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Abstract

OBJECTIVES: Pleuroparenchymal fibroelastosis (PPFE) is a rare idiopathic interstitial pneumonia characterized by pleural-parenchymal in-
volvement, predominantly in the upper lobes. Unilateral upper lung field pulmonary fibrosis (upper-PF) that is radiologically consistent
with PPFE reportedly develops after lung cancer surgery in the operated side and presents many clinical characteristics in common with
PPFE. However, the incidence and perioperative associated factors remain unclear.
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METHODS: All consecutive patients with lung cancer resected completely from 2008 to 2016 were investigated retrospectively. Pre-/post-
operative characteristics were compared between patients with and without unilateral upper-PF. Cumulative incidence curves were esti-
mated using competing risk analysis.

RESULTS: Among the 587 included patients, 25 patients (4.3%) were diagnosed as unilateral upper-PF. The 3-, 5- and 10-year cumulative
incidence of unilateral upper-PF was 2.3%, 3.3% and 5.3%, respectively. In multivariable analysis, male sex, presence of a pulmonary apical
cap, lobar resection and low % vital capacity (%VC < 80%) were independent perioperative associated factors. The 10-year cumulative inci-
dence was 6.3% in patients treated with lobar resection, 8.0% in male patients, 10.3% in patients with pulmonary apical cap and 14.5% in
patients with low %VC. Postoperative pleural effusion at 6 months after surgery was much more common in the patients who later devel-
oped unilateral upper-PF (96.0% vs 24.2%). This pleural effusion persisted and was accompanied thereafter by pleural thickening and sub-
pleural pulmonary fibrosis. During the clinical courses of 25 patients with unilateral upper-PF, 18 patients presented symptoms related to
upper-PF and 6 patients died.

CONCLUSIONS: Unilateral upper-PF is an occasional but under-recognized late complication after lung cancer surgery.
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INTRODUCTION

Pleuroparenchymal fibroelastosis (PPFE) is a rare form of inter-
stitial lung disease characterized by pleural and subjacent pa-
renchymal fibrosis predominantly in the bilateral upper lobes
[1–3]. Patients with PPFE frequently have a low body mass in-
dex (BMI), deteriorated pulmonary function and poor progno-
sis [1, 3, 4]. In addition to idiopathic causes, a bone marrow,
lung, or other organ transplant; radiotherapy; chemotherapy;
recurrent lung infections; and an overactive immune system
can cause PPFE [5].

More recently, upper lung field pulmonary fibrosis (upper-
PF) radiologically consistent with PPFE has been reported to
develop as a late complication after thoracic surgery [6, 7]. The
upper-PF lesions were limited to the operated side but were
similar to PPFE in terms of radiological and clinical characteris-
tics. Most of the patients with unilateral upper-PF presented
with respiratory symptoms and developed intra-/extrathoracic
aberrant air suggestive of lung parenchymal air leak during
their clinical courses [8], which might be related to the pro-
gression of unilateral upper-PF [7]. The prognosis was poor
with a median survival time of 49.3 months, and all causes of
death were respiratory diseases. Regarding respiratory compli-
cations after thoracic surgery, pneumonia is well known and
can be caused by bacterial colonization of the atelectatic lung
[9]. Pneumonia generally occurs in the early postoperative pe-
riod and may improve with appropriate treatment. On the
other hand, unilateral upper-PF occurs late after surgery [6, 7]
and therefore may receive less attention compared to pneu-
monia. Although unilateral upper-PF is considered an impor-
tant late complication after thoracic surgery, little is known
about the incidence, mechanisms and perioperative-
associated factors responsible for unilateral upper-PF develop-
ment after lung cancer surgery. In addition, previous reports
showed that almost all patients with unilateral upper-PF had a
preoperative pulmonary apical cap in the apex of the lungs [6],
and an autopsy showed findings consistent with postoperative
chronic pleuritis [7]. However, the effect of a pulmonary apical
cap and postoperative chronic pleuritis on disease develop-
ment is also unclear. The purpose of this study was to deter-
mine the incidence, mechanisms and perioperative factors
associated with the development of unilateral upper-PF.

MATERIAL AND METHODS

Ethics statement

The study protocol was approved by the ethics committee of
Kanagawa Cardiovascular and Respiratory Center (KCRC-20–
0052, approval date: 2021/02/24). The requirement for informed
consent from individual patients was waived because it was a ret-
rospective study.

