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Background: Pneumothorax refers to the abnormal presence of air in the thoracic cavity. Pulmonary
emphysema (PE) is often detected during computed tomography (CT), one of the radiological investigations
used to diagnose pneumothorax and devise treatment plans in former or current smokers who present with
pneumothorax. However, there are few reports that describe the recurrence rate and risk factors associated
with recurrence in patients with PE and pneumothorax.

Methods: This study retrospectively cross-sectional analyzed the medical records of 164 patients diagnosed
with their first episode of secondary spontaneous pneumothorax and admitted to a tertiary care hospital,
between March 2013 and February 2019. The CT scans of 98 patients revealed PE, and 49 patients of those
underwent pulmonary function tests (PFTs) after the resolution of pneumothorax. Risk factors for recurrence
were analyzed using Cox proportional hazard regression.

Results: All the subjects were male and former or current smokers, with a median age of 72 years.
Thirty-seven (75.5%) patients were treated with tube thoracostomy alone, whereas 12 (24.5%) patients
underwent chemical pleurodesis via chest tube or video-assisted thoracoscopic surgery. After recovery from
pneumothorax, these patients underwent PFT within a median time period of 5.8 months. Median forced
vital capacity and forced expiratory volume in 1 second (FEV,) were 3.02 L (91% predicted) and 1.58 L
(67% predicted), respectively. In the current study, the recurrence rate of pneumothorax was observed to be
30.6%, within a median time period of 12.4 months. In multivariable-adjusted analysis, decreased FEV, was
observed to be significantly higher in the patients who exhibited recurrence of pneumothorax than in those
who did not (adjusted hazard ratio, 0.408; P=0.025).

Conclusions: In patients with PE and pneumothorax, PFT, performed after recovery, could be a useful

test for predicting the recurrence of pneumothorax.
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Introduction pneumothorax, occurring spontaneously without any

preceding trauma or injury, is further divided into
Pneumothorax is defined as the abnormal presence of primary spontaneous pneumothorax (PSP) and secondary
air in the pleural space that causes symptoms such as spontaneous pneumothorax (SSP) (3). SSP accounts for
breathlessness or pleuritic chest pain (1,2). Spontaneous about 20% of all pneumothorax and usually develops in
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elderly patients with structural lung disease (4,5).

The most common underlying structural lung disease,
which leads to SSP, is chronic obstructive pulmonary
disease (COPD), followed by interstitial lung disease (ILD),
malignancy, tuberculosis, cystic fibrosis, and necrotizing
pneumonia (6-8). Compared with PSP, SSP is more closely
associated with higher morbidity, mortality, and recurrence
rates, because of the aforementioned advanced age and
underlying structural lung diseases (9,10). Aggressive
treatment and prevention of recurrence are important
for these reasons (11). Most patients with SSP undergo
tube thoracostomy and some undergo additional chemical
pleurodesis to stop the air leakage and prevent recurrent
pneumothorax (4). In case of persistent air leakage, surgical
treatment may be considered in some patients. However,
in those with underlying lung disease and suboptimal
pulmonary function, surgery is usually avoided at the first
episode of pneumothorax (12).

COPD, the most common etiology of SSP, is a
heterogeneous syndrome characterized by airflow limitation,
as determined by the pulmonary function test (PFT), which
is usually caused by the inhalation of cigarette smoke or
other noxious particles (13,14). Pulmonary emphysema
(PE), one of the components of COPD, is defined as the
permanent enlargement of air spaces accompanied by the
destruction of gas-exchanging surfaces of the lung (15).
Previously, PE was assessed through histological
examinations. Advances in imaging technology have made
it possible to evaluate PE through computed tomography
(CT). As a result, PE have been described in CT images
and include subtypes such as centrilobular, panlobular, and
paraseptal emphysema (16).

