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Lung transplantation is a life-saving procedure for end-stage lung diseases. Size matching
is critical in the donor-recipient selection process. This retrospective study analyzed
146 patients who underwent lung transplantation between 2013 and 2023. Patients
who required graft resizing were assigned to the sizing group (S), non-resizing cases to the
non-sizing group (NS). The primary goal was to identify predictive factors for graft resizing.
Secondary endpoints included ischemia time, ventilation time, primary graft dysfunction
(PGD) and hospital stay. The S group was further stratified on baseline parameters to
assess differences in outcomes. Recipient height and single transplants were higher in
the NS group. Donor-recipient height ratio was the only predictor for resizing (p = 0.02).
Postoperative outcomes and overall survival were similar between the groups. In Group
S, male patients showed higher rates of acute kidney injury (AKI) and chronic rejection,
the former being associated also with anatomical resections; patients older than
50 experienced higher rates of PGD. Graft resizing is a feasible strategy for
addressing size mismatch, but it is associated with increased risks of PGD and
AKI, particularly in older male recipients and those undergoing anatomical
resections. These findings highlight the importance of careful preoperative donor-
recipient size matching.
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INTRODUCTION

Despite its success in prolonging survival, lung transplantation faces several challenges, one of the
most significant being the mismatch between the donor’s and recipient’s lung size and physiological
characteristics. Such mismatches can contribute to a range of postoperative complications, including
primary graft dysfunction, bronchiolitis obliterans syndrome, and overall reduced graft survival [1,
2]. Several factors—both anatomical and physiological—contribute to this mismatch, including the
recipient’s chest wall mechanics, lung compliance, and the size of the donor’s lungs relative to the
recipient’s thoracic cavity [3].

In particular, the recipient’s lung capacity and thoracic dimensions can vary significantly, creating
potential challenges when selecting an appropriate donor lung [4, 5]. Over- and under-sizing of the
lung graft are associated with various complications, ranging from impaired gas exchange to
increased risk of rejection and graft dysfunction [6]. Conversely, an undersized graft may fail to
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Patients

146 lung transplants
112 bilateral, 34 unilateral

Predictive factors for
donor/recipient mismatch
requiring graft resizing

Short- and long-term
outcome analysis;

] Donor-recipient height ratio
was the only significant
predictor for graft resizing.

Post-operative outcomes, CLAD-free
survival and OS were comparable
between groups.

In sized patients, male sex was
associated with higher rates of AKI and
CLAD; anatomical resections were

No Sizing Sizing Group Risk factors for adverse also associated with AKI; PGD rate
Group n=17 outcomes In Sizing Group was higher in patients older than 50
= 6 wedge
n=29 - years.
11 anatomical
6>\ CATELLI C, et al. Transpl. Int. 2025 6—‘>\
ESOT Transplant
doi: 10.3389/1i.2025. 14387 nternational
GRAPHICAL ABSTRACT
meet the recipient’s functional needs, compromising  University Hospital of Siena. The study was approved by the

postoperative outcomes and leading to complications such as
early graft failure.

In response to these challenges, there has been a growing focus
on developing strategies to optimize the donor-recipient match
[7, 8]. Graft sizing techniques have emerged as a potential
solution, utilizing advanced imaging methods, such as three-
dimensional computed tomography (CT) volumetry [9, 10], to
better assess the donor lung’s size and its compatibility with the
recipient. However, in some cases, particularly when the recipient
is in poor general condition or has a rare blood type, oversized
organs may be necessary.

In cases where there is a small size discrepancy between the
donor and recipient, limited non-anatomic or sublobar graft
resections are often effective. However, for more significant
mismatches, lobar reduction is typically the preferred surgical
approach [11]. Due to the technical challenges, the available case
series on this technique are few [12], and the outcomes reported
across studies have been inconsistent.

This study aims to investigate the key predictive factors that
contribute to mismatch between donor and recipient in lung
transplantation and the subsequent need for graft sizing.
Furthermore, it will evaluate the clinical outcomes of
patients undergoing graft sizing procedures, analyzing
potential risk factors for poorer outcomes in certain patient
categories.

MATERIALS AND METHODS

Patients

This is a retrospective study involving all patients who underwent
single or double lung transplantation between 1 January 2013,
and 31 December 2023, at the Lung Transplant Unit of the

Institutional Review Board (IRB). Patients who underwent graft
reduction for reasons other than mismatch (such as pulmonary
contusions, lobar edema, or parenchymal consolidation) were
excluded from the study, as these lungs may have been
compromised before transplantation, thus increasing the risk
of complications regardless the sizing procedure. The type of
surgical resection performed in our study was operator-
dependent and based primarily on four assessments. These
included [1]: a reduction in systemic pressure due to heart
compression observed during chest closure [2]; an evident
mismatch identified either before the graft implantation or
during chest closure [3]; atelectasis of part of the lung
parenchyma during recruitment due to insufficient thoracic
cavity size and [4] an increase in registered ventilatory
pressures observed during chest closure.

Patients were divided into two groups based on the need for
sizing at the time of implantation due to dimensional mismatch
between the donor and recipient. The sizing group (Group S)
included patients who underwent atypical and/or anatomical
lung resections (segmentectomy, lobectomy), while Group NS
included all patients who did not require graft resizing. At our
center, donor lungs are allocated based on blood group, Lung
Allocation Score (LAS), height, and age.

