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Short-term Physiological Changes After VATS for Secondary 
Spontaneous Pneumothorax in COPD

Dong Duc Hung1,2*, , Nguyen Phuc Minh Tue1,2, , Tran Van Song2,3

ABSTRACT
Objectives: Secondary spontaneous pneumothorax (SSP) is a severe complication in patients
with chronic obstructive pulmonary disease (COPD) and is frequently associated with prolonged
air leaks. This study aimed to describe the surgical outcomes and short-term changes in pulmonary
function (PF) following video-assisted thoracoscopic surgery (VATS) for SSP in patients with COPD.
Methods: We conducted a retrospective descriptive study of 60 patients with SSP secondary to
COPD who presented with a persistent air leak (PAL) lasting >72 hours following initial pleural
drainage. All patients underwent VATS with bullae suturing and/or resection at 115 People’s Hos-
pital in Ho Chi Minh City between July 2023 and December 2024. Preoperative and postoperative
PF were assessed using the forced expiratory volume in one second (FEV₁) and the FEV₁/forced vital
capacity (FEV₁/FVC) ratio. Surgical outcomeswere categorizedbased on the duration of the postop-
erative air leak. Results: The mean patient age was 65.4 ± 4.6 years, and the majority of the cohort
consisted of smokers with localized or diffuse bullous disease identified on computed tomography.
Postoperative FEV₁ increased from 73 ± 12% to 79 ± 7.4% of the predicted value (p = 0.037), and
the FEV₁/FVC ratio increased from 53.3 ± 10.6% to 64.6 ± 4.7% (p = 0.043). Favorable surgical out-
comes were observed in 66% of the patients. Postoperative pneumonia and prolonged air leaks
occurred more frequently in patients presenting with bilateral diffuse bullae and poor nutritional
status. Conclusions: VATS with bullae suturing or resection was associated with the resolution
of PAL and modest short-term improvements in PF. These changes likely reflect lung re-expansion
following air leak closure rather than a true physiological improvement in the underlying COPD-
related airflow limitation.
Key words: chronic obstructive pulmonary disease, secondary spontaneous pneumothorax,
video-assisted thoracoscopic surgery, pulmonary function, air leak, bullae

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is
a progressive respiratory disorder associated with
increasing morbidity and mortality. Complications
of the disease include spontaneous pneumothorax,
heart failure, and reduced life expectancy, render-
ing COPD an ongoing and major challenge in clin-
ical management1. Persistent airway obstruction
leads to alveolar gas trapping, which impairs res-
piratory function—most notably evidenced by a de-
crease in both the forced expiratory volume in one
second (FEV₁) and the FEV₁/forced vital capacity
(FEV₁/FVC) ratio. Progressive air trapping results
in the overdistension and thinning of alveolar walls,
which may eventually rupture into the pleural cav-
ity, precipitating a pneumothorax. Additionally,
small subpleural bullae may rupture into the pleural
space; this can occur bilaterally, depending on the
extent of the underlying parenchymal disease1,2.
In Vietnam, the initial management of this condi-
tion typically involves the placement of a chest tube

to restore negative pleural pressure1. When closed
drainage fails to achieve lung re-expansion, or when
an air leak persists beyond 72 hours, surgical resec-
tion of the offending bullae is indicated3,4. The stan-
dard surgical approach involves the resection and
suturing of bullae when a definitive bronchopleural
fistula is identified, or the empirical suturing of sus-
pected apical bullae when no obvious leak is visual-
ized intraoperatively3.
However, the surgical outcomes of secondary spon-
taneous pneumothorax (SSP) complicated by COPD
have not been extensively documented in medical
centers across Ho Chi Minh City, particularly con-
cerning short-term postoperative pulmonary func-
tion (PF) 1. Because spirometric measurements
obtained in the presence of a persistent air leak
may underestimate true pulmonary function, post-
operative changes must be interpreted with cau-
tion. Accordingly, this study aimed to assess early
postoperative changes in PF (specifically FEV₁ and
FEV₁/FVC) at hospital discharge following bullae su-
turing in patients with COPD-related SSP, as well as
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to describe perioperative clinical outcomes, includ-
ing the incidence of contralateral bullae rupture dur-
ing the course of treatment.

