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Primary spontaneous pneumothorax (PSP) is reported to be more common in young men who are thin and tall.
This retrospective study aimed to analyze the clinical and chest wall characteristics associated with PSP.
Between January 2008 to December 2017, the clinical and imaging data of 99 patients at first presentation
with PSP were compared with 82 age-matched healthy controls. Computed tomography (CT) imaging was
used to measure the anteroposterior and transverse diameters of the chest at four levels, including the aor-
tic arch, tracheal bifurcation, right inferior pulmonary vein, and lower sternal edge. Chest deformity was cal-
culated as the ratio of the transverse diameter of the hemithorax divided by anteroposterior diameter. Lung
volume and average lung density of 32 cases with PSP were measured and compared with 10 patients with-
out PSP. Intrapleural pressure of 43 cases PSP who were treated with a closed chest drain was measured and
compared with 39 patients with mediastinal tumor who underwent thoracoscopic surgery.

Patients with PSP showed a normal age distribution with a median of 17-18 years. The patients with PSP had
significantly reduced anteroposterior and transverse diameters of the chest when compared with controls at
four levels on CT (p<0.01). The lung volumes in patients with PSP were significantly reduced when compared
with the controls (p<0.05), as were the minimum intrapleural pressure and pressure difference (p<0.05).

The findings support that chest wall dimensions may be associated with lung development, which are contrib-
uting factors in PSP.
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Material and Methods

Pneumothorax, or the presence of air in the pleural space, was
a term first used by Itard in 1803, who believed that it was
mainly caused by the tuberculosis of the lung apex [1]. In cas-
es that were not associated with lung disease, the term simple
pneumothorax was used [1]. In 1932, Kjaergard first defined
primary spontaneous pneumothorax (PSP) [2].

PSP is most common in previously healthy male adolescents.
In the US, the reported incidence in men is between 7.4-18 per
100,000 population per year, and is between 1.2—6 per 100,000
population per year in women [3]. Patients with PSP are usually
previously healthy without underlying lung disease, but bullae,
subpleural blebs, and apical emphysematous-like change (ELC)
are common with a prevalence of 90% of cases that under-
go surgery and are found in up to 80% of cases on computed
tomography (CT) imaging of the chest [4,5]. Therefore, it has
been assumed that the rupture of pleural bullae and subpleu-
ral blebs are the main causes of PSP. There have been sever-
al hypotheses regarding the mechanism of their formation,
including distal airway obstruction and inflammation caused
by smoking [6-11], pleural porosity [6,12,13], deficiency in
lung elastic fibers [14], ischemia of the lung apex [15,16], and
increased negative intrapleural pressure [17]. However, these
hypotheses can only partly explain the characteristics of pa-
tients with PSP who present clinically.

Currently, no hypothesis can fully explain the mechanism and
pathogenesis of PSP, but there are several common character-
istics. The epidemiology of PSP has shown that it mainly oc-
curs in male patients aged between 14-25 years, and is rarely
found after the age of 30 years and has been rarely reported
after the age of 40 years [18]. A reduced anteroposterior diam-
eter of the chest wall and the ectomorphic habitus is common
in patients with PSP [18]. Surgery for PSP includes bullectomy,
which can have a high recurrence rate [19,20]. However, bullec-
tomy combined with pleurodesis can significantly reduce the
recurrence rate of PSP, but a residual apical space is usually
found on chest X-ray after bullectomy [19,20]. Several previ-
ous studies have shown that episodes of PSP could be asso-
ciated with changes in atmospheric pressure and even with
loud music [19,20].

Therefore, this retrospective study aimed to analyze the clin-
ical and chest wall characteristics associated with PSP and
compared healthy controls and patients with thoracic disease.

Selection of patients and controls

Approval for this study was obtained from the Ethics Committee
of Yuhuangding Hospital, Qingdao University. Retrospective
data from the medical records of patients with PSP and con-
trols were recorded from January 2008 to December 2017.
There were complete records for 652 cases that met the study
inclusion criteria, and included 138 cases that were first pre-
sentation of PSP and 514 cases that were cases of recurrent
PSP. The control group included 82 healthy individuals aged
between 15-31 years that included 53 men and 29 women,
who had undergone chest imaging, including chest computed
tomography (CT) for complaints of chest pain or other symp-
toms but did not have a diagnosis of pneumothorax.

