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ABSTRACT. Background: 1diopathic pleuroparenchymal fibroelastosis (IPPFE) was recently proposed as an entity
to be included among rare idiopathic interstitial pneumonias (IIPs). However, the cause, clinical features and
prognosis of this rare entity have not been elucidated. Objectives: We aimed to examine the clinical features, out-
comes and prognostic factors for IPPFE in comparison to those of idiopathic pulmonary fibrosis (IPF). Mezhods:
We retrospectively analyzed 20 patients with IPPFE and 71 with IPF. We compared clinical features, blood ex-
amination data, and respiratory functions at the time of diagnosis. Resu/zs: The IPPFE group had a significantly
lower body mass index (BMI), percent forced vital capacity (%FVC), total lung capacity (% TLC) and expiratory
reserve volume (%WERV), as well as a higher residual volume to TLC (RV/TLC) ratio than the IPF group. The
annual FVC changes in the IPPFE group (-326ml/year) were significantly larger than those in the IPF group
(-142ml/year). Survival was significantly poorer in the IPPFE than in the IPF group (P = 0.021). BMI and the
partial pressure of oxygen in arterial blood (PaO,) were significantly related to the outcome of IPPFE. Conclu-
sions: Our present results indicate the prognosis of IPPFE patients to be poorer than that of IPF patients. We
advocate that BMI and arterial blood PaO,be determined at the first visit as these parameters are closely related
to patients’ outcomes. Prospective evaluation of IPPFE starting in the subclinical phase is necessary to assure
that appropriate measures are taken before progression. (Sarcoidosis Vasc Diffuse Lung Dis 2017; 34: 35-40)

KEy worps: idiopathic pleuroparenchymal fibroelastosis (IPPFE), idiopathic pulmonary fibrosis (IPF), prog-
nostic factors, pulmonary function

INTRODUCTION the lesion as being non-progressive. However, unu-

sual case series with progressive pulmonary disease,

Pleural thickening of the apical area has con-
ventionally been called pulmonary apical cap (PAC)
(1-3). If a PAC case has no symptoms, we regard
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showing decreases in both superior lobe volumes,
have been reported (4). The details of these progres-
sive pulmonary diseases were described and a new
condition named idiopathic pulmonary upper lobe
fibrosis (IPUF) was proposed (5).

Previous reports have described unusual pulmo-
nary disorders (6-9) with the following pathological
features; belt-shaped fibrosis and atelectasis are de-
tectable directly under the pleura with superior lobe
predominance, and there is nonspecific pulmonary
fibrosis with an internal cystic lesion. Depending on
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the clinical course, such a pulmonary lesion can ex-
pand to the inferior lobe. The pathological entity of
idiopathic pleuroparenchymal fibroelastosis (IPPFE)
was proposed in 2004 (10). IPPFE is characterized
by elastic fiber hyperplasia in a pleural lesion with su-
perior lobe predominance and fibrosis of the adjacent
lung parenchyma, particularly of the alveolar septum.

Moreover, IPPFE is described as a group of
rare idiopathic interstitial pneumonias (IIPs) in the
American Thoracic Society (ATS)/European Res-
piratory Society (ERS) combination statement of
2013 (11). Other than idiopathic causes, acid-fast
bacillus infection, pneumoconiosis, ankylosing spon-
dylitis, pneumoconiosis, sarcoidosis, rheumatoid
lung, ulcerative colitis (12), super alloy lungs (13),
and pulmonary complications after bone marrow
transplantation (14, 15) may show similar upper lobe
fibrosis.

Recent infections, with genetic and autoim-
mune predispositions as background factors, are as-
sumed to contribute to these changes (16), but little
is known regarding the etiology and prognosis of IP-
PFE.

In this study, we retrospectively analyzed clinical
characteristics and respiratory functions employing
follow-up data of 20 IPPFE cases for comparison
with those of idiopathic pulmonary fibrosis (IPF)

cases.

MATERIAL AND METHODS
Patients

We reviewed clinical data from patients diag-
nosed with IPPFE at Nippon Medical School Hos-
pital, Tokyo and National Hospital Organization,
Ibarakihigashi National Hospital, Ibaraki, from 2005
to 2013. IPPFE was diagnosed using high-resolu-
tion computed tomography (HRCT) images, based
on previous reports (10, 16). The following findings
were taken to indicate IPPFE: (1) pleural thicken-
ing with associated subpleural fibrosis concentrated
in the upper lobe; (2) lower lobe involvement less
marked or absent.