METHODS
Study Population
This retrospective study included patients with SSP
secondary to COPD who experienced a persistent
air leak (PAL) lasting more than 72 hours following
initial chest tube drainage. Eligible patients were
treated at 115 People’s Hospital in HoChiMinhCity
between July 2023 and December 2024. Initially, 70
patients were screened for eligibility. Ten patients
were excluded due to incomplete PF data (n = 5) or
traumatic pneumothorax (n = 5). Ultimately, 60 pa-
tients met the inclusion criteria and were included
in the final analysis. Due to the retrospective na-
ture of the study, no formal a priori sample size cal-
culation was performed ; however, to maximize data
completeness and reliability, all eligible cases within
the study period were included. The study was re-
ported in accordance with established guidelines for
retrospective observational studies.
The exclusion criteria were:

• Primary spontaneous pneumothorax not asso-
ciated with COPD.

• Traumatic pneumothorax.

Surgical Procedure
All patients underwent general anesthesia utilizing a
double-lumen endotracheal tube to facilitate single-
lung ventilation during surgery. VATS was per-
formed via a three-port approach, comprising one
camera port and two working ports. Bullae larger
than 1 cm on the lung surface were resected us-
ing electrocautery and subsequently closed with an
Ethicon endoscopic stapler (4.1 mm cartridge) or
manually sutured, contingent upon intraoperative
findings. Smaller bullae (<1 cm) were compressed
and directly sutured to the lung parenchyma. Pleu-
rodesis was not routinely performed, as the surgi-
cal strategy was individualized based on intraop-
erative findings and concerns regarding the devel-
opment of extensive pleural adhesions in advanced
COPD ; however, it is noted that current interna-
tional guidelines generally recommend pleurodesis
to reduce recurrence rates. The primary focus of the
surgical strategy was the identification and repair of
air-leaking bullae while preserving the pleural space.
The avoidance of routine pleurodesis aimed to mini-
mize extensive pleural adhesions, which could com-
plicate future thoracic interventions in patients with

advanced COPD. Intraoperative air leak testing was
conducted by filling the pleural cavity with sterile
water. Postoperative monitoring entailed chest tube
drainage and chest X-ray evaluations at 24 to 48
hours post-surgery to assess lung re-expansion and
the cessation of air leaks.

Study Design and Variables
This study employed a retrospective descriptive
case-series design, encompassing all patients with
SSP and a documented history of COPD who
required chest tube placement upon admission.
PF testing was performed following initial pleural
drainage and partial clinical stabilization to yield an
approximate functional assessment prior to surgery.
Because a PAL may have still been present at the
time of testing, preoperative spirometric values were
likely underestimated. This underestimation is pre-
sumably attributable to airflow loss through both
the bronchopleural fistula and the chest drainage
system. Consequently, preoperative spirometry in
this study serves as a pragmatic clinical assessment
rather than a definitive baseline measurement of
COPD severity. In patients whose PAL persisted be-
yond 72 hours, chest computed tomography (CT)
was utilized to localize pulmonary bullae, which
were subsequently managed surgically via resection
or suturing. Upon hospital discharge, postoperative
PF was reassessed, and outcomes were documented.
The following variables were collected and analyzed:

• Demographic characteristics.

• Type of surgical technique (resection or sutur-
ing).

• Extent of pneumothorax.

• Body mass index (BMI), with malnutrition de-
fined as a BMI < 18.5 kg/m².

• Duration of surgery and length of hospital
stay.

• PF test results (FEV₁, FVC).