In patients who had a first presentation with PSP, there were
five cases treated by simple observation, 13 cases were treated
with thoracentesis, 139 cases were treated with closed chest
drainage, and 495 cases were treated with thoracoscopic surgery.
The retrospective review identified 107 cases with a smoking
history and 545 cases who were non-smokers, 350 cases were
diagnosed as left-sided pneumothorax, 271 cases were right-
sided pneumothorax, and 31 cases had bilateral pneumothorax.

In patients with recurrent PSP, 119 cases were treated by simple
observation, 103 cases were treated by thoracentesis, and 292
cases were treated with closed chest drainage. There were no
cases of recurrence after thoracoscopic surgery or pleurodesis.

There were 99 cases with a first presentation with PSP that
underwent chest CT examination following chest drainage,
which confirmed no air leak and full lung expansion seen on
chest X-ray. Chest deformity was calculated as the ratio of the
transverse diameter of the hemithorax divided by the antero-
posterior diameter.

In the 99 cases of PSP, 32 cases underwent three-dimensional
chest CT, which was used for further reconstruction and used
to analyze lung volume and average lung density. There were
10 cases with hyperhidrosis that had undergone a three-dimen-
sional chest CT from January 2008 to December 2017 in our de-
partment, who were aged between 16-30 years, including four
men and six women. These patients were included as a control
group for the analysis of lung volume and average lung density.

From January 2017, the Thopaz Digital chest drainage system
(Medela AG, Baar, Zug, Switzerland) was used in our depart-
ment. We collected the data of intrapleural pressures, which
were stored in the digital system. There were 43 cases of PSP
who were treated with closed chest drainage after the first
presentation and 39 cases of mediastinum tumor who were
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treated with thoracoscopic surgery were enrolled in this study.
The age of the patients with mediastinal tumor was from 16-31
years. The gender distribution was 21 men and 18 women.

Analysis of physical characteristics

There were 652 cases that underwent an analysis of the phys-
ical characteristics. The height and bodyweight of all patients
were measured. The body mass index (BMI) was calculated
as bodyweight (kg) divided by the square of the height (m?).
Because it was difficult to obtain the height and bodyweight
data of large numbers of normal healthy people, we used data
from previous studies on the physical development of adoles-
cents aged 16-18 years in our city [21,22]. Therefore, in this
study, we compared the height, bodyweight, and BMI of pa-
tients from 16-18 years with the control.

Comparison of the anteroposterior diameter of the chest
wall, or chest flattening

The method previously reported by Murakawa et al. [18] was
used to calculate chest deformity as the ratio of the trans-
verse diameter of the hemithorax divided by the anteropos-
terior diameter of the same hemithorax. The transverse di-
ameter and anteroposterior diameter were both obtained by
measurement of the CT image using the Picture Archiving
and Communications System (PACS) software (GE Healthcare
Life Sciences, Logan, UT, USA). The anteroposterior and trans-
verse diameters of the hemithorax on both sides were mea-
sured at the predetermined levels of the aortic arch, tracheal
bifurcation, right inferior pulmonary vein, and lower edge of
the sternum on chest CT. In measuring transverse diameter,
we used the longest distance from the center of the vertebra
to the chest wall. In measuring anteroposterior diameter, we
used the longest distance from the anterior chest wall to the
posterior chest wall. The comparison of chest flattening was
performed on the same level and same side.

To avoid the influence of other deformities of the chest wall,
patients with the appearance of funnel chest, pigeon chest, and
a history of severe rib fracture were excluded from this study.
To avoid the influence of tension of pneumothorax on the mor-
phometric measurements of the chest wall, all the measurements
were conducted after closed chest drainage. All scans were per-
formed using a same single spiral 64-slice CT scanner system,
the Sensation 64 (Siemens Medical Solutions, Forcheim, Germany),
with settings of 120 kVp and mAs based on body size with a ro-
tation time of 0.5 sec. The methods used are shown in Figure 1.