In the two groups, discrepancies between the donor and
recipient were analyzed in terms of sex, race, BMI ratio
(donor/recipient), height ratio (donor/recipient), weight ratio
(donor/recipient), and age ratio (donor/recipient). The
comorbidities of both the recipient and donor, as well as the
type of transplant performed (single or double), were also
analyzed and compared. The primary endpoint of the study
was to evaluate which characteristics of the donor and
recipient were predictive factors for D/R mismatch requiring
lung resection on the graft. The secondary endpoint was to
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analyze primary outcomes, such as overall survival, and
secondary outcomes, such as the occurrence of Primary Graft
Dysfunction (PGD), Chronic Lung Allograft Dysfunction
(CLAD), ischemia time, and duration of mechanical
ventilation in the two groups. In patients who received sized
grafts, outcomes were then stratified based on the following
patient characteristics: BMI (greater or less than 25); sex (male
or female); age (greater or less than 50 years); type of end-stage
pulmonary disease (restrictive or obstructive); type of sizing
(lobectomy/segmentectomy or atypical resection). Ethical
approval was not required for the study, in accordance to the
local legislation, because of its retrospective nature.

Surgical Procedure

The lung transplant procedure was standard, performed through
a clamshell incision for bilateral transplants or a posterolateral
thoracotomy for single transplants. In the case of graft sizing,
anatomical resections were performed at the back table or after
lung implantation, before hemostasis and chest closure, using
mechanical staplers for bronchial and vascular structures, while
atypical resections were always performed after lung
implantation with the use of mechanical staplers. The decision
to perform graft reduction and determine the type of resection is
based on visual inspection and clinical parameters. Specifically,
the final decision on the need for sizing is made after a thorough
inspection of the recipient’s thoracic cavity. If the mismatch is
immediately apparent, sizing is performed through anatomical
resection before graft implantation. If, however, the mismatch is
not evident during clinical inspection but hemodynamic
instability occurs during chest closure due to compression of
the overinflated lung on the cardiac cavities, resection is
performed at the end of the procedure. The choice of which
part of the lung to sacrifice was based on the recipient’s thoracic
configuration, with middle lobectomy or lingulectomy being
preferred in cases of antero-posterior mismatch, while the
sacrifice of the lower lobes was preferred in cases of
diaphragmatic elevation [13]. The decision was also influenced
by the appearance of the lung, such as sacrificing the most
difficult-to-recruit or edematous portion after implantation.

Postoperatively, patients received appropriate antibiotic
prophylaxis (Vancomycin, Cefepime, Ganciclovir, and Ig-
CMV) and immunosuppressive therapy (Basiliximab,

methylprednisolone, tacrolimus, and mycophenolate mofetil).

Statistical Analysis

The results data were expressed as mean + standard deviation
and median (interquartile range), as appropriate. Non-
parametric tests were adopted for data analysis:
comparisons between two groups were determined by
Mann-Whitney U test; ANOVA test (Kruskal-Wallis and
Dunn’s multiple tests) were performed to compare more
than two groups. Contingency analysis was performed to
evaluate the association and the independence between the
parameters as well as to calculate various association measures.
Correlations between variables were determined by Spearman
correlation coefficient. Survival distribution in the two groups
was evaluated using a weighted Kaplan-Meier approach.

Allograft Resizing in Lung Transplantation

TABLE 1 | Recipients’ characteristics.

Variable Group NS Group S P
N =129 N=17
Age (y) 55.5 (17-66) 55.0 (23-64) 0.462
Sex (M; F) 84 (65%); 45 (35%) 8 (47%); 9 (63%)  0.147
BMI 24.0 (14.8-34.2) 26.4 (17.0-34.9)  0.357
Height (cm) 169 (150-196) 164 (150-178) 0.004
Weight (kg) 68 (38-120) 70 (40-101) 0.852
LAS 20 (2-63) 31 (4-88) 0.668
FEV1% 38 (9-125) 35 (12-90) 0.975
FVC% 49 (20-168) 51 (15-87) 0.741
DLCO% 29 (2-62) 30 (5-85) 0.475
Pattern of lung disease 0.944
Restrictive 52 (40.3%) 8 (47.1%)
Obstructive 8 (6.2%) 3 (17.6%)
Cystic Fibrosis 23 (17.8%) 3 (17.6%)
Mixed 25 (19.4%) 3 (17.6%)
Transplant type 0.020
SLTX 31 (24.0%) 3 (17.7%)
BLTX 98 (76.0%) 14 (82.3%)
Comorbidities
Arterial hypertension 37 (29%) 4 (24%) 0.657
Pulmonary hypertension 19 (15%) 3 (18%) 0.762
Dyslipidemia 18 (14%) 2 (12%) 0.796
Diabetes mellitus 22 (17%) 4 (24%) 0.5622
Obesity 8 (6%) 1 (6%) 0.953
Osteopenia/osteoporosis 47 (36%) 7 (41%) 0.721

The categorical variables are presented as percentages; the continuous variables are
expressed as the median and interquartile range (IQR). BLTX, Bilateral Lung Transplant;
BMI, Body Mass Index; DLCO, Diffusing Capacity of the Lung for Carbon Monoxide;
FEV'1, Forced Expiratory Volume in one second; FVC, Forced Vital Capacity; LAS, Lung
Allocation Score; SLTX, Single Lung Transplant. Significant p values are reported in
bold type.

Statistical analysis was performed by GraphPad Prism
9.10.3, XLSTAT 2021 and Jamovi software.

RESULTS

The study included 146 patients who underwent lung
transplantation at our center. 17 patients (11.6%) underwent
lung resection due to graft mismatch (Sizing Group or Group S),
while the remaining 129 did not require lung resection (Non-
Sizing Group or Group NS). One patient was excluded from the
study as they underwent graft resection due to pulmonary
consolidation in the right lower lobe, which developed during
graft reperfusion via ex vivo lung perfusion (EVLP). Table 1
summarizes the recipient characteristics, stratified by group. In
the Sizing Group, the average age of the recipients was 55 years
(range 23-64), with 53% (9 patients) being female and an average
BMI of 26.4, indicating mild overweight. The majority of patients
in Group S had a restrictive type of end-stage lung disease
(8 patients, 47%).

