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Abstract

Background: ldiopathic pleuroparenchymal fibroelastosis
(PPFE) is a rare form of idiopathic interstitial pneumonia that
is characterized by predominantly upper lobe pleural and
subpleural lung parenchymal fibrosis. Pneumothorax is one
of the major respiratory complications in PPFE patients;
however, its clinical features are poorly understood. Objec-
tive: We aimed to investigate the complication of pneumo-
thorax in patients with idiopathic PPFE. Methods: A retro-
spective multicenter study involving 89 patients who had
been diagnosed with idiopathic PPFE was conducted. We
investigated the cumulative incidence, clinical features, and

risk factors of pneumothorax after the diagnosis of idiopath-
ic PPFE. Results: Pneumothorax developed in 53 patients
(59.6%) with 120 events during the observation period
(41.8 £ 35.0 months). The cumulative incidence of pneumo-
thorax was 24.8, 44.9, and 53.9% at 1, 2, and 3 years, respec-
tively. Most events of pneumothorax were asymptomatic
(n = 85; 70.8%) and small in size (n = 92; 76.7%); 30 patients
(56.6%) had recurrent pneumothorax. Chest drainage was
required in 23 pneumothorax events (19.2%), and a persis-
tent air leak was observed in 13 (56.5%). Patients with pneu-
mothorax were predominantly male and frequently had
pathological diagnoses of PPFE and prior history of pneumo-
thorax and corticosteroid use; they also had significantly
poorer survival than those without pneumothorax (log-rank
test; p = 0.001). Multivariate analysis revealed that a higher
residual volume/total lung capacity ratio was significantly
associated with the development of pneumothorax after the
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diagnosis. Conclusion: Pneumothorax is often asymptom-
atic and recurrent in patients with idiopathic PPFE, leading
to poor outcomes in some cases. ©2021 5. Karger AG, Basel

Introduction

Idiopathic pleuroparenchymal fibroelastosis (PPFE) is
a rare form of idiopathic interstitial pneumonia that is
characterized by predominantly upper lobe pleural and
subpleural lung parenchymal fibrosis [1-3]. Amitani et
al. [1] first reported idiopathic pulmonary upper lobe fi-
brosis (IPUF) in Japanese literature. Frankel et al. [2] de-
scribed 5 cases and named the condition “idiopathic pleu-
roparenchymal fibroelastosis.” Idiopathic PPFE has been
widely considered as rare and having a distinct clinico-
pathological entity in the international multidisciplinary
classification of interstitial pneumonias [3].

Pneumothorax frequently develops during the clinical
course of idiopathic PPFE [4-8]. In the original report of
IPUF [1], bilateral and/or recurrent pneumothorax de-
veloped in 7 (53.8%) of 13 patients, suggesting it was one
of the clinical features of IPUF. The subsequent case se-
ries of idiopathic PPFE showed that the incidence of
pneumothorax after the diagnosis was 25-89% [9-21],
which varied with the population studied. Since a postop-
erative iatrogenic pneumothorax commonly occurs in
these patients and can cause a prolonged air leak [12, 16,
22], surgical lung biopsy (SLB) should be avoided [5-8].
Therefore, recent studies have proposed the clinical diag-
nostic criteria for PPFE without SLB [16, 23].

It has been reported that the cumulative incidence of
pneumothorax in patients with idiopathic pulmonary fi-
brosis (IPF) was 8.5, 12.5, and 17.7% at 1, 2, and 3 years,
respectively, and pneumothorax was associated with poor
prognosis [24]. Although patients with idiopathic PPFE
had a higher complication rate of pneumothorax or pneu-
momediastinum than those with IPF [11, 19, 25], the cu-
mulative incidence, clinical features, and risk factors of
pneumothorax are poorly understood in patients with id-
iopathic PPFE. Therefore, this study aimed to investigate
the cumulative incidence, clinical features, and risk fac-
tors for pneumothorax in patients with idiopathic PPFE.

