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Abstract

Purpose This study was performed to compare the outcome of lung transplantation (LT) for idiopathic pleuroparenchymal
fibroelastosis (IPPFE) with that of LT for idiopathic pulmonary fibrosis (IPF).

Methods We reviewed, retrospectively, all adult patients who underwent LT for IPPFE or IPF in Japan between 1998 and
2018.

Results There were 100 patients eligible for this study (31 with IPPFE and 69 with IPF). Patients with IPPFE tended to
have a significantly lower body mass index (BMI) than those with IPF (median, 16.7 vs. 22.6 kg/m?, respectively; P <0.01).
However, Kaplan—Meier survival curves showed no significant difference in overall survival between the groups. The BMI
did not increase in patients with IPPFE, even 1 year after LT (pretransplant, 16.5 +3.2 kg/m? vs. 1 year post-transplant,
15.6+2.5 kg/m?; P=0.08). The percent predicted forced vital capacity (%FVC) 1 year after LT was significantly lower in
the IPPFE group than in the IPF group (48.4% +19.5% vs. 68.6% + 15.5%, respectively; P <0.01).

Conclusions Despite extrapulmonary problems such as a flat chest, low BMI, and associated restrictive impairment persist-

ing in patients with IPPFE, patient survival after LT for IPPFE or IPF was equivalent.
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%FVC  Percent predicted forced vital capacity

APDT  Anteroposterior diameter of the thoracic cage
BMI Body mass index

FEV, Forced expiratory volume in 1 s

FvC Forced vital capacity

ICU Intensive care unit

IIPs Idiopathic interstitial pneumonias

IPF Idiopathic pulmonary fibrosis
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IPPFE  Idiopathic pleuroparenchymal fibroelastosis
LT Lung transplantation

TDT Transverse diameter of the thoracic cage
Introduction

Idiopathic pleuroparenchymal fibroelastosis (IPPFE) is a
rare and new disease entity of idiopathic interstitial pneumo-
nias (IIPs). In 2013, IPPFE was defined as a specific disease
entity in the revised international classification of IIPs [1].
IPPEE is characterized by upper lobe-predominant fibrosis
involving the pleura and subpleural lung parenchyma. Lung
transplantation (LT) is a therapeutic option for patients with
advanced IPPFE, as it is for other IIPs. However, no official
data are available regarding the number and detailed out-
comes of LTs performed for patients with IPPFE. Although
IPPFE is included among the rare IIPs, awareness of this
condition has increased. Several reports have indicated that
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IPPFE is not as rare as initially thought, prompting the need
for a better understanding of this disease entity [2—4].

In Japan, where the availability of brain-dead organ
donors is severely limited and the average waiting time for
transplantation is longer than 800 days, candidates for LT
must be aged <55 years for bilateral LT and <60 years for
single LT. Moreover, the mortality rate of patients on the
waiting list is nearly 50%, and living-donor LT remains the
main alternative treatment for LT candidates [5]. Therefore,
whether LT can improve the prognosis or lung function of
patients with IPPFE is a major concern. Patients with IPPFE
have specific clinical features including a low body mass
index (BMI) [6], a disproportionate reduction in forced vital
capacity (FVC) [6, 7], and a chest wall deformity known as
“flat chest” [8]. One case report described rigidity of the
chest wall in a patient with IPPFE who required intensive
post-transplant pulmonary rehabilitation [9]. The charac-
teristic extrapulmonary problems associated with IPPFE,
such as a flat and rigid chest, might cause persistent restric-
tive impairment, necessitating intensive rehabilitation, even
after LT. Furthermore, the impact of these extrapulmonary
problems of IPPFE on survival or long-term functional out-
comes after LT is unknown and it has not been identified
whether these features can be reversed after LT for patients
with IPPFE. We hypothesized that the prognosis and/or lung
function of patients with IPPFE after LT is poor and con-
ducted this study to evaluate the outcome of LT for IPPFE
compared with that of LT for idiopathic pulmonary fibrosis
(IPF).

