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Abstract
Background  Lung transplantation (LTx) is a crucial therapeutic strategy for patients suffering from end-stage 
respiratory diseases, necessitating precise donor-recipient size matching to ensure optimal graft function. While 
standard allocation protocols rely on predicted lung capacity based on factors such as sex, age, and height, a subset 
of patients with respiratory diseases presents an additional challenge – thoracic or vertebral deformities. These 
deformities can complicate accurate volume predictions and may impact the success of lung transplantation.

Methods  In this retrospective cohort study of patients who underwent LTx at Tohoku University Hospital between 
January 2007 and April 2022, with follow-up until October 2022, the primary objective was to assess the influence 
of thoracic and vertebral deformities on perioperative complications, emphasizing interventions, such as volume 
reduction surgery. The secondary objective aimed to identify any noticeable impact on long-term prognoses in 
recipients with these deformities.

Results  Of 129 LTx recipients analyzed, 17.8% exhibited thoracic deformities, characterized by pectus excavatum, 
while 16.3% had vertebral deformities. Perioperative complications, requiring delayed chest closure, tracheostomy, 
and volume reduction surgery, were more prevalent in the deformity group. Thoracic deformities were notably 
associated with the need for volume reduction surgery. However, long-term prognoses did not differ significantly 
between patients with deformities and those without. Vertebral deformities did not appear to significantly impact 
perioperative or long-term outcomes.

Conclusions  This study highlights the prevalence of thoracic deformities in LTx recipients, correlating with 
increased perioperative complications, particularly the potential need for volume reduction surgery. Importantly, 
these deformities do not exert a significant impact on long-term prognoses. Additionally, patients with vertebral 
deformities, such as scoliosis and kyphosis, appear to be manageable in the context of LTx.
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Introduction
Lung transplantation (LTx) is a vital therapeutic approach 
for patients with end-stage respiratory diseases, aiming 
to extend the patients’ survival and enhance their quality 
of life. Donor-recipient size matching is a critical aspect 
of LTx surgery, ensuring optimal graft function [1–3]. 
During organ allocation, size matching is typically based 
on predicted total lung capacity (TLC) or predicted vital 
capacity (VC), which depend on such factors as sex, age, 
and height [4–6]. However, patients with respiratory dis-
eases, particularly those with thoracic deformities, pose 
challenges in accurate volume predictions based solely 
on height. In such cases, there has been insufficient 
analysis of postoperative complications and long-term 
outcomes related to LTx. Theoretically, patients with 
thoracic deformities may encounter complexities aris-
ing from substantial lung deformities, elevating the risk 
of an oversized graft allocated according to predicted 
lung capacity. Such instances are anticipated to compli-
cate perioperative management, necessitating interven-
tions such as volume reduction surgery or delayed chest 
closure. Conversely, vertebral deformities may not exert 
a direct impact on lung volume reduction. However, the 
potential complications for patients with such deformi-
ties following LTx remain insufficiently documented. 
Consequently, the primary objective of this study is to 
retrospectively compare patients with pre-LTx thoracic 
deformities to those without, exploring the incidence of 
perioperative complications. The secondary objective 
involves assessing long-term prognoses in these distinct 
patient cohorts. The third objective is to retrospectively 
compare patients with pre-LTx vertebral deformities to 
those without, scrutinizing the incidence of periopera-
tive complications and evaluating long-term prognoses in 
these patient cohorts.

Materials and methods
Study design and data collection
Patients who had undergone LTx at Tohoku University 
Hospital (TUH) from January 2007 to April 2022 were 
systematically enrolled as part of a retrospective cohort 
study, with follow-up observations extending through 
October 2022. The research cohort excluded individuals 
under the age of 18 and those who did not exhibit mea-
surable thoracic or vertebral deformities. At the time of 
transplantation, fundamental data, denoted as pre-trans-
plant data, were meticulously gathered. Postoperative fol-
low-up data were collected monthly until discharge, and 
then every 6 months and annually thereafter.