Formal COPD severity stratification, whether via
GOLD stages or CT-based emphysema scoring,
was not routinely available and thus was excluded
from the analysis. Spirometry was conducted
by trained technicians utilizing a single, routinely
calibrated hospital spirometer in accordance with
American Thoracic Society/European Respiratory
Society standards. Postoperative care adhered to
a standardized clinical pathway that included res-
piratory physiotherapy. All eligible cases were in-
corporated into the analysis, with no missing data
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identified for the variables under review. Categori-
cal variables were reported as frequencies and per-
centages, while continuous variables were expressed
as the mean ± standard deviation (SD). The distribu-
tion of continuous variables was evaluated using the
Shapiro–Wilk test. Differences in categorical vari-
ables (e.g., clinical features and COPD status) were
analyzed via the chi-square test (χ²) or Fisher’s ex-
act test when expected cell counts were < 5; mean-
while, pre- and postoperative PF values were com-
pared using the paired Student’s t-test for normally
distributed data or the Wilcoxon signed-rank test
for non-normally distributed data. The association
between the surgical technique utilized and the op-
erative time was assessed using a one-way analy-
sis of variance (ANOVA), with post-hoc comparisons
planned only if the overall ANOVA yielded statisti-
cal significance.
The primary outcome was predefined as the short-
term change in the FEV₁/FVC ratio between the pre-
operative assessment and hospital discharge, which
reflects immediate postoperative physiological sta-
tus rather than definitive postoperative lung func-
tion. Because spirometry was conducted during the
early postoperative period, results may have been
confounded by factors such as postoperative pain,
restricted chest wall expansion, and the administra-
tion of analgesicmedications. Changes in FEV₁were
evaluated as secondary outcomes. Theminimal clin-
ically important difference (MCID) for FEV₁ in pa-
tients with COPD has been documented to range
between 100 and 140 mL, or approximately 4–7%
of predicted values. Given the acute clinical set-
ting, it was anticipated that any changes in FEV₁
would be modest and might not meet the estab-
lished MCID thresholds for COPD ; therefore, ob-
served alterations should be interpreted as short-
term physiological variations rather than definitive
clinical improvements. All statistical analyses were
performed using SPSS software version 23.0 (IBM
Corp., Armonk, NY, USA). A p-value of < 0.05 was
considered statistically significant.

Outcome Definitions
Postoperative outcomes were evaluated exclusively
during the index hospitalization and at the time of
hospital discharge. In addition to descriptive out-
come categories, standardized postoperative end-
points were utilized. PAL was defined as an air leak
persisting for more than 5 postoperative days, align-
ing with commonly accepted thoracic surgery cri-
teria. Postoperative complications were graded us-

ing the Clavien–Dindo classification system; pneu-
monia requiring intravenous antibiotics was catego-
rized as a grade II complication, and no grade III–V
complications were observed. Thirty-day postoper-
ative mortality was monitored as a primary safety
endpoint. For descriptive purposes, postoperative
outcomes were stratified as follows:

• Good outcome: Resolution of the air leak
within ≤ 5 postoperative days, absence of ma-
jor complications, and discharge within ap-
proximately 3 to 5 postoperative days.

• Moderate outcome: PAL lasting > 5 days but
≤ 10 days, and/or the presence of Clavien–
Dindo grade II complications.

• Poor outcome: PAL extending > 10 days, per-
sistent pneumothorax identified on imaging,
or infectious complications necessitating pro-
longed hospitalization.

The extent of the pneumothorax was categorized as
follows:

• Small: Air volume < 1/3 of the hemithorax.

• Moderate: Air volume ≈ 1/3 of the hemitho-
rax.

• Large: Air volume > 1/3 of the hemithorax.

Sample Size and Reporting Guidelines
The sample size was predicated on the total number
of patients meeting the inclusion criteria at 115 Peo-
ple’s Hospital during the study period (July 2023–
December 2024). Owing to the retrospective design
of the study, no formal a priori sample size calcu-
lation was conducted. However, to optimize data
completeness and ensure reliability, all eligible cases
identified within the specified timeframe were in-
cluded. This study was reported in accordance with
the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for
retrospective observational studies.