Patients and methods

This study was performed in accordance with the Declara-
tion of Helsinki and approved by the ethics committee of
The University of Tokyo (12001). The need for informed
consent was waived because of the retrospective nature of
the study. The subjects of this multicenter, retrospective
review were adult patients with IPPFE or IPF, who under-
went LT between October 1998, when the first case of LT
was performed in Japan, and June 2018. All nine lung trans-
plant centers in Japan were involved in this study.

Clinical data were collected from the medical records of
each hospital and the LT registration database of the Japa-
nese Society of Lung and Heart—Lung Transplantation. To
minimize the differences in pulmonary function testing
among centers, the percent predicted values were calculated
with the same methods and used for analysis (Supplemental
Appendix 1). The ratio of the anteroposterior diameter of
the thoracic cage (APDT) to the transverse diameter of the
thoracic cage (TDT) was calculated to assess the flatness of
the chest wall, as recommended by Harada et al. [8] (Sup-
plemental Appendix 2).

We reviewed and reclassified all patients with IIPs in
each center, retrospectively. IPPFE was diagnosed by high-
resolution computed tomography on the basis of previously
reported criteria [10]. Patients with pleural thickening asso-
ciated with subpleural fibrosis concentrated in the upper
lobes, with or without lower lobe involvement, were clas-
sified as having IPPFE. This classification was confirmed
pathologically to be consistent with IPPFE. Patients with
secondary pleuroparenchymal fibroelastosis, such as those
with upper lobe fibrosis and a history of bone marrow
transplantation or LT, were excluded. IPF was diagnosed
by high-resolution computed tomography and pathologic
examination of the extracted lung, according to the pub-
lished guidelines [1, 11].

Statistical analysis was performed using JMP software,
version 14 (SAS Institute, Cary, NC, USA). Continuous data
are presented as means + standard deviation if the data were
distributed normally and as the median and range if not.
Categorical data are presented as numbers and proportions.
The Mann—Whitney U-test or Student’s 7-test were used for
comparisons between two groups as appropriate. The paired
t-test was performed to compare the means obtained from
the same patients. Frequencies were compared using Fisher’s
exact test for categorical variables. Kaplan—Meier survival
estimates were used to assess the duration of survival, and
the log-rank test was used to compare survival rates between
groups. Patients who had undergone re-transplantation or
were alive at the end of the data collection period were
treated as censored. Patients who died in the hospital with-
out having been discharged were excluded from the analysis
of the intensive care unit (ICU) length of stay and hospital
length of stay. All analyses were two-tailed, and P <0.05
was considered to denote significance.

Results
Preoperative characteristics

In total, 100 patients were eligible for this study (31 with
IPPFE and 69 with IPF). Table 1 summarizes the preop-
erative characteristics and clinical data of the patients in
each diagnostic group. Patients with IPPFE were signifi-
cantly more likely to be female (P <0.01), have a lower BMI
(P<0.01), and have a history of pneumothorax (P <0.01),
and significantly less likely to have a history of corticos-
teroid use, than patients with IPF (P =0.02). There was
no significant difference in the frequency of pulmonary
hypertension, defined as a mean pulmonary artery pressure
of >25 mmHg. The percent predicted FVC (%FVC) was
not significantly different between the groups; however, the
ratio of the forced expiratory volume in 1 s (FEV,) to the
FVC was significantly higher in the IPPFE group than in
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Table 1 Pre-transplant