We excluded cases with definite autoimmune
diseases, chronic hypersensitivity pneumonitis and
malignant tumor. Secondary PPFE patients, such
as those with upper lobe fibrosis after bone marrow

and lung transplantation, were not included. This
retrospective study was approved by the institutional
review boards of Nippon Medical School (number
27-04-439) and Ibarakihigashi Hospital (number
2015-001), and patient consent was not required.
Generally, IPF, a chronic, progressive, and fa-
tal disease, is the most common form of idiopathic
interstitial pneumonia. Therefore, it is reasonable to
compare IPPFE with IPF in terms of demograph-
ics and survival. We thus selected IPF patients as
controls for those with IPPFE. These IPF cases
were followed at Nippon Medical School Hospital
during the same period. We evaluated characteris-
tics and prognostic factors in both IPPFE and IPF
patients. The diagnosis of IPF was based on a pre-
viously published IPF guideline (17) using HRCT
images. Briefly, the criteria were reticular shadows or
honeycomb-formation adjacent to the pleura with
lower lung predominance, findings categorized into
the pathological pattern of usual interstitial pneu-
monia (UIP). Patients with possible UIP pattern or
inconsistent with UIP pattern were not included in
the comparative group. We also excluded cases with
lung cancer and so-called combined pulmonary fi-

brosis and emphysema (CPFE).
Clinical assessment

We reviewed age, gender, smoking history, and
body mass index (BMI) at the time of diagnosis.
We calculated BMI based on the following formula.
BMlI=weight (kg)/(height [m])*. The partial pres-
sures of oxygen (Pa0O,) and carbon dioxide (PaCO,),
as well as the pH, of arterial blood at rest in the su-
pine position, using an automatic blood gas analyser,
were recorded.

Pulmonary function ftests

Pulmonary function parameters, including
forced vital capacity (FVC), forced expiratory volume
in 1.0 second (FEV1), total lung capacity (TLC),
lung diffusion capacity of carbon monoxide (DLco),
ratio of residual volume per total lung capacity (RV/
TLC), and expiratory reserve volume (ERV), were
measured according to the ATS guidelines (18) us-
ing a pulmonary function instrument with computer
processing (CHESTAC 8900 (NTHON KOHDEN,
Tokyo, Japan)). Each analysis was performed at least
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three times during the study period. We evaluated
pulmonary function changes in each individual by
linear regression analysis, as described in previous
reports (19, 20). We excluded cases with 0-2 respira-
tory function tests during the follow-up period of
this analysis.

Statistical analyses

Statistical analyses were performed on a micro-
computer using JMP software (SAS Institute, Cary,
NC). Numerical data were evaluated for a normal
distribution using the Shapiro-Wilk test and for
equal variance using the Levine median test. Statisti-
cal comparisons of parametric data were conducted
with the Student-# test, and of non-parametric data
with the Mann-Whitney U test. Fisher’s exact test
was used to compare the data classified in two cat-
egories. The Kaplan-Meier survival curves were

Table 1. Demographic data of PPFE and IPF subjects

compared using the log-rank test. Each of the physi-
ological and prognostic factors were subjected to
univariate analysis. Multivariate analyses were con-
ducted using the Cox proportional hazard model. P
values <.05 were considered significant.

REesuLTs
Chinical characteristics

Twenty patients diagnosed with IPPFE based
on HRCT findings were enrolled in the present study,
and 71 with IPF were enrolled as a control group.
Demographic features including the observation pe-
riod, age, gender, BMI, smoking status, pulmonary
function tests, serum markers and arterial blood gas
analysis results at the first visit were recorded (Table
1). The observation period and age at baseline of the

Characteristics PPFE (n=20) IPF (n=71) Pvalues
Observation period (days)* 1017.1£535.3 1251.0+£766.8 NS
Age at baseline (years)* 68.5 (46-85) 70.1 (50-89) NS
Gender
male/female 12/8 (60%) 60/11 (84.5%) <.05*
Body mass index (kg/m2 ) 18.7+3.3 23.8+2.6 <.0001*
Smoking history (number) 10/20 59/71
pack-years® 8.9+15.6 30.5£27.2 0.001f
Pulmonary function test®
FVC (ml) 1959844 (n=18) 26534645 (n=71) <001
FVC %predicted 67.5+23.5 (n=18) 85.5+19.5 (n=71) <.01"
FEV1 (ml) 1847+731 (n=19) 2226+530 (n=71) <.057
FEV1 %predicted 87.2+27.7 (n=19) 98.6+20.7 (n=71) <.05'
FEV1/FVC ratio 93.427.9 (n=17) 84.4+6.4 (n=71) <.0001"
TLC (ml) 3435+1231 (n=13) 3948+797 (n=69) NS
TLC %predicted 74.3£20.2 (n=13) 78.5+15.1 (n=69) NS'
DLco 12.6+5.0 (n=11) 11.9+£3.4 (n=63) NS
DLco %predicted 79.4£25.5 (n=11) 72.7+22.0 (n=63) NS*
ERV (ml) 754+400 (n=18) 1004+338 (n=71) <01
ERV %predicted 62.5+25.8 (n=18) 76.9+25.2 (n=71) <.05"
RV/TLC 48.149.5 (n=13) 32.427.1 (n=69) <.0001"
Serum Markers®
KL-6 (U/ml) 6154322 (n=19) 1347919 (n=71) 0.001
SP-D (ng/ml) 199:92 (n=19) 200+118 (n=69) NS'
SP-D /KL-6 0.4120.27 (n=19) 0.18+0.12 (n=69) <.0001"
Arterial Blood Gas*
Pa02 (Tor) 85.8+14.7 (n=15) 78.2+16.2 (n=38) NS'
PaCO2 (Torr) 45.616.5 (n=15) 40.215.2 (n=38) <.017

