mass is recommended.

Complications after severe size-mismatching and how to overcome
Statement 5.1.

Nonanatomic lung resizing, ie wedge resection(s), is recommended in lung transplant recipients of oversized allografts

on the basis of intraoperative postimplant observation.
Statement 5.2.

Anatomic lung resizing with lobectomy is a reasonable strategy in lung transplant recipients of oversized allografts
based on preoperative planning using donor-recipient pTLC ratio-based sizing.

Statement 5.3.

Ila

IIb

Delayed chest closure may be considered in exceptional cases of lung transplant recipients of oversized allografts with

reversible lung edema.
Statement 5.4.

Diaphragm plication of a functional diaphragm for the purpose of accommodating oversized allografts is not
recommended, because this impairs ventilatory mechanics and may result in more prolonged recovery and poorer

lung function.

COR, Class of recommendation; LOR, level of recommendation/evidence; pTLC, predicted total lung capacity; PE, pectus excavatum.

relatively small lungs despite having reached adult height.
They often also have smaller airways, which must be
considered when performing airway anastomosis.

The pTLC provides an estimate of organ size using
regression equations to calculate lung size on the basis of
height, sex and age.'” A size-matching strategy on the basis
of donor-to-recipient pTLC could optimize outcomes after
lung transplantation and provides a more accurate approach
to lung sizing.

Statement 1.2. Formulas for calculating pTLC are
derived from population-based analyses and vary by region.
For BLT, the preponderance of data recommends targeting a
donor-to-recipient pTLC ratio of 0.8 to 1.2. (Class I, Level
B-NR)

The most widely used formulae for pTLC in the context
of lung transplantation are the European-derived ERS 1995
equations,'® which adjust for sex and height. More recently,
the Global Lung Initiative has produced more complex for-
mulas that incorporate age as a nonlinear term'’ and are
race-neutral.”’ However, the additional complexity requires
the use of an online calculator (www.lungfunction.org), and
the specific formulas used for pTLC calculation vary across
centers and regions.”’

Transplantation with oversized allografts, defined by
donor-to-recipient pTLC ratios >1, has been shown to be
associated with improved survival and reduced incidence
of severe PGD’ and chronic lung allograft dysfunction.”
In a large analysis using the United Network for Organ
Sharing dataset, oversizing of the pulmonary allograft in

BLT was found to be independently associated with
improved survival. A nonlinear association between the
pTLC ratio and lung transplant survival was identified,
with improved survival correlating to a greater pTLC ratio
between values of 0.5 to approximately 1.3. At a pTLC-
ratio of 1.3, an inflection occurs such that worse survival
is clearly apparent when the pTLC-ratio exceeds 1.5."

Additional studies by Moneke and colleagues™ demon-
strated that oversizing donor organs by 10% to 20%
leads to a decreased incidence of severe PGD grades 2 and
3, whereas a pTLC ratio of >1.2 was associated with signif-
icantly reduced survival in female recipients of lung trans-
plant. It has been hypothesized that these patients have a
greater incidence of atelectasis™ and are therefore more
prone to infection.”* Riddell and colleagues® demonstrate
improved short-term and long-term outcomes for bilateral
transplant procedures when the donor pTLC is within 20%
of the recipient. With these studies in mind, targeting a
donor-to-recipient pTLC ratio of 0.8 to 1.2 allows for the
benefits associated with slight oversizing donor organs
while avoiding the detrimental effects of severe size
mismatch.

Statement 1.3. Undersizing with a donor-to-recipient
pTLC ratio of <0.8 should be avoided in general, particu-
larly in recipients with primary pulmonary arterial hyper-
tension and obstructive lung disease. Oversizing with a
donor-to-recipient pTLC ratio of >1.2 should generally be
avoided in recipients with restrictive lung disease. (Class
II1, Level B-NR)
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The use of undersized allografts has been shown to be
associated with an increased risk for PGD, anastomotic
airway complications, and greater resource use.”'”
Although undersizing is generally avoided, the impact of
using an undersized lung allograft in patients with idio-
pathic pulmonary artery hypertension (IPAH) can be more
significant. Because IPAH does not affect the chest-wall
size, it is important to avoid undersizing because of the
physiological disadvantage of a smaller vascular bed. In a
study examining lung size mismatch and survival after
BLT for IPAH, slightly oversized allografts were associated
with a substantially lower risk of death compared with un-
dersized allografts.”” Different indications for transplant
can substantially impact a recipient’s chest cavity size,
requiring additional considerations in the size matching
process. Candidates with severe emphysema and severe
restrictive lung disease have the most profound differences
between actual total lung capacity (aTLC) and pTLC."?

In recipients with severe obstructive lung disease and a
significantly enlarged chest cavity, the recipient’s pTLC
should be considered in the context of aTLC. The decision
to implant a significantly larger lung allograft may not allow
for normalization of respiratory mechanics and may nega-
tively impact physical endurance and survival after trans-
plant. Mason and colleagues'” reported that the use of an
extremely large donor’s pTLC greater than a recipient’s
aTLC in patients with emphysema results in inferior sur-
vival after bilateral-lung transplant. An increased risk of
mortality at the extremes of aTLC ratio mismatch has
been identified (aTLC-ratio <0.65 and >1.1) in severe
emphysema. In the case of a substantial size mismatch be-
tween a large recipient’s chest cavity and undersized allo-
graft, the lung may not be able to completely fill the
thoracic cavity, resulting in pleural space complications.

Patients with pulmonary fibrosis are characterized by a
particularly small thoracic cavity, which may makes it
more challenging to find an appropriately sized lung allo-
graft. For recipients with restrictive lung disease, pTLC
and aTLC should be considered. Unless severe restriction
is demonstrated on aTLC or imaging studies, the recipient’s
pTLC is an evidence-based sizing goal, with a pTLC ratio of
0.8 to 1.2 being associated with improved outcomes.* How-
ever, Franz and colleagues® recently demonstrated that pa-
tients with pulmonary fibrosis who receive a lung allograft
with a donor-to-recipient pTLC ratio of <1 have a better
long-term survival compared with patients who receive a
lung with a donor-to-recipient’s pTLC ratio of >1 to
<1.1, and >1.1. In addition, the authors demonstrated that
oversizing lung allografts more than 10% was associated
with greater PGD, postoperative bleeding, acute rejection
incidences, and decreased long-term survival in patients
with pulmonary fibrosis. Thus, it may be appropriate to
avoid a donor-to-recipient’s pTLC ratio >1 in cases of

severe restrictive physiology demonstrated by the recipi-
ent’s aTLC.

Statement 1.4. Sizing decisions should be made in the
context of recipient-specific considerations including the
patient’s underlying disease, aTLC, and chest anatomy.
(Class IIa, Level C-EO)

The pTLC of the donor is likely reflective of the allograft
size; however, the pTLC of the recipient might not accu-
rately reflect the chest cavity size of a patient with end-
stage lung disease. In patients with idiopathic pulmonary
fibrosis or chronic obstructive pulmonary disease, aTLC
as measured by pulmonary function testing is significantly
different from the predicted or expected measurements
and does not reflect the true lung parenchyma volume
needed after transplant.

Thoracic cavity volume can vary according to a patient’s
underlying lung disease pattern, with the ratio of aTLC to
pTLC being larger in emphysema, smaller in fibrotic dis-
ease, and often similar in bronchiectasis, cystic fibrosis,
and pulmonary arterial hypertension. In such cases, a com-
parison of the aTLC and pTLC provides a quantitative esti-
mate of chest cavity distortion secondary to the underlying
lung disease. When selecting an allograft for a patient with
emphysema, the lung size should be smaller than the aTLC
to improve respiratory mechanics, because transplanting a
large lung that approximates the hyperinflated diseased
lung contributes to diminished long-term survival.”’

Previous studies have demonstrated that the pathologic
changes in the ventilatory pattern in advanced lung disease
can be reversed after transplant, suggesting that the main
contributing factor is the lung itself rather than systemic ef-
fects of the disease.”® Ideally, an appropriate size-matched
lung should be able to restore the respiratory mechanics
back to normal. Depending on the type of end-stage lung
disease, the patient’s chest wall can undergo adaptive
changes with disease-specific chest-wall remodeling.