Ethics approval and consent to participate
It is imperative to emphasize that all research meth-
odologies were executed in strict accordance with the 
principles of the Declaration of Helsinki. The study pro-
tocol received ethical approval from the Ethics Commit-
tee of Tohoku University Graduate School of Medicine, 
the requisite of obtaining informed consent having been 
waived in view of the retrospective nature of the study, 
which was assigned Institutional Review Board number 
2021-1-866.

Definition of thoracic deformity
Thoracic deformity was defined by the presence of pectus 
excavatum or pectus carinatum (Table 1). Pectus excava-
tum was identified visually by a sunken appearance of the 
sternum and diagnosed by determining the Haller index 
by means of thoracic computed tomography (CT) [7–9]. 
This index represents the ratio between the widest trans-
verse diameter and the antero-posterior distance from 
the sternum to the anterior surface of the vertebral body 
(Fig.  1). Pectus excavatum was diagnosed if the Haller 
index exceeded 3.2. In contrast, pectus carinatum was 
identified visually by a protrusion of the sternum and ribs 
and diagnosed by determining the modified pectus index 
by means of thoracic CT. This index represents the wid-
est transverse diameter divided by the distance from the 
central chord to the undersurface of the maximal protru-
sion [10]. Pectus carinatum was diagnosed if the modi-
fied pectus index was less than 1.66.

Definition of vertebral deformity
Vertebral deformity was defined by the appearance of 
scoliosis, kyphosis, or kyphoscoliosis in chest radio-
graphs taken at the time of transplantation (Table 1). Sco-
liosis was diagnosed if the Cobb angle formed between 
the upper part of the second thoracic vertebra and the 
lower part of the 11th thoracic vertebra in a posterior-
anterior chest radiograph exceeded 10° [11, 12] (Fig.  1). 
Kyphosis was diagnosed if the Cobb angle between the 
upper part of the fourth thoracic vertebra and the lower 

Table 1  Definitions of vertebral and thoracic deformities
Type of 
Deformity

Image Selection Measurement Defini-
tion

Pectus 
excavatum

Axial view in chest CT 
scan

Haller index > 3.2

Pectus 
carinatum

Axial view in chest CT 
scan

Modified pec-
tus index

< 1.66

Scoliosis Posteroanterior view in 
chest radiograph

Cobb angle of 
T2 and T11

> 10°

Kyphosis Lateral view in chest 
radiograph

Cobb angle of 
T4 and T12

> 50°

Kyphoscoliosis Posteroanterior and 
lateral views in chest 
radiographs

Meets 
criteria of 
both sco-
liosis and 
kyphosis

Thoracic deformity was determined visually and by the presence of either 
pectus excavatum or pectus carinatum in chest CT scans. Vertebral deformity 
was identified by the presence of scoliosis, kyphosis, or kyphoscoliosis in chest 
radiographs
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part of the 12th thoracic vertebra in a lateral chest radio-
graph exceeded 50°. Kyphoscoliosis was diagnosed by 
the presence of both scoliosis (T2/T11 Cobb angle > 10°) 
and kyphosis (T4/T12 Cobb angle > 50°) [13]. Those with 
characteristics of both thoracic and vertebral deformities 
were termed overlap deformity.

Management of LTx recipients
Our center has previously reported on various aspects 
of post-transplant management, including the adminis-
tration of immunosuppressive drugs [14], prophylactic 
antibiotics during the perioperative and chronic phases 
[15, 16], histocompatibility testing [17], and general 
chronic disease management and rehabilitation [18, 
19]. At our institution, bilateral LTx is conducted uti-
lizing a clamshell incision, whereas single LTx is under-
taken employing a unilateral anterolateral incision and 
transverse sternotomy or posterolateral thoracotomy 
according to patient’s condition and transplant side. 
Primary chest closure is considered the standard pro-
cedure; however, in consideration of hemodynamic sta-
bility, pulmonary edema, and/or graft size-matching, 
the responsible surgeon may opt for delayed chest clo-
sure. Volume reduction surgery is performed only in 
cases where chest closure is deemed challenging dur-
ing primary chest closure or delayed chest closure.