No statistically significant differences were observed between
the groups in terms of age at transplant, sex, or BMI. However, a
statistically significant difference in recipient height was observed
(164 cm in Group S vs. 169 cm in Group NS, p = 0.004), with
shorter recipients in the Sizing Group. No significant differences
were found in preoperative forced expiratory volume in one
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TABLE 2 | Donor characteristics and donor/recipient ratio.

Variable Group NS Group S P
N =129 N =17
Comorbidities
Arterial Hypertension 14 (11%) 2 (12%) 1.000
Diabetes Mellitus 5 (4%) 0 (0%) 0.962
Asthma 3 (2%) 0 (0%) 0.853
Smokers 28 (22%) 7 (41%) 0.121
Age ratio D/R 0.845 (0.25-2.37) 0.990 (0.50-2.04) 0.041
Weight Ratio D/R 1.00 (0.63-1.70) 0.995 (0.76-2.00) 0.527
Height Ratio D/R 1.01 (0.91-1.11) 1.04 (0.98-1.17) 0.004
BMI Ratio D/R 1.00 (0.57-1.73) 0.935 (0.67-1.73) 0.560
Sex mismatch 31 (24.0%) 5 (29.4%) 0.734
Race mismatch 17 (13.2%) 5 (29.4%) 0.111

The categorical variables are presented as percentages; the continuous variables are
expressed as the median and interquartile range (IQR). D/R, Donor/Recipient; BMI, Body
Mass Index. Significant p values are reported in bold type.

second (FEV1%), forced vital capacity (FVC%), or diffusing
capacity of the lung for carbon monoxide (DLCO%), nor in
the type of end-stage lung disease between the two groups.
Bilateral lung transplants were more frequent in Group S
(82.3%) compared to Group NS (76.0%, p = 0.02). No
significant differences were observed between the two groups
in terms of patient comorbidities. Despite this, it was noted that
the Lung Allocation Score (LAS) was higher in Group S (31 vs.
20), which is clinically relevant, although not statistically
significant (p = 0.668).

Table 2 presents the characteristics of the donors and the
donor-recipient discrepancies. No differences were observed in
the comorbidities of the donors between the two study groups,
nor in the frequency of smoking habits. The ratio between the
donor’s and recipient’s age was lower in Group NS (0.845)
compared to Group S (0.990, p = 0.041). A statistically
significant difference was also observed in the ratio between
the donor’s and recipient’s height (1.01 in Group NS vs.
1.04 in Group S, p = 0.004). No significant differences were
found between the two groups in terms of sex and race mismatch
between donor and recipient, nor in the donor-recipient ratio for
weight or BML

The correlation analysis showed that only the ratio between
the donor’s and recipient’s height was considered a predictive
factor for the need for graft sizing (p = 0.02, OR 2.70e + 10, 95%
CI 41.4-1.87¢ + 19).

Table 3 illustrates the types of lung resections performed on
the graft following the diagnosis of mismatch. The majority of
patients (n = 11, 64.7%) underwent anatomical lung resections,
most commonly involving the removal of two lobes/segments
(n = 7, 41.2%). The most common anatomical resections
performed were middle lobectomy (n = 9, 52.9%) and left
lingular segmentectomy (n = 5, 29.4%).

Postoperative outcomes are summarized in Table 4. Although
not statistically significant, a shorter ischemia time was observed
in lungs that underwent sizing, both for the first lung (238 vs.
294 min in Group S and NS, respectively, p = 0.053) and the
second lung (396 vs. 333 min in Groups S and NS, respectively,
p = 0.108). Similarly, although not statistically significant,

Allograft Resizing in Lung Transplantation

TABLE 3 | Types of graft resections performed for donor-recipient mismatch
(every resection is reported separately, even multiple resection cases).

Type of resection N %
Atypical (wedges) 6 35.3%
Anatomical 1 64.7%
Segmentectomy
Lingula 5 29.4%
Apex 2 11.8%
Lobectomy
ML 9 52.9%
RUL 1 5.9%
RLL 1 5.9%
LUL 2 11.8%
LLL 1 5.9%
Bilobectomy 2 11.8%

Type of resection

<1lobe/segment 6 35.3%
=1 lobe/segment 2 11.8%
= 2 lobes/segments 7 41.2%
= 3 lobes/segments 2 11.8%

LLL, left lower lobectomy; LUL, left upper lobectomy; RML, right middle lobectomy; RLL,
right lower lobectomy; RUL, right upper lobe.

TABLE 4 | Patients’ clinical outcomes after lung transplantation.

Outcomes Group NS Group S P
N=128 N=17

First lung ischemia (min) 294 (108) 238 (86) 0.053
Second lung ischemia (min) 396 (144) 333 (141) 0.108
FEV1 1 month (mL) 2.18 (0.57-3.47) 2.10 (1.46-2.38) 0.487
FEV1 2 months (mL) 2.18 (1.13-3.36) 1.77 (1.08-2.86) 0.080
FEV1 3 months (mL) 2.14 (0.93-427) 1.75 (1.33-2.46) 0.077
PGD 0.130

Grade 1 3 (18.0%) 4 (23.5%)

Grade 2 6 (28.1%) 3 (17.6%)

Grade 3 8 (29.7%) 9 (563.0%)
Acute Kidney Injury 7 (21.1%) 5 (29.4%) 0.196
Prolonged MV (>5 days) 9 (30.5%) 7 (41.1%) 0.361
Post-operative ECMO 1(16.4%) 5 (29.4%) 0.189
CLAD (34 4%) 4 (23.5%) 0.382
In-hospital stay (days) 7 (0-403) 34 (9-109) 0.583
OS (months) 6.8 (39.4) 25.2 (34.9) 0.098

Data are shown as medians with interquartile range (IQR) or absolute numbers with
percentage when adequate. PGD: primary graft dysfunction; MV: mechanical ventilation;
ECMO: extracorporeal membrane oxygenation; CLAD: chronic lung allograft
dysfunction; OS: overall survival.