Measurement of lung volume and average lung density

Measurement of lung volume and average lung densi-
ty were performed using Philips IntelliSpace Portal PACS
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Figure 1. Computed tomography (CT) imaging of the chest wall
shows the method of calculation of chest deformity
in cases of primary spontaneous pneumothorax (PSP)
and controls. Computed tomography (CT) imaging
was used to measure the transverse diameter (AB)
and anteroposterior diameter (CD) of the chest. Chest
deformity was calculated as the ratio of the transverse
diameter of the hemithorax divided by anteroposterior
diameter (AB/CD). This figure shows the measurements
at the level of the tracheal bifurcation.

Figure 2. The method of measurement of lung volume and
average lung density in cases of primary spontaneous
pneumothorax (PSP) and controls. The arrow shows
the results of the lung volume and average lung
density, which were automatically calculated using the
imaging software.

software (Philips Healthcare, Andover, MA, USA), according
to a previously reported method [23]. Three-dimensional re-
construction was performed using this software to determine
the lung volume and average lung density when compared
with air. As shown in Figure 2, the average and standard er-
ror of the mean of the volume and average density were used
for further analysis.
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Table 1. Comparison of body physique between patients with primary spontaneous pneumothorax (PSP) who initially presented
between 16-18 years with the normal healthy controls between 16-18 years (* P<0.05).

Age Variables First episode of PSP Healthy control P-value
Height (m) 1.734£0.18 1.7240.06 0.15

M Weight (k)  5887:1.12 63931056 006
"""" BMI Kg/m)  19.67:151  2161s123 004
""""""""""""""""""""""""" Height(m) 1748023 1725005 009
TR D Weight () ~ 59.28:1203  6396+1042 013
"""" BMI Kg/m)  19.58:099 2162118 004
""""""""""""""""""""""""" Height(m) 173019  171s006 034
N I Weight (k)  5973:1191  6206¢1034 028
"""" BMI Kg/m)  1946:123 21224112 005"
""""""""""""""""""""""""" Height () ~ 164:004  161s005 009
6@ Weight k) ~ 5076s801 5318731 017
"""" BMI (Kg/m)  1887:120 2052096 003"
""""""""""""""""""""""""" Height ) ~  165:001 1595005 006
e Weight k) ~  5106s682 5179750 048
"""" BMI (Kg/m)  1875:115  2049s137 002"
""""""""""""""""""""""""" Height(m)  165:013  160s005 007
8@ Weight (k) 5134s749 5230472 027
"""" BMI (Kg/m)  1886:123  2043:183 003"

BMI — body mass index.
Measurement of intrapleural pressure

Measurement of the intrapleural pressure was performed
as previously described [24], using the Thopaz Digital Chest
Drainage System (Medela Healthcare, Manchester, UK). The data
stored on the intrapleural pressure were downloaded and
analyzed using Thopaz computer software (Medela Healthcare,
Manchester, UK). To avoid the possible adhesion caused by
longer drainage, the data were obtained on the first day af-
ter the chest drain was sited. When the chest drain was sited,
no air leakage was present for more than 3 hours, and full
lung expansion was confirmed by chest X-ray. The digital sys-
tem used allowed for continuous multiple measurements ev-
ery 2 minutes during airflow, measuring maximum and mini-
mum intrapleural pressures using microelectronic mechanical
sensor technology. The average of the minimum and maxi-
mum intrapleural pressure and the pressure difference were
analyzed. All patients had a single chest tube, and the tubes
were made from the same material and were the same size. All
chest drain tubes were sited in the seventh intercostal space
in the mid-axillary line.

To exclude the influence of depth of breathing on the measure-
ments, body temperature, heart rate, respiratory rate, and nu-
merical rating scale [25] of the two groups were also record-
ed and compared. A nurse from our department recorded all
the measurements and clinical data from the medical records.
During the measurements, the nurses and the patients were
unaware of the assignment of the study groups.