Variables in the study
Body weight was assessed using Body Mass Index 
(BMI) as the metric, categorized as Underweight 
(BMI < 18.5 kg/m2), Normal (BMI 18.5–24.9), and Over-
weight (BMI > 25.0) [20]. The criteria for diagnosing 
chronic lung allograft dysfunction (CLAD) was a sus-
tained (≥ 3 months) and substantial (≥ 20%) reduction 
in FEV1 from the baseline value, extending beyond six 

months after transplantation [17, 19]. Use of intraopera-
tive extracorporeal life support (ECLS), including off-
pump, extracorporeal membrane oxygenation (ECMO), 
and cardiopulmonary bypass (CPB), was reviewed [21]. 
The definition and grading of primary graft dysfunction 
(PGD) were established according to the relevant guide-
lines from the International Society for Heart and Lung 
Transplantation. Grade 3 PGD involves the use of ECLS 
or mechanical ventilation with an inspired oxygen frac-
tion > 0.5 on nitric oxide for more than 48  h post-lung 
transplantation [22, 23].

Data analysis
The data regarding variables comparing vertebral and 
thoracic deformities with controls were presented as 
the number with percentages or medians with inter-
quartile ranges (IQR), as appropriate. To assess dif-
ferences in baseline data, categorical variables were 
evaluated using the chi-square test, while continuous 
variables were analyzed using the Kruskal-Wallis test. 
The identification of risk factors associated with vol-
ume reduction surgery was conducted through the 
use of multivariable logistic regression models. Clini-
cally important variables such as age, gender, LTx indi-
cation, and thoracic deformity were selected, and the 
analysis was performed using forward-stepwise selec-
tion, choosing predictors deemed significant. Due to 
the limited sample size, the analysis was restricted to 
two predictor variables. Time-to-event outcomes were 
modeled using the Kaplan-Meier method, and group 
differences were determined with the log-rank test. 
Statistical significance was defined as p values < 0.05. 
Statistical analyses and the creation of graphs were 
performed using GraphPad Prism 10 (GraphPad Soft-
ware, Inc., La Jolla, CA).

Fig. 1  Measurement of thoracic and vertebral deformities and representative images. (A) Pectus excavatum was assessed using an axial chest CT image, 
and the Haller index was calculated by dividing the widest transverse diameter (red line) by the highest antero-posterior distance (blue line). (B) Pectus 
carinatum was assessed using an axial chest CT image, and the modified pectus index was calculated by dividing the widest transverse diameter (red 
line) by the distance from the central chord to the underside of the maximal protrusion (blue line). (C) Scoliosis was assessed using a posteroanterior 
chest radiograph, and the Cobb angle was calculated between the second and 11th thoracic vertebrae (shown by the red and blue lines, respectively). 
(D) Kyphosis was assessed using a lateral chest radiograph, and the Cobb angle was calculated between the fourth and 12th thoracic vertebrae (shown 
by the red and blue lines, respectively)
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Results
Prevalence of thoracic and vertebral deformities in LTx 
recipients
Of the 139 patients who underwent LTx between 2007 
and 2022, two were excluded because of the inability to 
assess thoracic or vertebral deformities, and an addi-
tional eight pediatric cases were also omitted from the 
analysis. Consequently, the study encompassed a total of 
129 LTx recipients. The determination of their thoracic 
or vertebral deformity status was established through 
evaluations conducted using chest radiographs and tho-
racic CT scans, all conducted prior to the LTx procedure. 
Among the 129 LTx recipients, 23 (17.8%) were classi-
fied as having thoracic deformities, all of whom exhibited 
pectus excavatum, with no cases demonstrating pectus 
carinatum. Additionally, within this cohort, 21 patients 
(16.3%) were identified as having vertebral deformities, 
comprising ten cases of scoliosis, nine of kyphosis, and 
two of kyphoscoliosis. Cases with overlap deformity were 
categorized separately, resulting in the analysis of four 
groups: thoracic deformity (n = 18), vertebral deformity 
(n = 16), overlap deformity (n = 5), and non-deformity 
(control, n = 90), as summarized in Table 2.