*Data expressed as medians (range); Y Data analyzed by Mann-Whitney U-test; * Data analyzed by Fisher’s exact test.

9Measures conducted with patient in supine position and breathing room air

Abbreviations: PPFE, pleuroparenchymal fibroelastosis; IPF, idiopathic pulmonary fibrosis; FVC, forced vital capacity; FEV1, forced expira-
tory volume in 1 s; TLC, total lung capacity; DLCO, diffusion capacity for carbon monoxide; ERV, exipiratory reverse volume; RV, residual
volume; KL-6, Kreb von den Lungen-6; SP-D, surfactant protein D; NS, not significant
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IPPFE group were similar to those of the IPF group.
However, the gender ratio, BMI and pack years of
the IPPFE group were significantly lower than those
of the IPF group (P<.05, P<.0001 and P<.001, re-
spectively). PaCO, was significantly higher in the
IPPFE than in the IPF group, while PaO, did not
differ significantly between the two.

Pulmonary function tests and their annual changes

Several pulmonary function parameters, includ-
ing FVC, FVC as percent predicted; %FVC, FEV1,
FEV1 as percent predicted; FEV1%, ERV, and ERV
as percent predicted; %ERV, were significantly lower
in the IPPFE than in the IPF group, whereas RV/
TLC was significantly higher in the IPPFE than in
the IPF group. The other pulmonary function param-
eters (DLco and DLco as percent predicted; %DLco)
did not differ significantly between the two groups.
In addition, the annual changes in FVC in the IPPFE
group (-326ml/year) were significantly greater than
those in the IPF group (-142ml/year) (Table 2).

Clinical outcomes

The average observation period of all enrolled
cases was 1,200 days (115~4,234). Thirty-four cases
died of the original disease (37.4%), 10 IPPFE cases
(50.0%) and 24 IPF cases (32.4%). In the IPPFE
group, eight of the 10 deaths were due to progression
of type II respiratory failure. None of these cases had
malignant tumors, such as lung cancer, during obser-

vation period. (Supplementary Appendix)

Table 2 Annual changes per year in respiratory function param-
eters

IPPFE IPF P

(n=20) (n=71) values
FVC (ml) 326 (n=16) -142 (n=59) <.01'
FVC%predicted -10 (n=16)  -3.9 (n=59) <.01'
TLC (ml) 580 (n=10) -430 (n=57) NS'
TLC%predicted -10.7 (n=10) -4.1 (n=57) <.05'
DLco (mL/min/mmHg)  -2.84 (n=12) -1.49 (n=54) NS§'
DLco %predicted -6.8 (n=12) -8.2 (n=54) NS
ERV (ml) 67 (n=15) -39 (n=59) NS'
ERV %predicted -3.7 (n=15) -2.8(n=59) NS

Data analyzed by Mann-Whitney U-test.

Abbreviations : FVC, forced vital capacity; FEV1, forced expira-
tory volume in 1 s; TLC, total lung capacity; DLCO, diffusion
capacity for carbon monoxide; ERV, expiratory reverse volume;
KL-6, Kreb von den Lungen-6; SP-D, surfactant protein D; NS,
not significant

0.8
g o6
c
5 04
7))

0.2

0.0

0 500 1000 1500 2000
Time (days)

Fig. 1. Survival rates of all patients with IPPFE (20 cases) and IPF
(71 cases), as analyzed employing Kaplan-Meier survival curves.
The survival ratio is significantly lower in IPPFE than in IPF pa-
tients (P<.05)

Kaplan-Meier survival estimates showed a
higher mortality rate in the IPPFE than in the IPF
group (P<.05, Figure 1). In addition, BMI and PaO,
were significantly related to patient outcomes when
the univariate Cox proportional hazard model was
applied. In the multivariate Cox proportional hazard
model, BMI and PaO, were significantly associated
with poorer outcomes (Table 3).