Study participants

All consecutive patients with lung cancer who underwent com-
plete resection between January 2008 and December 2016 at
Kanagawa Cardiovascular and Respiratory Center, Japan, were
retrospectively investigated for eligibility. Complete resection was
defined as demonstrating cancer-free surgical margins, both
grossly and histologically. We excluded patients with a history of
bilateral interstitial pneumonia; thoracic surgery, including car-
diac, oesophageal and lung surgery; inflammatory lung disease,
including mycobacteriosis and aspergillosis; and chemotherapy
and chest radiotherapy for a previous malignancy. We also ex-
cluded patients who underwent pneumonectomy. For patients
with lung cancer recurrence, we evaluated the clinical and radio-
logical findings within the recurrence-free survival period, con-
sidering the effects of treatment for recurrent cancer. Patients
with early recurrence within 6 months after surgery were also ex-
cluded. For patients with metachronous multiple lung cancer, we
evaluated the clinical and radiological findings until just before
the start of their treatment. Patients treated for multiple lung can-
cers within 6 months after surgery were also excluded.

Eligible patients were divided into 2 groups based on the de-
velopment of unilateral upper-PF: the group with unilateral
upper-PF and the group without unilateral upper-PF. Upper-PF
was diagnosed when radiological findings obtained with com-
puted tomography (CT) matched the criteria of “definite PPFE” or
“consistent with PPFE” previously reported as follows: “Definite
PPFE” was defined as demonstrating pleural thickening associated
with subpleural fibrosis concentrated in the upper lobes, with
markedly less or absent involvement of the lower lobes.
“Consistent with PPFE” was defined as pleural thickening
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associated with subpleural fibrosis in the upper lobes, but the
distribution of these changes was not concentrated in the upper
lobes nor were there features of coexistent disease elsewhere [1].
These criteria were applied only for a unilateral lung in the oper-
ated side. The diagnosis of upper-PF was made based on the
consensus of at least 2 board-certified chest surgeons, chest
physicians and chest radiologists.

We then reviewed the medical records of all eligible patients
and compared the clinical characteristics, including age, sex,
smoking history, BMI, results of respiratory functional analysis,
operative approach (video-assisted thoracoscopic surgery or
open thoracotomy), operative procedure (lobar resection or sub-
lobar resection), the use of a polyglycolic acid (PGA) sheet and fi-
brin glue, a preoperative pulmonary apical cap and adjuvant
chemotherapy between the 2 groups.

Operative procedure

Lobar resection is a lobectomy (removal of a single lobe) or bilo-
bectomy (removal of 2 adjacent lobes). Sublobar resection is
wedge resection or segmentectomy. We routinely used the PGA
sheet (Neoveil large size; 10.0 x 10.0 cm: Gunze, Kyoto, Japan)
and 3 ml or 5 ml of fibrin glue (Bolheal: Teijin, Tokyo, Japan or
Beriplast P Combi-Set: CSL Behring, Tokyo, Japan) to cover the
dissected hilum when we performed a lobectomy, a bilobectomy
and a segmentectomy, regardless of a lung parenchymal air leak.
In the case of wedge resection, we covered them to the point of
the air leak only when we confirmed the presence of an air leak.

Definition of pulmonary apical cap

A pulmonary apical cap is a wedge- and triangle-shaped opacity
in the apex of the lung with broad pleural contact [10, 11]. The
length of the pleural contact was reported to range from 7 mm
to 6.0 cm on CT scans [10, 11]. Therefore, we evaluated the pres-
ence or absence of a preoperative pulmonary apical cap with a
pleural contact of 5 mm or more on the operated side on CT.

Radiological evaluation before and after lung
cancer surgery

In all eligible patients, thin-sliced high-resolution CT (1 mm) was
routinely performed before and after lung cancer surgery. During
the postoperative follow-up period, chest radiography and CT
scans were performed alternately every 3 months for the first
5 years; thereafter CT was performed every 6 months, typically
for up to 10 years. All images were interpreted using Synapse
(Fujifilm Medical Systems, Japan).

Pathological evaluation of the background of the
lung specimen in patients who developed
unilateral upper-PF later

Histopathologic materials from all patients who developed unilateral
upper-PF later were reviewed by a board-certified pathologist. The

presence or absence of interstitial pneumonia in the area distant
from the lung cancer was evaluated microscopically.

Pleural effusion at 6 months after lung cancer
surgery

A previous report of an autopsy of a patient with unilateral
upper-PF showed chronic pleuritis and suggested that chronic
pleuritis following thoracic surgery contributes to the develop-
ment of unilateral upper-PF [7]. Because all eligible patients were
routinely evaluated with CT every 6 months, we assessed the
presence or absence of pleural effusion on CT at 6 months after
surgery, regardless of the amount of pleural fluid.