Materials and Methods

Patients and Diagnostic Criteria for Idiopathic PPFE

We conducted a retrospective multicenter study involving
116 patients diagnosed with PPFE or IPUF who were admitted
to Hamamatsu University School of Medicine and its 9 associ-
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ated hospitals from 2005 to 2016. Patients were recruited into
the study consecutively. The diagnosis of idiopathic PPFE was
based on the following criteria [16]: (1) a radiologic PPFE pat-
tern on chest computed tomography (CT) characterized as bi-
lateral subpleural dense consolidation with or without pleural
thickening in the upper lobes and less marked or absent involve-
ment of the lower lobes; (2) radiologic confirmation of disease
progression, which was characterized as an increase in the upper
lobe consolidation with or without pleural thickening and/or a
decrease in upper lobe volume on serial radiologic assessment;
and (3) exclusion of other lung diseases with identifiable etiolo-
gies, such as connective tissue disease (CTD), chronic hypersen-
sitivity pneumonitis (CHP), pulmonary sarcoidosis, pneumo-
coniosis, and active pulmonary infection. Based on the criteria,
27 patients were excluded, 15 had other lung diseases (CTD;
n =9, active pulmonary infection; n = 4, chronic hypersensitiv-
ity pneumonitis [CHP]; #n = 1, pneumoconiosis; # = 1), 8 had no
confirmation of disease progression radiologically, and 4 had
inadequate clinical information. Finally, 89 patients with con-
firmed idiopathic PPFE were enrolled in the study. Chest CT
images were reviewed by radiologists, and 2 trained pulmonolo-
gists from our institution confirmed the diagnosis. Radiologic
interstitial lung disease (ILD) patterns in cases with lower-lobe
ILD were classified as usual interstitial pneumonia (UIP) or a
non-UIP pattern according to the criteria described in previous
studies [3, 26]. The histological criteria of PPFE [9] were applied
to patients whose lung specimens were obtained.

Data Collection

Clinical data including age, sex, smoking status, BMI, symp-
toms at the time of idiopathic PPFE diagnosis, respiratory infec-
tions after the diagnosis of idiopathic PPFE (nontuberculous my-
cobacterial pulmonary disease and pulmonary aspergillosis), treat-
ment for idiopathic PPFE, and the outcomes were obtained from
patients’ medical records. Laboratory data, including Krebs von
den Lungen-6, surfactant protein-D, PaO, and PaCO,, bronchoal-
veolar lavage findings, and pulmonary function tests, including
forced vital capacity (FVC), forced expiratory volume in 1 S
(FEV)/EVC, residual volume (RV)/total lung capacity (TLC), and
diffusing capacity for carbon monoxide, at the time of idiopathic
PPFE diagnosis were also obtained.

Chest X-ray and/or CT images were obtained during the obser-
vation period and reviewed by pulmonologists at each institution
for the presence of pneumothorax. In patients with pneumotho-
rax, time to first pneumothorax after idiopathic PPFE diagnosis,
total pneumothorax, symptoms at the time of pneumothorax,
pneumothorax size according to the guidelines [27, 28] (small;
small rim of air around the lung, moderate; lung collapsed halfway
toward the heart border, complete; airless lung), pneumothorax
site (right, left, or both sides), and treatment for pneumothorax
were recorded.

Statistical Methods

For 2-group comparisons, we used the x* test or Mann-Whit-
ney U test. The cumulative incidence of pneumothorax and sur-
vival after the diagnosis of idiopathic PPFE were estimated using
the Kaplan-Meier method, and the log-rank test was performed.
Pneumothorax at the time of initial diagnosis of idiopathic PPFE
was excluded from the cumulative incidence. Cox proportional
hazard analysis was used to identify significant variables that were
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Table 1. Clinical characteristics of
pneumothorax in patients with idiopathic

Patients with pneumothorax, n 53
Time to first pneumothorax after the diagnosis, months

20.4+18.8

PPFE
Pneumothorax, n (%)
1 23 (43.4)
2 13 (24.5)
3 7 (13.2)
>4 10 (18.9)
Recurrent pneumothorax, n (%) 30 (56.6)
Bilateral pneumothorax, n (%) 24 (45.3)
Entire events of pneumothorax, n 120
Symptoms at the time of pneumothorax, n (%)
Asymptomatic 85 (70.8)
Chest pain 9 (7.5)
Dyspnea 30 (25.0)
Pneumothorax size, n (%)
small/moderate/complete 92/21/7 (76.7/17.5/5.8)

Pneumothorax site, n (%)

right/left/bilateral

57/44/19 (47.5/36.7/15.8)