Discussion

IPPFE has increasingly been attracting atten-
tion since this entity is included among the rare IIPs,
as described in the ATS/ERS combination statement
in 2013 (11). In this study, we examined and evalu-
ated the clinical features of 20 patients with definite
IPPFE and compared the findings with those of IPF.
The IPPFE patients showed a restrictive ventilatory
impairment and elevation of RV/TLC at the first
visit. Furthermore, a relatively rapid decrease in FVC
and progression of type II respiratory failure were
observed. We also recognized IPPFE as a pulmonary
disease with a poorer prognosis than IPF, the most
common form of the IIPs, and significant prognostic
factors included BMI and PaO,.

A previous study (21) of IPPFE highlighted de-
clining FVC. However, we assessed not only FVC
but also the survival ratio using multivariate analysis
for patients with IPPFE.

Based on the survival analysis, our data indicate
IPPFE to have a significantly poorer prognosis than
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Table 3 Prognostic factors in subjects with IPPFE

HR [95% CI] Pvalues
Univariate Cox Regression Model
General
Age 0.995 [0.929-1.068] NS
Male Gender 1.027 [0.292-4.035] NS
BMI 0.755 [0.571-0.961] <.05
Serum markers
KL-6 1.000 [0.998-1.002] NS
SP-D 1.002 [0.996-1.007] NS
Arterial Blood Gases
PaO, 0.884 [0.786-0.964] <.01
PaCO, 0.918 [0.804-1.040] NS
Pulmonary Function Tests
FVC 0.330 [0.088-1.085] NS
FEV, 0.475 [0.134-1.548] NS
DLco 1.023 [0.757-1.295] NS
ERV 0.103 [0.005-1.050] NS
TLC 0.427 [0.145-1.041] NS
RV/TLC 1.042 [0.960-1.124] NS
Multivariate Cox Regression Model
BMI 0.610 [0.307-0.933] <.05
PaO, 0.867 [0.736-0.959] <.05

Abbreviations: PPFE, pleuroparenchymal fibroelastosis; FVC,
forced vital capacity; FEV1, forced expiratory volume in 1 s; TLC,
total lung capacity; DLCO, diffusion capacity for carbon monox-
ide; KL-6, Kreb von den Lungen-6; SP-D, surfactant protein D,
NS; not significant

IPF with BMI and PaO, being significant prog-
nostic factors. Amitani et al. reported IPPFE to be
characterized by shadows at the superior lobe-based
apical cap, with slow progression to the deeper por-
tion of the lung, and that patients with IPPFE often
die during a clinical course of 10~20 years (5). On
the other hand, Watanabe et al. analyzed and evalu-
ated 7 IPPFE cases who had been diagnosed patho-
logically and followed their FVC changes over time.
These IPPFE cases showed rapid annual declines in
FVC and their outcomes were poor (19). Other simi-
lar studies also documented poor outcomes of IP-
PFE cases (16, 22). We consider the timing of the
initial IPPFE diagnosis to reflect prognostic differ-
ences. Chest X-rays are now widely performed and
we have numerous opportunities to identify lesions
in the apical area, though we tend to regard pleural
thickening in the apex as merely an old inflammatory
lesion. We speculate that the diagnosis of IPPFE is
often delayed because the onset of symptoms is late,
not manifesting until the patient’s condition has sig-
nificantly progressed.

Furthermore, IPPFE in patients with rapidly
decreasing respiratory function ultimately progresses
to a “negative spiral” stage, in which ever-worsening
deterioration and “cachexia” lead to weight loss and
thereby to worsening of systemic status. Weight loss
can lead to decreased protein synthesis and promote
the productions of inflammatory cytokines (e.g.
TNF-0o) and the receptor of soluble TNF-o, because
mechanical overload increases energy demand via el-
evated respiratory muscle energy consumption (hy-
permetabolism). Amitani et al. described IPUF pa-
tients as characteristically being underweight (5). In
fact, we advocate immediate nutritional intervention
because BMI was demonstrated in our study to be a
prognostic factor. Furthermore, appropriate physical
rehabilitation seems to be necessary to achieve body
weight stabilization and muscle preservation.

Our study has several limitations. First, IPPFE
is a diagnosis originally based on pathological find-
ings characterized as follows: “elastic fiber increas-
es cause fibroelastosis which accelerates under the
pleura of the superior lobe” (16, 23). In this study,
IPPFE was diagnosed in only five cases based on
pathological findings. Therefore, we cannot com-
pletely rule out the possibilities of other diseases.
However, previous reports have described secondary,
refractory pneumothorax after surgical lung biopsy
in IPPFE patients (23). Since there is no curative
treatment for IPPFE other than lung transplanta-
tion, we should avoid such biopsies. A recent pub-
lication noted that “Biopsy is NOT a prerequisite
for PPFE diagnosis” (24). Second, this was a case
control study based on a retrospective chart review
with a small sample size.

CoNCLUSION

Our present study showed IPPFE to have a
poorer prognosis than IPF. We consider BMI and
arterial blood PaO, at the first visit to be closely re-
lated to patient outcomes.
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