o o Pre-transplant characteristics IPPFE (n=31) IPF (n=69) P value
characteristics and clinical data
of the patients Age (years) 51 (28-60) 55 (20-64) 0.06*
Sex, female 18 (58%) 19 (28%) <0.01°
Procedure
Brain-dead donor 18 (58%) 42 (61%) 0.84°
Living-donor 12 (39%) 26 (38%)
Brain-dead and living 1 3%) 1 (1%)
Side
Bilateral 20 (65%) 31 (45%) 0.09°
Single 11 (35%) 38 (55%)
Waiting duration, brain-dead (days) 461 (58-1161) 593 (5-1460) 0.16*
BMI at registration (kg/mz) 16.7 (11.4-28.2) 22.6 (12.6-32.2) <0.01*
History of pneumothorax, yes 16 (52%) 18 (26%) 0.02°
Chronic pneumothorax, yes 7 (22%) 7 (10%) 0.13°
Antifibrotic agent, yes 8 (26%) 27 (39%) 0.26°
History of corticosteroid use, yes 16 (52%) 52 (76%) 0.02°
Aspergiloma, yes 3(10%) 7 (10%) 1°
History of smoking, yes 14 (47%) 45 (66%) 0.08"
KL-6 at registration (U/mL) 972 (229-4866) 1790 (263-6267) <0.01*
SP-D at registration (ng/mL) 217 (18-623) 298 (84-961) 0.19*
Preoperative oxygen therapy, yes 26 (84%) 64 (94%) 0.13°
6MWD at registration (m) 280 (10-625) 245 (26-645) 0.93*
Mean PAP at registration (mmHg) 17 (10-42) 23 (9-45) 0.03*
PH at registration, yes 4 (25%) 13 (45%) 0.22°
APDT/TDT, mean of both sides 0.501 (0.391-0.694) 0.568 (0.381-0.772) <0.01*
Respiratory function at registration
%FVC 35.8 (16.9-80.6) 43.1 (12.5-98.2) 0.11*
%FEV 41.0 (19.2-77.3) 47.0 (11.8-94.1) 0.16*
FEV,/FVC (%) 95 (51.3-100) 88.6 (62.1-100) 0.01*
%DLCO 43.6 (0.9-60.0) 24.1 (1.3-105.4) 0.17%
%DLCO/VA 59.3 (3.7-113.1) 47.4 (8.9-104.2) 0.28*

Data are presented as numbers (%) or median values (range)

6MWD 6-min walking distance, %DLco percent predicted diffusing capacity of carbon monoxide, %DLco/
VA percent predicted diffusing capacity of carbon monoxide per alveolar volume, %FEV, percent predicted
forced expiratory volume in 1 s, %FVC percent predicted forced vital capacity, APDT/TDT ratio of anter-
oposterior and transverse diameters of the thoracic cage, BMI body mass index, FEV,/FVC ratio of forced
expiratory volume in 1 s to forced vital capacity, /PF idiopathic pulmonary fibrosis, /PPFE idiopathic
pleuroparenchymal fibroelastosis, KL-6 Krebs von den Lungen-6, PH pulmonary hypertension, PAP pul-
monary artery pressure, SP-D surfactant protein D

4Continuous variables were compared using the Mann—Whitney U-test

PFrequencies were compared using Fisher’s exact test for categorical variables

the IPF group (P=0.01), which indicated restrictive impair-
ment in patients with IPPFE. The APDT to TDT ratio was
significantly lower in the IPPFE group than in the IPF group
(P<0.01), which indicated flattening of the chest wall.

Survival analysis
We performed a post-transplant survival analysis of the 31

patients with IPPFE and 69 with IPF. The Kaplan—Meier
survival curves showed no significant difference in mortality
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rates between the groups (Fig. 1). The median survival was
3093 days in the IPPFE group and 3642 days in the IPF
group. There was no significant difference in survival when
limited to either brain-dead or living-donor LT (P=0.31 and
P=0.18, respectively).

Outcomes after LT

Table 2 summarizes the outcomes after LT. The ICU and
hospital length of stay were significantly longer in the IPPFE
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1.0 Table 2 Post-transplant outcomes
0.8 IPPFE Post-transplant outcomes IPPFE (n=31) IPF (n=69) P value
) IPF
ICU stay (days) 15.5 (5-93) 10 (2-72) <0.01?
o 0.6 Hospital stay (days) 99 (33-427) 66 (27-549) <0.01?
= Oxygen support
E 0.4 ' 3 months after the 5(17%) 10 (16%) 1°
(?) . operation
0.2 P=0.66 AR . 6 months after the 5(17%) 9 (15%) 0.76°
operation
00 Performance status, > 1
0 1000 2000 3000 4000 5000 6000 7000 3 months after the 12 (41%) 17.27%) 0.23°
. . operation
No. at risk Survival time (days) 6 months after the 8 (30%) 10 (17%) 0.25%
PPFE 31 15 10 7 4 4 1 operation ,
IPF 69 40 12 5 3 1 1 0 Body mass index (kg/m”)
1 year after the opera-  15.5(9.9-20) 21.2 (13.1-26.6) <0.01*
Fig. 1 Kaplan—Meier survival curves of patients who underwent lung tion
transplantation, grouped by diagnosis, for idiopathic pleuroparenchy- In-hospital mortality 1 (3%) 6 (9%) 0.43°
mal fibroelastosis (IPPFE) (n=31) or idiopathic pulmonary fibrosis All mortality 12 (39%) 27 (39%)
(IPF) (n=69). The dots indicate censoring or death. P=0.66 by the £t fail 217 1
log-rank test. /PF idiopathic pulmonary fibrosis, /PPFE idiopathic Graft al'ure‘ (17%) 3 (11%)
pleuroparenchymal fibroelastosis Acute rejection 1(8%) 0 (0%)
CLAD 3 (25%) 7 (26%)
Infection 2 (17%) 6 (22%)
group than in the IPF group (both P <0.01). The BMI 1 year Malignant tumor 1(8%) 4 (15%)
after LT was significantly lower in the IPPFE group than in PTLD 0 (0%) 1 (4%)
the IPF group (P <0.01). There was no significant difference Other causes 2 (17%) 6 (22%)