PE can make patients more susceptible to pneumothorax
and is one of the most commonly observed radiographic
finding in the CT scans of patients with SSP (17,18).
Nevertheless, few studies have evaluated the recurrence
rate, risk factors associated with recurrence, and the
outcomes of the treatment of pneumothorax in patients
with PE (19,20). Severe COPD with FEV, <1 L has been
reported to be associated with an increased risk of SSP (3).
However, PE without airflow limitation was observed in
17% of the subjects in a previous study (21). Therefore, this
study aimed to investigate the recurrence rate, treatment
outcomes, and risk factors related to the recurrence of
pneumothorax, diagnosed through CT scans, in patients
with PE. We present the following article in accordance
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-1557B).
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Methods
Study population

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Institutional Review Board for Human
Research of Yonsei University Wonju Severance Christian
Hospital (CR-319180). Informed consent was waived of the
retrospective nature of the research. Also, only de-identified
data extracted from medical records prior to analysis were
used in the study.

The current study involved a retrospective review of
the medical records of all patients who presented with
spontaneous pneumothorax at Wonju Severance Christian
Hospital, a tertiary care hospital in South Korea, from
March 2013 to February 2019. The records of 164
patients, who presented with SSP in the emergency
department of our institution, were reviewed. Patients
with pneumoconiosis (n=24), pulmonary tuberculosis or
non-tuberculous mycobacterial disease (n=15), pneumonia
(n=13), ILD (n=11), malignancy (n=2), or bronchiectasis
(n =1) were excluded from the study, resulting in 98 patients
with PE. Additionally, 49 patients who did not undergo
PFT after complete resolution of pneumothorax were
excluded from the study. Consequently, 49 patients were
included in the current study (Figure I).

Data collection

The present study reviewed the following characteristics
of each patient: age, sex, weight, height, body mass index
(BMI), history of tobacco smoking, laboratory data, chest
CT images used for the diagnosis of pneumothorax, previous
history of pneumothorax, and treatment methods received
to resolve the pneumothorax. PET was performed after
the recovery from pneumothorax, which was considered to
be resolved after the removal of chest tube, along with the
observation of radiographic evidence for pneumothorax
resolution on a chest X-ray. Additionally, the current study
evaluated the recurrence rates of ipsilateral and contralateral
pneumothorax. In the present study, the recurrence
of pneumothorax was defined as the emergence of a
pneumothorax after discharge, which was the primary cause
of re-admission and subsequently, required management (20).

Image analysis

Abnormal CT findings such as centrilobular or paraseptal
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Patients with secondary spontaneous pneumothorax who
underwent interventions at least tube thoracostomy from
March 2013 to February 2019 (N=164)

Exclusion
* Pneumoconiosis, n=24
e Tb or PNTM, n=15

Y

Y

* Pneumonia, n=13
ILD, n=1
Malignancy, n=2
BE, n=1

(N=98)

Patients with pulmonary emphysema and pneumothorax

Y

Patients who performed pulmonary function tests after the
resolution of pneumothorax (N=49)

Figure 1 Flow chart of the study population. Tb, tuberculosis; PNTM, pulmonary non-tuberculous mycobacterial disease; ILD, interstitial

lung disease; BE, bronchiectasis.

emphysema were interpreted in accordance with the
Fleischner Society criteria. Centrilobular emphysema was
defined as a centrilobular area of decreased attenuation
without visible walls and paraseptal emphysema was defined
as a sub pleural and peri-bronchovascular region of low
attenuation separated by intact interlobular septa (16).

Management of pneumothorax

After hospital admission, a 20- or 24-French chest tube
was inserted under local anesthesia. As per the established
guidelines, air leakage lasting for more than 5 days was
considered as prolonged air leakage (11,22). In these cases
of prolonged air leakage, the management involved either
chemical pleurodesis [extract of Viscum album (Abnoba
Viscum, Abnoba GmbH, Germany)] via chest tube on bed-
side or video-assisted thoracoscopic surgery (VATS); as
determined by an attending physician, who consulted a
respiratory physician and a thoracic surgeon, and based on
the patient’s conditions such as cardiopulmonary reservoir
and past medical history.

PFT

Spirometry was performed using a Vmax 22 system
(CareFusion, Yorba Linda, CA, USA) according to
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provisions discussed by the American Thoracic Society/
European Respiratory Society (23). Absolute values of the
volume of air forcibly exhaled from the point of maximal
inspiration (forced vital capacity, FVC) and the volume of
air exhaled during the first second of the method (forced
expiratory volume in 1 second, FEV)) were obtained and
the ratio of the predicted values of FEV, and FVC were
calculated using a formula obtained from a the reference
values, based on age, sex, race, and height (24,25).

