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Parietal pleural small holes found in patients with primary
spontaneous pneumothorax associated with relatively mild chest
wall flatness: a retrospective study
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Background: During surgery for spontanecous pneumothorax, parietal pleural small holes (PPSHs) are
occasionally found around the apex of the intrapleural space; however, this has not been well recognized.
Additionally, chest wall flatness is usually observed in patients with primary spontaneous pneumothorax (PSP)
and PPSHs. This study aimed to investigate the prevalence of PPSH and evaluate the characteristics of
patients with PPSH. We also investigated the degree of chest wall flatness in patients with PPSHs.
Methods: We retrospectively reviewed all patients who underwent thoracoscopic surgery for pneumothorax
at our department between April 2014 and May 2021. A propensity-matched analysis was used to compare
the characteristics of patients with and without PPSH.

Results: A total of 490 patients were enrolled in this study. PPSH was found in 45 of 297 (15.2%) patients
with PSP and one of 193 (0.5%) patients with secondary pneumothorax. PSP was independently associated
with the presence of PPSH after adjusting for age and sex [primary/secondary, odds ratio (OR) =34.3, 95%
confidence interval (CI): 4.7-250.9; P<0.001]. Among patients with PSP, the flatness of the chest wall in
patients with PPSH was not as severe as that in patients without PPSH {thoracic anteroposterior diameter
(APDT) to transverse diameter (TDT) ratio; with PPSH: median =0.517 [interquartile range (IQR) =0.480—
0.554] vs. without PPSH: median =0.487 (IQR =0.463-0.529; P=0.031)} after propensity score matching.
Conclusions: PPSH is found in a non-negligible proportion of patients with PSP, and patients with
PPSHs show a relatively mild flat chest among patients with PSP. Clinicians should be aware of PPSH, and
further understanding of this condition may contribute to a better understanding of PSP.

Keywords: Chest wall; flat chest; parietal pleural small holes (PPSHs); primary spontaneous pneumothorax (PSP);

propensity-matched analysis

Submitted Mar 18, 2022. Accepted for publication Jul 01, 2022.
doi: 10.21037/jtd-22-352
View this article at: https://dx.doi.org/10.21037/jtd-22-352

A ORCID: 0000-0003-1766-7736.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2022;14(9):3255-3264 | https://dx.doi.org/10.21037/jtd-22-352


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-22-352

3256 Shiiya et al. Parietal pleural holes in primary spontaneous pneumothorax

Introduction

Primary spontaneous pneumothorax (PSP) is defined as the
spontaneous presence of air in the pleural space of patients
without clinically apparent underlying lung disease (1). It
is generally believed that PSP occurs in tall and thin males
during adolescence and early adulthood (2-5). Spontaneous
rupture of subpleural blebs/bullae is commonly believed to
be the major cause of PSP (5); subpleural blebs have been
reported to be found in 76-100% of patients during video-
assisted thoracoscopic surgery (6). Recently, inflammatory
cells obstructing the airways and bronchiolitis were
suggested to be associated with emphysema-like changes
(ELC) and PSP (7,8). Diffuse pleural porosity has also been
suggested as a mechanism of PSP (9). Patients with PSP
have been reported to have a flattened chest wall (10,11),
and biomechanical stress caused by flattened chest wall has
been suggested to contribute to the incidence of PSP (10).
However, the precise etiology of PSP and mechanism of
bleb/bulla formation remain unclear.

Upon careful observation, we found a parietal pleural
small hole (PPSH) around the apex of the intrapleural
cavity during surgery for PSP (Figure 1, Video 1). PPSH is
not well recognized by clinicians. To our knowledge, PPSH
was first reported in 2010 by Galetta et 4/. in five patients
with hyperhidrosis (12). The same or similar entity has been
reported by Lin er 4l. (13) and Yang ez 4l. (14) in association
with PSP. However, the report by Lin et 4l. included only
a small number of patients (22 patients with PSP and nine
patients with secondary spontaneous pneumothorax) (13),
and the report by Yang er 4/. included only PSP patients
under 30 years of age (14). Therefore, the prevalence
and etiology of PPSH and its association with underlying
diseases remain unclear.