in the frequency of oxygen therapy at 3 or 6 months after
LT. Chronic lung allograft dysfunction was the leading cause
of mortality in the IPPFE and IPF groups. Other causes of
mortality included secondary pulmonary hypertension,
aspiration, gastric ulcers, pulmonary embolism, thrombotic
microangiopathy, anastomotic dehiscence, and unknown
causes (Table 2).

Post-transplant BMI

The BMI of the IPPFE group patients had not improved by
1 year after LT (pretransplant, 16.5 +3.2 kg/m? vs. 1 year
later, 15.6+2.5 kg/mz; P =0.08). Even when limited to
brain-dead donor LT, the low BMI had not increased by
1 year after LT (pretransplant, 16.8+3.5 kg/m? vs. 1 year
later, 16.1+2.1 kg/m?; P=0.30) (Fig. 2a). When limited
to living-donor LT, the BMI in the IPPFE group was lower
1 year after LT (pretransplant, 16.0 +2.7 kg/m? vs. 1 year
later, 14.2 +3.2 kg/m?; P=0.01) (Fig. 2b).

Post-transplant pulmonary function

The %FVC 2 years after LT was still significantly lower
in the IPPFE group than in the IPF group (IPPFE,
52.0% +20.0% vs. IPF, 70.8% +18.7%; P <0.01). How-
ever, the low preoperative %FVC in the IPPFE group had
improved significantly by 2 years after LT (pretransplant,

Data are presented as numbers (%) or median values (range)

CLAD chronic lung allograft dysfunction, ICU intensive care unit,
IPF idiopathic pulmonary fibrosis, /PPFE idiopathic pleuroparen-
chymal fibroelastosis, PTLD post-transplantation lymphoproliferative
disorder

#Continuous variables were compared using the Mann—Whitney
U-test

PFrequencies were compared using Fisher’s exact test for categorical
variables

36.9% +17.2% vs. 2 years later, 52.0% +20.0%; P=0.03)
(Fig. 3a). The percent predicted diffusing capacity of carbon
monoxide (%DLco) 1 year after LT was equivalent in the
two groups (IPPFE, 47.4% +24.0% vs. IPF, 53.8% + 19.7%;
P=0.37) (Fig. 3b). When the analysis was limited to patients
with IPPFE who underwent bilateral LT, the changes in
%FVC showed a similar trend until 2 years after LT (pre-
operative, 37.7% + 19.8% vs. 2 years later, 54.3% +20.9%;
P=0.06) (Supplemental Fig. 1), being significantly lower
than in the patients with IPF (IPPFE, 54.3% +20.9% vs. IPF,
74.2% +17.9%; P=0.01) (Supplemental Fig. 1).