Statistical analysis

The data obtained are presented as either numbers (%) or
medians [interquartile range (IQR)]. The Mann-Whitney
U-test was used to compare continuous variables. The
Kaplan-Meier method was used to estimate the recurrence
rates after the primary episode of pneumothorax. A
multivariable Cox proportional hazard regression analysis
with backward stepwise selection, with P<0.05 for the
entry of variables and P>0.10 for the removal of variables,
was used to identify prognostic factors associated with
recurrence. Results obtained are presented as hazard
ratio (HR) with 95% confidence interval (CI). Statistical
differences were considered significant at P<0.05. All
statistical analyses were performed using SPSS software

version 23.0 (IBM Co., Chicago, IL, USA).
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Results
Patient characteristics

The clinical characteristics of the patients involved in the
present study are presented in Tuble 1. All the patients were
male. The median age was 72 years, and 32 (65.3%) patients
were above the age of 65 years. The median height and BMI
were 164 cm and 21.1 kg/mz, respectively. Moreover, all
the patients were former or current smokers. The median
serum level of albumin was 4.1 g/dL and the median partial
pressure of carbon dioxide (CO,) was 33 mmHg. The most
common type of emphysema observed was the centrilobular
type (n=23, 46.9%). Regarding the affected side, 28 (57.1%)
and 21 (42.9%) cases were affected by pneumothorax of the
right and left side of the thoracic cavity, respectively. Cases
that developed pneumothorax on both sides of the thoracic
cavity were not detected in the present study.

Treatment modalities and outcomes

The treatment modalities and outcomes are presented
in Table 2. Tube thoracostomy was performed in all the
patients and was observed to be successful in 37 (75.5%)
patients. Either chemical pleurodesis via chest tube or
VATS was performed in the 12 (24.5%) patients with
prolonged air leak. Although chemical pleurodesis via chest
tube or VAT'S were sufficient treatment 9 of the 12 patients,
3 patients required additional chemical pleurodesis after
VAT'S with pleurodesis. The median length of hospital stay
was 12 days.

Lung function tests

The patients underwent PFT" within a median time period
of 5.8 months after the recovery from pneumothorax and
the results are presented in 7ible 3. The median FVC and
FEV, were observed to be 3.02 L (91% predicted) and
1.58 L (67% predicted), respectively. In the patients who
experienced recurrence of pneumothorax, the median FVC
and FEV, were observed to be 2.97 L (90% predicted) and
1.20 L (59% predicted), respectively. Moreover, the median
FVC and FEV, were observed to be 2.85 L (89% predicted)
and 1.05 L (55% predicted), respectively, in patients with
ipsilateral recurrence of pneumothorax and 3.11 L (95%
predicted) and 2.01 L (97% predicted), respectively, in
patients with contralateral recurrence of pneumothorax.
The data is available in a supplementary appendix online
and is presented in Tuble S1.
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Table 1 Baseline characteristics

Variables Value (n=49)
Age, years 72 [63-76]
Sex, male 49 (100.0)

Body mass index, kg/m’ 21.1 (19.1-24.1)

Height, cm 164 [159-170]
Smoking history
Former smoker 40 (81.6)
Current smoker 9(18.4)
Laboratory findings
White blood cell, /uL 8,790 (7,255-12,765)

C-reactive protein, mg/dL 0.44 (0.29-1.62)

Albumin, g/dL 4.1 (3.8-4.4)
Partial pressure of carbon dioxide, 33 [29-42
mmHg

Observation period, months 24 [14-41]

Type of emphysema on computed

tomography
Centrilobular 23 (46.9)
Paraseptal 12 (24.5)
Combined centrilobular and 14 (28.6)

paraseptal

Data are presented as number (%) or the median (interquartile
range).

Twelve (24.5%) patients showed FEV /FVC <0.7, 3 of

whom were in the recurrence group.