PGD3 was more frequent in Group S (53% vs. 29.7% in
Group NS, p = 0.13). Although not statistically significant, a
higher rate of prolonged mechanical ventilation (41.1% vs. 30.5%
in Groups S and NS, respectively, p = 0.361), postoperative
ECMO requirement (29.4% vs. 16.4% in Groups S and NS,
respectively, p = 0.189), and acute kidney injury (29.4% vs.
21.1% in Groups S and NS, respectively, p = 0.196) was
observed in patients who underwent lung resection.
Additionally, it was noted that, starting from 3 months after
the procedure, FEV1 decreased in patients who underwent graft
resection, a phenomenon not observed in patients who did not
undergo sizing, where FEV1 remained stable at 3 months post-
operation, although this finding did not reach statistical
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FIGURE 1 | Kaplan-Meier survival curve for patients not undergoing lung
resection and those undergoing graft sizing due to mismatch.

significance (reduction of 0.04 mL and 0.35 mL in Groups NS and
S, respectively, from 1st to 3rd month post-surgery, p = 0.077).
No differences were observed in the length of hospital stay. The
development of CLAD was lower, though not statistically
significant, in Group S (23.5%, p = 0.382).

Survival analysis using Kaplan-Meier demonstrated no
statistically significant difference in overall survival between
the two groups (p = 0.625) (Figure 1).

To further investigate potential differences in outcomes within
the group of patients undergoing lung graft sizing, stratification
was performed based on age, sex, BMI, type of end-stage lung
disease, and type of lung resection performed. The results of this
stratification are presented in Table 5.

Allograft Resizing in Lung Transplantation

Within the Sizing Group, there were no differences in
outcomes based on the recipient’s BMI or the underlying type
of lung disease. In the male subgroup undergoing sizing, a higher
rate of CLAD onset was observed (4 patients, 50% in the
male group, none in the female group, p = 0.015) as well as
AKI (4 patients, 50% in the male group, none in the female group,
p = 0.016). In patients over 50 years old, a higher rate of PGD was
observed (100% in the > 50 years group vs. 86% in the < 50 years
group). In the group undergoing anatomical lung resection, the
onset of AKI was statistically significant (45% in the anatomical
resection group vs. 0% in the non-anatomical resection group,
p = 0.018). Although not statistically significant, PGD
development was observed in all patients with a BMI < 25,
all male patients, all patients over 50 years old, those with
obstructive lung disease, and all patients undergoing
anatomical resection.

DISCUSSION

Lung transplantation is a life-saving intervention for patients with
end-stage lung disease, but donor-recipient mismatch,
particularly in terms of lung size, can contribute to significant
postoperative complications. These complications, including
PGD, bronchiolitis obliterans syndrome, and overall reduced
graft survival, highlight the importance of optimizing donor-
recipient matching.

Our results indicate that donor-recipient mismatch,
particularly in terms of donor-recipient height, plays a crucial
role in determining the necessity for graft sizing. Specifically, a
height discrepancy between donor and recipient was significant
between the two groups, with shorter recipients in the Sizing
Group (p = 0.004). This is consistent with previous studies [5]
suggesting that lung size and thoracic dimensions are critical
factors in ensuring a functional match between donor lungs and
recipients.

TABLE 5 | Outcomes in the group of patients undergoing graft reduction, stratified by clinical characteristics and type of resection performed.

Subgroups N OS (months) Degenza (days) PGD
BMI > 25 8 30 (35) 51 (33) 7 (84%)
BMI < 25 9 19 (35) 31 (13) 9 (100%)
p 0.423 0.289 0.114
Females 9 13 (16) 38 (30) 8 (89%)
Males 8 39 (45) 46 (25) 8 (100%)
p 0.277 0.413 0.494
Age < 50years 7 22 (37) 30 (14) 6 (86%)
Age > 50years 10 27 (35) 50 (32) 10 (100%)
p 0.601 0.241 0.05
Restrictive disease 8 16 (17) 48 (37) 7 (84%)
Obstructive disease 7 23 (43) 39 (16) 7 (100%)
p 0.754 0.846 0.391
Atypical resection 6 41 (38) 34 (15) 5 (83%)
Anatomical resection 11 16 (31) 46 (32) 11 (100%)
p 0.098 0.615 0.277

PGD grade 1 PGD grade 2 PGD grade 3 CLAD AKI
1(12%) 3 (36%) 3 (36%) 1(12%) 3 (36%)
3 (33%) 0 (0%) 6 (67%) 3 (33%) 2 (22%)

0.312 0.293
1(11%) 2 (22%) 5 (565%) 0 (0%) 0 (0%)
3 (36%) 1 (13%) 4 (50%) 4 (50%) 4 (50%)
0.015 0.016
1 (14%) 3 (42%) 2 (28%) 1 (14%) 4 (25%)
3 (30%) 0 (0%) 7 (70%) 3 (30%) 3 (60%)
0.452 0.293
2 (25%) 0 (0%) 5 (75%) 1(17%) 2 (12%)
1(28%) 1 (28%) 4 (66%) 1 (13%) 2 (12%)
0.825 1.000
2 (33%) 0 (0%) 3 (50%) 3 (50%) 0 (0%)
2 (18%) 3 (27%) 6 (54%) 1(9%) 5 (45%)
0.057 0.018

Data are shown as medians with interquartile range (IQR) or percentage when adequate. AKI, Acute Kindney Injury; CLAD, Chronic Lung Allograft Dysfunction;, PGD, Primary Graft

Dysfunction; OS, Overall Survival. Significant p values are reported in bold type.
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Another significant indicator of mismatch was the donor-
recipient age ratio. The results show that the ratio was 0.99 in the
Sizing Group, compared to a lower ratio (0.845) in the Non-
Sizing Group. This result may indicate a bias in organ allocation
based on donor age, where, for ethical reasons, younger organs
are preferentially allocated to younger recipients, and older
organs to older recipients. This ethical factor may sometimes
take precedence over D/R size matching, which could contribute
to mismatches and the need for sizing.