Early outcomes in LTx recipients with thoracic deformity
In this study, 129 patients were classified into four 
groups based on the type of deformity, with 18 catego-
rized as isolated thoracic deformity and 5 as the overlap 
group. There were no significant differences in recipient 
age or female predominance between patients with tho-
racic deformities and other groups. However, individuals 
with thoracic deformities tended to have a leaner phy-
sique before transplantation compared to those in other 
groups, with no overweight individuals observed in this 
group (Table  2). The indications for LTx varied signifi-
cantly: cases with thoracic and overlap deformities had 
a lower prevalence of obstructive disorders (11.1% and 
0%, respectively) and a higher occurrence of fibrotic dis-
orders (50% and 40%, respectively) (p = 0.011). Moreover, 
the median donor age was significantly higher in the tho-
racic deformity group at 53 years (IQR 48–61) compared 
to the control group and vertebral deformity group, 
which had median ages of 44 years (IQR 35–53) and 42 
years (IQR 28–57), respectively (p = 0.033). Intraopera-
tive conditions, including ischemic time, operation dura-
tion, and ECLS use, appeared similar among the groups. 
However, the post-operative course was more complex in 
the thoracic deformity cohort. Patients with thoracic and 
overlap deformities underwent more procedures, such as 
delayed chest closure (61.1% and 60%, respectively, com-
pared to 18.9% in the control group) and tracheostomy 
(72.2% and 60%, compared to 45.6% in the control group). 
Additionally, they required longer periods of mechani-
cal ventilation, with a median duration of 21 days (IQR 

13–37) and intensive care, with a median duration of 31 
days (IQR 19–39). In contrast, the control group or ver-
tebral deformity group required mechanical ventilation 
for a shorter median duration of 8 days (IQR 3–26) and 
5 days (IQR 2–18), respectively, and intensive care for a 
shorter median duration of 16 days (IQR 8–35) and 11 
days (IQR 6–26), respectively. Grade 3 PGD tended to be 
higher in the thoracic deformity group (52.9%) compared 
to the control group (36.8%) or vertebral deformity group 
(13.3%) without statistical significance.

While the ratio of predicted VC in the donor/recipi-
ent remained consistent between the thoracic deformity 
group and the control group (98.0% vs. 104.1%, p = 0.488), 
it is worth highlighting that LTx recipients with thoracic 
and overlap deformities underwent more volume reduc-
tion surgery (27.8% and 60%, respectively) than those 
with vertebral deformity or without thoracic deformi-
ties (18.8% and 12.2%, p = 0.023) (Table  2). Among the 
22 patients who underwent volume reduction surgery, 
65.2% underwent wedge resection, 17.4% underwent 
lobectomy, and 13.0% underwent combined wedge resec-
tion and lobectomy. The resected locations, with duplica-
tions, included the right upper lobe (50.0%), right middle 
lobe (72.7%), right lower lobe (13.6%), upper segments 
of the left upper lobe (54.5%), lingular segments of the 
left upper lobe (77.3%), and left lower lobe (18.2%). In 
Japan, deceased-donor lung allocation primarily relies on 
the predicted VC of recipients, with minimal consider-
ation given to chest-wall deformities. Consequently, this 
approach often results in situations where the donor’s 
lung volume exceeds the recipient’s chest cavity, espe-
cially in cases of thoracic deformity, leading to a higher 
likelihood of volume reduction surgery. An additional 
analysis of risk factors for volume reduction was con-
ducted using multivariable logistic regression models 
(Table 3), suggesting a potential association between tho-
racic deformity and the need for volume reduction (odds 
ratio [OR] 3.79, 95% CI 1.28–11.11, p = 0.021). Similarly, 
sensitivity analysis with four variables indicated compa-
rable results (OR 3.91, 95% CI 1.22–12.65, p = 0.21) as 
shown in the Supplemental Table.