Statistical analyses

Descriptive statistics were expressed as n (%) or median and
range. The Mann–Whitney U test and the Fisher exact test were
used to compare continuous variables and categorical variables,
respectively. A competing risk method was used to estimate the
cumulative incidence of unilateral upper-PF. In this study, recur-
rence of lung cancer, treatment for metachronous multiple lung
cancer or death of other diseases before unilateral upper-PF de-
velopment was considered a competing risk event. Patients who
had not developed unilateral upper-PF and had not died were
censored at the time of the last follow-up. Gray’s test was used to
test for differences in the cumulative incidence curves. The asso-
ciation between unilateral upper-PF and patient characteristics at
lung cancer surgery were assessed using a proportional hazards
model (Fine-Gray model). Statistical significance was set at a P-
value < 0.05. Variables with P-values < 0.05 in univariable analysis
were considered factors potentially associated with upper-PF de-
velopment and used in subsequent multivariable analysis.
Statistical analyses were conducted using EZR (Saitama Medical
Center, Jichii Medical University, Saitama, Japan), which is a
graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria) [12].

RESULTS

Patient characteristics

Of the 943 patients with completely resected lung cancer, 587
patients were included. The study profile is shown in
Supplementary Fig. 1. The median follow-up period was 5.1 years
and the mean follow-up index was 0.84 (standard deviation:
0.23). Twenty-five patients (4.3%) developed unilateral upper-PF,
and 562 (95.7%) did not. Patient characteristics are shown in
Table 1. Twenty-five patients with unilateral upper-PF were sig-
nificantly older (P = 0.035), more were men (P = 0.004) and more
had a lower BMI (P = 0.014) than those without. Lobar resection
was more frequently performed in patients with unilateral upper-
PF than in those without (92.0% vs 73.1%, p = 0.036). The
incidence of unilateral upper-PF development was 4.5% for lo-
bectomy (19/426) and 50.0% for bilobectomy (4/8). The details
of operative procedures for patients with unilateral upper-PF are
shown in Table 2. Patients with unilateral upper-PF more
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commonly had a preoperative pulmonary apical cap than those
without (84.0% vs 39.7%, P < 0.001). None of the patients received
adjuvant radiotherapy.

Cumulative incidence of unilateral upper-PF after
lung cancer surgery

The cumulative incidence of unilateral upper-PF gradually in-
creased 2 years after lung cancer surgery (Fig. 1A). For the en-
tire population, the 3-, 5-, 10- and 12-year cumulative
incidences of unilateral upper-PF were 2.3%, 3.3%, 5.3% and
6.9%, respectively.

Pleural effusion at 6 months after lung cancer
surgery

We investigated the presence or absence of postoperative pleural
effusions at 6 months after surgery and found that pleural effu-
sion was much more common in patients with unilateral upper-
PF than in those without (96.0% vs 24.2%, P < 0.001) (Table 3).
This trend was also observed regardless of the operative proce-
dure (lobar resection and sublobar resection). Of note, pleural ef-
fusion in all patients with unilateral upper-PF persisted and was
accompanied by pleural thickening and fibrosis adjacent to the
pleura.

Table 1: Patient characteristics

Characteristics All cases With unilateral upper-PF Without unilateral upper-PF P-value
(n = 587) (n = 25) (n = 562)

Age (years)
Median (range) 69 (25–86) 73 (55–85) 69 (25–86) 0.035
< 70, n (%) 307 (52.2) 8 (32.0) 299 (53.2) 0.042
>_ 70 280 (47.7) 17 (68.0) 263 (46.8)

Sex, n (%)
Male 331 (56.3) 21 (84.0) 310 (55.1) 0.004
Female 256 (43.6) 4 (16.0) 252 (44.8)

Smoking history, n (%)
Yes 356 (60.6) 19 (76.0) 337 (60.0) 0.143
No 231 (39.4) 6 (24.0) 225 (40.0)

BMI (kg/m2)
Median (range) 22.2 (15.2–43.9) 20.3 (16.0–26.1) 22.3 (15.2–43.9) 0.014

%VC (%)
Median (range) 104.9 (51.3–169.8) 100.7 (72.4–129.5) 105.1 (51.3–169.8) 0.056
>_ 80, n (%) 561 (95.6) 22 (88.0) 539 (95.9) 0.093

< 80 26 (4.4) 3 (12.0) 23 (4.1)
FEV1.0% (%)

Median (range) 73.1 (29.0–100.0) 74.1 (45.6–99.4) 73.0 (29.0–100.0) 0.325
>_ 70, n (%) 376 (64.1) 15 (60.0) 361 (64.2) 0.674

< 70 211 (35.9) 10 (40.0) 201 (65.8)
Operative approach, n (%)

VATS 554 (94.3) 23 (92.0) 531 (94.5) 0.645
Open thoracotomy 33 (5.6) 2 (8.0) 31 (5.5)

Operative procedure, n (%)
Lobar resection 434 (73.9) 23 (92.0) 411 (73.1) 0.036
Sublobar resection 153 (26.0) 2 (8.0) 151 (26.9)