The only predictive factor for the need for graft sizing was
the ratio between donor and recipient height (p = 0.02).
Interestingly, factors such as BMI, weight, and sex did not
appear to predict the necessity for graft resizing, further
emphasizing the importance of anatomical dimensions, such
as height, over overall body mass in determining compatibility,
in contrast to what has been observed in cardiac
transplantation [14, 15].

A statistically significant difference was observed in the
type of transplant performed, with a greater need for sizing in
bilateral transplants (p = 0.02), as previously noted in other
studies [16]. Single lung transplantation, especially in cases of
pulmonary fibrosis or COPD, can lead to adaptation of the
intrathoracic structures, with the graft tending to overinflate
and occupy more space, creating an intrathoracic asymmetry
between the native lung and the transplanted lung [17]. Due
to the possible deviation of the structures toward the native
lung, a larger donor lung can be used in a single transplant
without the need for sizing. This is not the case in bilateral
transplants, where, in the event of oversizing, graft reduction
is necessary.

Although not statistically significant, it is evident that the
restrictive pattern is the most frequently represented among
patients who underwent sizing. This suggests that the thoracic
dimensions of patients with restrictive lung disease tend to
overestimate the actual intrathoracic size, which more
frequently leads to the need for graft trimming.

Another important observation is that patients who
underwent graft sizing had higher Lung Allocation Scores
(LAS) compared to those in the non-sizing group (31 vs.
20). This difference, although not statistically significant,
likely reflects the urgency under which these transplants
were conducted. In many cases, organs that were less
dimensionally compatible were allocated to patients with
more critical conditions and higher LAS. This emphasizes
the complex decision-making process in organ allocation,
particularly in urgent transplant situations, where matching
is often secondary to the need for a life-saving procedure [18].
This observation may also explain the lower overall survival
(OS) in the Sizing Group compared to the NS Group, although
not statistically significant (36.8 vs. 25.2 months in Group NS
and Group S, respectively, p = 0.625), as patients in the Sizing
Group had a higher mortality risk for their critical conditions.
The numerical trend toward lower survival in the Sizing Group
(25.2 vs. 36.8 months) suggests a need for longer follow-up
studies to assess the long-term impact of graft resizing on
survival and CLAD.

Allograft Resizing in Lung Transplantation

In our study, the most common surgical approach to
address dimensional mismatch was anatomical resections,
most commonly middle lobectomy and lingulectomy,
similar to other studies [19]. This targeted approach
suggests that the most common mismatch is related to the
lung’s shape and volume in the antero-posterior direction,
which necessitates the removal of portions of the middle or
lingular lobes. Furthermore, the majority of graft sizings
involved the removal of two segments/lobes, indicating a
bilateral dimensional mismatch.

In the study, there were no statistically significant differences
in postoperative outcomes between the sizing and non-sizing
groups, suggesting that lung resection remains a viable option in
cases of donor-recipient size mismatch, especially in situations of
donor scarcity. As observed, a reduced recipient height can
contribute to increased waiting times and a higher risk of
mortality on the waiting list [20]. Nevertheless, a trend toward
worse outcomes, such as higher rates of PGD3 (29.7% vs. 53.0% in
Groups NS and S, respectively) and extended mechanical
ventilation (30.5% vs. 41.1% in Groups NS and S,
respectively), was observed in the sizing group. This suggests
that graft resizing may be associated with more complex
procedures and potentially poorer short-term outcomes.
Therefore, although it is a procedure that expands the donor
pool, a careful clinical assessment is needed to ensure the best
treatment for each individual recipient.

The correlation between graft reduction and a higher rate of
PGD3 is likely due to three factors. First, when a graft is resized,
particularly through anatomical resections, the vascular bed of
the donor lung is reduced. This reduction alters the distribution
of blood flow to the remaining lung tissue. After resection, blood
flow to the remaining lung segments may increase to
compensate for the reduced surface area, potentially leading
to capillary-alveolar damage and the leakage of fluid into the
alveolar spaces. This vascular redistribution can exacerbate
PGD, as impaired gas exchange occurs due to the
accumulation of fluid and damage to the alveolar-capillary
membrane. Secondly, undersized grafts, particularly when
they are overinflated to fit within the recipient’s thoracic
cavity, pose a significant risk for mechanical ventilation
injury. Overinflation leads to ventilator-induced lung injury,
as excessive tidal volumes and pressures can damage the alveolar
walls and exacerbate PGD. This is a known phenomenon in
mechanical ventilation, particularly when the lung is artificially
expanded beyond its optimal volume. Additionally,
hyperinflation in undersized grafts increases the risk of
barotrauma, contributing to ventilator-induced damage,
which may lead to prolonged mechanical ventilation and
poorer overall outcomes. [21-23]. Finally, another
mechanism resulting from graft resizing is the increased risk
of pulmonary edema. In cases where significant lung tissue is
removed to match the donor and recipient size, the remaining
lung tissue may be more susceptible to fluid buildup. The
reduction in lung volume can lead to impaired lymphatic
drainage and increased capillary permeability, particularly in
the post-operative period. This results in pulmonary edema,
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further impairing gas exchange and contributing to the
development of PGD and CLAD over time.