Long-term outcomes of LTx recipients with thoracic 
deformity
Despite the observed complex post-operative morbidi-
ties in patients with thoracic deformities, our analysis 
did not find statistical significance in the three-month 
mortality rates between these patients and those with-
out thoracic deformities (Table 2). However, there was a 
numerical disparity in the three-month mortality rates 
(22.2% in thoracic deformity vs. 6.3% in vertebral defor-
mity or 4.4% in control), suggesting a potential impact of 
thoracic deformities on survival outcomes. Therefore, we 
extended our investigative focus to long-term prognosis 
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Table 2  Clinical characteristics of LTx recipients with thoracic and vertebral deformities
Total 
n = 129

Control
n = 90

Thoracic 
Deformity
n = 18

Vertebral
Deformity
n = 16

Overlap
Deformities
n = 5

P-
value

Type of deformity, n (%)
  - Pectus excavatum 23 (17.8%) 18 (100%) 5 (100%)
  - Pectus carinatum 0 (0%) 0 (0%) 0 (0%)
  - Scoliosis 10 (7.8%) 6 (37.5%) 4 (80.0%)
  - Kyphosis 9 (7.0%) 9 (56.3%) 0 (0%)
  - Kyphoscoliosis 2 (1.6%) 1 (6.3%) 1 (20.0%)
Age at LTx, median (IQR) 45 (35–52) 46 (34–51) 38 (30–48) 51 (42–56) 43 (34–53) 0.158
Sex, female, n (%) 77 (59.7%) 53 (58.9%) 14 (77.8%) 7 (43.8%) 3 (60.0%) 0.245
Body-mass index (kg/m2), n (%) 0.053
  - <18.5: underweight 67 (51.9%) 39 (43.3%) 15 (83.3%) 9 (56.3%) 4 (80.0%)
  - 18.5–24.9: normal 48 (37.2%) 38 (42.2%) 3 (16.7%) 6 (37.5%) 1 (20.0%)
  - ≥25.0: overweight 14 (10.9%) 13 (14.4%) 0 (0%) 1 (6.3%) 0 (0%)
LTx procedure, n (%) 0.628
  - Single 76 (58.9%) 55 (61.1%) 7 (38.9%) 11 (68.8%) 3 (60.0%)
  - Bilateral 45 (34.9%) 30 (33.3%) 9 (50.0%) 4 (25.0%) 2 (40.0%)
  - Living-donor 8 (6.2%) 5 (5.6%) 2 (11.1%) 1 (6.3%) 0 (0%)
LTx indication, n (%) 0.011
  - Obstructive 49 (38.0%) 39 (43.3%) 2 (11.1%) 8 (50.0%) 0 (0%)
  - Vascular 24 (18.6%) 19 (21.1%) 3 (16.7%) 1 (6.3%) 1 (20.0%)
  - Suppurative 13 (10.1%) 8 (8.9%) 2 (11.1%) 3 (18.8%) 0 (0%)
  - Fibrosis 35 (27.1%) 21 (23.3%) 9 (50.0%) 3 (18.8%) 2 (40.0%)
  - Allogeneic 8 (6.2%) 3 (3.3%) 2 (11.1%) 1 (6.3%) 2 (40.0%)
Donor age, median (IQR) 44 (35–53) 44 (35–53) 53 (48–61) 42 (28–57) 43 (35–44) 0.033
Donor age, > 55, n (%) 23 (18.5%) 11 (12.6%) 7 (41.2%) 5 (33.3%) 0 (0%) 0.138
Ratio of predicted VC R/D (%), median (IQR) 95.8 

(86.6–104.5)
104.1 
(95.4-114.6)