Use of PGA sheet and fibrin glue
Yes 542 (92.3) 25 (100) 517 (92.0) 0.246
No 45 (7.7) 0 (0) 45 (8.0)

Pulmonary apical cap, n (%)
Absent 343 (58.4) 4 (16.0) 339 (60.3) < 0.001
Present 244 (41.6) 21 (84.0) 223 (39.7)

Adjuvant chemotherapy
Yes 47 (80.0) 1* (4.0) 46 (8.2) 0.712
No 540 (20.0) 24 (96.0) 516 (91.8)

*Uracil-tegafur was administered orally.
BMI: body mass index; FEV1.0%: % forced expiratory volume in 1 s; lobar resection: lobectomy or bilobectomy; %VC: % vital capacity; PGA: polyglycolic acid; sublo-
bar resection: wedge resection or segmentectomy; upper-PF: upper lung field pulmonary fibrosis; VATS: video assisted thoracoscopic surgery.

Table 2: Operative procedures of the patient with unilateral
upper-PF

Operative procedures n

Lobar resection 23
Lobectomy 19

Right upper lobectomy 4
Right middle lobectomy 1
Right lower lobectomy 8
Left upper lobectomy 5
Left lower lobectomy 1

Bilobectomy 4
Right middle and lower lobectomy 2
Right upper and middle lobectomy 2

Sublobar resection 2
Left upper division segmentectomy 1
Left lower lobe wedge resection 1

upper-PF: upper lung field pulmonary fibrosis.
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Figure 1: (A–E) Cumulative incidence curves of unilateral upper-PF after lung cancer surgery. upper-PF: upper lung field pulmonary fibrosis; VC: vital capacity.
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Clinical and radiological courses of patients with
unilateral upper-PF

The median interval from lung cancer surgery to the diagnosis of
unilateral upper-PF was 36.3 months (range, 4.8–121.8) (Table 4).
We carefully examined the radiological findings on CT scans in or-
der to detect intra-/extrathoracic aberrant air such as subcostal and
pneumothorax air. Aberrant air was detected in 17 patients (68.0%),
although the degree of all aberrant air was slight, as shown in
Supplementary Fig. 2. During their radiological courses, the upper-
PF lesions initially showed only slight fibrosis adjacent to the pleura
in all patients. However, the upper-PF lesions deteriorated with cys-
tic changes in 20 patients (80%), which occasionally resulted in pul-
monary aspergillus and nontuberculous mycobacterium infection,
whereas 5 patients (20%) presented with radiological deterioration
without any cystic changes. Eighteen patients (72.0%) had some ad-
verse events caused by unilateral upper-PF. The typical case of pul-
monary aspergillus infection following unilateral upper-PF
progression is shown in Supplementary Fig. 3. The median follow-
up period after unilateral upper-PF diagnosis was 29.7 months
(range, 3.1–57.6). During this period, 6 patients (24.0%) died of uni-
lateral upper-PF-related causes.

The pathological background of lung specimens
resected for lung cancer in 25 patients who later
developed unilateral upper-PF

Interstitial pneumonia was pathologically observed in 2 patients
(8.0%) despite no radiological evidence of interstitial shadow. One
was the usual interstitial pneumonia and the other was indetermi-
nate for interstitial pneumonia. In addition, centrilobular emphyse-
matous change was commonly observed in 18 patients (72%).

Perioperative factors associated with the
development of unilateral upper-PF

Multivariable analysis showed that male sex (subdistribution haz-
ard ratio [SHR] = 4.25, P = 0.010), %VC < 80% (SHR = 3.56,
P = 0.047), lobar resection (SHR = 4.31, P = 0.038) and presence of
pulmonary apical cap (SHR = 6.47, P = 0.0032) were independent

perioperative associated factors for unilateral upper-PF develop-
ment (Table 5). A proportional hazards model (Fine-Gray model)
could not be performed concerning the use of a PGA sheet and
fibrin glue because no patients developed upper-PF without the
use of such materials. On the other hand, Gray’s test (P = 0.13)
showed no significant difference in the cumulative incidence of
upper-PF development between patients with and without the
use of such materials.

The cumulative incidence curves and the details of the cumu-
lative incidence according to perioperative associated factors are
shown in Fig. 1B-E and Table 6. The 10-year cumulative inci-
dence was 6.3% in patients treated with lobar resection, 8.0% in
male patients, 10.3% in patients with pulmonary apical cap and
14.5% in patients with low %VC, respectively.

Radiological courses of 2 patients with unilateral
upper-PF

Figure 2 shows the radiological course of a 68-year-old male
who underwent right lower lobectomy for stage IA lung adeno-
carcinoma. The patient was diagnosed with unilateral upper-PF
2 years and 3 months after the initial surgery. The cystic lesion
deteriorated and resulted in nontuberculous mycobacteria infec-
tion and progressive body weight loss of 17 kg in 3 years.