Statement 1.5. In certain candidates, such as individuals
with high immune sensitization or other barriers to donor
organ access, taking oversized lungs and performing
anatomic or nonanatomic downsizing may be reasonable.
(Class IIb, Level C-LD)

Patient-specific factors such as short stature or human
leukocyte antigen antibody levels may affect access to suit-
able organs.”” In an analysis from the United States Organ
Procurement and Transplantation Network, there were
strong associations between short stature and poor waitlist
outcomes, suggesting that a shorter height range leads to
a smaller pool of available donors.”” Multiple previous pub-
lications have demonstrated that height remains an indepen-
dent predictor for waitlist mortality, due to shorter lung
donors being less common.'”*' In addition, patients with
high immune sensitization also have a decreased donor
pool, often necessitating acceptance of lungs from an
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oversized donor with downsizing to create an appropriate
size match.

In certain occasions and given the urgency of the recipi-
ent’s condition, it may be necessary to accept organs that are
larger than required. In these situations, oversized lungs
may be considered outside of the traditionally acceptable
size range, with the plan for anatomical or nonanatomical
size reduction if required (see Section 5).

Because a severely oversized graft may lead to a greater
incidence of ventilatory dysfunction, perpetual atelectasis,
and hemodynamic instability in recipients of lung transplant
with end-stage restrictive lung disease, a plan for volume
reduction allows for the downsizing of larger implanted lungs
and the opportunity to fit smaller chest cavities. Downsizing
strategies are most commonly accomplished via peripheral
nonanatomic wedge resections and/or anatomical lobectomy.
Santos and colleagues”” reported their experience with down-
sizing and found no significant differences between patients
who received downsized lungs and patients who underwent
standard lung transplantation in surgical and postoperative
complications, functional outcome, and survival. Shigemura
and colleagues™ reported their use of allograft volume
reduction via nonanatomic wedge resection at the time of
transplantation in the management of oversized allografts
in recipients with restrictive lung disease. They reported
that the disadvantage of using oversized grafts in recipients
with restrictive pulmonary diseases can be overcome by
performing a reduction of the lung allograft.

Section 2: Size Matching in Single-Lung
Transplantation

Statement 2.1. In the setting of single-lung transplanta-
tion, it is recommended to look beyond pTLC ratios and
to also assess possible pleural cavity asymmetry from native
lung disease or previous surgeries. (Class I, Level C-EO)

There is a paucity of literature specifically addressing
size matching for single-lung transplantation. Therefore,
the consensus is to follow guidelines presented for size
matching in the context of BLT. Although determining the
donor-to- recipient pTLC ratio remains the preferred
method,” the retained contralateral native lung can vary in
function among recipients. In sizing donor lungs for single
transplantation, emphasis is placed on avoiding undersiz-
ing. In addition, pleural cavity asymmetry resulting from
native lung disease or previous surgeries must be factored
into size matching for single-lung transplant. In particular,
previous cardiac surgeries can render the mediastinum fixed
and may not allow mediastinal shift after an oversized
single-lung transplant. In these scenarios, the addition of
direct unilateral measurement techniques of the recipient
(such as apex-to-diaphragm height, anteroposterior dia-
phragmatic width and hilum-to-chest wall distance) or
computed tomography (CT) scan volumetry can comple-
ment the pTLC ratio assessment.

Statement 2.2. Candidates with restrictive lung disease
undergoing single-lung transplant should be considered
for a larger donor allograft, provided it is not oversized
for the chest cavity, because undersizing may lead to worse
outcomes. Data would suggest that long-term outcomes
may be compromised when the donor-to-recipient ratio is
below 0.8. (Class IIa, Level C-LD)

In addition, the retained contralateral native lung disease
should also prompt nuanced sizing of the allograft. Indeed,
in patients with restrictive lung disease, smaller allografts
may limit recipient’s functional outcome as peak oxygen
consumption correlates with vital capacity posttransplant.”

Statement 2.3. In candidates with obstructive lung dis-
ease undergoing a single-lung transplant, it is recommended
to match a lung closer to the actual total lung capacity
(TLC) to prevent undersizing. (Class I, Level C-EQO)

In candidates with obstructive lung disease, larger
allografts may yield better outcomes in minimizing the
mechanical consequences of contralateral native lung
hyperinflation while also enhancing physiologic perfor-
mance. Therefore, it is believed that a larger donor allograft
that more closely matches the available chest cavity volume
may be optimal.

Section 3: Size Matching in Lobar Transplantation

Statement 3.1. Lobar-lung transplantation can be a
viable option when donor-recipient size matching is appro-
priately assessed and the surgical procedure is technically
well-executed. (Class IIa, Level B-NR)

Statement 3.2. Compared with whole-lung transplanta-
tion, the risk of PBD in lobar-lung transplantation may be
greater (Class IIb — Level B-NR); however, satisfactory
functional recovery and long-term survival can be achieved.
(Class IIa, Level B-NR)

Lobar-lung transplantation has been applied in selected
circumstances, most commonly in 3 situations: (1) small
recipients, particularly of short stature, who have limited
access to appropriately sized whole lungs; (2) when part
of the donor lung is unusable because of localized pathol-
ogy such as severe congestion; and (3) a combination of
these scenarios.

Although no prospective clinical trials have been re-
ported, multiple case series collectively suggest that
lobar-lung transplantation provides satisfactory long-term
outcomes and represents a viable alternative when whole-
lung transplantation is not feasible.”” " Nevertheless, the
incidence of PGD and early mortality may be greater than
with whole-lung transplantation.”***"

The reasons underlying the increased risk of PGD and
mortality remain uncertain. A leading hypothesis is subop-
timal size matching, particularly when the transplanted
lobes are relatively small in relation to the recipient’s
thoracic cavity and vascular bed. Loizzi and colleagues”'
demonstrated that the ratio of donor-to-recipient pTLC is
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more informative for size matching than the ratio of donor
pTLC-to-recipient aTLC. On the basis of expert consensus,
the use of pTLC is recommended for donor—recipient size
matching, with a target donor-to-recipient ratio of 0.8 to
1.2. As discussed later, this principle should also guide
the selection of which lobes to transplant. An additional
ethical consideration must be acknowledged, particularly
in small recipients. If a whole lung is otherwise usable,
prioritizing a small-statured patient for lobar transplanta-
tion over another candidate who could accept the intact
graft raises ethical questions of organ utility versus distrib-
utive justice. This dilemma depends heavily on the alloca-
tion system and the overall availability of donor organs.
To address the problem of organ use, innovative surgical
strategies have been explored. For example, bilateral
lobar-lung transplantation can be performed using a single
unilateral donor lung, thereby reducing graft waste.*”
Although technically challenging and associated with unre-
solved allocation issues, such approaches illustrate how
lobar transplantation may contribute to alleviating donor or-
gan shortages and optimizing the effective use of available
lungs.

Statement 3.3. Size matching in lobar-lung transplanta-
tion should follow the same principles as whole-lung
transplantation, primarily based on pTLC. (Class I1a, Level
B-NR)

Statement 3.4. In lobar-lung transplantation, graft size
should be calculated on the basis of the number of lobar seg-
ments to be transplanted. (Class Ila, Level C-LD)

As discussed in other sections of this consensus docu-
ment, size matching in lung transplantation is generally per-
formed using pTLC. Although no direct evidence exists for
lobar-lung transplantation, it is reasonable to apply the same
principles used for whole-lung transplantation, targeting a
donor-to-recipient’s pTLC ratio of 0.8 to 1.2.

In lobar transplantation, estimation of graft size can be
performed by calculating the proportion of donor lobar seg-
ments to be transplanted relative to the total 18 segments of
the lungs. This approach has been developed primarily from
the Japanese experience with living-donor lobar-lung
transplantation, where forced vital capacity (FVC) rather
than TLC is often used.”** For example, if a donor
pTLC is 3.5 L and the graft consists of the left whole lung
plus the right lower lobe, the estimated graft volume would
be 3.5 L X [(18 — 3 segments of the right upper lobe — 2
segments of the right middle lobe)/18] = 2.53 L.

Particular caution is necessary to prevent undersizing the
graft. Reliance on visual assessment, either from CXRs or
intraoperative inspection, may underestimate the recipient’s
thoracic cavity, potentially resulting in inadequate graft size
relative to the vascular bed and an increased risk of severe
PGD.

If available, CT volumetry can be used as a supplemen-
tary tool, as is practiced in living-donor lobar-lung

transplantation.** However, interpretation must be cautious
in the setting of deceased donors, where ventilatory condi-
tions such as high positive end-expiratory pressure can
cause overinflation of the lungs and overestimation of graft
size.