RESULTS
Patient Characteristics
A total of 60 patients diagnosed with SSP secondary
to COPD were included in the study. The cohort
comprised 40 males and 20 females, yielding a male-
to-female ratio of 2:1. The majority of patients
(75%) were over 60 years of age, with ages ranging
from 57 to 78 years (mean: 65.4 ± 4.6 years). Pul-
monary function was assessed following initial pleu-
ral drainage using spirometric parameters, specif-
ically the forced expiratory volume in one second
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(FEV₁) and the FEV₁/FVC ratio, to characterize air-
flow limitation. As summarized in Table 1, the co-
hort consisted predominantly of elderly males with
a heavy smoking history. Patients demonstrated
moderate airflow limitation, with a mean FEV₁/FVC
ratio of 53.3 ± 10.6%, and had a lowmean body mass
index (BMI) of 18.3 ± 2.5 kg/m².

Clinical Features and Bulla Distribution
All patients presented with dyspnea and respiratory
distress upon admission. A persistent air leak (PAL)
lasting more than 72 hours following chest tube
drainage prompted further evaluation. Chest com-
puted tomography (CT) identified pulmonary bullae
in all cases. The distribution of pulmonary bullae by
anatomical location is detailed in Table 2, demon-
strating that the right upper lobe was the most fre-
quently involved site (58%). The mean bulla size
ranged from 1.5 to 2.0 cm. Localized bullous lesions
were identified in 33 patients, whereas 27 patients
exhibited diffuse bullous disease. Among those with
diffuse disease, 10 patients presented with bilateral
involvement. (An illustrative example of right-sided
SSP in a patient with COPD is provided in Figure 1.)

Treatment Outcomes
All 60 patients underwent VATS and/or suturing of
the pulmonary bullae. As detailed in Table 3, favor-
able postoperative outcomes were achieved in 40 pa-
tients, whereas 10 patients each were classified as
having moderate or poor outcomes based on the du-
ration of the postoperative air leak and radiographic
findings at discharge. There was no statistically sig-
nificant difference in mean operative time among
the various surgical techniques utilized (bullectomy
resection and suture, atypical resection, and bullec-
tomy suture only; ANOVA, p = 0.056). Because the
overall ANOVA did not reach statistical significance,
post-hoc comparisons were not performed. Among
patients with diffuse bullous disease, 45% required
a non-anatomical wedge resection or bulla suturing,
whereas 55% of patients with localized lesions did
not require an atypical resection.
Postoperative pulmonary function testing at the
time of discharge revealed statistically significant
improvements compared with preoperative values.
The mean FEV₁/FVC ratio increased from 53.3 ±
10.6% to 64.6 ± 4.7% (p = 0.043), and the mean FEV₁
increased from 73.0 ± 12.0% to 79.0 ± 7.4% of pre-
dicted values (p = 0.037). However, given the known
measurement bias associated with the presence of
a PAL, these statistical differences should not be

strictly interpreted as evidence of true physiologi-
cal improvement. The absolute increase in FEV₁ was
modest (+6.2 ± 5.1% predicted); the clinical signif-
icance of this change, relative to established mini-
mal clinically important difference thresholds, is ad-
dressed in the Discussion section.
Postoperative complications were recorded during
the index hospitalization. Pneumonia occurred in
7 of the 60 patients (11.7%) and was observed pre-
dominantly among those with bilateral diffuse bul-
lous disease. A PAL lasting more than 10 postop-
erative days occurred in 10 patients (16.7%). At
the time of discharge, no patients remained in the
moderate or severe complication categories. No in-
hospital or 30-day mortality was observed. Due
to the retrospective study design and the lack of
standardized long-term follow-up, the recurrence
of pneumothorax, hospital readmission rates, and
long-term pulmonary function outcomes could not
be systematically evaluated. Furthermore, the
good/moderate/poor outcome classification was uti-
lized solely for descriptive purposes and does not
represent a formally validated outcome scoring sys-
tem.