In the patients with IPPFE who underwent brain-dead
donor LT, the mean %FVC 2 years after LT was signifi-
cantly lower than that in the patients with IPF (IPPFE,
51.1% +11.8% vs. IPF, 70.0% + 19.5%, P =0.05). Among
the patients who underwent living donor LT, the mean
%FVC 2 years after LT in patients with IPPFE tended to be

@ Springer
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Fig.2 Changes in body mass index (BMI) pre- and post-lung trans-
plantation grouped by diagnosis. a Transplant patients underwent
brain-dead donor transplantation. In the IPPFE group, the low pre-
transplant BMI did not improve, even 1 year after lung transplanta-
tion (LT) (P=0.30). Patients with IPF maintained their optimal pre-
transplant BMI until 1 year after LT. b Transplant patients underwent
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Fig.3 Changes in pulmonary function grouped by diagnosis. a
Changes in mean %FVC. In patients with IPF, the mean %FVC had
improved by 2 years after LT. Although the mean %FVC 2 years after
LT in the IPPFE group was still significantly lower than that in the
IPF group (P<0.01), it had improved (P=0.03). b The mean %DLco
1 year after LT was equivalent between the IPPFE group and the IPF

lower than that in patients with IPF (IPPFE, 56.6% +23.5%
vs. IPF, 72.4% +18.4%, P=0.10). To compare patients
with similar conditions, those who underwent bilateral
LT from a brain-dead donor were specifically examined.
Although the %FVC until 1 year after LT without missing
data was available for only four patients with IPPFE and
three patients with IPF, the %FVC 1 year after LT tended
to be lower in patients with IPPFE than those with IPF
(Supplemental Fig. 2).
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Living-Donor Transplantation
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IPF
n=18

IPPFE
n=7

P=0.01

10 - -
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living-donor transplantation. In the IPPFE group, the low pretrans-
plant BMI had decreased 1 year after LT (P=0.01). Patients with IPF
had maintained their optimal pretransplant BMI by 1 year after LT.
Values are expressed as means =+ standard deviation. BMI body mass
index, /PF idiopathic pulmonary fibrosis, /PPFE idiopathic pleuro-
parenchymal fibroelastosis, LT lung transplantation

b %DLco
%) p=015
80 ~
70 P=0.08 ” . ——
60 ‘ > I I § IPF
50 Salaininiainty ‘ ] C n=34
40 3 E—

o
30 n L L IPPFE
o0 & T P<0.01 =12

;. —>

10 2 ;
0 P <0.01

Pre LT 6 months 1 year
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group (P=0.37). Values are expressed as means + standard deviation.
%DLco percent predicted diffusing capacity of carbon monoxide,
%FVC percent predicted forced vital capacity, IPPFE idiopathic pleu-
roparenchymal fibroelastosis, /PF idiopathic pulmonary fibrosis, LT
lung transplantation

Post-transplant APDT/TDT ratio in patients
with IPPFE

The mean APDT/TDT ratio in all procedures had improved
by 2 years after LT in the IPPFE group (pretransplant,
0.477+0.07 vs. 2 years later, 0.503 +0.07; P<0.01). When
limited to brain-dead donor LT, the low APDT/TDT ratio
had improved significantly by 1 year after LT (pretrans-
plant, 0.494 +0.07 vs. 1 year later, 0.521 +£0.06; P <0.01)
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Fig.4 Changes in the mean anteroposterior and transverse diameters
of the thoracic cage ratio (APDT/TDT) in patients with IPPFE. a
The change in the mean APDT/TDT ratio after brain-dead donor LT.
The low APDT/TDT ratio in patients with IPPFE was significantly
improved by 6 months after LT. This improved APDT/TDT was
maintained at 1 year after LT (P?<0.01). However, this value in the
IPPFE group was still significantly lower than that in the IPF group
(P<0.01). b The change in the mean APDT/TDT after living-donor

(Fig. 4a). However, this value was still significantly lower
than that in the IPF group (IPPFE, 0.521 +0.06 vs. IPF,
0.583+0.07; P<0.01) (Fig. 4a). The mean APDT/TDT ratio
had not improved by 1 year after living-donor LT (pretrans-
plant, 0.502+0.07 vs. 1 year later, 0.502 +0.06; P=0.97)
(Fig. 4b).