Statistical analysis

Data were analyzed using SPSS version 19.0 software (IBM
SPSS Inc., Armonk, NY, USA). All data were expressed as the
mean = standard error from the mean (SEM). Because that mea-
surements of the lung density and intrapleural pressure were
both negative, their absolute values were used for the statis-
tical analysis. Comparison of the numerical data between the
groups was analyzed using a t-test, and comparison of categor-
ical data between groups was analyzed using the chi-squared
(x?) test or Fisher’s exact test, when the number of cases was
less than five. A P-value <0.05 was considered to be statisti-
cally significant.
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Figure 3. The age distribution of cases of primary spontaneous
pneumothorax (PSP) on initial presentation.

Figure 4. The age distribution of recurrent primary spontaneous
pneumothorax (PSP).

Table 2. Comparison of body physique between the patients with recurrent primary spontaneous pneumothorax (PSP) aged between
16-18 years with the normal healthy controls aged 16-18 years.

Age Variables First episode of PSP Healthy control P-value
Height (m) 1.74+0.05 1.72+0.06 0.13

wem Weight (k)  58.12:1045 63931056 025
"""" BMI(Kg/m) 1919171 2161:123 003
""""""""""""""""""""""""" Height(m) ~ 174«056  172:005 008
e Weight (k)  59.13:1127  6396+1042 012
"""" BMI(Kg/m)  1953x071 2162118 004
""""""""""""""""""""""""" Height(m) ~  174:008  171k006 017
LY (Y A Weight (kg  59.6941093 6206£1034 021
"""" BMI(Kg/m)  1972:103 21224112 004"
""""""""""""""""""""""""" Height m) ~  164:006  161x005 007
w6 Weight (kg  50.17%¢1023 5318731 | o1
"""" BMI(Kg/m)  1865:083 20524096 003"
""""""""""""""""""""""""" Height m) ~  165:003  159¢005 005"
ve Weight (kg 51111598  5179¢750 039
"""" BMI(Kg/m)  1877:115  2049¢137 003"
""""""""""""""""""""""""" Meight(m) ~ 165¢027 160005 006
8® Weight (k)  5191#937 5230472 036
"""" BMI(Kg/m)  1907+104  2043:183 005

BMI — body mass index.

Results and the age distribution was shown in Figure 3. There was

a normal age distribution with a peak incidence at 17 years.

Physical characteristics of patients at first presentation
with primary spontaneous pneumothorax (PSP)

Among 138 cases with the first presentation of PSP, there were
125 men and 13 women, 64 cases of left-sided pneumothorax,
68 cases of right-sided pneumothorax, and six cases of bilat-
eral pneumothorax (Table 1). The age range was 13-30 years,

Comparison of the body physique between patients with a
first episode of PSP aged 16-18 years with the normal healthy
controls from 16-18 years, the height of the patients with
PSP was greater than the controls, but this difference did not
reach statistical significance. The bodyweight of the patients
with PSP was lower than the controls, but this difference did
not reach statistical significance. The body mass index (BMI)
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Table 3. The common characteristics of the 99 cases of primary spontaneous pneumothorax (PSP) who were treated with chest

drainage on initial presentation and 82 healthy adolescents.

PSP

Case number 99
Age 17255458
CGender
"""" T
"""" Female 23
Height(m) 175016
weight ke 546741268
 Smoking histoy
e 3
"""" N &

Control P-value
82
"""""""" 1861506 006
"""""""""""""""""""""""""""""""""""" 007
,,,,,,,,,,,,,,,,,,,,,, 53
,,,,,,,,,,,,,,,,,,,,,, 29
""""""""" 173:019 o044
"""""""" s891+1727 006
"""""""""""""""""""""""""""""""""""" 008
,,,,,,,,,,,,,,,,,,,,,, 19
,,,,,,,,,,,,,,,,,,,,,, 63

of the patients with PSP was significantly lower than the con-
trols (p<0.05). The results were showed in Table 1.