Treatment for pneumothorax, n (%)

Observation
Chest drainage
Pleurodesis

Bronchial occlusion
Surgical intervention

97 (80.8)

23(19.2)

132 (10.8)
2(1.7)
1(0.8)

PPFE, pleuroparenchymal fibroelastosis. * Autologous blood patch (n =7), OK-432 +
minocycline (n = 2), autologous blood patch + minocycline (n = 1), talc (n = 1), autologous
blood patch + minocycline +50% glucose (n = 1), autologous blood patch + OK-432 +
minocycline + talc (n = 1).

predictive of the development of pneumothorax. Statistical analy-
ses were performed using JMP® 13 (SAS Institute Inc., Cary, NC,
USA). A p value of 0.05 was considered significant.

Results

Incidence and Clinical Features of Pneumothorax in

Idiopathic PPFE

Of the 89 patients who were diagnosed with idiopathic
PPFE, pneumothorax developed in 53 (59.6%) with entire
120 events during the observation period. The clinical
characteristics of pneumothorax are shown in Table 1.
The time to first pneumothorax after the diagnosis of id-
iopathic PPFE was 20.4 + 18.8 months, and the cumulative
incidence of pneumothorax was 24.8, 44.9, and 53.9% at
1,2,and 3 years, respectively (shown in Fig. 1). At the time
ofinitial diagnosis, 8 patients had already developed pneu-
mothorax. Of 53 patients of pneumothorax, 30 (56.6%)
were recurrent and 24 (45.3%) became bilateral during the
observation period. Asymptomatic (n = 85; 70.8%), small
size (n=92;76.7%), and right-sided (n = 57; 47.5%) events
were predominant out of the 120, and 85 events (70.8%)

Pneumothorax in Idiopathic PPFE

improved spontaneously. Chest drainage was required in
23 events (19.2%) (16 patients [30.2%]), and a persistent
air leak was observed in 13 (56.5%) (9 patients [56.3%]).
These pneumothorax events required multiple additional
treatments as follows (including duplication): pleurodesis
(n = 13), bronchial occlusion with Endobronchial Wata-
nabe Spigot (n = 2), or surgical intervention (n = 1). Of the
methods of pleurodesis, an autologous blood patch was
most common (n = 10).

Comparison of Patient Characteristics in Idiopathic

PPFE by the Presence of Pneumothorax

The baseline patient characteristics at the initial diag-
nosis of idiopathic PPFE are shown in Table 2. The clini-
cal diagnostic criteria for idiopathic PPFE were fulfilled
in all 89 patients, and 14 (15.7%) were confirmed histo-
logically: SLB (n = 6), autopsy (n = 6), and SLB and au-
topsy (n = 2). The mean age was 68.5 years, and males
(n = 54; 60.7%) and nonsmokers (n = 57; 64.0%) were
predominant. During the observation period (41.8 + 35.0
months), approximately half of the patients (n = 44;
49.4%) died, including 7 patients who had pneumothorax
at the time of death.
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Fig. 1. Cumulative incidence of pneumothorax after the diagnosis
of idiopathic PPFE. The cumulative incidence of pneumothorax
after the diagnosis of idiopathic PPFE was 24.8, 44.9, and 53.9% at
1,2, and 3 years, respectively. PPFE, pleuroparenchymal fibroelas-
tosis.

We compared patients with idiopathic PPFE who
developed pneumothorax (n = 53) and those who did
not develop pneumothorax (n = 36). Patients with
pneumothorax were predominantly males, frequently
pathologically diagnosed with PPFE, and had previous
pneumothorax. There was no significant difference in
baseline characteristics of symptoms at diagnosis, labo-
ratory findings, bronchoalveolar lavage findings, pul-
monary function tests, the presence of lower-lobe ILD
on chest CT, or the respiratory infections after the di-
agnosis of idiopathic PPFE (nontuberculous mycobac-
terial pulmonary disease and pulmonary aspergillosis)
between the 2 groups. Regarding treatment for idio-
pathic PPFE, there were more cases treated with pred-
nisolone and/or immunosuppressive agents, pirfeni-
done, and long-term oxygen therapy in patients with
pneumothorax than in those without pneumothorax.
In addition, patients with idiopathic PPFE who had
pneumothorax showed significantly poorer survival
than those who did not have pneumothorax (log-rank
test; p = 0.001) (shown in Fig. 2). In patients with idio-
pathic PPFE who developed pneumothorax, the medi-
an survival time from the initial diagnosis of idiopathic
PPFE and from the first onset of pneumothorax was
34.0 and 18.0 months, respectively.