While the study found no significant differences in survival
between the groups, it is worth noting the potential long-term
impact of graft sizing on overall graft function. The
FEV1 values, although not statistically significant, were
lower in the graft-sizing group after 3 months, suggesting
that the initial postoperative challenges may extend into
longer-term pulmonary function. These findings align with
previous studies, which have shown that lung size mismatch
can negatively impact graft function, especially in bilateral
lung transplantation [24].

One notable aspect of our study is the stratification analysis,
which revealed that factors such as male sex, age over 50 years, and
anatomical sizing (such as segmentectomy or lobectomy) may
influence the occurrence of specific complications like PGD, acute
kidney injury (AKI), and CLAD. The relevance of this observation
lies in the fact that older patients typically have diminished
physiological reserves, which may exacerbate the effects of graft
sizing. Advanced age is a recognized risk factor for increased
mortality and complications after lung transplantation, possibly
due to age-related changes in pulmonary and systemic vascular
function, immune response, and wound healing. Older males, in
particular, may face compounded risks due to gender-specific
differences in immune response, which can influence both graft
rejection and long-term survival. Given these factors, it would be
necessary to consider tailored monitoring strategies for high-risk
subgroups, including adjusting immunosuppressive therapy,
managing fluid balance carefully to avoid AKI, and using
advanced ventilation strategies to minimize mechanical damage to
the lung. By identifying these at-risk populations early and adjusting
perioperative management accordingly, it may be possible to reduce
complications and improve overall outcomes.

Additionally, special attention should be paid to the development
of PGD in all patients, particularly those who are male, over 50 years
old, have obstructive lung disease, and undergo anatomical
resections. As observed in our study and supported by the
literature, anatomical resections (lobectomy or segmentectomy)
are more commonly associated with complications such as AKI
and PGD. These resections involve removing larger portions of lung
tissue, which leads to more significant changes in the vascular bed
and mechanical function of the graft. In contrast, preserving more
lung tissue, atypical resections may mitigate the extent of vascular
disruption, reducing the likelihood of pulmonary edema and
mechanical ventilation injury [6, 25].

The higher incidence of CLAD in male patients may be
related to the development of PGD, which is now recognized
as a risk factor for the development of CLAD [26]. The
reduction in the vascular bed, combined with an increased
risk of pulmonary edema, also necessitates maintaining a
more negative electrolyte balance and the wuse of
vasoconstrictors in patients undergoing graft sizing. This
can lead, especially in older patients, to the development of
AKI in the postoperative period due to renal hypoperfusion.
This complication was found to be significant not only in male
patients but also in those who underwent anatomical
resections.

Allograft Resizing in Lung Transplantation

These results highlight the importance of anticipating the
need for graft sizing and carefully assessing the individual
recipient’s risk of requiring sizing. Based on the observations,
graft volume reduction is likely preferable in female recipients,
those under 50 years old, and those with restrictive lung
disease. Furthermore, the role of atypical resections in cases
of mismatch should certainly be reevaluated in comparison to
anatomical resections.

Limitations of the Study

This study has several limitations that should be considered. Firstly,
it is a retrospective analysis, which inherently limits the ability to
establish causal relationships and may introduce selection bias. The
relatively small sample size, especially in the Sizing Group (n = 17),
may limit the statistical power to detect significant differences in
complications. Multi-center studies are needed to validate these
findings and refine clinical guidelines for graft resizing.
Another limitation is the absence of a standardized protocol
for graft resizing, as surgical decisions were based on clinical
judgment, which may introduce variability in the outcomes.
Moreover, a potential bias of the study lies in the fact that the
immunosuppressive therapy of the patients and whether the
donor lungs were standard or marginal were not considered,
which could clearly influence the outcomes observed. In
summary, while the study provides valuable insights, further
research with a larger, prospective cohort and longer follow-up
is needed to validate these findings and refine the criteria for
graft resizing in lung transplantation.

CONCLUSION

Height discrepancy between donor and recipient is a key predictor
for resizing, aligning with previous research emphasizing the
importance of anatomical dimensions over other factors like BMI
or sex. Although graft resizing is a viable solution for size mismatches,
it may be associated with worse short-term outcomes, such as higher
rates of PGD and prolonged mechanical ventilation, especially in
patients with obstructive pulmonary disease, older males, and those
undergoing anatomical resection. These findings emphasize the
importance of preoperative donor-recipient size matching,
particularly in male recipients over 50 and those with obstructive
lung disease. When resizing is unavoidable, non-anatomical
resections may be preferred to minimize postoperative
complications.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Ethical approval was not required for the study involving
humans in accordance with the local legislation and

Transplant International | Published by Frontiers

April 2025 | Volume 38 | Article 14387



Catelli et al.

institutional requirements. Written informed consent to
participate in this study was not required from the
participants or the participants’ legal guardians/next of kin
in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

All authors participated in the design, interpretation of the
studies and analysis of the data and review of the manuscript.
CC contributed to data curation and writing;i MD’A conducted
data analysis; AL, DB, and FF contributed to data collection and
review; AL contributed to writing and review; PP, EB, and LL
conceptualized, reviewed and supervised the research process. All
authors contributed to the article and approved the
submitted version.