Recurrence and risk factors

During the median observation period of 24 months,
the overall recurrence rate after treatment was 30.6%,
affecting 14 patients who underwent tube thoracostomy
and 1 patient who underwent tube thoracostomy and
chemical pleurodesis. On the contrary, in the current
study, recurrence of pneumothorax was not observed in the
patients who underwent VAT'S with pleurodesis. Among the
15 patients that presented with recurrence, 8 presented with
ipsilateral recurrence and 7 presented with contralateral
recurrence (Figure 2). The more detailed data is available in
a supplementary appendix online and is shown in Table S2.
Univariable and multivariable Cox proportional hazard
regressions were performed to evaluate the prognostic
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factors related to recurrence (7Tuble 4). In univariable
analysis, partial pressure of CO, (unadjusted HR 1.041;
P=0.040) and FEV, (unadjusted HR 0.477; P=0.049) were
observed to be significantly associated with pneumothorax
recurrence. Multivariable analysis revealed that decreased
FEV, (adjusted HR 0.408; P=0.025) showed a positive
association with recurrence, whereas additional treatments
such as chemical pleurodesis or VATS were not observed to

Table 2 Treatment modalities and outcomes

Variables Value (n=49)

Affected side

Left 21 (42.9)

Right 28 (57.1)
Treatments

Tube thoracostomy 37 (75.5)

Tube thoracostomy with chemical 6(12.2)

pleurodesis

Video-assisted thoracoscopic surgery with 6(12.2)

chemical pleurodesis

Length of hospital stay, days 12 [8-20]

Immediate success 49 (100.0)

Recurrence of pneumothorax 15 (30.6)
Ipsilateral 8(16.3)
Contralateral 7 (14.3)

Time interval between the completion of
treatment and recurrence, months

12.4 (2.4-38.4)

Data are presented as number (%) or the median (interquartile
range).

Table 3 Pulmonary function tests after recovery from pneumothorax

be significantly associated with recurrence, compared with
tube thoracostomy alone (adjusted HR 3.427; P=0.241).

Discussion

In patients with SSP, the reported recurrence rate of
pneumothorax is approximately 26% to 50% (10). While
treating SSP, the prevention of recurrence of pneumothorax
needs to be considered. However, there are no known risk
factors related to the recurrence of SSP. In the present
study, the overall recurrence rate, after the treatment
of patients with PE and pneumothorax, was 30.6% and
decreased FEV, was observed to be a risk factor related to
the recurrence of pneumothorax.

Pneumothorax causes chronic morbidity in patients with
chronic lung disease worldwide (26,27). A recent study
showed that 14 patients per 100,000 populations in the
United States were hospitalized due to pneumothorax in
the year 2016; among which, 61% of patients had chronic
lung disease, a majority were elderly and had PE (7). In the
present study, the median age of patients was 72 years and
all the patients exhibited PE.

Patients suffering from SSP can be treated by means of
various methods (11,22). Nevertheless, pulmonary function
usually gets compromised and there may be many obstacles
related to treatments such as surgery (4,20). Adverse events
related to chemical pleurodesis should also be considered
(2,28). Although tube thoracostomy is a frequently
employed of treatment, the best treatment approach is
still controversial. In the present study, 14 patients (14/37;
37.8%) treated with tube thoracostomy alone presented
with recurrent pneumothorax, whereas only one patient
(1/6; 16.7%) treated with chemical pleurodesis via chest

Recurrence
Variables N=49
Yes (n=15) No (n=34) P

FVC, L 3.02 (2.64-3.47) 2.97 (2.56-3.31) 3.08 (2.65-3.76) 0.260
FVC, % predicted 91 [76-100] 90 [74-96] 92 [79-102] 0.304
FEV,, L 1.58 (1.06-2.19) 1.20 (0.91-2.01) 1.77 (1.23-2.29) 0.165
FEV,, % predicted 67 [49-95] 59 [39-97] 78 [50-95] 0.233
FEV./FVC 0.53 (0.37-0.70) 0.51 (0.32-0.65) 0.57 (0.38-0.71) 0.306

FEV,/FVC <0.7

37 (75.5)

12 (80.0)

25 (73.5)

Data are presented as number (%) or the median (interquartile range). FVC, forced vital capacity; FEV,, forced expiratory volume in 1

second.