DISCUSSION
Patient Demographics and Risk Factors
International studies have demonstrated that SSP
in patients with COPD is associated with elevated
complication rates and predominantly affects the el-
derly population 5. In our cohort, gender disparities
were evident, likely reflecting differences in smok-
ing behaviors. Passive smoking and the increas-
ing prevalence of active tobacco use among females,
particularly in younger demographics, may con-
tribute to the rising incidence of COPD in women.
Notably, 60% (12/20) of the female patients in our
study reported a history of smoking. Rhee et al. 2

reported that individuals who smoke possess a 4.28-
fold greater risk of developing COPD compared to
non-smokers. The mean body mass index (BMI) in
our cohort was 18.3 ± 2.5 kg/m², indicative of a high
prevalence of malnutrition. Previous research has
shown that COPD complicated by malnutrition is
associated with an odds ratio (OR) of 3.5 (95% CI:
2.9–4.2) for adverse outcomes, which escalates to 6.7
(95% CI: 2.3–6.2) in severely malnourished individ-
uals 2. The underlying pathophysiological mecha-
nism is thought to involve excessive energy expen-
diture by respiratory muscles and mechanical com-
pression of the gastrointestinal tract by hyperin-
flated lungs, both of which contribute to anorexia
and a caloric deficit.
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Table 1: Baseline demographic and clinical characteristics of 60 patients with SSP
associated with COPD.

Variable Male (n=40) Female (n=20) Total (n=60)

Mean Age (years ± SD) 63.1 ± 5.3 72.5 ± 4.4 65.4 ± 4.6

Body Mass Index (BMI ± SD) 17.5 ± 2.3 20.0 ± 2.1 18.3 ± 2.5

Smoking >30 pack-years (cases) 38/40 12/20 50/60

FEV₁/FVC (% ± SD) 51.3 ± 16.6 55.3 ± 10.7 53.3 ± 10.6

FEV₁ (% predicted ± SD) 69.0 ± 11.3 76.0 ± 12.7 73.0 ± 12.0

Data are presented as mean ± standard deviation (SD) or n (%). BMI: body mass index;
FEV₁: forced expiratory volume in 1 second; FVC: forced vital capacity. Body mass index
(BMI) was calculated as weight in kilograms divided by the square of height in meters
(kg/m²)

Table 2: Distribution of pulmonary bullae by lobe and lesion type in
patients with SSP due to COPD.

Lobe Bulla Type Number of Patients Percentage (%)

Right upper lobe Localized 20 58%

Diffuse 15

Left upper lobe Localized 8 33%

Diffuse 12

Right lower lobe Localized 5 9%

Total 60 100%

Data are presented as number of patients (percentage)

Figure 1: A 62-year-oldmanwith right pneumothorax and combinedpulmonary emphysema. Chest CT andX-ray
images (August 2023) show right-sided SSP in a patient with COPD (white arrowheads), with a visible bullae in the
right lung field (black arrowhead).

Clinical and Paraclinical Characteristics

In patients with COPD, SSP serves as a marker of
advanced disease and is associated with increased
mortality. Multiple studies have established that
advanced age, emergency transport to tertiary cen-
ters, and prolonged hospitalization contribute to
an elevated mortality risk in this population6. In
the present study, patients underwent chest tube
drainage for SSP with air leaks persisting for more
than three days. Upon the resolution of acute dys-
pnea, spirometry was performed, revealing mean

FEV₁ and FEV₁/FVC values of 73.0 ± 12.0% and 53.3
± 10.6%, respectively, which correspond to moder-
ate COPD severity. Literature suggests that patients
experiencing recurrent pneumothorax exhibit a sig-
nificantly greater decline in FEV₁ and/or FEV₁/FVC
compared to those without recurrence following
surgical intervention7. Furthermore, the compro-
mised blood oxygen reserve in COPD—even follow-
ing pleural drainage—predisposes patients to critical
clinical deterioration. These individuals remain at
an elevated risk for aspiration events, superimposed
pulmonary or pleural infections, and the exacerba-
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Table 3: Treatment outcomes, surgical methods, operative time, and pulmonary function changes before and
after VATS in patients with SSP secondary to COPD.