We hypothesized that PPSH is associated with
underlying characteristics in patients with PSP. This study
was performed to investigate the prevalence of PPSH in
patients with both primary and secondary pneumothorax
over a wide age range and to evaluate the characteristics
of patients with PPSH. Additionally, we usually observed
chest wall flatness in patients with PPSH; therefore, we
also investigated and compared the degree of chest wall
flatness in patients with PPSH and PSP. We present the
following article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-352/rc).
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Methods
Study design

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the institutional review board of Sapporo City
General Hospital (approval No. R03-060-888). Considering
the retrospective nature of this study, informed consent was
obtained in the form of an opt-out clause on our website,
and patients who rejected this option were excluded. All
patients who were referred to our department between April
2014 and May 2021 and were diagnosed with pneumothorax
were retrospectively reviewed. All patients who underwent
thoracoscopic surgery for pneumothorax were included in
the study. Patients who were treated with non-intubated
surgery were excluded because fine examination of the
intrapleural space is difficult. Finally, 490 patients with 523
pneumothorax sides were enrolled in this study (Figure 2).

Data collection and definitions

From April 2014, we prospectively checked for the presence
of PPSH during surgery and recorded it in an institutional
database. We retrospectively reviewed and collected the
number and sites of PPSH and background information
(age at first pneumothorax, age at operation, sex, history
of smoking, etiology, and laterality of pneumothorax,
underlying disease(s), height, and body weight) from the
institutional database.

In our study, PSP was defined as the accumulation of
air in the pleural space, mostly due to the rupture of a
subpleural bleb or bulla, without apparent underlying lung
disease (1,5). Secondary pneumothorax is defined as that
with an apparent underlying lung disease (1,5). Emphysema
was defined as the presence of bullae and multiple low-
attenuation areas, with a history of smoking. Interstitial
pneumonia, lung tumor, catamenial pneumothorax, diffuse
panbronchiolitis, and lymphangiomatosis were diagnosed
based on pathological examinations of resected specimens.
Birt-Hogg-Dube syndrome was diagnosed by DNA
testing (15).

The ratio of the anteroposterior diameter (APDT) to
the transverse diameter (TDT) of the thoracic wall was
calculated at the tracheal bifurcation level on the axial
section of the computed tomography (CT) scan taken prior
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Figure 1 PPSH. (A) Coronal section of a CT image taken after chest drainage; (B) axial section of a CT image; (C) sagittal section of a CT

image; (D) intraoperative image of the same patient. Arrows indicate a PPSH. PPSH, parietal pleural small hole; CT, computed tomography.

Video 1 Intraoperative findings of parietal pleural small hole.

to surgery (Figure 3). The APDT was measured in two ways
as described in the previous studies. In this study, they were
defined as mediastinal APDT (16) and thoracic APDT (17).
Mediastinal APDT was defined as the maximum diameter

between the posterior rim of the sternum and anterior rim
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Referred to our hospital between April 2014 and May 2021 and
diagnosed as having pneumothorax
(960 patients, 1,026 sides)

Treated without surgery
(458 patients, 490 sides)
Treated with non-intubated surgery
(12 patients, 13 sides)

Exclude

Y

Underwent surgery
(490 patients, 523 sides)

Figure 2 Flow chart of the 960 patients with pneumothorax. In
total, 960 patients were referred to our department and diagnosed
with pneumothorax. Among them, 458 patients treated without
surgery and 12 patients treated with non-intubated surgery were
excluded. Finally, 490 patients with pneumothorax who underwent

surgery were enrolled in this study.
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Figure 3 The methods for calculating APDT and TDT. The
mediastinal APDT was defined as the maximum diameter between
posterior rim of the sternum and anterior rim of the vertebra
(green arrow). The thoracic APDT was defined as the maximum
anteroposterior diameter of the thoracic cage (yellow arrow). The
TDT was defined as the maximum diameter of the transverse
diameter of the thoracic cage (red arrow). APDT, anteroposterior

diameter; TDT, transverse diameter.

of the vertebra. The thoracic APDT was defined as the
maximum APDT of the thoracic cage. TD'T was defined as
the maximum TDT of the thoracic cage.