Figure 3 shows the radiological course of a 78-year-old male
who underwent right upper lobectomy for stage IB lung adeno-
carcinoma. The unilateral upper-PF lesion apparently worsened
without cystic change, and the patient was finally diagnosed with

Table 3: Postoperative pleural effusion 6 months after
surgery

Pleural effusion With
unilateral
upper-PF

Without
unilateral
upper-PF

P-value

All lung cancer surgery (n = 587)
Present 24 (96.0) 136 (24.2) < 0.001
Absent 1 (4.0) 426 (75.8)

Lobar resection (n = 434)
Present 22 (95.7) 111 (27.0) < 0.001
Absent 1 (4.3) 300 (73.0)

Sublobar resection (n = 153)
Present 2 (100) 8 (5.3) 0.0039
Absent 0 (0) 143 (94.7)

lobar resection: lobectomy or bilobectomy; sublobar resection: wedge
resection or segmentectomy; upper-PF: upper lung field pulmonary
fibrosis.

Table 4: Clinical and radiological courses of 25 patients with
unilateral upper-PF

Median interval time from surgery to
diagnosis of upper-PF (range)

36.3
months

(4.8–
121.8)

Aberrant air, n (%)
Present 17 (68.0)
Absent 8 (32.0)

Radiological findings of upper-PF, n (%)
Cystic change 20 (80.0)
Only fibrosis lesion 5 (20.0)

Subsequent complication related to upper-PF, n (%)
Present 18 (72.0)

Complications (a cumulative total of)
Progressive respiratory distress 9
Progressive body weight loss 9
Pneumonia 6
Pulmonary aspergillus 4
Nontuberculous mycobacterium infection 1

Absent 5 (20.0)
Unknown 2 (8.0)

Unilateral thoracic deformity, n (%)
Present 21 (84.0)
Absent 4 (16.0)

Prognosis, n (%)
Alive 19 (76.0)
Dead 6 (24.0)

Causes of death
Pulmonary aspergillus 2
Hypercapnic chronic respiratory failure 2
Pneumonia 2

upper-PF: upper lung field pulmonary fibrosis.
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unilateral upper-PF. Although he was asymptomatic during the
radiological course, a unilateral thoracic deformity apparently
emerged.

DISCUSSION

The present study identified 4 clinical findings. First, the inci-
dence of unilateral upper-PF development was 4.3% among all
patients having lung cancer surgery, 4.5% for lobectomy and
50.0% for bilobectomy. The cumulative incidence gradually in-
creased after lung cancer surgery, and the 10-year cumulative in-
cidence was 5.3%. Second, 72% of the patients with unilateral
upper-PF had some adverse events associated with the lesion.
Third, pleural effusion at 6 months postoperatively was much
more common in patients who later developed unilateral upper-
PF than in those who did not. Fourth, multivariable analysis
revealed male sex, low %VC, lobar resection and the presence of
a pulmonary apical cap as perioperative factors associated with
the development of unilateral upper-PF. These results provide

the following 3 characteristics associated with unilateral upper-
PF:

First, unilateral upper-PF is an occasional but under-
recognized late complication after lung cancer surgery. Although
there are many studies on early complications such as pneumo-
nia after lung cancer surgery [9, 13, 14], reports on late complica-
tions are limited. The present study showed that the 10-year
cumulative incidence was 6.3% in patients treated with lobar re-
section, 8.0% in male patients, 10.3% in patients with pulmonary
apical cap and 14.5% in patients with low %VC. Further, the uni-
lateral upper-PF usually resulted in a severe clinical course, in-
cluding infection and respiratory failure. Therefore, unilateral
upper-PF is a notable late complication after lung cancer surgery.
There is a report on “unilateral fibrobullous change” as a late
complication of open lobectomy for lung cancer [15]. This com-
plication developed at the apex of the re-expanded residual
lobes an average of 2 years after the lobectomy with a prevalence
of 3.0%, although these authors did not perform a competing risk
method. “Unilateral fibrobullous change” seems to have some
characteristics similar to those of unilateral upper-PF. However,

Table 5: Univariable and multivariable analyses for perioperative associated factors for unilateral upper-PF