Total hospital stay, days (including preoperative drainage period): 14.4

Severity of Pneumothorax Before and After Surgery

Severity Preoperative n (%) Postoperative n
(%)

Mild 2 (3.3%) 4 (6.7%)

Moderate 18 (30.0%) 0 (0%)

Severe 40 (66.7%) 0 (0%)

Postoperative Outcomes

Outcome No. of patients (%)

Good 40 (66.6%)

Moderate 10 (16.7%)

Poor 10 (16.7%)

Postoperative Endpoints No. of patients (%)

PAL >5 days 20 (33.3%)

PAL >10 days 10 (16.7%)

POP (Clavien -Dindo II) 7 (11.7%)

30-day mortality 0 (0%)

Pulmonary Function Before and After Surgery for Air Leak Repair (n=60)

Parameter Preoperative
(mean ± SD)

Postoperative
(mean ± SD)

Mean change ± SD (95% CI) p-value

FEV₁/FVC (%) 53.3 ± 10.6 64.6 ± 4.7 +11.4 ± 9.7 (95% CI: 8.8–13.8) 0.043

FEV₁ (% predicted) 73.0 ± 12.0 79.0 ± 7.4 +6.2 ± 5.1 (95% CI: 4.7–7.2) 0.037

Surgical Methods and Operative Time (n=60)

Procedure Diffuse Lesion (n) Localized Lesion
(n)

Mean operative time (min,
mean ± SD)

p-value

Bullectomy (resection &
suture)

0 23 36.2 ± 4.4

Non-anatomical wedge
resection

20 0 45.1 ± 3.7 0.056

Bullectomy (suture only) 7 10 40.8 ± 9.4

Severity of pneumothorax, postoperative outcomes, pulmonary function changes, and surgical techniques are summa-
rized. Data are presented as mean ± standard deviation (SD) or number of patients (%). Persistent air leak (PAL), as
defined in the Methods section (>5 postoperative days), and postoperative pneumonia (POP; Clavien–Dindo grade II)
were recorded. Thirty-day mortality was assessed. Changes in pulmonary function are presented as mean differences
with 95% confidence intervals (CI).

tion of comorbidities such as right heart failure, elec-
trolyte disturbances, and general wasting. Previ-
ous reports indicate that mortality is higher among
COPD patients with SSP compared to those with
SSP unrelated to COPD6. In clinical practice, sepsis
secondary to pneumonia or empyema is a leading
cause of death due to acute respiratory failure fol-
lowing chest drainage. It should be noted that the
current study population consisted primarily of pa-
tients with moderate COPD (mean FEV₁: 73 ± 12%
predicted). Individuals with severe COPD, advanced
cachexia, chronic corticosteroid use, or multiple sig-
nificant comorbidities may have been underrepre-

sented, thereby limiting the generalizability of these
findings and highlighting the need for further inves-
tigation in broader, more diverse cohorts.