For these reasons, this consensus document recommends
the use of pTLC as the primary reference for donor-
recipient size matching in lobar-lung transplantation, com-
plemented by segmental adjustment when lobes rather than
whole lungs are used. This method provides a more system-
atic and reproducible framework for graft size estimation
and reduces the risk of underestimation inherent in visual
methods. Ultimately, careful application of these principles
is expected to improve safety and optimize outcomes in
lobar-lung transplantation.

Notably, it should be recognized that segmental volumes
are not uniform across the lung and may vary among indi-
viduals. Therefore, segment counting provides only an
approximate estimate of graft volume. When available,
CT volumetry may provide more precise information
regarding lobar volume and its proportion relative to the
whole lung. Donor-specific conditions such as edema, atel-
ectasis, or localized disease should also be taken into
account.

Statement 3.5. Because of the particular technical as-
pects and challenges in size-matching, lobar-lung trans-
plantation should be performed in experienced centers.
(Class IIa, Level C-EO)

In addition to challenges in size matching, lobar-lung
transplantation involves several technical and physiological
considerations that differ from whole-lung transplantation.
Because the vascular bed of a lobar graft is inherently
limited, careful control of pulmonary blood flow—often
supported by venoarterial extracorporeal membrane
oxygenation (ECMO)—may be necessary to reduce the
risk of pulmonary edema and PGD, which has been reported
to occur more frequently after lobar transplantation.’®***¢
In addition, precise bronchial, arterial, and venous
anastomoses are required to avoid complications that may
have disproportionate consequences in a graft with
limited reserve.

These considerations highlight the complexity of lobar-
lung transplantation and underscore why such procedures
should be preferably performed in high-volume, experi-
enced centers (Figure 2).

Section 4: Unique Considerations

Statement 4.1. In patients with severe asymmetric chest-
wall abnormality and/or significant mediastinal shift (such
as scoliosis, pectus excavatum (PE), previous lung resec-
tion, bronchiectasis), bilateral lung transplant is recommen-
ded with appropriate downsizing of the graft if required to
accommodate for the smaller pleural space to avoid oversiz-
ing. (Class I, Level C-LD)
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FIGURE 2. Illustrations of a back-table preparation of a left lower lobe graft; division of pulmonary veins (A), division of bronchus at the secondary carina,
taking care to ensure that adequate cuff is left on the lobe to be implanted (B), ligation of lingula PA branches to elongate the PA for later anastomosis (C),

and division of the fissure (D). Adapted from Laura L. Donahoe, Marcelo Cypel, Lobar Lung Transplantation, Operative Techniques in Thoracic and Car-
diovascular Surgery, Volume 26, Issue 4, 658-668. Left lower-lobe graft before implantation (E). PA, Pulmonary artery.

BLT can be performed in patients with asymmetric
chest-wall deformities. In cases of lung volume loss
from previous lung resections or lung collapse, the
mediastinum is often mobile and can be recentered
with the new bilateral lung transplant. Significant size
reduction of donor lungs is not typically needed in these
cases. In cases with a fixed chest-wall defect such as PE
or scoliosis, the lung size must be estimated based on
the pleural cavity size. For severe scoliosis, for example,
a significant lung volume reduction or a lobar transplant
may be necessary for the smaller affected cavity."
Despite this potential need for smaller lungs, long-term
outcomes have been satisfactory in a relatively large se-
ries of cases from Japan.*® Notably, single-lung trans-
plantation is also a valid option for patients with
severely asymmetric chests, unless they are precluded
from this option for other reasons (eg bronchiectasis or
colonization) In such cases, single-lung transplantation
should be performed on the larger side of the chest.

Statement 4.2. In patients with severe PE, repair of the
pectus deformity should be considered at the time of trans-
plant. (Class Ila, Level C-EO)

PE can occasionally impact cardiac and pulmonary func-
tion, limiting exercise capacity and posing space problems
when planning lung transplantation. Furthermore, up to
20% of cases present with concomitant scoliosis, posing

another space problem.”’ Currently, the presence of signif-
icant PE is a relative contraindication for lung transplanta-
tion.*® The question then arises as to whether repairing the
PE simultaneously will improve results. PE can impact pul-
monary function, mainly producing a restrictive pattern*®
with abnormal anterior chest-wall motion compensated
with significantly increased abdominal excursion.*” The
clinical impact of PE not only depends on the severity of
the deformity but also on the compliance of the chest
wall, producing more difficulties as the patient grows older
and the chest wall becomes stiffer.”””" Results of surgical
corrections extensively assessed after retrosternal bar repair
(ie, Nuss procedure) confirm an improvement of vital ca-
pacity, FVC, TLC, and forced expiratory volume in the first
3 to 6 months after bar removal.”” Not surprisingly, cardiac
compression is correlated with the maximum depth of the
deformity, which is also responsible for the cardiac rotation
angle and the position of pulmonary veins.”” Right ventric-
ular ejection fraction has been shown to be decreased and to
return to normal as early as 2 weeks after pectus repair, and
left ventricular stroke volume can improve despite being
normal before surgery.” All these changes influence indi-
vidual exercise capacity. This brief review of the effects
of the PE and its repair supports correcting the PE simulta-
neously during transplantation to accommodate larger
implants to ensure best outcomes. However, clinical
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FIGURE 3. Pectus deformities can be addressed at the time of transplantation to provide space for the donor lungs, especially in young recipients. A,

Pretransplant computed tomography scan. B and C, Posttransplant images.

experience is limited to several case reports that offer vari-
able results.*®77¢"

Data from flat chest-wall deformity cases showed that the
chest wall modifies its shape naturally after transplant, and
despite demonstrating significant differences in FVC, exer-
cise capacity is similar to normal controls.”” Furthermore, it
has been shown that downsizing to lobar transplantation re-
sults in similar FVC, exercise capacity, and 5-year survival
compared with control patients with normal chest walls.”®
A published series including 18 patients with PE*® reported
more complex postoperative recovery, with a high rate of
delayed chest closures (DCCs; 61.1% vs 18.9% in con-
trols), prolonged mechanical ventilation and intensive
care unit stay, and greater rates of grade 3 PGD (27.8%
vs 12.2% in controls). Despite a more challenging postop-
erative recovery, long-term outcomes were similar to
controls.

Several case reports illustrate the results after correcting
the PE using Nuss bars alone or as support for a modified
Ravitch procedure simultaneously with the transplant in
young patients (Figure 3).°°' In all cases, the
postoperative period was uneventful, with no reported
complications arising from the PE correction.

In summary, currently available evidence on lung trans-
plantation in patients with PE is not strong enough to make
a definitive recommendation, but the largest series showed
that nonrepaired patients with PE have a more difficult early
postoperative periods but good long-term results. A concom-
itant PE repair is likely not suitable for all patients and should
be limited to younger patients with more compliant chest
walls. Minor defects need no correction.

Statement 4.3. When sizing for heart-lung blocks, using
recipient’s pTLC and predicted donor heart mass (PHM) is
recommended. (Class I, level C-LD)

The conventions for donor-recipient size matching are
relatively well defined for individual organ transplant
(heart, single lung, bilateral lung). However, because of a
significantly smaller number of combined heart-lung
transplants performed worldwide, the sizing strategy for
heart-lung blocks is not as well described. Current decision
making is on the basis of data from individual organ sizing.
Size matching for heart transplant has been described using

height, weight, and PHM matching.’”°® Among those 3
variables, donor-recipient weight correlates well with
PHM, whereas height does not. Therefore, in contemporary
practice, PHM is preferred over height, weight, or body sur-
face area in choosing appropriate donor size.”” The key
decision point is to avoid undersizing the graft as it is
associated with worse outcomes.

In case of the lung allograft, the benefits of using the pTLC
ratio over other methods of size matching discussed previ-
ously in the context of lung transplantation would be expected
to apply in heart-lung transplant. Importantly, undersized allo-
grafts are associated with worse graft function, and, in case of
heart-lung transplant, worse survival.””'" A review of 1532
adult heart-lung transplants performed between 1992 and
2018 showed that difference in weight appeared to correlate
with survival at both 1 and 5 years; however, no such effect
was seen with difference in height.®® Although this association
was no longer significant in multivariable analysis, it likely
points to some role of weight as predictor of heart mass as
described above. Therefore, to appropriately size both organs,
it is recommended that both pTLC and PHM be incorporated
for appropriate size matching for heart-lung transplant, with
caution to avoid undersizing.