98.0 (91.5-111.8) 113 (98.0-119.3) 104.0 (102.0-115.0) 0.488

Ischemic time (min), median (IQR) 494 (431–652) 494 (438–654) 480 (360–688) 498 (392–637) 483 (402–544) 0.725
Operation time (min), median (IQR) 494 (393–805) 492 (389–818) 620 (473–936) 432 (367–769) 528 (470–708) 0.396
Intraoperative ECLS use, n (%) 0.075
  - CPB 34 (26.4%) 25 (27.8%) 6 (33.3%) 2 (12.5%) 1 (20.0%)
  - ECMO 59 (45.7%) 41 (45.6%) 11 (61.1%) 5 (31.3%) 2 (40.0%)
  - Off-pump 36 (27.9%) 24 (26.7%) 1 (5.6%) 9 (56.3%) 2 (40.0%)
Delayed chest closure, n (%) 33 (25.6%) 17 (18.9%) 11 (61.1%) 2 (12.5%) 3 (60.0%) < 0.001
Volume reduction, n (%) 22 (17.1%) 11 (12.2%) 5 (27.8%) 3 (18.8%) 3 (60.0%) 0.023
Tracheostomy, n (%) 61 (47.3%) 41 (45.6%) 13 (72.2%) 4 (25.0%) 3 (60.0%) 0.044
Invasive mechanical ventilation (day), median 
(IQR)

10 (3–29) 8 (3–26) 21 (13–37) 5 (2–18) 21 (6–40) 0.015

ICU stay (day), median (IQR) 18 (9–35) 16 (8–35) 31 (19–39) 11 (6–26) 36 (12–46) 0.034
PGD† 0.601
  - grade 0 24 (19.4%) 16 (18.4%) 2 (11.8%) 5 (33.3%) 1 (20.0%)
  - grade 1 28 (22.6%) 20 (23.0%) 4 (23.5%) 3 (20.0%) 1 (20.0%)
  - grade 2 27 (21.8%) 19 (21.8%) 2 (11.8%) 5 (33.3%) 1 (20.0%)
  - grade 3 45 (36.3%) 32 (36.8%) 9 (52.9%) 2 (13.3%) 2 (40.0%)
Three-month mortality, n (%) 8 (6.2%) 4 (4.4%) 3 (22.2%) 1 (6.3%) 0 (0%) 0.241
Follow-up period (month), median (IQR) 62 (28–109) 65 (37–110) 45 (5-115) 43 (17–90) 59 (29–128) 0.398
LTx: lung transplant; IQR: interquartile range; VC: vital capacity; R: recipient; D: donor; ECLS: extracorporeal life support; CPB: cardiopulmonary bypass; ECMO: 
extracorporeal membrane oxygenation; ICU: intensive care unit; PGD: primary graft dysfunction

† missing data of 3 in control, 1 in thoracic and 1 in vertebral deformities
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based on three pivotal parameters: overall survival, free-
dom from CLAD, and CLAD-free survival (Fig.  2). It is 
noteworthy that, over the course of our longitudinal 
follow-up, extending until October 2022 with median 
followup of 62 months (IQR 28–109), the presence 
of thoracic deformities exhibited no association with 
heightened mortality rates as compared to the absence 
of thoracic deformities (log-rank p = 0.707). Addition-
ally, the incidence of CLAD within our cohort exhibited 
a comparable trend between the two groups (log-rank 
p = 0.937), and the trajectory of CLAD-free survival 
exhibited analogous patterns for patients both with and 
without thoracic deformities (log-rank p = 0.733).