Discussion

In the present study, the patients who underwent LT for
IPPFE had a longer stay in the ICU and hospital and their
low BMI did not improve. The low preoperative %FVC in
the IPPFE group also showed limited improvement after
LT and was significantly lower than that in the IPF group,
although the capacity for gas exchange represented by
%DLco after LT was equivalent in the two groups. These
findings indicate that the patient’s lung function after LT
may be limited not by restrictive dysfunction of the lung
itself, but by certain extrapulmonary problems. In this study,
the APDT/TDT ratio was significantly lower in the IPPFE
group than in the IPF group even after LT, demonstrating
limited improvement of the flat chest. Yanagiya et al. [9]
described a patient with IPPFE who required intensive reha-
bilitation even after LT because of chest wall rigidity. A
rigid and flat chest wall may be one of the extrapulmonary

APDT/TDT ratio

B Living donor LT
=== |PF - |PPFE
n=19 n=11
Male : 2 Male : 2
Female : 7 Female : 9
0.65 ' P=0.77 .
. P=0.81 P=0.97
0.60 —> <—>"
0.55 2 g
\ \%
Q
0.50 a
0.45
0.40 e— P=097 ——
Pre 6 months 1 year
LT after LT after LT

LT. The low APDT/TDT ratio had not improved by 1 year after liv-
ing-donor LT (P=0.97) and was still significantly lower than that in
the IPF group (IPPFE, 0.502+0.06 vs. IPF, 0.562+0.04; P<0.01).
Values are expressed as means + standard deviation. APDT/TDT ratio
of anteroposterior and transverse diameters of the thoracic cage,
IPPFE idiopathic pleuroparenchymal fibroelastosis, IPF idiopathic
pulmonary fibrosis, LT lung transplantation

problems that persist even after LT, which would limit tho-
racic compliance, resulting in restrictive impairment in
patients with IPPFE. Although some functional problems
persist, the overall survival of IPPFE patients after LT was
similar to that of IPF patients after LT, indicating acceptable
outcomes of LT for patients with IPPFE.

Miyoshi et al. [12] reported that pulmonary function
after living-donor lobar LT was poorer in patients with a
flat chest than in those with a normal chest, whereas Miya-
hara et al. [13] reported that pulmonary function after brain-
dead donor LT was similar between patients with a flat chest
and those with a normal chest. They also reported that the
flat chest was reversed after each procedure. In the present
study, pulmonary function after living-donor LT tended to
be lower in the IPPFE group than in the IPF group. Fur-
thermore, pulmonary function after brain-dead donor LT
was significantly lower in the IPPFE group than in the IPF
group and although the flat chest (APDT/TDT ratio) in the
IPPFE group improved after brain-dead donor LT, it did not
improve after living-donor LT. These differences between
previous studies [12, 13] and the present study may be due
in part to the different etiologies of the diseases. The previ-
ous studies were not limited to patients with IPPFE. Patients
with end-stage restrictive lung diseases sometimes have a
flat chest, which can also result from congenital chest wall
deformities, such as pectus excavatum. Generally, lungs
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from brain-dead donors are larger than those from living
donors because lobar transplantation is the major procedure
for living-donor LT [14]. These reports suggest that flatten-
ing of the chest wall and pulmonary function can be reversed
after LT if a donor lung has sufficient volume, except in
patients with IPPFE. According to the registry report from
the International Society for Heart and Lung Transplan-
tation, undersized grafts were not associated with worse
survival after LT for patients with interstitial lung diseases
[15], although a recent report showed the disadvantage of
undersized grafts for single LT for patients with restrictive
lung disease [16]. Based on our results, the potential benefit
of oversized lung grafts on the post-transplant pulmonary
function remains unclear as an oversized graft may cause
some trouble such as pulmonary tamponade from chest wall
rigidity. Further studies are needed to establish the optimal
graft size for patients with IPPFE.

Bilateral LT is reported to be associated with better post-
transplant pulmonary function than single LT in patients
with IPF [17]. Native lung complications after a single LT
have been reported [18]. Recently, we reported a case of
fatal secondary pulmonary hypertension associated with a
flat chest in a patient who underwent single LT for IPPFE
[19]. Single LT has some potential disadvantages associated
with native lung and chest wall deformity, and bilateral LT
can contribute to better posttransplant outcomes. However,
a deformed and narrow chest cavity might result in unusual
complications such as cardiac or pulmonary tamponade,
especially when the grafts are oversized. Further studies are
needed to compare the outcomes of single LT vs. bilateral
LT for patients with IPPFE.