Section 5: Complications After Severe Size
Mismatching and How to Overcome

Statement 5.1. Nonanatomic lung resizing, ie, wedge re-
section(s), is recommended in lung transplant recipients of
oversized allografts on the basis of intraoperative postim-
plant observation. (Class I, Level B-NR)

Although ideal size matching in lung allocation is usually
optimal, it is not always possible in critically ill, highly sensi-
tized, short stature, and pediatric lung transplant candidates,
where limited donor options can prolong wait times and
result in higher mortality.””®*”" In these settings, surgeons
may need to use size mismatched lungs to facilitate
equitable access to life-saving lung transplantation.

In some cases, this mismatch can also result in donor-to-
recipient undersizing, a scenario which can be associated
with lower peak lung function, an increased risk of PGD,
and potentially poorer overall survival.>”'"*'*"* There are
no intraoperative surgical strategies to mitigate the risks
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associated with donor-recipient undersizing, so avoiding
undersizing can only be meaningfully accounted for in the
allocation phase. These patients may benefit from ventila-
tory strategies that address donor size rather than the recip-
ient’” and may require prolonged chest tube drainage
postoperatively, preferably on water seal rather than contin-
uous suction given the latter can result in hyperinflation of
undersized lungs.”

In other cases, size mismatches will occur via donor-to-
recipient oversizing, particularly in smaller recipients, to
improve their access to transplantation. Although donor-
recipient oversizing is generally considered beneficial
compared with undersizing, oversizing can result in mechan-
ical challenges of fitting a donor allograft into the recipient
hemithorax. Depending on the degree of the size mismatch,
oversizing has also been shown in some studies to have
disease-specific and possibly center-specific negative effects,
potentially increasing the risk of PGD and death in recipients
with interstitial lung disease.”® As such, intraoperative surgi-
cal mitigation strategies should be considered to accommo-
date oversized grafts, including lung resizing.

One approach to mitigate the mechanical challenges of
donor-to-recipient oversizing is nonanatomic lung resizing,
typically done via multiple wedge resections.””” These
wedge resections are done peripherally using a mechanical
stapler, typically in the upper lobes, the right middle lobe, or
the lingula, and can facilitate a 10% to 20% reduction in
graft volume (Figure 4). We believe wedge resections are
best done after implantation, so that they can be performed
to specifically accommodate the recipient’s chest cavity.
Because wedge resections require an incision to the visceral
pleura, they carry a risk of prolonged air leak after trans-
plant, particularly in patients on high dose corticosteroids
who may have impaired healing. Wedge resection during
post-implant observation may help to minimize the number
that are required.

Outcomes in patients treated with donor-to-recipient
oversized donors accommodated with a non-anatomic re-
sizing strategy have varied, with some studies showing
similar outcomes to non-resized grafts,3 2 and some studies
showing an increased risk of poor post-transplant lung func-
tion and poorer overall survival.”” These risks likely vary

between centers and surgical experience and must be
weighed against the risks of non-utilization of a donor for
a population who have a high waitlist mortality risk.

Statement 5.2. Anatomic lung resizing with lobectomy
is areasonable strategy in lung transplant recipients of over-
sized allografts based on pre-operative planning using
donor-recipient pTLC ratio-based sizing. (Class I1a, Level
B-NR)

A separate strategy to accommodate oversized donor
lungs is anatomic lung resizing through lobectomy and
lobar transplantation. This procedure is most often done
using pre-implant (back-table) lobectomy on the basis
of the donor and recipient’s pTLC, with plans for reduc-
tions on the basis of the proportional contributions of the
lobes that will be used and removed. In most cases, the
upper lobes are removed and, depending on the pTLC ra-
tio considerations, the right middle lobes may be
removed as well. The lower lobes are typically trans-
planted with or without the right middle lobe, but cases
must be individualized on the basis of the donor lung
assessment and the position of the right middle lobe
bronchial take-off. Careful consideration must be given
to the bronchial division and preparation to ensure that
sufficient bronchus is available for an anastomosis to
mitigate the risk of ischemic or stenotic bronchial com-
plications. Lobar transplantation sometimes results in
transplanting lungs with blind bronchial stumps, which
can increase the risk of dehiscence or air leak in patients
on immunosuppression and particularly high dose corti-
costeroids. Lobar-lung transplants may also be more sus-
ceptible to volume overload because of reduced vascular
surface area compared with a comparable full-sized lung
for a given recipient’s total lung capacity, which could
compound or worsen reperfusion edema and PGD. As
such, lobar transplants should be approached with caution
in patients, like those with pulmonary arterial hyperten-
sion, who are already high risk for PGD. We recommend
performing most lobar-lung transplants on intraoperative
cardiopulmonary support, preferably ECMO. In addition,
for all the aforementioned reasons, we recommend

anatomic lung resizing and lobar transplantation be
performed only at experienced centers.

FIGURE 4. A 10% to 15% downsizing of grafts can be achieved by nonanatomical wedge resections (ie, middle lobe resection; see panels A-C).
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Compared with conventional lung transplants, lobar
transplants have been associated with an increased risk of
PGD, lower peak lung function, and potentially an
increased risk of short-term m011ality.4°’75 However, other
studies have demonstrated lung function and survival
similar to nonlobar transplant controls.’”’® These data
can be challenging to interpret because they are often
confounded by using lobar transplants in sicker recipients,
in many cases for patients requiring invasive mechanical
ventilation or ECMO bridging. These associations will
also likely vary between centers and specifically may vary
with a given center’s outcomes in comparison with the non-
lobar transplant group. As with nonanatomic lung resizing
with wedge resection, these risks must be weighed against
the risks of patients remaining on the wait list with a high
mortality risk and low probability of a full-size donor offer.

Statement 5.3. DCC may be considered in exceptional
cases of lung transplant recipients of oversized allografts
with reversible lung edema. (Class IIb, Level C-LD)

Another option that may be considered in cases in which the
allograft is either oversized or normally sized with significant
tissue edema is to use DCC.””* With judicious use, DCC may
allow for lung parenchymal edema to resolve over a short
period—approximately 24 to 72 hours—to facilitate primary
chest closure without the need for lung parenchymal resection.
Alternatively, in an allograft with significant post-reperfusion
edema resulting in poor tissue quality, but where one thinks
downsizing may still be necessary, a DCC approach with sub-
sequent parenchymal resection may facilitate surgical lung
volume removal and minimize risk of staple line breakdown
or air leak in overly edematous lungs.

When a DCC approach is implemented, it is critical to
ensure adequate hemostasis and that the lung parenchyma
be protected from the dressing and an airtight seal made, pref-
erably with a negative-pressure wound dressing to optimize
sterility and manage fluids. Prophylactic coverage with
broad-spectrum antibiotics should strongly be considered to
minimize the risk of infection and wound complications,
particularly when using induction immunosuppression.

DCC may have its advantages in avoiding compressive
atelectasis and the need for either high ventilatory support
or ECMO with the chest open. The ability to allow for alve-
olar recruitment and ventilation by not closing the thoracic
cage may reduce ventilator induced lung injury. In addition,
lowering the risk of ECMO may avoid the associated risks
of systemic anticoagulation, bleeding, and mechanical or
infectious risks of the required intra-vascular cannulae.

Statement 5.4. Diaphragm plication of a functional dia-
phragm for the purpose of accommodating oversized allo-
grafts is not recommended, as this impairs ventilatory
mechanics and may result in more prolonged recovery
and poorer lung function. (Class III, Level B-NR)

There have been anecdotal reports of using diaphragm
plication in functional diaphragms (ie, nonparalyzed) as
an approach for expanding the pleural space to accommo-
date oversized allografts.®’ We do not recommend this
approach because it has a deleterious effect on diaphrag-
matic function and excursion, limiting optimal pulmonary
mechanics. These complications may lead to hypoventila-
tion and prolong posttransplant ventilatory support require-
ments and duration of mechanical ventilation. The
impairment of pulmonary mechanics by combining a thor-
acosternotomy with intentional impairment of diaphragm
function, particularly in patients who may have central
adiposity, is a significant concern. There have been anec-
dotal descriptions of leaving diaphragmatic retraction su-
tures to accommodate oversized allografts, with the
sutures being removed at the bedside days later. Again,
there is no data to support this approach, so it should not
constitute routine clinical practice as an approach to
managing oversized allografts.