REFERENCES

1. Eberlein M, Permutt S, Chahla MF, Bolukbas S, Nathan SD, Shlobin OA, et al.
Lung Size Mismatch in Bilateral Lung Transplantation Is Associated with
Allograft Function and Bronchiolitis Obliterans Syndrome. Chest (2012)
141(2):451-60. doi:10.1378/chest.11-0767

2. Franz M, Tavil S, de Manna ND, Aburahma K, Boethig D, Bobylev D, et al. Oversizing
Lung Allografts Deteriorates Outcomes in Patients with Pulmonary Fibrosis. ] Heart
Lung Transpl (2024) 43(7):1126-34. doi:10.1016/j.healun.2024.02.1460

3. Eberlein M, Reed RM, Permutt S, Chahla MF, Bolukbas S, Nathan SD, et al.
Parameters of Donor-Recipient Size Mismatch and Survival after Bilateral
Lung Transplantation. ] Heart Lung Transpl (2012) 31(11):1207-13. doi:10.
1016/j.healun.2011.07.015

4. Noirclerc M, Shennib H, Giudicelli R, Latter D, Metras D, Colt HG, et al. Size
Matching in Lung Transplantation. ] Heart Lung Transpl (1992) 11(4 Pt 2):5203-8.

5. Massard G, Badier M, Guillot C, Reynaud M, Thomas P, Giudicelli R, et al. Lung
Size Matching for Double Lung Transplantation Based on the Submammary
Thoracic Perimeter Accuracy and Functional Results. J Thorac Cardiovasc Surg
(1993) 105(1):9-14. doi:10.1016/50022-5223(19)33841-3

6. Eberlein M, Arnaoutakis GJ, Yarmus L, Feller-Kopman D, Dezube R, Chahla
MEF, et al. The Effect of Lung Size Mismatch on Complications and Resource
Utilization after Bilateral Lung Transplantation. ] Heart Lung Transpl (2012)
31(5):492-500. doi:10.1016/j.healun.2011.12.009

7. Roach DJ, Szugye NA, Moore RA, Hossain MM, Morales DLS, Hayes D, Jr,
et al. Improved Donor Lung Size Matching by Estimation of Lung Volumes
Based on Chest X-Ray Measurements. Pediatr Transpl (2023) 27(8):e14594.
doi:10.1111/petr.14594

8. Ouwens JP, van der Mark TW, van der Bij W, Geertsma A, de Boer WJ, Koéter GH.
Size Matching in Lung Transplantation Using Predicted Total Lung Capacity. Eur
Respir ] (2002) 20(6):1419-22. doi:10.1183/09031936.02.00294402

9. Shepherd HM, Farahnak K, Harrison MS, Frye CC, Marklin GF, Bierhals AJ,
et al. Utilizing Computed Tomography Volumetry for Size Matching Prior to
Lung Transplantation: A Case Series. ] Thorac Dis (2023) 15(4):2233-9. doi:10.
21037/jtd-22-1203

10. Prabhu NK, Wong MK, Klapper JA, Haney JC, Mazurowski MA,
Mammarappallil JG, et al. Computed Tomography Volumetrics for Size
Matching in Lung Transplantation for Restrictive Disease. Ann Thorac
Surg (2024) 117(2):413-21. doi:10.1016/j.athoracsur.2023.03.033

11. Aigner C, Winkler G, Jaksch P, Ankersmit J, Marta G, Taghavi S, et al. Size-
Reduced Lung Transplantation: An Advanced Operative Strategy to Alleviate
Donor Organ Shortage. Transpl Proc (2004) 36(9):2801-5. doi:10.1016/j.
transproceed.2004.09.066

12. Schiavon M, Mendogni P, Faccioli E, Lorenzoni G, Mazzucco A, Nosotti M, et al.
Lobar Size Reduction in Lung Transplantation: A Propensity Score Study. J Thorac
Cardiovasc Surg (2022) 164(1):289-96.¢2. doi:10.1016/j.jtcvs.2021.07.023

Allograft Resizing in Lung Transplantation

FUNDING

The author(s) declare that no financial support was received for
the research and/or publication of this article.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

GENERATIVE Al STATEMENT

The authors declare that no Generative Al was used in the
creation of this manuscript.

13. Marasco SF, Than S, Keating D, Westall G, Whitford H, Snell G, et al
Cadaveric Lobar Lung Transplantation: Technical Aspects. Ann Thorac
Surg (2012) 93(6):1836-42. doi:10.1016/j.athoracsur.2012.03.051

14. Alvarez A, Moreno P, Illana J, Espinosa D, Baamonde C, Arango E, et al.
Influence of Donor-Recipient Gender Mismatch on Graft Function and
Survival Following Lung Transplantation. Interact Cardiovasc Thorac Surg
(2013) 16(4):426-35. doi:10.1093/icvts/ivs570

15. Jayarajan SN, Taghavi S, Komaroff E, Mangi AA. Impact of Low Donor to
Recipient Weight Ratios on Cardiac Transplantation. ] Thorac Cardiovasc Surg
(2013) 146(6):1538-43. doi:10.1016/j.jtcvs.2013.06.028

16. Aigner C, Mazhar S, Jaksch P, Seebacher G, Taghavi S, Marta G, et al. Lobar
Transplantation, Split Lung Transplantation and Peripheral Segmental
Resection—Reliable Procedures for Downsizing Donor Lungs. Eur ]
Cardiothorac Surg (2004) 25:179-83. doi:10.1016/j.ejcts.2003.11.009

17. Chacon RA, Corris PA, Dark JH, Gibson GJ. Comparison of the Functional
Results of Single Lung Transplantation for Pulmonary Fibrosis and
Chronic Airway Obstruction. Thorax (1998) 53(1):43-9. doi:10.1136/
thx.53.1.43

18. Santos F, Lama R, Alvarez A, Algar FJ, Quero F, Cerezo F, et al. Pulmonary
Tailoring and Lobar Transplantation to Overcome Size Disparities in Lung
Transplantation.  Transpl ~Proc  (2005) 37(3):1526-9. doi:10.1016/j.
transproceed.2005.02.058