Physical characteristics of patients with recurrent PSP

Among 514 cases of recurrence PSP, there were 462 men and
52 women, 286 cases of left-sided pneumothorax, 203 cases
of right-sided pneumothorax, and 25 cases of bilateral pneu-
mothorax (Table 2). The age range was 14-38 years and the
age distribution was showed in Figure 4. There was a nor-
mal age distribution and the peak incidence was at 18 years.
Comparison of the body physique between the patients with
recurrent PSP aged16-18 years with the normal healthy con-
trols aged 16-18 years, the height of patients with recurrent
PSP was greater than the controls, but this difference did not
reach statistical significance. The bodyweight of patients with
recurrent PSP was lower than the controls but did not reach
statistical significance. The BMI of patients with recurrent PSP
was significantly lower than the controls (p<0.05). The results
were shown in Table 2.

Measurement of chest flatness, or reduced anteroposterior
diameter

Table 3 showed the common characteristics between the 99
cases with the first presentation of PSP that underwent treat-
ment with a chest drain and 82 healthy adolescents. There was
no significant difference in age, gender, height, bodyweight,
and smoking history between the two groups. Reduced antero-
posterior diameter, or flattening, of the left side and right side
of the chest, at the level of the aortic arch level, the tracheal
bifurcation, the right inferior pulmonary vein, and the level of
the lower sternal edge were compared (Table 4). Both left-sided
and right-sided flattening of the chest in patients with PSP
was significantly greater than that of the controls (p<0.01).

Measurement of lung volume and average lung density

As shown in Table 5, the patient characteristics, including age,
height, weight, and smoking habit, showed no significant dif-
ference between 32 cases with PSP and the 10 control cas-
es with hyperhidrosis. Lung volume of men was greater than
that of women. The two groups were divided into two, accord-
ing to gender (Table 6). The lung volume in both male and fe-
male patients with PSP was significantly less than for controls
(p<0.05). There was no significant difference in the average
lung density between patients with PSP and the controls or
between men and women.

Measurement of intrapleural pressure

Table 7 showed that the body temperature, heart rate, respi-
ratory rate, and numerical rating scale (NRS) were not signifi-
cantly different between the 43 cases of PSP who were treat-
ed with closed chest drainage after initial presentation, and
the 39 patients who had a mediastinal tumor who were treat-
ed thoracoscopic surgery (Table 8). The patients were subdi-
vided by gender (Table 8). The minimum intrapleural pressure
and the pressure difference between patients with PSP and
the controls were significantly different (p<0.05). However,
the maximum intrapleural pressure and the pressure differ-
ence between patients with PSP and the controls were not
significantly different.

Discussion

The mechanism and pathogenesis of primary spontaneous
pneumothorax (PSP) remain unclear, but inflammation caused
by smoking that obstructs the distal airway has been pro-
posed [6-11,26]. However, this hypothesis cannot explain the
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Table 4. The results of chest measurements in 99 cases at first presentation with primary spontaneous pneumothorax (PSP) treated
with chest drainage chest drainage and 82 healthy adolescent controls (* P<0.05).

PSP (left) Control (left) P-value
Case number 99 82
Aotticarchlevel 105920021 1090:0024 00000
Tracheal bifurcation level 1148:0023 117150009 00000
Rightinferior pulmonary vein level 1268:0013 127350011 0006*
lowerstemal edge level 11690019 L178s0018 o001*
PSP (right) Control (right) P-value
Case number 99 82
Aotticarchlevel 106820022 108260023 00000
Tracheal bifurcation level 115280023 116280027 o007
Rightinferior pulmonary vein level 1277150015 128580017 00009*
lowerstemal edge level 117210023 118310025 0002

Table 5. The characteristics in 32 patients with primary spontaneous pneumothorax (PSP) and 10 control cases with lung volume and
average lung density measurements (* P<0.05).