FUTURE DIRECTIONS

Recently, several advances have been made in image sup-
ported volumetry and artificial intelligence (Al)-driven
tools, but they are not ubiquitously available in donor hos-
pitals. These techniques may overcome some shortcomings
of TLC matching, especially when it comes to anatomic
heterogeneity of diseased lungs. Because the evidence is
still limited, we decided not to provide Delphi statements
but rather discuss their role separately.

Prabhu and colleagues® demonstrated the accuracy of
CT volumetry in restrictive lung disease, showing that volu-
metric donor-recipient ratios correlated with risk of graft
oversizing, surgical reduction, and mortality, whereas
traditional pTLC ratios were less predictive. Jung and col-
leagues®®" and Konheim and colleagues®®" extended
these observations, deriving predictive CT equations for to-
tal and lobar-lung volumes based on demographic variables,
demonstrating strong correlations with plethysmography
and pulmonary function testing. Chen and colleagues®”
likewise compared CT volumetry with pulmonary function
test—derived volumes in living donors, validating CT as a
reliable technique. Collectively, these data establish CT
volumetry (when available) as an adjunct to pTLC in the
peritransplant evaluation.

Al now builds upon these advances by automating seg-
mentation and volumetric calculation, reducing observer
dependence, and enabling application at scale. Rui and
colleagues™® developed an Al-based 3-dimensional recon-
struction system that accurately estimated lung volumes
across a spectrum of parenchymal diseases, outperforming
manual workflows in speed and consistency. Ismail and
colleagues®’ demonstrated that deep learning algorithms
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can derive lung volumes directly from CXRs with strong
concordance to CT-based measurements, possibly extend-
ing volumetric assessment into settings where CT is unavai-
lable. Machine learning models that incorporate
demographic and clinical characteristics further expand
this capability. Pu and colleagues™ reported accurate pre-
dictions of left and right lung volumes, thoracic cavity vol-
ume, and heart volume using age, sex, height, weight, and
race, achieving mean absolute percentage errors of less
than 15%. These approaches suggest that in the future
donor lung size could be estimated algorithmically from
readily available data, improving allocation efficiency.
However, Al-derived CT volumes tend to slightly underes-
timate plethysmography measurements, which themselves
may be somewhat lower than pTLC, suggesting that
prospective validation is essential before adopting these
techniques in clinical practice.

DISCUSSION

Lung transplantation remains one of the most chal-
lenging cardiothoracic operations, and matching an appro-
priately sized donor graft to the recipient’s chest is pivotal
for success. Significant size mismatching can lead to
PGD, pleural space complications, atelectasis, vascular
congestion, recurrent infections, and premature graft loss.

A variety of different techniques for size matching is
currently used, including matching by height, CXR mea-
surements, body surface area, spirometric measurements,
and others. We therefore formed a group of experts to sys-
tematically review the available literature on size matching
in lung transplantation and provide evidence- and expert-
based consensus statements on this topic.

Notably, there was a strong agreement among this group
that donor and recipient pTLC should be the standard tech-
nique used to determine donor and recipient size matching,
because it represents the most physiologically accurate
strategy and provides a practical and broadly applicable
reference. In addition, the ratio of a recipient’s aTLC to a
recipient’s pTLC should be considered to account for over-
inflated chests (as in emphysema patients) versus contracted
chests (as in interstitial lung disease patients).

CONCLUSIONS

Significant variability in lung size-matching strategies
exists among lung transplant programs and regions.
This expert panel has aimed to develop clear, practical,
and standardized recommendations to help reduce com-
plications related to size mismatching and thus improve
posttransplantation outcomes. We recommend compari-
son of the donor’s and recipient’s pTLC as the most
broadly applicable strategy for size matching in lung
transplantation, with additional consideration for specific

recipient characteristics that influence the ideal donor-
to-recipient pTLC ratio.

Webcast @
You can watch a Webcast of this AATS meeting presenta-
tion by going to: Xxx.

O

Conflict of Interest Statement

See Table El. U.A. reported honoraria MSD AstraZe-
neca. P.C. reported honoraria/payment for expert testimo-
nial from Bolton Medical (Terumo Aortic) and Lewis
Brisbois LLP. L.C. reported Medtronic: constancy and
research grant, paid to institution; and Paragonix: research
grant and honorarium for lecture, paid to institution. S.C. re-
ported support for meetings from XVIVO and honoraria
from AtriCure, Intuitive, and AstraZeneca (payment to
self). M.C. reported consulting fees and stock from Lung
Bioengineering Traferox Technologies. K.H. reported a
grant from the Alberta Lung Association and advisory
board for Sanofi. M.H. reported grants, consulting fees,
and honoraria from Intuitive Surgical, Lung Bioengi-
neering, Transmedics, Paragonix, CSL Behring, CF Foun-
dation, NHLBI, and BioMedInnovations. K.H. reported
speaker fees from Traferox. N.N. reported a grant from
the University of Canada, project preservation at 10°, pay-
ment performed to the institution; Medtronic payment (to
self) for expert testimony; and advisory board, J&J (to
self) for advisory board collaboration. V.P. reported consul-
ting fees from the NCI, NHLBI, AstraZeneca, and PrecisCa.
B.W. reported board member, Transmedics. All other
authors reported no conflicts of interest.

The Journal policy requires editors and reviewers to
disclose conflicts of interest and to decline handling or re-
viewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.

Declaration of Generative AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work, the authors used
ChatGPT in order to review grammar and reduce the num-
ber of words in statement 4.2. After using this tool/service,

14 The Journal of Thoracic and Cardiovascular Surgery < ll 2026



Chang et al

Transplantation

the authors reviewed and edited the content as needed and
take full responsibility for the content of the publication.

References

1. Krishnam MS, Suh RD, Tomasian A, et al. Postoperative complications of lung
transplantation: radiologic findings along a time continuum. Radiographics.
2007;27(4):957-974.

2. Eberlein M, Permutt S, Chahla MF, et al. Lung size mismatch in bilateral lung
transplantation is associated with allograft function and bronchiolitis obliterans
syndrome. Chest. 2012;141(2):451-460.

3. Orens JB, Boehler A, de Perrot M, et al. A review of lung transplant donor accept-
ability criteria. J Heart Lung Transplant. 2003;22(11):1183-1200.

4. Riddell P, Ma J, Dunne B, et al. A simplified strategy for donor-recipient size-
matching in lung transplant for interstitial lung disease. J Heart Lung Transplant.
2021;40(11):1422-1430.

5. Bakaeen FG, Svensson LG, Mitchell JD, Keshavjee S, Patterson GA, Weisel RD.
The American Association for Thoracic Surgery/Society of Thoracic Surgeons
position statement on developing clinical practice documents. Ann Thorac
Surg. 2017;103(4):1350-1356.

6. Milojevic M, Freemantle N, Hayanga JWA, et al. Harmonizing guidelines and
other clinical practice documents: a joint comprehensive methodology manual
by the American Association for Thoracic Surgery (AATS), European Associa-
tion for Cardio-Thoracic Surgery (EACTS), European Society of Thoracic Sur-
geons (ESTS), and Society of Thoracic Surgeons (STS). J Thorac Cardiovasc
Surg. 2025;169(1):170-185.

7. Eberlein M, Reed RM, Bolukbas S, et al. Lung size mismatch and primary graft
dysfunction after bilateral lung transplantation. J Heart Lung Transplant. 2015;
34(2):233-240.

8. Eberlein M, Reed RM. Donor to recipient sizing in thoracic organ transplanta-
tion. World J Transplant. 2016;6(1):155-164.

9. Eberlein M, Bolukbas S, Reed RM. Bilateral lobar lung transplantation and size
mismatch by pTLC-ratio. Eur J Cardiothorac Surg. 2013;44(2):394-395.

10. Eberlein M, Reed RM, Maidaa M, et al. Donor-recipient size matching and sur-
vival after lung transplantation. A cohort study. Ann Am Thorac Soc. 2013;10(5):
418-425.

11. Eberlein M, Reed RM, Bolukbas S, et al. Lung size mismatch and survival after single
and bilateral lung transplantation. Ann Thorac Surg. 2013;96(2):457-463.

12. Mason DP, Batizy LH, Wu J, et al. Matching donor to recipient in lung transplan-
tation: how much does size matter? J Thorac Cardiovasc Surg. 2009;137(5):
1234-1240.el.

13. Eberlein M, Permutt S, Brown RH, et al. Supranormal expiratory airflow after
bilateral lung transplantation is associated with improved survival. Am J Respir
Crit Care Med. 2011;183(1):79-87.