Variables Univariable analysis Multivariable analysis

SHR 95% CI P-value SHR 95% CI P-value

Age (>_ 70) 2.50 1.09–5.76 0.031 2.07 0.845–5.02 0.11
Sex (male) 4.11 1.41–12.00 0.0096 4.25 1.40–12.84 0.010
Smoking history (yes) 2.13 0.85–5.32 0.11
BMI* 0.85 0.75–0.96 0.0078 0.89 0.76–1.05 0.18
%VC (< 80%) 3.39 1.02–11.26 0.047 3.56 1.02–2.46 0.047
FEV1.0% (< 70%) 1.25 0.33–2.79 0.57
Operative approach (open thoracotomy) 1.37 0.33–5.65 0.67
Operative procedure (lobar resection) 4.20 1.01–17.58 0.049 4.31 1.08–17.15 0.038
Use of PGA sheet and fibrin glue N/E
Pulmonary apical cap (presence) 7.71 2.64–22.52 0.00019 6.47 1.87–22.30 0.0032
Adjuvant chemotherapy (yes) 0.64 0.08-4.81 0.66
*upper-PF: upper lung field pulmonary fibrosis; BMI: body mass index; CI: confidence interval; FEV1.0%: % forced expiratory volume in 1 s; lobar resection: lobec-
tomy or bilobectomy; N/E: not evaluable because no patients developed upper lung field pulmonary fibrosis without the use of PGA sheet and fibrin glue; %VC: %
vital capacity; PGA: polyglycolic acid; SHR: subdistribution hazard ratio.

Table 6: Cumulative incidence of unilateral upper-PF according to perioperative characteristics

Cumulative incidence (95% C.I.)

Perioperative characteristics 3-year 5-year 10-year

Entire population 2.3% (1.3–3.8) 3.3% (2.0–5.0) 5.3% (3.4–7.9)
Operative procedure

Lobar resection 3.1% (1.7–5.1) 4.1% (2.5–6.3) 6.3% (3.9–.4)
Sublobar resection 0.0% (0.0–0.0) 0.8% (0.1–4.2) 2.6% (0.4–8.7)

Sex
Male 2.8% (1.4–5.1) 4.5% (2.6–7.3) 8.0% (4.9–12.2)
Female 1.6% (0.5–3.8) 1.6% (0.5–3.8) 1.6% (0.5–3.8)

Apical cap*

Present 4.6% (2.4–7.8) 6.5% (3.8–10.2) 10.3% (6.3–15.4)
Absent 0.6% (0.1–2.1) 1.0% (0.3–2.6) 1.8% (0.5–4.7)

%VC
< 80% 8.8% (1.4–25.0) 14.5% (3.3–33.5) 14.5% (3.3–33.5)
>_ 80% 2.0% (1.1–3.5%) 2.8% (1.6–4.5%) 4.9% (3–7.5)

*On the operated side.
CI: confidence interval; lobar resection: lobectomy or bilobectomy; sublobar resection: wedge resection or segmentectomy; upper-PF: upper lung field pulmonary
fibrosis; VC: vital capacity.
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careful evaluation of radiological changes by thin-sliced CT find-
ings every 6 months indicated that the upper-PF lesions initially
showed only slight fibrosis adjacent to the pleura in all patients,
and gradually became aggravated with or without cystic change.
Thus, fibrobullous change may be one of the manifestations of
unilateral upper-PF in the advanced stage.

Second, chronic pleuritis may be the first step in the unilateral
development of upper-PF. To date, the mechanisms underlying
unilateral upper-PF development after lung cancer surgery re-
main unclear. The autopsied case of unilateral upper-PF showed
evidence of chronic pleuritis as well as secondary PPFE [7]. In ad-
dition, the previous study showed that almost all patients with
unilateral upper-PF had aberrant air emergence, suggestive of
lung parenchymal air leak on CT during their clinical course [7].
Therefore, some visceral pleural disorders may contribute to the
progression of unilateral upper-PF. In the present study, almost
all patients who later developed unilateral upper-PF had had
pleural effusions in the residual space 6 months after surgery. The
pleural effusion persisted, accompanied by pleural thickening
and subpleural pulmonary fibrosis. These results indicate that

chronic pleuritis contributes to the development of unilateral
upper-PF. In fact, there was a case of bilateral tuberculous pleuri-
tis progressing to upper-lobe-predominant pulmonary fibrosis
mimicking PPFE 3 years thereafter [16], which supports our hy-
pothesis. In addition, a PGA sheet and fibrin glue were used in all
patients who later developed upper-PF. Because fibrin glue re-
portedly induced eosinophilic pleural effusion after lung resec-
tion [17], a PGA sheet or fibrin glue may play an important causal
role in the development of upper-PF although the difference was
not significant by Gray’s test (p=0.13).