Early and long-term outcomes in LTx recipients with 
vertebral deformity
Among the 21 patients with vertebral deformities, 16 
were categorized as having isolated vertebral deformity, 
while five were classified in the overlap group (Table 2). 
No statistically significant differences were observed 
in age, sex, body mass index, or type of transplant pro-
cedure (single, bilateral, and living-donor) at the time 
of LTx between patients with vertebral deformities and 
those in other groups. Additionally, there were no signifi-
cant differences in the predicted VC ratio between donor 
and recipient, ischemic time, or intraoperative ECLS use 
between the vertebral deformity group and other groups. 
Regarding volume reduction procedures, no statistically 
significant differences were observed between the verte-
bral deformity group and the others. Post-operative mor-
bidity and mortality were thoroughly assessed, revealing 
no substantial differences in terms of tracheostomy, 

duration of invasive mechanical ventilation, propor-
tion of PGD grades, and three-month mortality among 
patients with vertebral deformities. In addition to 
examining short-term outcomes, we conducted a com-
prehensive assessment of long-term outcomes using 
the Kaplan-Meier model (Fig.  2). Our analysis, which 
included follow-up data until October 2022, showed that 
the presence of vertebral deformities before LTx did not 
indicate an increased risk of mortality compared to the 
other groups. Likewise, there were no significant differ-
ences observed in freedom from CLAD or CLAD-free 
survival between patients with and without vertebral 
deformities.

Discussion
Thoracic and vertebral deformities are common clini-
cal complications, yet there is a lack of comprehensive 
studies addressing their impact on lung transplanta-
tion. Therefore, we conducted a single-center analysis 
to investigate how these deformities affect lung trans-
plantation outcomes, both in the short and long term. At 
our center, we found that 17.8% of lung transplant (LTx) 
recipients had thoracic deformities, while 16.3% had ver-
tebral deformities. A representative study on the impact 
of thoracic deformities on prognosis was conducted by 
Sonaglioni et al., who reported a significantly reduced 
survival period in individuals with idiopathic pulmonary 
fibrosis (IPF) who also had chest-wall deformities, com-
pared to those without such complications [24]. How-
ever, studies specifically focusing on lung transplantation 
are limited. The candidate selection consensus proposed 
by the International Society for Heart and Lung Trans-
plantation highlights the presence of restrictive chest-
wall or vertebral deformities as significant risk factors 
[25]. However, a study by Miyahara et al. examining 
five-year survival rates and the incidence of CLAD in 30 
cases of lung transplantation involving chest-wall defor-
mities and 38 cases without such complications found 

Table 3  Risk factors associated with volume reduction
Variables Odds Ratio 95%CI P-value
Fibrosis 0.74 0.23–2.12 0.592
Thoracic deformity 3.79 1.28–11.11 0.021
CI: 95% confidence interval

Fig. 2  Long-term outcomes of LTx recipients with thoracic and vertebral deformities. (A) Overall survival was determined by considering death from any 
cause to be an event. (B) Freedom from chronic lung allograft dysfunction (CLAD) was defined as the occurrence of CLAD. (C) CLAD-free survival was 
determined on the basis of events that included both the development of CLAD and death from any cause. For cases without any events, the date of the 
last follow-up was used for censoring. The number of patients at risk was recorded at different time points
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no significant differences in survival rates or CLAD inci-
dence between the two groups [26]. When incorporating 
our analysis into these previous reports, it appears that 
thoracic deformities have a limited influence on the long-
term prognoses of lung transplantation.

The long-term prognoses do not exhibit significant 
disparities between the cohort with thoracic deformities 
and the control group; nevertheless, a pronounced dis-
crepancy becomes evident when assessing perioperative 
complications (Table  2). This discrepancy encompasses 
not only an elevated incidence of delayed chest closure 
and tracheostomy but also a notable escalation in the 
necessity for volume reduction surgery. Our analysis 
underscores that thoracic deformities represent a dis-
cernible risk factor necessitating volume reduction sur-
gery (Table 3). It is worth noting that Montoya et al. have 
documented that patients undergoing graft reduction 
surgery in the context of LTx experience a decrement in 
respiratory function, resulting in reduced life expectancy 
[27]. Furthermore, Miyahara et al. have reported a nota-
ble predilection for LTx recipients with chest-wall defor-
mities to undergo downsizing of the transplanted lung 
compared to their counterparts devoid of such defor-
mities [26]. Consistent with recommendations made by 
Riddell et al., an optimal approach involves the use of 
grafts matched to the recipient’s anatomical dimensions 
[2]. Regrettably, thoracic deformities are not usually con-
sidered when organs are allocated, forcing transplant 
centers to resort to undersized grafts on such candi-
dates when necessary. It is imperative to recognize that 
in countries with a severe donor shortage, such as Japan, 
the luxury of awaiting a perfectly matched graft may be 
infeasible, and decisions regarding graft acceptance must 
often be expedited, frequently during the initial donor 
call. Of particular interest, there are reports suggesting 
the feasibility of concurrently addressing corrective sur-
gery for chest deformity and LTx, potentially rendering 
this approach a viable therapeutic option, particularly in 
cases of severe thoracic deformities [28]. This intriguing 
avenue warrants further investigation and consideration 
within the context of LTx.