Discussion on Treatment Approach

The primary goals in the treatment of SSP are to
re-establish negative pleural pressure, promote lung
re-expansion, restore respiratory function, and mit-
igate the risk of recurrence. In patients with COPD
and a persistent air leak (PAL), chest drains of-
ten require prolonged placement compared to non-
COPD patients 5. Surgical management entails
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the resection or suturing of visceral pleural bul-
lae utilizing thoracoscopic staplers, clips, or non-
anatomic (wedge) lung resections targeting the dis-
eased parenchyma. The decision to pursue surgical
interventionmust be highly individualized, carefully
weighing PF, comorbidities, and overall operative
risk. Multidisciplinary consultation involving anes-
thesiology and respiratory medicine is paramount
for optimizing perioperative planning. Minimally
invasive approaches, such as VATS, are generally
preferred due to their associated benefits, which in-
clude shorter operative times and reduced postop-
erative pain. Current international guidelines rec-
ommend considering definitive procedures like pleu-
rodesis to lower the recurrence rate of SSP8,9. How-
ever, these recommendations are conditional and
hinge on the patient’s clinical status and surgi-
cal risk profile. In patients with advanced COPD
and diffuse emphysematous changes, the extensive
pleural adhesions induced by pleurodesis may com-
plicate future thoracic interventions. Consequently,
the surgical strategy employed in the present study
focused on the targeted treatment of air-leaking bul-
lae while eschewing routine pleurodesis to preserve
the pleural space.
It is acknowledged that VATS possesses limitations
in patients with dense pleural adhesions or com-
plex pathologies, scenarios in which an open thora-
cotomy provides superior exposure. Notably, recur-
rence rates have been reported to be comparable be-
tween open and thoracoscopic approaches10,11. In
our cohort, localized bullae—frequently situated at
the apices—were effectively managed using endo-
scopic staplers. Facilitated by double-lumen endo-
tracheal tubes for single-lung ventilation, the op-
erative time for bullae management ranged from
approximately 31 to 46 minutes. Conversely, 45%
of the patients presented with diffuse bullous dis-
ease, which posed significant intraoperative chal-
lenges. Treatment in these instances was dictated
by the surgeon’s intraoperative assessment and in-
volved either wedge resection or direct suturing of
the air-leaking bullae with nonabsorbable sutures to
compress the compromised region. Diffuse, patho-
logically distended lung parenchyma carries an el-
evated risk of PAL if adjacent tissue is inadver-
tently resected or traumatized during suturing12–14.
Furthermore, pulmonary parenchymal resection can
compromise respiratory reserve and impair over-
all PF 15,16. In patients with diffuse lung involve-
ment, additional parenchymal resection threatens
to further diminish an already tenuous lung reserve

and exacerbate postoperative PF decline. As a re-
sult, these patients typically endured longer oper-
ative times, required extended postoperative moni-
toring, and experienced less favorable clinical out-
comes compared to those with localized disease.
Conversely, patients with isolated bullae achieved
more favorable postoperative results, which sup-
ports the feasibility and short-term procedural suc-
cess of VATS bullae resection in this specific sub-
group, though it does not establish definitive long-
term effectiveness.