Statistical analysis

Statistical analyses were performed using JMP® 16
software (SAS Institute Inc., Cary, NC, USA). Continuous
data are presented as median and interquartile range
(IQR). Categorical data were presented as numbers and
proportions. Continuous values in the two groups were
compared using the Mann-Whitney U-test. Fisher’s
exact test for categorical variables was used to compare
frequencies. A logistic regression model was used in the
univariable and multivariable analyses to identify factors
associated with the presence of PPSH. Variables were
selected based on their confounding and potential effects on
the incidence of pneumothorax, as well as multicollinearity
(variance inflation factor <10). Age at first pneumothorax
(<20/>20 years), sex, and etiology of pneumothorax
(primary/secondary) were included, and simultaneous entry
was used in the multivariable analysis. In another analysis
among patients with PSP, age at operation (<20/>20 years),
body mass index (BMI) (<22/>22), sex, and mediastinal
APDT to TDT ratio divided by mean were included in a
logistic regression model to predict the presence of PPSH.
When comparing height, body weight, BMI, and APDT
to TDT ratio between patients with PPSH and those
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without PPSH, a propensity-matched analysis was applied
to minimize the potential confounding factors including age
and sex. We calculated the propensity score for each patient
using a logistic regression model including age at operation
and sex, and patients were matched one-to-one without
replacement using a nearest-neighbor approach with a
caliper restriction of 0.2. All analyses were two-tailed, and
statistical significance was set at P<0.05.

Results
Baseline characteristics

Among the 490 patients, 297 had PSP, and 193 had
secondary pneumothorax. The underlying diseases of
secondary pneumothorax included emphysema in 153
patients (79.3%), Birt-Hogg-Dube syndrome in 14
(7.3%), interstitial pneumonia in 11 (5.8%), catamenial
pneumothorax in 6 (3.1%), lung tumor in 3 (1.6%),
lymphangiomatosis in 2 (1.0%), 1 (0.5%) with diffuse
panbronchiolitis, and traumatic pneumothorax in 3 (1.6%).

The baseline characteristics of the patients with and
without PPSH are summarized in 7able 1. In total, PPSHs
were found in 46 patients, including 45 patients (97.8%) with
PSP and 1 (2.2%) with secondary pneumothorax. The patient
with a secondary pneumothorax was a 47-year-old man with
lung emphysema. The PPSH data are summarized in Zable 2.
PPSHs were round, approximately 1 to 10 mm in diameter,
clear-shaped and appeared to be covered by pleura. Up
to four PPSHs were found on one side, and a total of 85
PPSHs were observed. In more than half of the cases, there
was only one PPSH found on one side. Approximately
half (55.3%) of PPSHs were found at the chest wall above
the first rib, 36 (42.4%) of PPSHs were found at the first
intercostal space, and only 2 (2.4%) PPSHs were found
at the second intercostal space. No PPSH was found
below the second intercostal space. All PPSHs were blind-
ended and did not communicate with the other organs or
surrounding structures. In more than half of the cases, the
PPSH was single on one side. There were no apparent
local infections, tumors, or hemangiomas near the PPSH.
Capillary vascularization around PPSH was occasionally
found around PPSH. A bleb/ELC was not always present
adjacent to PPSH. Local adhesions between the PPSHs
and the lung surface were not observed in our cases. Not all
patients with surgically observed PPSH showed apparent
findings in preoperative CT.
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Baseline characteristics All (N=490) Patients with PPSH (N=46) Patients without PPSH (N=444)
Age' (years), median [IQR] 26.5 [18-55] 19 [16.8-21.3] 30 [19-58]
Sex, n (%)