© Journal of Thoracic Disease. All rights reserved.
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Patients who performed pulmonary function test after full
recovery form pneumothorax (N=49)

y

v

Tube thoracostomy
alone pleurodesis
(n=37) (n=6)

Tube thoracostomy with

Video-assisted thoracoscopic
surgery with pleurodesis
(n=6)

-~ n=7

-~
o -~
-~ -~ *
No recurrence Ipsilateral recurrence Contralateral recurrence
(n=34) (n=8) (n=7)

Figure 2 Management of pneumothorax and treatment outcomes at the study population.

tube presented with recurrent pneumothorax and no
recurrence of pneumothorax was observed in the six patients
treated with VATS with pleurodesis. Patients treated with
tube thoracostomy alone were observed to have a tendency
towards higher rates of recurrence, compared to those who
underwent tube thoracostomy with pleurodesis or VATS
with pleurodesis, although the difference was not observed
to be statistically significant in the present study (P=0.241).
It is an established fact that tube thoracostomy with
pleurodesis or VATS with pleurodesis cannot be performed
in all patients, in order to reduce the recurrence rate
of pneumothorax; considering the general condition of
patients with diminished pulmonary reserve. Hence, follow-
up of the patients who underwent suboptimal treatment
is very important. However, no standardized strategies
have been established regarding the observation protocols
and periodic examinations for the prevention of recurrent
pneumothorax in such patients (8). According to the
previous guidelines, patients with SSP should be followed
up by a respiratory physician to evaluate and manage the
underlying lung disease (11). However, this is not followed
in actual clinical practice, in which many patients with SSP
do not undergo regular follow-up by a respiratory physician
or PFT. The present study observed that 49 among the 98
patients did not undergo PFT; after the complete resolution
of pneumothorax. Some of the patients were referred back
to their primary medical institutions after discharge and

© Journal of Thoracic Disease. All rights reserved.

others had improved respiratory symptoms and refused
further evaluation of the underlying lung disease (29).

Spirometry is one of the tools used in the evaluation of
chronic lung diseases such as COPD, ILD, asthma, and
bronchiectasis (30). However, it is difficult for patients
with SSP to undergo PFT before the resolution of
pneumothorax (5). A chest tube is usually placed in the
pleural space during the treatment of pneumothorax. The
chest tube makes it harder for the patients to perform
inspiration and expiration because of pleuritic chest pain
or discomfort (31). Therefore, previous studies used the
data obtained from PFT performed before the occurrence
of pneumothorax (2,19). However, there is no mention
of the time interval between the assessment of PFT and
development of pneumothorax. Therefore, it is not clear
whether the PFT results reflect the lung function at the
time of the event. In contrast, the present study performed
PFT after the resolution of pneumothorax. Forty-
nine patients underwent PFT within 6 months after the
resolution of pneumothorax. This study established and
confirmed the association between reduced FEV, and the
recurrence of pneumothorax in patients with PE.

The current study has certain limitations. Primarily,
it was based on retrospective data, which could have led
to a selection bias. The follow-up protocol used for the
prevention of pneumothorax was not standardized and some
patients did not undertake PFT or were lost to follow-
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5808 Shin et al. Risk factors of recurrent pneumothorax in emphysema patients

Table 4 Prognostic factors related to recurrence

Univariable Cox analysis

Multivariable Cox analysis

Variables
Unadjusted HR (95% ClI) P Adjusted HR (95% CI) P

Age, years 0.992 (0.932-1.056) 0.803 0.940 (0.878-1.007) 0.076
Sex, male - - -
Body mass index, kg/m? 0.963 (0.822-1.127) 0.638 - -
Height, cm 0.950 (0.882-1.022) 0.170 0.935 (0.853-1.024) 0.146
Smoking history

Former smoker Reference - - -

Current smoker 0.895 (0.246-3.250) 0.866 - -
Laboratory findings

C-reactive protein, mg/dL 1.006 (0.933-1.085) 0.881 - -

Albumin, g/dL 0.917 (0.390-2.161) 0.844 - -

Partial pressure of carbon dioxide, mmHg 1.041 (1.002-1.081) 0.040 - -
Type of emphysema on computed tomography