PSP Control LA
Case number 32 10
"""" Age  1751:462  1909+473 035
"""" Gender . 0002
o oMae 8 s
 Femae s 6
"""" Height(m) ~  174%028  172¢017 08
"""" Weight k) ~ 5391#1173  6127¢1654 013
"""" Smokinghistoy . o1
"""""" Yes s e
N 7 e

Table 6. The results of lung volume and average lung density measurement in 32 cases with primary spontaneous pneumothorax
(PSP) and 10 controls (* P<0.05).

PSP (male) Control (male) P-value
Case number 28 4
lungvolume (m) a813:905 soa2t1601 o004
 Average ungdensity (HU) 86158 go7s61 035
PSP (female) Control (female) P-value
Case number 4 6
lungvolume (m) 33184965 aes0:826 004
 Average ungdensity (HU) saore3 gi7e59 043

HU — Hounsfield unit.
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Table 7. The common characteristics and body habitus at the time of measurement between 43 cases of primary spontaneous
pneumothorax (PSP) treated with closed chest drainage after initial presentation and 39 patients with mediastinum tumor
treated with thoracoscopic surgery (* P<0.05).

PSP Control P-value
Case number 43 39
CAge 712423 190054517 006
CGender
"""" Male 39 o
"""" Female 4 1g
Height(m) 1735017 1705014 03
CWeight®kg) 5317¢1409 59.13:158 006
CSmokinghistory 075
o Yes s e
"""" No 3833
Heartrate 89.23:1549 9038+1426 072
 Body temperature 368043 3661057 008
Respiratoryrate  1606s1.69 1543143 007
CNRS 072
"""" -3 336
4 s s
"""" 10 0 0

NRS — Numerical rating scale.

Table 8. The results of intrapleural pressure measurement between 43 cases of primary spontaneous pneumothorax (PSP) treated
with closed chest drainage on first presentation and 39 cases of mediastinum tumor who were treated with thoracoscopic
surgery (* P<0.05).

PSP (Male) Control (Male) P-value
Case number 39 21
| Minimum absolute value (cmH,0) 1623371 1353356  0008*
| Maximum absolute value (cmH,0) 5591046 53805 o1l
Pressure difference cmH,0) 002174 go1:192 003
PSP (Female) Control (Female) P value
Case number 4 18
| Minimum absolute value (cmH,0) 14961301 087309 00
| Maximum absolute value (cmH,0) 5762035 sas0a1 008
Pressure difference (mH,0) 913:097  s26£108 00004

pathogenesis of PSP in patients who have never smoked or ~ with PSP were 16-25 years old, and were mainly high school
without bullae. It is difficult to explain why bullae, subpleural or college students, and only 5% were smokers.

blebs, and apical emphysematous-like change (ELC) are usually

found in the lung apex and why there is a high recurrence rate The hypothesis of pleural porosity proposes that PSP is a dis-
after bullectomy. In the present study, nearly 80% of patients ease that is associated with diffuse pathological changes of the
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pleura [6,12,13]. The mechanism of pleural porosity is unclear,
and this hypothesis is only applicable to cases of PSP without
bullae or blebs and is unsupported by the pathological find-
ings in cases of PSP, and is not widely accepted. The hypoth-
esis of deficiency in lung elastic fibers in PSP supports that
this should be regarded as a congenital disease with protein-
ase deficiency or as a type of connective tissue disease [14].
Lack of elastic fibers in the lung may result in enlargement of
the alveolar spaces and the formation of bullae or blebs [14].
The hypothesis of apex ischemia as a cause of PSP includes a
decreased blood supply to the lung apex due to the effects of
gravity and the formation of pleural bullae or blebs that re-
sult in pneumothorax [15,16].

Previously published studies have shown that some cases
of PSP are familial [27]. Studies that have used gene assays
based on polymerase chain reaction (PCR) and breakpoint anal-
ysis have shown that the germline mutations rate of the FLCN
gene was increased in patients with familial primary spon-
taneous pneumothorax (FPSP) [27]. However, patients with
FPSP form only a small part of the population with PSP, and
most have no family history of the condition. In this study, we
found that the age distribution of patients with a first presen-
tation of with recurrence of PSP showed a normal age distri-
bution with a peak age of 17-18 years, which is an important
time during adolescent development. This finding supported
the view that the increased incidence of PSP was associated
with the adolescent growth phase and the associated chang-
es in body development.