Third, chest physicians and surgeons should be aware that
the development of unilateral upper-PF may be correlated with
perioperative patient characteristics including male sex, pulmo-
nary apical cap, low %VC and lobar resection. To our knowl-
edge, there is no definite reason for the predominance of male
sex in the development of this disease. However, almost all
patients with the above-mentioned “unilateral fibrobullous
change” were male [15], which indicates that male sex is associ-
ated with disease development. With regard to low %VC and a
preoperative pulmonary apical cap, patients with PPFE

Figure 2: Radiological course of a 68-year-old male patient who underwent right lower lobectomy for stage IA adenocarcinoma. (A) Before surgery, computed to-
mography showed a pulmonary apical cap (arrow) and a mixed ground-grass opacity in the right lower lobe. A chest radiograph showed a ground-grass opacity in
the right middle field of the lung. (B) Postoperative computed tomography 6 months after surgery demonstrated involvement of the pleura (arrow) and subpleural pa-
renchyma (arrowhead) in the right upper lobe and right pleural effusion. (C) At 2 years and 3 months after surgery, a subpleural parenchymal lesion in the right upper
lobe appeared to be deteriorated with cystic change and thickened pleural effusion. (D) At 6 years after surgery, the cystic lesion in the right upper lung field was obvi-
ously deteriorated with unilateral thoracic deformity.
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commonly have low %VC [1, 3, 4, 18], and a pulmonary apical
cap has the same histological characteristics as PPFE despite
being an anatomically localized, non-progressive lesion [1, 10,
19]. In addition, a pulmonary apical cap has been reported to
be potentially caused by ischaemia in the upper lobes and low-
grade inflammation in the lung parenchyma [1, 18] and is con-
sidered a potential risk factor for PPFE [20]. Therefore, we sup-
pose that patients with low %VC and a pulmonary apical cap
have some potential pathophysiological factors in common
with those with PPFE. Furthermore, our results showed that lo-
bar resection was also associated with unilateral upper-PF de-
velopment. Generally, lobectomy, especially bilobectomy, is a
wide resection of the lung compared to other procedures and

is correlated with postoperative residual space. This postopera-
tive residual space may cause persistent pleural effusion, which
results in chronic pleuritis [21].

The limitations of this study include the following: a single-
centre retrospective study, a small number of patients with
unilateral upper-PF, a lack of pathological evaluations of the uni-
lateral upper-PF lesions and no autopsy evaluations of the 6
patients who died. In addition, because no patients developed
upper-PF without the use of a PGA sheet and fibrin glue, a pro-
portional hazards model could not be used. Further study is
needed to elucidate more detailed clinical and radiological char-
acteristics, mechanisms and perioperative risk factors of unilateral
upper-PF.

Figure 3: Radiological course of a 78-year-old male patient who underwent a right upper lobectomy for stage IB adenocarcinoma. (A) Preoperative radiological radio-
graph showed a small nodule (white arrow) in the right middle lung field, and chest computed tomography demonstrated a pulmonary apical cap (arrowhead) and a
nodule (black arrow) in the right upper lobe. (B) Postoperative computed tomography at 6 months after surgery showed no abnormal shadows except for a small
amount of pleural effusion (arrow) on the operated side. (C) At 4 years and 8 months after surgery, pleural thickening and subpleural fibrosis lesion emerged in the
right upper lung field with unilateral thoracic deformity and thickened pleural effusion.
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CONCLUSION

Unilateral upper-PF is an occasional but under-recognized late
complication after lung cancer surgery. This complication may be
correlated with perioperative patient characteristics including
male sex, low %VC, pulmonary apical cap and lobar resection.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.

ACKNOWLEDGEMENT

We would like to thank Editage (www.editage.com) for English lan-
guage editing.

FUNDING

The study did not receive any funding.

Conflict of interest: The authors have no conflicts of interest to
declare.

Data availability

All relevant data are within the manuscript and its supporting infor-
mation files.

Authors’ contributions

Kenji Inafuku: Study design; Data interpretation; Data analysis;
Akimasa Sekine: Study design; Data interpretation; Data analysis;
Hiromasa Arai: Writing—review & editing; Eri Hagiwara:
Writing—review & editing; Shigeru Komatsu: Writing—review &
editing; Tae Iwasawa: Writing—review & editing; Toshihiro
Misumi: Data analysis; Writing—review & editing; Noritake
Kikunishi: Writing—review & editing; Michihiko Tajiri: Writing—
review & editing; Koji Okudela: Pathological evaluations; Writing—
review & editing; Yasushi Rino: Writing—review & editing; and
Takashi Ogura: Writing—review & editing

REFERENCES

[1] Reddy TL, Tominaga M, Hansell DM, von der Thusen J, Rassl D, Parfrey
H et al. Pleuroparenchymal fibroelastosis: a spectrum of histopathologi-
cal and imaging phenotypes. Eur Respir J 2012;40:377–85.

[2] Travis WD, Costabel U, Hansell DM, King TE, Jr., Lynch DA, Nicholson
AG, ATS/ERS Committee on Idiopathic Interstitial Pneumonias et al. An
official American Thoracic Society/European Respiratory Society

statement: update of the international multidisciplinary classification of
the idiopathic interstitial pneumonias. Am J Respir Crit Care Med 2013;
188:733–48.