Male 415 (84.7) 44 (95.7) 371 (83.6)

Female 75 (15.3) 2 (4.4) 73 (16.4)
History of smoking, n (%) 256 (52.2) 9(19.6) 247 (55.8)
Etiology, n (%)

Primary spontaneous 297 (60.6) 45 (97.8) 252 (56.8)

Secondary 193 (39.4) 1(2.2) 192 (43.2)
Laterality of pneumothorax, n (%)

Right 232 (47.3) 11 (23.9) 221 (49.8)

Left 225 (45.9) 24 (52.2) 201 (45.3)

Bilateral* 33 (6.7) 11 (23.9) 22 (4.6)

', age at the time of first pneumothorax; *, bilateral pneumothorax included both simultaneous and metachronous bilateral pneumothorax.

PPSH, parietal pleural small hole; IQR, interquartile range.

Table 2 Laterality, numbers in one side, and site of PPSH

Characteristics of PPSH Numbers (%)
Laterality of PPSH
Right 11 (23.9)
Left 30 (65.2)
Bilateral 5(10.9)
Number of PPSH
Right (1/2/3/4) 11/3/2/0
Left (1/2/3/4) 19/7/7/2
Site of PPSH (N=85)
Upper than 1st rib 47 (55.3)
1st intercostal space 36 (42.4)
2nd intercostal space 2(2.4)

PPSH, parietal pleural small hole.

Factors associated with the presence of PPSH

Univariable analysis indicated that primary spontaneous
etiology was a predictor of the presence of PPSH [primary/
secondary, odds ratio (OR) =34.3; 95% confidence interval
(CD): 4.7-250.9; P<0.001; Figure 4]. In the multivariable
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analysis, primary spontaneous etiology was still
independently associated with the presence of PPSH after
adjusting for age (<20/>20 years) and sex (OR =24.2; 95%
CI: 3.2-184.6; P=0.002; Figure 4).

Comparisons of baseline characteristics in patients with

PSP

The baseline characteristics of the PSP patients with and
without PPSH are summarized in 7able 3. Among patients
with PSP, patients with PPSH were significantly younger
than those without PPSH (Tible 3).

Univariable and multivariable analyses for factors
associated with the presence of PPSH among patients with
psp

Univariable analysis indicated that age was a predictor of
the presence of PPSH (<20/>20), OR =2.2; 95% CI: 1.2-4.3;
P=0.016; Figure 5). In the multivariable analysis, age was an
independent predictor of PPSH (<20/>20, OR =2.2; 95%
CI: 1.1-4.3; P=0.023; Figure 5). Higher mediastinal APDT
to TDT ratio was associated with the presence of PPSH,
although it was not statistically significant (<0.283/>0.283,
OR =2.0; 95% CI: 1.0-3.8; P=0.051; Figure 5).
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Univariable analysis Multivariable analysis
Predictive factors P value QOdds ratio (95% ClI) P value Odds ratio (95% Cl)
Sex (male/female) 0.046 4.3(1.0-18.3) }—=— 0.052 4.2 (0.99-18.2) |—=—
Age (<20/=20) <0.001 4.6 (2.4-8.7) - 0.059 1.9 (0.98-3.7) [
Etiology <0.001 34.3 (4.7-250.9) ——y 0.002 24.2 (3.2-184.6) ]
(primary/secondary)
051 10 100 051 10 100

Figure 4 Univariable and multivariable analyses for predicting the presence of a parietal pleural small hole. Etiology of pneumothorax
(primary/secondary) was independently associated with the presence of a parietal pleural small hole after adjusting for age and sex (primary/
secondary, OR =34.3; 95% CI: 4.7-250.9; P<0.001). CI, confidence interval; OR, odds ratio.