14. Eberlein M, Arnaoutakis GJ, Yarmus L, et al. The effect of lung size mismatch on
complications and resource utilization after bilateral lung transplantation. J
Heart Lung Transplant. 2012;31(5):492-500.

15. Mangukia C, Shigemura N, Stacey B, et al. Donor quality assessment and size
match in lung transplantation. Indian J Thorac Cardiovasc Surg. 2021;37(suppl
3):401-415.

16. Li D, Weinkauf J, Hirji A, et al. Chest X-ray sizing for lung transplants reflects
pulmonary diagnosis and body composition and is associated with primary graft
dysfunction risk. Transplantation. 2021;105(2):382-389.

17. Eberlein M, Hunsicker L, Reed RM. Short stature and access to lung transplan-
tation: reducing disparities by changing to a lung size-based allocation mecha-
nism. Am J Respir Crit Care Med. 2016;194(5):642-643.

18. Stocks J, Quanjer PH. Reference values for residual volume, functional residual ca-
pacity and total lung capacity. ATS Workshop on Lung Volume Measurements. Offi-
cial statement of the European Respiratory Society. Eur Respir J. 1995:8(3):492-506.

19. Hall GL, Filipow N, Ruppel G, et al. Official ERS technical standard: Global
Lung Function Initiative reference values for static lung volumes in individuals
of European ancestry. Eur Respir J. 2021;57(3):2000289.

20. Bowerman C, Bhakta NR, Brazzale D, et al. A race-neutral approach to the inter-
pretation of lung function measurements. Am J Respir Crit Care Med. 2023;
207(6):768-774.

21. Gottlieb J, Lease E, Hellemons M, Halloran K, Martinu T. Worldwide practices
in pulmonary function test reporting after lung transplantation. JHLT Open.
2025;9:100347.

22. Moneke I, Semmelmann A, Ogutur ED, Senbaklavaci O, Jungraithmayr W.
Increased Donor Organ Size and Age is Associated with Reduced Survival in

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Female Lung Transplant Recipients. Transplant Proc. 2024;56(6):1429-1435.
https://doi.org/10.1016/j.transproceed.2024.05.035

Hemmert C, Ohana M, Jeung MY, et al. Imaging of lung transplant complica-
tions. Diagn Interv Imaging. 2014;95(4):399-409.

Ng YL, Paul N, Patsios D, et al. Imaging of lung transplantation: review. AJR Am
J Roentgenol. 2009;192(3 suppl):S1-S13. quiz S14-19.

Eberlein M, Diehl E, Bolukbas S, Merlo CA, Reed RM. An oversized allograft is
associated with improved survival after lung transplantation for idiopathic
pulmonary arterial hypertension. J Heart Lung Transplant. 2013;32(12):
1172-1178.

Franz M, Tavil S, de Manna ND, et al. Oversizing lung allografts deteriorates out-
comes in patients with pulmonary fibrosis. J Heart Lung Transplant. 2024;43(7):
1126-1134.

Ouwens JP, van der Mark TW, van der Bij W, Geertsma A, de Boer WJ,
Koeter GH. Size matching in lung transplantation using predicted total lung ca-
pacity. Eur Respir J. 2002;20(6):1419-1422.

Wilkens H, Weingard B, Lo Mauro A, et al. Breathing pattern and chest wall vol-
umes during exercise in patients with cystic fibrosis, pulmonary fibrosis and
COPD before and after lung transplantation. Thorax. 2010;65(9):808-814.
Wille KM, Harrington KF, deAndrade JA, Vishin S, Oster RA, Kaslow RA. Dis-
parities in lung transplantation before and after introduction of the lung allocation
score. J Heart Lung Transplant. 2013;32(7):684-692.

Sell JL, Bacchetta M, Goldfarb SB, et al. Short stature and access to lung trans-
plantation in the United States. A cohort study. Am J Respir Crit Care Med. 2016;
193(6):681-688.

Keeshan BC, Rossano JW, Beck N, et al. Lung transplant waitlist mortality:
height as a predictor of poor outcomes. Pediatr Transplant. 2015;19(3):294-300.
Santos F, Lama R, Alvarez A, et al. Pulmonary tailoring and lobar transplantation
to overcome size disparities in lung transplantation. Transplant Proc. 2005;37(3):
1526-1529.

Shigemura N, Bermudez C, Hattler BG, et al. Impact of graft volume reduction
for oversized grafts after lung transplantation on outcome in recipients with end-
stage restrictive pulmonary diseases. J Heart Lung Transplant. 2009;28(2):
130-134.

Miyoshi S, Trulock EP, Schaefers HJ, Hsieh CM, Patterson GA, Cooper JD. Car-
diopulmonary exercise testing after single and double lung transplantation.
Chest. 1990;97(5):1130-1136.

Inci I, Schuurmans MM, Caviezel C, et al. Long-term outcomes of cadaveric
lobar lung transplantation: an important surgical option. Ann Thorac Cardiovasc
Surg. 2021;27(4):244-250.

Cruz Z, Neri F, Roxo M, et al. Lobar lung transplantation: a single-center 10-year
experience. Transplant Proc. 2024;56(5):1121-1128.

Shigemura N, D’Cunha J, Bhama JK, et al. Lobar lung transplantation: a relevant
surgical option in the current era of lung allocation score. Ann Thorac Surg. 2013;
96(2):451-456.

Slama A, Ghanim B, Klikovits T, et al. Lobar lung transplantation—is it compa-
rable with standard lung transplantation? Transpl Int. 2014;27(9):909-916.
Schiavon M, Mendogni P, Faccioli E, et al. Lobar size reduction in lung trans-
plantation: a propensity score study. J Thorac Cardiovasc Surg. 2022;164(1):
289-296.e2.

Campo-Canaveral De La Cruz JL, Dunne B, Lemaitre P, et al. Deceased-donor
lobar lung transplant: a successful strategy for small-sized recipients. J Thorac
Cardiovasc Surg. 2021;161(5):1674-1685.

Loizzi D, Aigner C, Jaksch P, et al. A scale for decision making between whole
lung transplantation or lobar transplantation. Eur J Cardiothorac Surg. 2010;
37(5):1122-1125.

Couetil JP, Tolan MJ, Loulmet DF, et al. Pulmonary bipartitioning and lobar
transplantation: a new approach to donor organ shortage. J Thorac Cardiovasc
Surg. 1997;113(3):529-537.

Date H, Aoe M, Nagahiro I, et al. Living-donor lobar lung transplantation for
various lung diseases. J Thorac Cardiovasc Surg. 2003;126(2):476-481.

Date H. Living-related lung transplantation. J Thorac Dis. 2017;9(9):3362-3371.
Svorcova M, Vachtenheim J, Simonek J, et al. Lobar lung transplantation, fol-
lowed by partial sternal resection and bronchial stenosis, in a patient with scoli-
osis. J Cardiothorac Surg. 2025;20(1):103.

Nikkuni E, Hirama T, Ui M, et al. Thoracic and vertebral deformities in lung
transplantation: perioperative complications and long-term prognoses. BMC
Pulm Med. 2024;24(1):347.

Johnson WR, Fedor D, Singhal S. Systematic review of surgical treatment tech-
niques for adult and pediatric patients with pectus excavatum. J Cardiothorac
Surg. 2014;9:25.