Vertebral deformities such as scoliosis and kyphosis are 
considered contributing factors to reduced pulmonary 
function and weakened respiratory muscles [29]. Severe 
scoliosis can limit the mobility of the chest cage and 
spine [30]. While there is no systematic review on how 
vertebral deformities impact prognoses of lung trans-
plantation, numerous case reports exist. Yamamoto et 
al. reported the case of a 14-year-old female with inter-
stitial pneumonia accompanied by scoliosis (Cobb angle 
of 65°) who underwent LTx developing bronchial steno-
sis postoperatively but maintaining a good outcome for 
over five years [31]. Su et al. reported two cases of LTx 
in patients with scoliosis [32]: the first was a 53-year-old 

female with sarcoidosis, presenting with a Cobb angle 
of 80°; the second, a 46-year-old female with Kartagener 
syndrome presenting with a Cobb angle of 72°. Despite 
both cases exhibiting severe scoliosis, the postopera-
tive courses were favorable. Moreover, Fukahara et al. 
reported the case of a 17-year-old female with congenital 
heart disease and kyphoscoliosis who underwent spine 
fixation surgery, followed by heart-lung transplantation, 
with a good outcome six months postoperatively [33]. At 
our center, we also believe that vertebral distortions or 
deformities do not significantly impact the perioperative 
or long-term outcomes of LTx and thus do not constitute 
absolute technical contraindications but, rather, are fac-
tors that require careful consideration.

The limitations of this study include its single-cen-
ter nature, retrospective design, and susceptibility to 
unaccounted-for confounding variables. Conducting 
the study at a single center may have led to findings that 
do not fully represent the broader diversity of practices 
and patient demographics across different transplant 
centers. The retrospective approach, relying on exist-
ing medical records, may introduce inherent biases and 
limitations in data collection. Establishing a clear cause-
and-effect relationship poses challenges in retrospective 
studies. The temporal sequence of events, including post-
operative complications or long-term prognoses, is less 
precise compared to prospective studies. Incorporating 
prospective studies could offer a more robust solution to 
these challenges. While efforts were made to control for 
certain factors, the study may not encompass all poten-
tial confounding variables, such as comorbidities, socio-
economic factors, and variations in surgical techniques, 
which could impact the observed outcomes. Specifically, 
the higher donor age in the thoracic deformity group, 
with older donors generally considered as extended 
donors [34], may influence the risk of perioperative com-
plications, potentially affecting the study’s results. These 
limitations underscore the need for cautious interpreta-
tion of the findings and warrant consideration of further 
multi-center research to enhance the generalizability and 
depth of understanding in this area.

Conclusions
Our study highlights the prevalence of thoracic deformi-
ties, including pectus excavatum, in LTx recipients, and 
their association with increased perioperative complica-
tions, potentially leading to the need for volume reduc-
tion surgery. Importantly, these deformities do not exert 
a significant impact on long-term prognoses. Addition-
ally, patients with vertebral deformities, such as scoliosis 
and kyphosis, appear to be manageable in the context of 
LTx. Despite some limitations, these findings underscore 
the significance of adopting personalized approaches in 
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organ allocation and surgical decision-making for LTx 
candidates with thoracic and vertebral deformities.
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