22 Respiration 2021;100:19-26
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Fig. 2. Survival curves in patients with idiopathic PPFE based on
the presence of pneumothorax. Patients with idiopathic PPFE who
had pneumothorax (n = 53) showed significantly poorer survival
than those who did not have pneumothorax (n = 36) (log-rank test;
p =0.001). PPFE, pleuroparenchymal fibroelastosis.

Risk Factors for Pneumothorax after the Diagnosis of

Idiopathic PPFE

Finally, we investigated the risk factors for the devel-
opment of pneumothorax in patients with idiopathic
PPFE (Table 3). Univariate analysis showed that older
age, higher FEV|/FVC, and RV/TLC, and the presence of
lower-lobe UIP pattern on chest CT were significantly as-
sociated with the occurrence of pneumothorax. Multivar-
iate analysis revealed that only higher RV/TLC was sig-
nificantly associated with developing pneumothorax af-
ter the diagnosis of idiopathic PPFE.

Discussion

This study investigated the cumulative incidence, clin-
ical features, and risk factors of pneumothorax as an im-
portant respiratory complication in patients with idio-
pathic PPFE. We reviewed 89 patients diagnosed with id-
iopathic PPFE and found that pneumothorax developed
in 53 patients (59.6%) during the observation period with
acumulative incidence 0f24.8,44.9,and 53.9% at 1, 2,and
3 years, respectively. Most cases of pneumothorax were
asymptomatic and had a small size, and approximately,
half of them became recurrent and bilateral. A persistent
air leak was observed in half of the patients who required
chest drainage, and patients with pneumothorax had a
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Table 2. Patient characteristics in idiopathic PPFE by the presence of pneumothorax

All cases, Pneumothorax ~ Pneumothorax p value
n=_89 (+),n=>53 (=), n=236

Age, years 68.5+10.8 68.7+£8.4 68.1£12.2 0.89
Male sex, 1 (%) 54 (60.7) 37 (69.8) 17 (47.2) 0.03
Nonsmokers, 1 (%) 57 (64.0) 31 (58.5) 26 (72.2) 0.18
BMI, kg/m? 17.0£2.7 17.1£3.0 16.9+2.3 0.82
Pathological diagnosis, n (%) 14 (15.7) 12 (22.6) 2 (5.6) 0.02
Previous pneumothorax, n (%) 13 (14.6) 11 (20.8) 2 (5.6) 0.03
Observation period, months 41.8+35.0 39.3+32.7 45.5+38.1 0.40
Symptoms at diagnosis, n (%)

Cough 33(37.1) 20 (37.7) 13 (36.4) 0.87

Dyspnea 43 (48.3) 29 (54.7) 14 (38.9) 0.14
Laboratory findings

KL-6, U/mL 563+439 697+516 486+250 0.33

SP-D, ng/L 228+227 244+275 199496 0.96

PaO,, torr 79.8+11.3 79.3+9.8 80.8+13.8 0.48

PaCO,, torr 46.7+£9.0 46.2+6.3 47.5+12.6 0.81
BAL, %

Macrophage 78.8+20.9 76.4+23.6 83.1+14.3 0.38

Lymphocytes 12.7+11.7 12.3£10.9 13.4%13.6 0.71

Neutrophils 7.0£17.6 9.7+21.5 2.1+1.7 0.15
Pulmonary function tests, %

FvC 61.9+21.6 61.2+20.7 63.1+23.1 0.71

FEV,/FVC 94.0+7.6 95.5+5.4 91.8+9.7 0.05

RV/TLC 48.9+12.4 49.8+13.2 47.3%+11.0 0.28

DLco 84.9+34.5 85.8+33.8 83.4+36.6 0.99
Chest CT findings

Lower-lobe ILD 62 (69.7) 40 (75.5) 22 (61.1) 0.15

Lower-lobe UTP 34(38.2) 22 (41.5) 12 (33.3) 0.43
Respiratory infections after the diagnosis of idiopathic PPFE, n (%)