19. Shigemura N, Bermudez C, Hattler BG, Johnson B, Crespo M, Pilewski J, et al.
Impact of Graft Volume Reduction for Oversized Grafts after Lung
Transplantation on Outcome in Recipients with End-Stage Restrictive
Pulmonary Diseases. ] Hear Lung Transpl (2009) 28:130-4. doi:10.1016/j.
healun.2008.11.003

20. Keeshan BC, Rossano JW, Beck N, Hammond R, Kreindler J, Spray TL, et al.
Lung Transplant Waitlist Mortality: Height as a Predictor of Poor Outcomes.
Pediatr Transpl (2015) 19(3):294-300. doi:10.1111/petr.12390

21. Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler A,
et al. Ventilation with Lower Tidal Volumes as Compared with Traditional
Tidal Volumes for Acute Lung Injury and the Acute Respiratory Distress
Syndrome. N Engl ] Med (2000) 342(18):1301-8. doi:10.1056/
NEJM200005043421801

22. Slutsky AS, Ranieri VM. Ventilator-induced Lung Injury. N Engl ] Med (2014)
370(10):980. doi:10.1056/NEJMc1400293

23. Dezube R, Arnaoutakis GJ, Reed RM, Bolukbas S, Shah AS, Orens JB, et al. The
Effect of Lung-Size Mismatch on Mechanical Ventilation Tidal Volumes after
Bilateral Lung Transplantation. Interact Cardiovasc Thorac Surg (2013) 16(3):
275-81. doi:10.1093/icvts/ivs493

24. Montoya P, Bello I, Ascanio F, Romero L, Pérez J, Rosado J, et al. Graft
Reduction Surgery Is Associated With Poorer Outcome After Lung
Transplantation: A Single-Centre Propensity Score-Matched Analysis.
Eur ] Cardiothorac Surg (2021) 60(6):1308-15. doi:10.1093/ejcts/
ezab234

Transplant International | Published by Frontiers

April 2025 | Volume 38 | Article 14387


https://doi.org/10.1378/chest.11-0767
https://doi.org/10.1016/j.healun.2024.02.1460
https://doi.org/10.1016/j.healun.2011.07.015
https://doi.org/10.1016/j.healun.2011.07.015
https://doi.org/10.1016/s0022-5223(19)33841-3
https://doi.org/10.1016/j.healun.2011.12.009
https://doi.org/10.1111/petr.14594
https://doi.org/10.1183/09031936.02.00294402
https://doi.org/10.21037/jtd-22-1203
https://doi.org/10.21037/jtd-22-1203
https://doi.org/10.1016/j.athoracsur.2023.03.033
https://doi.org/10.1016/j.transproceed.2004.09.066
https://doi.org/10.1016/j.transproceed.2004.09.066
https://doi.org/10.1016/j.jtcvs.2021.07.023
https://doi.org/10.1016/j.athoracsur.2012.03.051
https://doi.org/10.1093/icvts/ivs570
https://doi.org/10.1016/j.jtcvs.2013.06.028
https://doi.org/10.1016/j.ejcts.2003.11.009
https://doi.org/10.1136/thx.53.1.43
https://doi.org/10.1136/thx.53.1.43
https://doi.org/10.1016/j.transproceed.2005.02.058
https://doi.org/10.1016/j.transproceed.2005.02.058
https://doi.org/10.1016/j.healun.2008.11.003
https://doi.org/10.1016/j.healun.2008.11.003
https://doi.org/10.1111/petr.12390
https://doi.org/10.1056/NEJM200005043421801
https://doi.org/10.1056/NEJM200005043421801
https://doi.org/10.1056/NEJMc1400293
https://doi.org/10.1093/icvts/ivs493
https://doi.org/10.1093/ejcts/ezab234
https://doi.org/10.1093/ejcts/ezab234

Catelli et al. Allograft Resizing in Lung Transplantation

25. Kozower BD, Meyers BF, Ciccone AM, Guthrie T, Patterson GA. Potential for Copyright © 2025 Catelli, D’Alessandro, Lloret Madrid, Fossi, Franchi, Bennett,

Detrimental Hyperinflation after Lung Transplantation with Application of Paladini, Bargagli and Luzzi. This is an open-access article distributed under the
Negative Pleural Pressure to Undersized Lung Grafts. ] Thorac Cardiovasc Surg terms of the Creative Commons Attribution License (CC BY). The use,
(2003) 125(2):430-2. doi:10.1067/mtc.2003.139 distribution or reproduction in other forums is permitted, provided the

26. Meyer KC, Raghu G, Verleden GM, Corris PA, Aurora P, Wilson KC, et al. An original author(s) and the copyright owner(s) are credited and that the
International ISHLT/ATS/ERS Clinical Practice Guideline: Diagnosis and original publication in this journal is cited, in accordance with accepted
Management of Bronchiolitis Obliterans Syndrome. Eur Respir J (2014) academic practice. No use, distribution or reproduction is permitted which
44(6):1479-503. doi:10.1183/09031936.00107514 does not comply with these terms.

Transplant International | Published by Frontiers 9 April 2025 | Volume 38 | Article 14387


https://doi.org/10.1067/mtc.2003.139
https://doi.org/10.1183/09031936.00107514
https://creativecommons.org/licenses/by/4.0/

	Donor-Recipient Mismatch in Lung Transplantation: The Role of Graft Sizing in Clinical Outcomes
	Introduction
	Materials and Methods
	Patients
	Surgical Procedure
	Statistical Analysis

	Results
	Discussion
	Limitations of the Study

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Generative AI Statement
	References