Table 3 Comparison in patients with PSP

Characteristics at first PSP Patients with PPSH (N=45) Patients without PPSH (N=252) P value
Age (years), median [IQR] 19 [16.5-21] 20 [17-26] 0.046"
Sex, n (%) 0.039*
Male 43 (95.6) 209 (82.9)
Female 2 4.4 43 (17.1)
History of smoking, n (%) 8(17.8) 74 (29.4) 0.147*

', continuous variables were compared using the Mann-Whitney U-test; *, frequencies were compared using Fisher’s exact test for
categorical variables. PSP, primary spontaneous pneumothorax; IQR, interquartile range; PPSH, parietal pleural small hole.

Univariable analysis Multivariable analysis

Predictive factors P value Odds ratio (95% CI) P value Odds ratio (95% ClI)

Sex (male/female) 0.045 4.4 (1.0-19.0) —'—{ 0.061 4.1(0.94-17.6) —'—{

Age (<20/220) 0.016 22(1.2-4.3 (=] 0023 22(1.1-43 ™
BMI (<22/222) 0439 16(0556) |a—] 0437 1700559 [+
Thoacic APDT/TDT 0.168 1.6 (0.8-3.0) .{

(<0.509/>0.509)

Mediastinal APDT/TDT  0.090  18(0934) || 0051 20(1.0-38 af

(<0.283/=0.283)

—
01 5 10 15 20 01 5 10 15 20

Figure 5 Univariable and multivariable analyses for factors associated with the presence of PPSH among patients with PSP. Higher
mediastinal APDT to TDT ratio was associated with the presence of PPSH, although it was not statistically significant (<0.283/>0.283, OR
=2.0; 95% CI: 1.0-3.8; P=0.051). OR, odds ratio; CI, confidence interval; BMI, body mass index; APDT, anteroposterior diameter; TDT,
transverse diameter; PPSH, parietal pleural small hole; PSP, primary spontaneous pneumothorax.
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Table 4 Propensity-matched comparison in patients with PSP
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Characteristics at operation Patients with PPSH (N=45) Patients without PPSH (N=45) P value
Age (years), median [IQR] 19 (16.5-21) 19 (16.5-21) 1.000"
Sex, n (%) 1.000*
Male 43 (95.6) 43 (95.6)
Female 2 (4.9 2 (4.4
Height (cm), median (IQR) 174.0 (169.5-177.5) 173.0 (168.5-178) 0.875"
Body weight (kg), median (IQR) 56.0 (51.5-61.0) 55.0 (50.5-61.5) 0.884"
BMI (kg/m?), median (IQR) 19.1 (17.3-20.3) 18.9 (17.3-20.7) 0.821"
Thoracic APDT/TDT ratio, median (IQR) 0.517 (0.480-0.554) 0.487 (0.463-0.529) 0.031"
Mediastinal APDT/TDT ratio, median (IQR) 0.306 (0.262-0.333) 0.270 (0.228-0.309) 0.008"

', continuous variables were compared using the Mann-Whitney U-test; ¥, frequencies were compared using Fisher’s exact test for
categorical variables. PSP, primary spontaneous pneumothorax; PPSH, parietal pleural small hole; IQR, interquartile range; BMI, body

mass index; APDT, anteroposterior diameter; TDT, transverse diameter.

Propensity scove-matched analysis for physical characteristics

One-to-one propensity score matching was performed in
297 patients with PSP, including 45 patients with PPSH
and 252 without PPSH. Consequently, 45 pairs were
matched. Comparisons of the characteristics at surgery are
summarized in Table 4. Age (P=1.000), sex (P=1.000), height
(P=0.875), body weight (P=0.884), and BMI (P=0.821) were
not significantly different between the two groups. However,
both thoracic APDT and TDT ratios [with PPSH, 0.517
(0.480-0.554) vs. without PPSH, 0.487 (0.463-0.529);
P=0.031] and mediastinal APDT to TDT ratio [with PPSH,
0.306 (0.262-0.333) vs. without PPSH, 0.270 (0.228-0.309);
P=0.008] were significantly higher in patients with PPSH
than in those without PPSH.