NTM pulmonary disease 4 (4.5) 1(1.9) 3(8.3) 0.15

Pulmonary aspergillosis 3(34) 3(5.7) 0 0.07
Treatment for idiopathic PPFE

PSL and/or ISA?, n (%) 9(10.1) 9(17.0) 0 0.002

Pirfenidone 12 (13.5) 10(18.9) 2(5.6) 0.06

LTOT, n (%) 41 (46.1) 32 (60.3) 9(25.0) <0.001
Qutcome, 1 (%)

All-cause death® 44 (49.4) 35 (66.0) 9(25.0) <0.001

Data are shown as the mean + SD, values. PPFE, pleuroparenchymal fibroelastosis; KL-6, Krebs von den
Lungen-6; SP-D, surfactant protein-D; FVC, forced vital capacity; FEV, forced expiratory volume in 1 s; RV,
residual volume; TLC, total lung capacity; DLco, diffusing capacity for carbon monoxide; CT, computed
tomography;ILD, interstitiallung disease; UIP, usual interstitial pneumonia; NTM, nontuberculous mycobacterial;
PSL, prednisolone; ISA, immunosuppressive agents; LTOT, long-term oxygen therapy; SD, standard deviation.
@ PSL alone (n = 5), PSL + cyclosporine (n = 2), PSL + cyclophosphamide (1 = 2). ® Chronic respiratory failure
(n = 26), bacterial pneumonia (n = 6), pneumothorax (n = 4), acute exacerbation + pneumothorax (n = 3), acute
exacerbation (n = 2), hemoptysis (n = 1), unknown (n = 2).

significantly worse prognosis than those without pneu-
mothorax. Multivariate analysis revealed that a higher
RV/TLC ratio was an independent risk factor for pneu-
mothorax in these patients.

Spontaneous secondary pneumothorax frequently oc-
curs in patients with idiopathic PPFE and is considered

Pneumothorax in Idiopathic PPFE

to be one of their clinical features [1, 4-8]. The incidence
of pneumothorax varied with the population studied and
was reported within 25-89% [1, 9-21]. Pneumothorax
was also reported in secondary PPFE, following bone
marrow transplantation [29], chemotherapy agents [30],
or CTD [31], among others. Radiologic PPFE pattern, re-
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Table 3. Risk factors for pneumothorax after the diagnosis of idiopathic PPFE

Univariate analysis

Multivariate analysis

HR 95% CI p value HR 95% CI p value
Age, years 1.037 1.008-1.068 0.01 1.019 0.962-1.910 0.52
Male sex, n 1.720 0.960-3.224 0.07
Smokers, n 1.410 0.804-2.431 0.22
BMI, kg/m2 0.971 0.881-1.068 0.54
Previous pneumothorax, n 1.431 0.699-2.685 0.30
KL-6, U/mL 1.001 1.000-1.001 0.06
PaO,, torr 0.758 0.233-2.495 0.64
PaCO,, torr 1.004 0.958-1.051 0.85
Baseline FVC, % 0.990 0.978-1.003 0.12
Baseline FEV,/FVC, % 1.077 1.027-1.141 <0.001 1.050 0.976-1.137 0.19
Baseline RV/TLC, % 1.059 1.020-1.103 0.003 1.043 1.001-1.091 0.04
Baseline DLco, % 0.963 0.894-1.011 0.14
Lower-lobe UIP on chest CT, n 2.274 1.285-3.967 0.005 1.194 0.541-2.510 0.64
PSL and/or ISA, n 1.566 0.713-3.690 0.24

PPFE, pleuroparenchymal fibroelastosis; FVC, forced vital capacity; FEV, forced expiratory volume in 1 s; RV, residual volume;
TLC, total lung capacity; DLco, diffusing capacity for carbon monoxide; UIP, usual interstitial pneumonia; CT, computed tomography;
PSL, prednisolone; ISA, immunosuppressive agents, HR, hazard ratio, CI, confidence interval.

gardless of the underlying disease, was shown to be asso-
ciated with a history of pneumothorax in patients with
ILD registered for lung transplants [17]. Although sev-
eral types of ILD, including IPF, have pneumothorax as a
relatively frequent complication [24, 32], it was reported
that patients with idiopathic PPFE showed a higher com-
plication rate of pneumothorax or pneumomediastinum
than those with IPF [11, 19, 25]. According to Nishimoto
et al. [24], the cumulative incidence of pneumothorax in
IPF was 8.5, 12.5, and 17.7% at 1, 2, and 3 years, respec-
tively; our data revealed that it was 24.8, 44.9, and 53.9%
at 1, 2, and 3 years, respectively. These suggest that pneu-
mothorax develops more frequently in idiopathic PPFE
than in IPF.