[3] Frankel SK, Cool CD, Lynch DA, Brown KK. Idiopathic pleuroparenchy-
mal fibroelastosis: description of a novel clinicopathologic entity. Chest
2004;126:2007–13.

[4] Enomoto Y, Nakamura Y, Satake Y, Sumikawa H, Johkoh T, Colby TV et
al. Clinical diagnosis of idiopathic pleuroparenchymal fibroelastosis: a
retrospective multicenter study. Respir Med 2017;133:1–5.

[5] Hayashi H, Nei T, Abe S, Saito Y, Kokuho N, Atsumi K et al. Body Mass
Index and arterial blood oxygenation as prognostic factors in patients
with idiopathic pleuroparenchymal fibroelastosis. Sarcoidosis Vasc
Diffuse Lung Dis 2017;34:35–40.

[6] Sekine A, Satoh H, Iwasawa T, Matsui K, Ikeya E, Ikeda S et al. Unilateral
Upper Lung Field Pulmonary Fibrosis Radiologically Consistent with
Pleuroparenchymal Fibroelastosis after Thoracotomy: a New Disease
Entity Related to Thoracotomy. Respiration 2017;94:431–41.

[7] Sekine A, Satoh H, Takemura T, Matsumura M, Okudela K, Iwasawa T et
al. Unilateral upper lung-field pulmonary fibrosis radiologically consis-
tent with pleuroparenchymal fibroelastosis after thoracic surgery: clinical
and radiological courses with autopsy findings. Respir Investig 2020;58:
448–56.

[8] Treasure T. The Annals of thoracic surgery. Bronchopleural Fistula 1993;
55:A37.

[9] Rotman JA, Plodkowski AJ, Hayes SA, de Groot PM, Shepard JA, Munden
RF et al. Postoperative complications after thoracic surgery for lung can-
cer. Clin Imaging 2015;39:735–49.

[10] Yousem SA. Pulmonary apical cap: a distinctive but poorly recognized
lesion in pulmonary surgical pathology. Am J Surg Pathol 2001;25:
679–83.

[11] Lagstein A. Pulmonary Apical Cap-What’s Old Is New Again. Arch Pathol
Lab Med 2015;139:1258–62.

[12] Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’
for medical statistics. Bone Marrow Transplant 2013;48:452–8.

[13] Sakata R, Fujii Y, Kuwano H. Thoracic and cardiovascular surgery in
Japan during 2008: annual report by The Japanese Association for
Thoracic Surgery. Gen Thorac Cardiovasc Surg 2010;58:356–83.

[14] Fernandez FG, Kosinski AS, Furnary AP, Onaitis M, Kim S, Habib RH et al.
Differential effects of operative complications on survival after surgery
for primary lung cancer. J Thorac Cardiovasc Surg 2018;155:1254–64. e1.

[15] Tanaka H, Matsumura A, Ohta M, Ikeda N, Kitahara N, Iuchi K. Late se-
quelae of lobectomy for primary lung cancer: fibrobullous changes in ip-
silateral residual lobes. European journal of cardio-thoracic surgery:
official journal of the European Association for Cardio-thoracic. Eur J
Cardiothorac Surg 2007;32:859–62.

[16] Kawaguchi T, Oda K, Kido T, Kawanami T, Kawabata Y, Yatera K. Bilateral
Tuberculous Pleurisy with Subsequent Upper Lobe Predominant
Pulmonary Fibrosis Mimicking Pleuroparenchymal Fibroelastosis. Intern
Med 2018;57:85–9.

[17] Kawamoto N, Okita R, Okada M, Ito K, Hirazawa K, Inokawa H. Fibrin
glue-induced eosinophilic pleural effusion after pulmonary resection: a
case report. Int J Surg Case Rep 2021;85:106239.

[18] Hirota T, Yoshida Y, Kitasato Y, Yoshimi M, Koga T, Tsuruta N et al.
Histological evolution of pleuroparenchymal fibroelastosis. Histopathology
2015;66:545–54.

[19] Cheng SK, Chuah KL. Pleuroparenchymal Fibroelastosis of the Lung: a
Review. Arch Pathol Lab Med 2016;140:849–53.

[20] Marinescu DC, English J, Sedlic T, Kliber A, Ryerson CJ, Wong AW.
Pulmonary Apical Cap as a Potential Risk Factor for Pleuroparenchymal
Fibroelastosis. Chest 2021;159:e365–e70.

[21] Patella M, Saporito A, Mongelli F, Pini R, Inderbitzi R, Cafarotti S.
Management of residual pleural space after lung resection: fully control-
lable paralysis of the diaphragm through continuous phrenic nerve
block. J Thorac Dis 2018;10:4883–90.

10 K. Inafuku et al. / Interactive CardioVascular and Thoracic Surgery

http://www.editage.com

	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6
	tblfn7
	tblfn8