The Journal of Thoracic and Cardiovascular Surgery « Volume I, Number H 15



http://refhub.elsevier.com/S0022-5223(26)00897-4/sref1
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref1
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref1
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref2
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref2
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref2
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref3
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref3
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref4
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref4
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref4
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref5
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref5
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref5
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref5
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref6
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref6
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref6
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref6
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref6
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref6
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref7
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref7
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref7
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref8
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref8
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref9
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref9
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref10
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref10
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref10
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref11
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref11
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref12
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref12
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref12
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref13
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref13
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref13
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref14
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref14
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref14
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref15
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref15
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref15
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref16
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref16
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref16
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref17
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref17
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref17
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref18
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref18
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref18
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref19
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref19
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref19
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref20
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref20
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref20
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref21
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref21
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref21
https://doi.org/10.1016/j.transproceed.2024.05.035
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref22
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref22
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref23
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref23
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref24
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref24
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref24
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref24
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref25
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref25
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref25
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref26
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref26
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref26
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref27
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref27
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref27
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref28
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref28
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref28
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref29
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref29
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref29
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref30
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref30
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref31
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref31
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref31
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref32
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref32
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref32
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref32
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref33
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref33
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref33
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref34
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref34
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref34
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref35
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref35
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref36
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref36
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref36
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref37
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref37
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref38
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref38
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref38
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref39
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref39
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref39
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref40
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref40
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref40
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref41
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref41
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref41
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref42
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref42
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref43
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref44
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref44
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref44
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref45
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref45
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref45
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref46
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref46
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref46

Transplantation

Chang et al

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

16

Leard LE, Holm AM, Valapour M, et al. Consensus document for the selec-
tion of lung transplant candidates: an update from the International Society
for Heart and Lung Transplantation. J Heart Lung Transplant. 2021:40(11):
1349-1379.

Ramadan S, Wilde J, Tabard-Fougere A, et al. Cardiopulmonary function in
adolescent patients with pectus excavatum or carinatum. BMJ Open Respir
Res. 2021;8(1):e001020.

Redlinger RE Jr, Kelly RE, Nuss D, et al. Regional chest wall motion dysfunction
in patients with pectus excavatum demonstrated via optoelectronic plethysmog-
raphy. J Pediatr Surg. 2011;46(6):1172-1176.

Nuss D, Obermeyer RJ, Kelly RE Jr. Pectus excavatum from a pediatric surgeon’s
perspective. Ann Cardiothorac Surg. 2016;5(5):493-500.

Jaroszewski DE. Physiologic implications of pectus excavatum. J Thorac Cardi-
ovasc Surg. 2017;153(1):218-219.

Kelly RE Jr, Obermeyer RJ, Nuss D. Diminished pulmonary function in pectus
excavatum: from denying the problem to finding the mechanism. Ann Cardio-
thorac Surg. 2016;5(5):466-475.

Lain A, Giralt G, Gine C, Garcia Martinez L, Villaverde I, Lopez M. Transeso-
phageal echocardiography during pectus excavatum correction in children: what
happens to the heart? J Pediatr Surg. 2021;56(5):988-994.

Miyoshi R, Chen-Yoshikawa TF, Takahagi A, et al. Pulmonary function and ex-
ercise capacity in patients with flat chests after lung transplantation. Ann Thorac
Surg. 2017;104(5):1695-1701.

Miyahara S, Chen-Yoshikawa TF, Motoyama H, et al. Impact of flat chest on
cadaveric lung transplantation: postoperative pulmonary function and survival.
Eur J Cardiothorac Surg. 2019;55(2):316-322.

Binst A, Jansen Y, Ceulemans LJ, Van Raemdonck D, Van Veer H. Sternal eleva-
tion by crane technique during double lung transplant for patient with pectus ex-
cavatum. Ann Thorac Surg Short Rep. 2024;2(3):474-476.

Valdivia D, Kamler M, Aigner C. Bilateral lung transplantation and simultaneous
pectus excavatum correction using the Nuss technique. Ann Thorac Surg. 2019;
107(4):e275-e277.

Zhang Z, Ding H, Liu F, Chen J. Successful bilateral lung transplantation and
simultaneous Nuss technique correction of pectus excavatum post-allogeneic
haematopoietic stem cell transplantation. Interact Cardiovasc Thorac Surg.
2020;30(2):319-320.

Rahimi N, Matilla JR, Lang G, et al. Simultaneous pectus excavatum correction
and lung transplantation—A case series. Am J Transplant. 2021;21(1):410-414.
Tanaka S, Fujioka S, Ikeda T, et al. A case of living-donor segmental lung trans-
plantation and concomitant Nuss procedure in a pediatric patient with pectus ex-
cavatum. J Thorac Cardiovasc Surg Tech. 2023;21:199-202.

Iyer A, Kumarasinghe G, Hicks M, et al. Primary graft failure after heart trans-
plantation. J Transplant. 2011;2011:175768.

Bergenfeldt H, Stehlik J, Hoglund P, Andersson B, Nilsson J. Donor-recipient
size matching and mortality in heart transplantation: influence of body mass in-
dex and gender. J Heart Lung Transplant. 2017;36(9):940-947.

Khush KK, Cherikh WS, Chambers DC, et al. The International Thoracic Or-
gan Transplant Registry of the International Society for Heart and Lung Trans-
plantation: thirty-sixth adult heart transplantation report—2019; focus theme:
donor and recipient size match. J Heart Lung Transplant. 2019;38(10):
1056-1066.

Kobashigawa J, Khush K, Colvin M, et al. Report from the American Society of
Transplantation conference on donor heart selection in adult cardiac transplanta-
tion in the United States. Am J Transplant. 2017;17(10):2559-2566.

Gong TA, Joseph SM, Lima B, et al. Donor predicted heart mass as predictor of
primary graft dysfunction. J Heart Lung Transplant. 2018;37(7):826-835.
Kransdorf EP, Kittleson MM, Benck LR, et al. Predicted heart mass is the optimal
metric for size match in heart transplantation. J Heart Lung Transplant. 2019;
38(2):156-165.

Chambers DC, Cherikh WS, Harhay MO, et al. The International Thoracic Organ
Transplant Registry of the International Society for Heart and Lung Transplanta-
tion: thirty-sixth adult lung and heart-lung transplantation Report—2019; focus
theme: donor and recipient size match. J Heart Lung Transplant. 2019;38(10):
1042-1055.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Barac YD, Mulvihill MS, Jawitz O, et al. Increased calculated panel reactive an-
tigen is associated with increased waitlist time and mortality in lung transplanta-
tion. Ann Thorac Surg. 2020;110(2):414-423.

Deitz RL, Emerel L, Chan EG, et al. Waitlist mortality and extracorporeal mem-
brane oxygenation bridge to lung transplant. Ann Thorac Surg. 2023;116(1):
156-162.

Scully BB, Goss M, Liu H, et al. Waiting list outcomes in pediatric lung trans-
plantation: poor results for children listed in adult transplant programs. J Heart
Lung Transplant. 2017;36(11):1201-1208.

Hayes D Jr, Cherikh WS, Chambers DC, et al. The International Thoracic Or-
gan Transplant Registry of the International Society for Heart and Lung
Transplantation: twenty-second pediatric lung and heart-lung transplantation
report—2019; focus theme: donor and recipient size match. J Heart Lung
Transplant. 2019;38(10):1015-1027.

Dezube R, Arnaoutakis GJ, Reed RM, et al. The effect of lung-size mismatch on
mechanical ventilation tidal volumes after bilateral lung transplantation. Interact
Cardiovasc Thorac Surg. 2013;16(3):275-281.

Eberlein M, Reed RM, Abston E, et al. Sizing in lung transplantation: principles,
practices and ideas for the future. JHLT Open. 2025;9:100304.

Montoya P, Bello I, Ascanio F, et al. Graft reduction surgery is associated
with poorer outcome after lung transplantation: a single-centre propensity score-
matched analysis. Eur J Cardiothorac Surg. 2021;60(6):1308-1315.

Mueller C, Hansen G, Ballmann M, et al. Size reduction of donor organs in pe-
diatric lung transplantation. Pediatr Transplant. 2010;14(3):364-368.

Chang YC, Huang SC, Lee JM, Hsu HH. Delayed chest wall closure for over-
sized donor lungs after bilateral lung transplantation. J Formos Med Assoc.
2014;113(11):881-882.

Shigemura N, Orhan Y, Bhama JK, et al. Delayed chest closure after lung trans-
plantation: techniques, outcomes, and strategies. J Heart Lung Transplant. 2014;
33(7):741-748.

Mohite PN, Sabashnikov A, Popov AF, et al. Delayed chest closure with skin
approximation after lung transplant in oversized graft. Exp Clin Transplant.
2018;16(1):107-109.

Yeginsu A, Tasci AE, Vayvada M, et al. Delayed chest closure for oversized lung
allograft in lung transplantation: a retrospective analysis from Turkey. Braz J
Cardiovasc Surg. 2021;36(6):760-768.

Lawrence A, Lovin D, Mohanka MR, et al. Diaphragmatic plication among lung
transplant patients: a single-center experience. Clin 2022;
36(7):e14683.