Centrilobular or paraseptal Reference - - -

Combined centrilobular and paraseptal 1.241 (0.438-3.518) 0.684 - -
Treatment

Tube thoracostomy alone 3.494 (0.452-27.007) 0.231 3.427 (0.437-26.891) 0.241

Tube thoracostomy and additional interventions* Reference - Reference -
Pulmonary function tests after recovery from
pneumothorax

FVC, L 0.495 (0.208-1.175) 0.111 - -

FEV,, L 0.477 (0.228-0.997) 0.049 0.408 (0.186-0.896) 0.025

Data are presented as hazard ratio (HR) with 95% confidence intervals (Cl). *, additional interventions refer to chemical pleurodesis. HR,
hazard ratio; Cl, confidential interval; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second.

up. Therefore, in the current study, the recurrence rate of
pneumothorax might have been underestimated. Moreover,
the study was performed in a single institution and involved
a limited number of subjects. Furthermore, the treatment
for pneumothorax was decided by the attending physician,
owing to the fact that no standardized treatment protocols
have been established for the patients with underlying lung
disease and suboptimal lung function.

In conclusion, the overall recurrence rate of pneumothorax
was 30.6% in patients with PE, and the proportion of
patients with reduced FEV, was observed to be significantly
higher in the recurrence group. The results of the present
study suggest that performing PFT, after the resolution
of pneumothorax, could be a useful in the prediction of

© Journal of Thoracic Disease. All rights reserved.

the recurrence of pneumothorax in patients with PE and
pneumothorax.
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Supplementary

Table S1 Pulmonary function tests after recovery from pneumothorax

Variables Recurrence (n=15) Ipsilateral (n=8) Contralateral (n=7)
FVC, L 2.97 (2.56-3.31) 2.85 (2.55-3.17) 3.11 (2.56-3.36)
FVC, % predicted 90 [74-96] 89 [76-92] 95 [70-97]
FEV,, L 1.20 (0.91-2.01) 1.05 (0.88-1.55) 2.01 (1.13-2.41)
FEV,, % predicted 59 [39-97] 55 [33-63] 97 [53-100]
FEV.,/FVC 0.51 (0.32-0.65) 0.39 (0.29-0.55) 0.65 (0.51-0.72)
FEV,/FVC <0.7 12 (80.0) 8 (100) 4(57.1)

Data are presented as number (%) or the median (interquartile range). FVC, forced vital capacity; FEV,, forced expiratory volume in 1
second.

Table S2 Baseline characteristics

Variables N=15 Ipsilateral (n=8) Contralateral (n=7)
Age, years 70 [62-78] 68 [63-78] 73 [60-75]

Sex, male 15 (100.0) 8 (100.0) 7 (100.0)

Body mass index, kg/m? 20.6 (18.1-22.9) 20.1 (17.4-22.5) 21.3 (20.3-23.4)
Height, cm 160 [159-165] 161 [157-165] 160 [159-168]

Smoking history
Former smoker 12 (80.0) 6 (75.0) 6 (85.7)
Current smoker 3 (20.0) 2 (25.0) 1(14.3)

Laboratory findings

White blood cell, /uL 8,220 (6,970-12,670) 9,375 (7,023-15,178) 8,220 (6,390-10.820)
C-reactive protein, mg/dL 0.30 (0.29-4.24) 0.30 (0.29-0.60) 0.52 (0.29-5.26)
Albumin, g/dL 4.1 (3.4-4.4) 4.1 (3.5-4.4) 4.0 (3.4-4.3)
Partial pressure of carbon dioxide, mmHg 34 [29-55] 41 [30-63] 33 [28-38]

Type of emphysema on computed tomography

Centrilobular 6 (40.0) 5 (62.5) 1(14.3)
Paraseptal 3 (20.0) 0 3 (42.9)
Combined centrilobular and paraseptal 6 (40.0) 3(37.5) 3(42.9)

Data are presented as number (%) or the median (interquartile range).