Another hypothesis for the pathogenesis of PSP is that a tall
and thin, or ectomorphic physiognomy, is associated with in-
creased negative intrapleural pressures, resulting in bullae and
blebs [17]. The findings of the present study showed that the
bodyweight of patients with PSP was lower than the normal
healthy control and their height was higher than the normal
healthy controls, but the differences did not reach statistical
significance. However, the body mass index (BMI) of patients
with PSP was significantly lower than the normal healthy con-
trols. These findings are consistent with those from previous
studies, which supports the role of physical development dur-
ing late adolescence and the imbalance in growth in the de-
velopment of PSP. However, in the study by Fujino et al., they
compared body development in terms of bodyweight and
height, but did not compare lung development of patients with
PSP [28]. According to the lung development theory, only ap-
proximately 15% of alveoli are formed before birth, and lung
growth depends on the growth of the ribcage [28]. Therefore,
during respiration in patients with a normal habitus, the in-
trathoracic pressure is always negative.

Because it is difficult to evaluate and compare lung develop-
ment directly, we studied this indirectly by comparison of the
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lung volume and average lung density using three-dimension-
al chest computed tomography (CT) imaging. Before chest CT
imaging, patients usually need to take and hold a deep breath.
Therefore, the results of lung volume and average lung den-
sity measurement will be influenced by the volume of the
breath. The lung volume is directly proportional to the vol-
ume of a deep breath, whereas the average lung density is
inversely proportional to the air volume of a deep breath. In
the present study, we found that the lung volume in patients
with PSP was significantly lower than in the controls, but the
average lung density between patients with PSP and the con-
trols showed no significant difference.

Previous studies have reported a role for intrapleural nega-
tive pressure in the pathogenesis of PSP, but previous stud-
ies have not measured and compared the intrapleural pres-
sure between patients with PSP and normal controls. Because
it is difficult to measure intrapleural pressure during the res-
piration cycle by non-invasive methods, we measured the in-
trapleural pressure using the closed chest drainage system.
The results showed that the minimum intrapleural pressure
and the pressure difference in patients with PSP were signifi-
cantly different when compared with the controls, which sup-
ported the hypothesis of Fujino et al. [28].

Following surgery for PSP, if there is no air leak from the chest
drain tube, a chest X-ray for commonly shows residual space
in the apical thoracic cavity, which has been a common rea-
son for partial apical lung resection [29]. However, in surgical
procedures that include partial lung resection or lobectomy,
in which the volume of lung resection is much larger, there is
not usually a residual space of the apical thoracic cavity. From
the findings of the present study, delayed lung development
may explain the presence of overexpansion of the lung after
partial resection of the lung apex. A further study has shown
that negative intrathoracic pressure during surgery can lead
to expansion of blebs and bullae [30].

This study had several limitations. First, this study was con-
ducted in a single center, which may have resulted in selec-
tion bias of the patients and controls. Also, invasive methods
of measurement, including the measurement of the intrapleu-
ral pressure, could not be performed in the healthy control
group. This study was retrospective and relied on the quali-
ty and availability of data in the patient medical records, and
future prospective randomized controlled studies are needed.
The mechanism and pathogenesis of PSP appear to be com-
plex, and following this preliminary study, further studies are
needed to investigate the underlying factors that lead to PSP.
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Conclusions

This retrospective study aimed to analyze the clinical and chest
wall characteristics associated with primary spontaneous pneu-
mothorax (PSP). The findings supported that the pathogene-
sis of PSP was associated with an imbalance between height
and lung development, and was associated with a reduced
lung volume and body mass index (BMI), and increased chest
flattening or reduced anteroposterior diameter, resulting in
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increased negative intrapleural pressure, especially in the api-
cal thoracic cavity. Increased intrapleural pressure plays an im-
portant role in the formation of bullae, subpleural blebs, and
apical emphysematous-like change (ELC).
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