Discussion

In the present study, PPSHs were found in 45 of 297 (15.2%)
patients with PSP, whereas only 1 of 193 (0.5%) patients
with secondary pneumothorax showed PPSH. Multivariable
analysis demonstrated that PSP was an independent predictor
of PPSH in patients with pneumothorax after adjusting for
age and sex. These results suggest that PPSH is associated
with PSP and is not a rare entity.

Galetta et al. hypothesized that PPSH is a precursor
to cervical lung hernias (12). Approximately 80% of lung
hernias are considered acquired, mainly traumatic in
origin (18), whereas approximately 20% of cases are
congenital (19). The thoracic outlet is covered by

© Journal of Thoracic Disease. All rights reserved.

Sibson’s fascia and the underlying cervical parietal pleura
(19-21). Sibson’s fascia, also called the deep cervical
fascia or suprapleural membrane, is a thickened portion
of the endothoracic fascia. The fascia is attached to the
inner border of the whole length of the first rib and to
the transverse process of the seventh cervical vertebra
(19-21). When the fascia is weakened or torn, cervical hernia
may occur through a weak area. Galetta et a/. reported that
PPSHs were located lateral to the subclavian artery (12),
and Lin ez al. reported that PPSHs were found exclusively
on the chest wall within the first ribs (13). However, in the
present study, approximately half of the PPSHs were found
to be lower than the first rib, which was outside Sibson’s
fascia. Furthermore, cervical lung hernia through a defect
in Sibson’s fascia was reported to occur most often in the
first three years of life, and in the majority of cases, these
protrusions resolve spontaneously in the first years of life (21).
Therefore, PPSH may not always be a precursor of cervical
lung hernia, and Sibson’s fascia may not always be associated
with the origin of PPSH.

Lin et al. hypothesized that PPSH trapped the visceral
pleura and caused abrasion and inflammatory changes,
resulting in ELC formation (13). In general, intrathoracic
inflammation results in adhesion between the lung and the
thoracic wall. However, in this study, localized adhesion
between PPSH and bleb/ELC was not observed. In contrast,
Yang et al. hypothesized that the preformed bleb causes
mechanical compression of the parietal pleura, resulting
in the formation of PPSH (14). However, although the
presence of blebs or a history of pneumothorax was not
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mentioned, Galetta er 4l. reported that 5 of 750 (0.67%)
patients with hyperhidrosis showed PPSH during the
operation (12); given that the mechanical compression
induced by a bleb results in PPSH formation, a bleb
should pre-exist. Furthermore, in the present study, a
PPSH was not always adjacent to a bleb/ELC; therefore,
the association between PPSH and bleb/ELC should be
carefully determined in chronological order in future
studies.

Yamada et 4l. reported a fistulous hole communicating
with bilateral pleural spaces, which were closed during
surgery for bilateral pneumothorax (22). The appearance
of this fistulous hole looks similar to PPSH. In our
study, however, PPSH were blind-ended and were not
communicating with other structures. Hence, PPSH may
not be the same entity with the fistulous hole reported by
Yamada et 4l. (22). Furthermore, PPSHs were not always
adjacent to blebs or ELC, suggesting that PPSH did not
directly cause bleb formation and subsequent occurrence of
PSP. Therefore, there is currently no evidence to support
surgical intervention for PPSH.