Prabhu NK, Wong MK, Klapper JA, et al. Computed tomography volumetrics for
size matching in lung transplantation for restrictive disease. Ann Thorac Surg.
2024;117(2):413-421.

Jung WS, Haam S, Shin JM, et al. The feasibility of CT lung volume as a surro-
gate marker of donor-recipient size matching in lung transplantation. Medicine
(Baltimore). 2016;95(27):e3957.

Konheim JA, Kon ZN, Pasrija C, et al. Predictive equations for lung volumes
from computed tomography for size matching in pulmonary transplantation. J
Thorac Cardiovasc Surg. 2016;151(4):1163-1169.el.

Chen F, Kubo T, Shoji T, Fujinaga T, Bando T, Date H. Comparison of pulmonary
function test and computed tomography volumetry in living lung donors. J Heart
Lung Transplant. 2011;30(5):572-575.

Rui W, Yuhang S, Yang L, et al. A new method for evaluating lung volume: AI-
3D reconstruction. Front Physiol. 2023;14:1217411.

Ismail MK, Araki T, Gefter WB, et al. Artificial intelligence-driven auto-
mated lung sizing from chest radiographs. Am J Transplant. 2025;25(1):
198-203.

Pu L, Leader JK, Ali A, Geng Z, Wilson D. Predicting left/right lung vol-
umes, thoracic cavity volume, and heart volume from subject demo-
graphics to improve lung transplant. J Med Imaging (Bellingham). 2023;
10(5):051806.

Transplant.

Key Words: lung transplantation, size-matching, lobar,
nonanatomical size reduction, total lung capacity

The Journal of Thoracic and Cardiovascular Surgery < ll 2026


http://refhub.elsevier.com/S0022-5223(26)00897-4/sref47
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref47
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref47
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref47
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref48
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref48
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref48
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref49
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref49
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref49
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref50
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref50
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref51
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref51
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref52
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref52
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref52
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref53
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref53
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref53
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref54
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref54
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref54
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref55
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref55
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref55
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref56
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref56
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref56
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref57
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref57
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref57
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref58
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref58
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref58
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref58
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref59
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref59
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref60
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref60
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref60
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref61
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref61
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref62
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref62
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref62
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref63
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref63
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref63
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref63
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref63
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref64
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref64
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref64
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref65
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref65
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref66
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref66
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref66
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref67
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref67
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref67
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref67
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref67
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref68
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref68
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref68
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref69
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref69
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref69
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref70
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref70
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref70
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref71
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref71
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref71
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref71
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref71
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref72
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref72
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref72
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref73
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref73
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref74
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref74
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref74
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref75
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref75
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref76
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref76
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref76
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref77
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref77
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref77
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref78
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref78
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref78
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref79
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref79
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref79
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref80
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref80
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref80
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref81
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref81
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref81
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref82
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref82
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref82
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref83
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref83
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref83
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref84
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref84
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref84
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref85
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref85
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref86
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref86
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref86
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref87
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref87
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref87
http://refhub.elsevier.com/S0022-5223(26)00897-4/sref87

B Pquny ¢l dWnjoA . A138INS IBMISLAOIPIL)) PUR IDBIOY], JO [BUINO[ Y],

1991

APPENDIX E1

TABLE E1. Conflict of interest statement

Payment or
honoraria for
lectures, Receipt of
presentations, Leadership or equipment, Al entities with whom
speakers fiduciary role materials, the author may have
bureaus, in other board, drugs, the indicated
manuscript Support for Participation society, committee medical relationships, and if
writing or Payment attending on a data safety or advocacy Stock or writing, payments were made to
Writing group Grants or Royalties Consulting educational  for expert meetings monitoring board group, paid or stock  gifts or other the author or
member Primary affiliation Location contracts or licenses fees events testimony and/or travel or advisory board unpaid options services institution.
Usman Ahmad, MD Department of Thoracic Cleveland. Ohio X MSD AstraZeneca
Surgery, Heart,
Vascular and
Thoracic Institute,
Cleveland Clinic
Pedro Catarino, MD Cedars-Sinai Medical Los Angeles, Calif X X Bolton Medical (Terumo
Center Aortic), Lewis
Brisbois LLP
Laurens J. Ceulemans, University Hospitals Leuven, Belgium X X X Medtronic: consultancy
MD, PhD Leuven, KU and research grant,
Leuven, Belgium paid to institution
Paragonix: research
grant and honorarium
for lecture, paid to
institution
Stephanie H. Chang, MD  New York University New York, NY X X Support for meetings -
Langone Health XVIVO Honoraria -
AtriCure, intuitive,
AstraZeneca
(payment to self)
Marcelo Cypel, MD, MSc  University Health Toronto, Ontario, X X X Lung Bioengineering
Network Canada Traferox
Technologies
Travis C. Geraci, MD New York University New York, NY
Langone Health
Kieran Halloran, MD Department of Medicine, Edmonton, Alberta, x X Grant from the Alberta
University of Alberta Canada Lung Association
Advisory board for
Sanofi
John C. Haney, MD Mayo Clinic Florida Jacksonville, Fla
Matthew G. Hartwig, MD  Duke University Durham, NC X X X Intuitive Surgical, Lung

Bioengineering,
Transmedics,
Paragonix, CSL
Behring, CF
Foundation, National
Heart, Lung, and
Blood Institute,
BioMedInnovations

(Continued)

e 39 Suey)

uoneyuedsuely,



9207 W - £1381ng IB[MISEAOIPIR)) PUR IDBIOY], JO [BUINOf Y],

TABLE El. Continued

Payment or
honoraria for
lectures, Receipt of
presentations, Leadership or equipment,  All entities with whom
speakers fiduciary role materials, the author may have
bureaus, in other board, drugs, the indicated
manuscript Support for Participation society, committee medical relationships, and if
writing or Payment attending on a data safety or advocacy Stock or writing, payments were made to
‘Writing group Grants or Royalties Consulting educational for expert meetings monitoring board group, paid or stock  gifts or other the author or
member Primary affiliation Location contracts or licenses fees events testimony and/or travel or advisory board unpaid options services institution.
Konrad Hoetzenecker, Vanderbilt University Nashville, Tenn X Traferox - speaker fee
MD, PhD Medical Center
Shaf Keshavjee, MD Toronto Lung Transplant ~ Toronto, Ontario,
Program, University Canada
of Toronto
Philippe H. Lemaitre, Columbia University New York, NY
MD, PhD Irving Medical Center
Nuria M. Novoa, MD, Puerta de Hierro- Madrid, Spain X X X X Grant from the
PhD, FEBTS Majadahonda University of Canada.
University Hospital Project preservation
at 10°. Payment done
to the institution.
Medtronic payment
made to self for
expert testimony and
advisory board - J&J
payment made to self
for advisory board
collaboration
Varun Puri, MD, MSCI Washington University Saint Louis, Mo X National Cancer
School of Medicine Institute, National
Heart, Lung, and
Blood Institute,
AstraZeneca,
PrecisCa
Masaaki Sato, MD, PhD The University of Tokyo, Japan
Tokyo Hospital
Lara Schaheen, MD Norton Thoracic Institute, Phoenix, Ariz
St Joseph’s Hospital
and Medical Center
John W. Stokes, MD Vanderbilt University Nashville, Tenn
Medical Center
The Ohio State Columbus, Ohio X Transmedics

Bryan A. Whitson,

MD, PhD University

uonejuedsuely,

e 39 Suey)



	The American Association for Thoracic Surgery (AATS) 2026 Expert Consensus Document: Guidelines for donor/recipient size-ma ...
	Abbreviations and Acronyms
	Methods
	The AATS CPSC and Assembly of Expert Group
	Development of an Expert Consensus Document

	Results
	1: Size Matching in BLT
	2: Size Matching in Single-Lung Transplantation
	3: Size Matching in Lobar Transplantation
	4: Unique Considerations
	5: Complications After Severe Size Mismatching and How to Overcome

	Future Directions
	Discussion
	Conclusions
	Webcast
	Conflict of Interest Statement

	Technologies in the Writing Process
	References
	Appendix E1