Regarding the clinical features of pneumothoraxin pa-
tients with PPFE, previous studies have reported that it is
frequently recurrent and intractable [4-8, 13, 16, 18-20].
In this study, approximately half of the patients who de-
veloped pneumothorax had a recurrence; however, most
were asymptomatic and small in size and resolved spon-
taneously. Similar to our results, Amitani et al. [1] dem-
onstrated that 7 (53.8%) of 13 patients with IPUF had
recurrent and/or bilateral pneumothorax, and most of
them were small in size and recovered spontaneously.
From these results, we speculate that pneumothorax may
recur incidentally in idiopathic PPFE. In addition, among
patients with idiopathic PPFE in this study, more cases

24 Respiration 2021;100:19-26
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with pneumothorax were treated with the immunosup-
pressive and/or anti-fibrotic agents than those without
pneumothorax, suggesting a relationship between disease
progression and the occurrence of pneumothorax. In
some cases of pneumothorax associated with idiopathic
PPFE, persistent air leak and poor re-expansion of the
underlying lung were observed [5-8], which may be re-
lated to a poor prognosis [16, 18-20]. In this study, we
demonstrated that patients with idiopathic PPFE who
had pneumothorax had a significantly poorer prognosis
than those who did not have pneumothorax, and pneu-
mothorax was the cause of death in some cases (n = 7).

The mechanism of pneumothorax in patients with PPFE
is unclear, but large cysts and multiple bullae in the apical
fibrotic area may be associated with the high occurrence of
pneumothorax, along with an altered resistance of the pleu-
ra to mechanical stress [4-6, 25]. In addition, scarring of a
visceral pleural defect following pneumothorax may lead to
subpleural fibrosis [33]. In the present study, we demon-
strated that a higher RV/TLC ratio was independently pre-
dictive of pneumothorax in patients with idiopathic PPFE.
The increase in the RV/TLC ratio may result from the com-
pensatory hyperinflation of the lower lobes due to the fi-
brotic collapse of the upper lobes and is a characteristic
functional impairment of PPFE [4, 6, 23, 25]. Hence, it is
suggested that pneumothorax can occur as a result of the
disease progression of idiopathic PPFE.
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There is no effective therapy for idiopathic PPFE;
therefore, it is difficult to prevent pneumothorax in these
patients. Lung or pleural biopsy should be avoided in pa-
tients suspected of PPFE [5-8] since a postoperative iat-
rogenic pneumothorax commonly complicates the pro-
cedure [12, 16, 22]. Among patients with pneumothorax
associated with IPF, chest drainage is often ineffective due
to the requirement of high negative pressure for lung re-
expansion [24]. In the present study, a persistent air leak
was observed in 13 (56.5%) of 23 pneumothorax events
that required chest drainage, and the autologous blood
patch was performed in most cases, as reported in a pre-
vious study [32].

This study had several limitations. First, it was a retro-
spective study. Second, a small number of patients are
included due to the rarity of the disease. Third, the clinical
diagnostic criteria have not been validated for the diag-
nosis of idiopathic PPFE, and only a few patients were
definitively diagnosed histologically. Fourth, the inci-
dence of pneumothorax is estimated to be lower since pa-
tients with asymptomatic pneumothorax may be over-
looked. For instance, although chest X-ray was routinely
and repeatedly examined, it was not regularly performed
during the observation period; it depended on attending
physicians. Finally, the results of the multivariate analysis
of risk factors for pneumothorax development should be
carefully interpreted because of the small sample size and
outcome incidence. A prospective study on a larger scale
is needed to confirm our results.

In conclusion, among patients with idiopathic PPFE,
pneumothorax frequently occurs asymptomatically, re-
curs, and is intractable, leading to poor prognoses in some
cases.
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