There are two hypotheses regarding the etiology of
PPSH: acquired or congenital. If PPSH is a completely
acquired condition, it should also be found in patients with
secondary pneumothorax. The present study showed that
PPSH was exclusively found in patients with PSP, especially
juvenile subjects; therefore, some congenital or genetic
factors, which are associated with PSP, may be involved in
the etiology of PPSH. Patients with PSP were reported to
have a flattened chest wall, and biomechanical stress caused
by thoracic cage deformity has been suggested to contribute
to the development of blebs and incidence of PSP (10,11).
In the present study, the flatness of the chest wall in patients
with PPSH was not as severe as that in patients without
PPSH. Ideally, the flatness of the chest wall in patients with
PPSH needs to be compared with that in healthy controls;
nevertheless, these findings suggest that patients with
PPSH may have some distinct characteristics that leads
to pneumothorax, which are different from other patients
with PSP. As the shape of the chest wall is genetically
determined, genetic factors may also be involved in the
development of PPSH. Further studies are warranted to
investigate the underlying features in patients with PPSH.
Other chest wall deformity, including the asymmetry (11)
and the wide TDT of the thoracic cage (10), are worth
further investigation. Given that patients with PPSH have
some underlying characteristics and different mechanisms
of occurrence of pneumothorax, the prevalence and
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recurrence rate might be different from patients without
PPSH. Possible clinical significance of PPSH including the
prevalence and recurrence rate of pneumothorax should
also be investigated in future studies.

In our study, not all patients with surgically observed
PPSH showed apparent findings in preoperative CT, and
even if PPSH-like findings were recognized in preoperative
CT, they were not always identified as PPSHs during
operation. In some cases, a fold of the thoracic cavity could
be mistaken for PPSH. Another possibility is that only when
the hole is filled with air can any PPSH be identified on CT.
Therefore, a CT-based diagnosis of PPSH could include
a high number of cases resulting in false positives and
negatives. In addition, although some cases with PPSH have
apparent findings on chest CT; they usually disappear once
pneumothorax was treated. Further, not all non-surgically
treated patients underwent CT scanning. Therefore, we did
not examine PPSH on CT and only investigated surgically
proven cases with PPSH.

Our study had several limitations. First, this was a
retrospective single-center study. There may be potential
bias should the study include surgical cases only. Further
studies are required to confirm these results. Second,
we did not include all potential confounding factors in
our multivariable model and propensity score matching.
Although PSP was an independent predictor of PPSH,
other possible confounders may exist. In particular, we only
included patients with pneumothorax; therefore, PPSH may
also found in young patients with other diseases. Further
studies are necessary to confirm our results and genetic
analysis may contribute to confirm the relevance between
PPSH and PSP. Ideally, the presence of PPSH in healthy
controls or in young patients with other diseases should
be investigated. Young patients with congenital heart or
lung diseases may be potential control subjects. In addition,
surgical intervention for a healthy subject is generally
impossible. Furthermore, PPSH can be recognized in
CT images only when the patient has pneumothorax.
As a replacement, we included patients with secondary
pneumothorax with various underlying diseases over a
wide age range. Third, preoperative CT was not always
performed after chest drainage, which may have affected
the APDT/TDT ratio. However, we calculated the APDT/
TDT ratio in two ways to minimize the influence of the
timing of the examination. In addition, further studies
should investigate whether patients with PPSH have a
flatter chest wall than those who undergo thoracic surgery
for other underlying diseases. The flatness of chest wall
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in patients with PPSH still seems flatter than normal
controls reported in previous studies, although the methods
of measuring the chest wall were slightly different from
ours (11,23). Fourth, we could not perform tissue analysis
of the PPSH. Further studies are needed to investigate
the pathological features of PPSH. Finally, although we
checked the thoracic wall carefully and PPSH was usually
found easily, the presence of PPSH might have been missed
in some cases. Nevertheless, the present study indicates that

PPSH is not rare.

Conclusions

This study showed that PPSH was found in a substantial
proportion of patients with PSP, and that patients with
PPSH showed a characteristic feature among patients with
PSP. To our knowledge, this is the first study to investigate
patients with pneumothorax over a wide range of ages.
This study raises the need for further understanding of
PPSH, which may contribute to the understanding of the
underlying mechanism of PSP. Therefore, further studies
are warranted to confirm the clinical relevance between
PPSH and PSP and to investigate PPSH and its associated
characteristics, including flattened chest walls, in patients
with PSP.
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