Marczin et al. [20] reported that patients who underwent
bilateral LT through bilateral anterolateral thoracotomy
without sternal incision had better postoperative pulmonary
function than those who underwent LT through a clamshell
incision. The median sternotomy approach for bilateral LT is
reported to be associated with shorter operative and cardio-
pulmonary bypass times [21]. In Japan, a clamshell incision
for bilateral LT and lateral thoracotomy for single LT are the
most common procedures. However, in this study, data on
the surgical approach for bilateral LT, such as clamshell inci-
sion, median sternotomy, and bilateral thoracotomy, were
not collected. Given that patients with IPPFE have some
extrapulmonary problems that limit pulmonary function
after LT, further studies are required to establish the optimal
approach and best surgical strategies to improve pulmonary
function after LT.

A recent meta-analysis showed that underweight lung
transplant candidates have a higher risk of post-transplant
mortality than those with a normal BMI [22]. Patients with
IPPEE are reported to suffer progressive weight loss during
the disease course, but the underlying mechanisms are still
unknown [23]. In our study, the low preoperative BMI of
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these patients did not increase even after LT. Our results
suggest that the limited pulmonary function of such patients
might result in increased respiratory effort and energy con-
sumption. In LT recipients with cystic fibrosis, maldiges-
tion, malabsorption and associated malnutrition often lead
to weight loss, and underweight patients are reported to
have lower pulmonary function than healthy or overweight
patients [24]. Suitable perioperative nutritional management
may contribute to better outcomes after LT for patients with
IPPFE; however, in this study, nutritional data on periopera-
tive total parenteral nutrition or tube feeding was not availa-
ble. Further studies should be done to address whether nutri-
tion administration can improve posttransplant pulmonary
function and the BMI of patients with IPPFE.

Our study comprised 31 patients with IPPFE and 69 with
IPF, which provides further evidence to suggest, as in our
previous study [3] and those of others [2, 4], that IPPFE
is not as rare as previously believed, especially in Japan.
Long-term steroid use leads to catabolic side effects, includ-
ing muscle weakness and atrophy, skin atrophy, and delayed
wound healing [25], which may impair recovery after LT. As
our IPPFE group patients were less likely to have received
corticosteroids preoperatively, corticosteroids were not the
only reason for their delayed or limited recovery. Patients
with IPPFE have severe restrictive impairment of pulmonary
function; however, the preoperative pulmonary function was
not significantly different between the groups in our study.
The fact that significance was not reached can be explained
by the study population as candidates for LT generally have
more advanced lung disease than patients at the time of diag-
nosis. Patients with IPF also suffer severe restrictive lung
dysfunction in the advanced stage of the disease.

Our study has several limitations. First, the number of
patients was small and several had incomplete pulmonary
function testing data. Moreover, the female predominance
among patients with IPPFE is a potential confounding fac-
tor because Japanese women may have a low BMI, but we
could not perform an analysis limited to the male patients
with IPPFE because of the small sample size. Because this
was a multicenter study involving all nine transplant centers
in Japan, an international multicenter study will be necessary
to procure a greater number of patients. Second, the condi-
tions of the donor lungs were not considered in this study. In
Japan, size-matching is considered when brain-dead donor
lungs are allocated, and living-donor lungs are selected: the
donor’s predicted vital capacity is usually between 70 and
130% of the recipient’s predicted vital capacity. Data regard-
ing other conditions, such as a history of smoking, were
difficult to obtain because of ethical problems and privacy
protection. Finally, the underlying mechanisms of limited
functional improvement and the delayed recovery of patients
with IPPFE were not examined in this study. The present
study suggests the presence of systemic or extrapulmonary
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problems, such as a rigid and flat chest wall, in patients with
IPPFE; however, studies are needed to confirm the underly-
ing mechanisms.

Conclusion

Some systemic or extrapulmonary problems, such as a
rigid and flat chest wall and persistently low BMI, may
delay recovery and limit the lung function of patients who
undergo LT for IPPFE. However, survival after LT is similar
for patients with IPPFE and those with IPF, indicating an
acceptable outcome of LT for patients with IPPFE.
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tary material available at https://doi.org/10.1007/s00595-021-02232-6.
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