Postoperative Outcomes
The clinical trajectory of SSP in patients with preex-
isting COPD is inherently complex, compounded by
compromised lung reserve and profound anatomical
alterations. The presence of contralateral bullae or
widespread emphysematous changes further com-
plicates operative planning and adversely affects
outcomes 17. In the present cohort, 66% of patients
achieved favorable surgical outcomes, whereas 34%
experienced moderate to poor results. Among
those with poor outcomes, prolonged hospital stays
were pervasive, underscoring the formidable chal-
lenge of resolving persistent air leaks. Postopera-
tive pneumonia was frequently documented in pa-
tients exhibiting bilateral or contralateral localized
pneumothoraces alongside diffuse parenchymal le-
sions. Of the 10 patients categorized with poor out-
comes, 7 had undergone non-anatomic wedge re-
sections, and 3 exhibited persistent pneumothoraces
following bullae compression and suturing—a situa-
tion likely attributable to underlying parenchymal
fragility rather than a definitive procedural failure.
These refractory cases necessitated prolonged chest
tube drainage (ranging from 12 to 16 days) and ex-
tended inpatient care. However, no mortalities oc-
curred within 30 days postoperatively.
All patients received follow-up and clinical re-
evaluation at the Department of Pulmonary
Medicine post-discharge. Prior to discharge, all
patients underwent repeat PF testing. Both FEV₁
and the FEV₁/FVC ratio demonstrated statistically
significant improvements relative to preoperative
baselines. Specifically, mean FEV₁ increased from
73.0 ± 12.0% to 79.0 ± 7.4% of predicted values
(mean change: +6.2 ± 5.1%; 95% CI: 4.7–7.2%; p =
0.037), while the FEV₁/FVC ratio improved from
53.3 ± 10.6% to 64.6 ± 4.7% (mean change: +11.4 ±
9.7%; 95% CI: 8.8–13.8%; p = 0.043). Although sta-
tistically significant, these improvements must be
interpreted cautiously given potential confounding
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variables, including the concurrent administration
of bronchodilators, systemic corticosteroids, and
antibiotics. Furthermore, the observed increase
in FEV₁ falls slightly below the widely accepted
minimal clinically important difference (MCID)
for COPD (approximately 4–6% predicted)1.
Nonetheless, even modest augmentations in FEV₁
and the FEV₁/FVC ratio likely reflect a degree of
short-term physiological stabilization in patients
with severely restricted pulmonary reserve, rather
than a definitive reversal of underlying disease
severity. It is crucial to emphasize the observational
nature of these findings, which preclude the
determination of causality; the observed functional
improvements cannot be conclusively attributed
to the surgical intervention alone. In the absence
of a matched non-surgical control group, these
short-term changes in FEV₁ and FEV₁/FVC must
be contextualized against the anticipated natural
recovery trajectory following tube thoracostomy.
Literature suggests that PF following chest tube
drainage without surgical intervention in COPD-
related SSP typically remains stagnant or exhibits
only marginal improvement during the acute
hospitalization phase. Thus, the magnitude of the
functional enhancements observed herein likely
indicates postoperative physiological stabilization
that supersedes spontaneous recovery.
The classification schema for postoperative out-
comes (good, moderate, and poor) relied on clini-
cal and radiographic criteria and lacks formal vali-
dation, potentially introducing subjectivity into out-
come adjudication. While this categorical frame-
work was employed for descriptive clarity, standard-
ized endpoints—including PAL > 5 days, Clavien–
Dindo complication grading, and 30-day mortality—
were rigorously applied to bolster objectivity and
facilitate cross-study comparability. Collectively,
these preliminary findings furnish valuable insights
into the management of PAL in COPD-associated
SSP. Onuki et al. 6 reported that the surgical man-
agement of PAL in this specific demographic carries
a mortality rate of 1.9% to 4.6%.
The personalization of surgical decision-making re-
mains a formidable obstacle. Despite comparable
clinical and spirometric profiles, patient responses
to surgical intervention are highly heterogeneous,
heavily influenced by age, sex, comorbidities, and
baseline lung reserve18. This inherent variability of-
ten engenders clinical hesitancy regarding surgery,
driven by concerns over recurrence or severe periop-
erative complications. In recent years, a paradigm
shift towardminimally invasive thoracic surgery has

been observed, correlating with enhanced outcomes
and improved patient satisfaction. Furthermore, the
advent of novel intraoperative adjuncts, such as bi-
ological sealants and synthetic pleural patches (e.g.,
poly-ε-caprolactone), has demonstrated encourag-
ing efficacy in sealing refractory air leaks and cur-
tailing recurrence rates19. On a global scale, ad-
vanced therapeutic modalities—including lung vol-
ume reduction surgery and the deployment of en-
dobronchial valves for the segmental isolation of air
leaks—are actively being investigated for refractory
cases 20. Lung transplantation remains a viable, al-
beit highly restricted, definitive solution for highly
selected candidates 21. Postoperatively, comprehen-
sive pulmonary rehabilitation, targeted respiratory
physiotherapy, and structured functional exercise
regimens should be prioritized as essential support-
ive measures to optimize lung expansion and expe-
dite recovery 22,23.
Several limitations necessitate consideration when
interpreting the findings of the present study. First,
the retrospective, single-center, case-series design
inherently lacks a non-surgical comparator arm, and
routine pleurodesis was omitted from the surgical
protocol. The absence of long-term follow-up data
precludes the evaluation of recurrence risk, effec-
tively restricting causal inferences and the formal
assessment of comparative effectiveness. Conse-
quently, the observed postoperative enhancements
in PF should be viewed through the lens of ex-
pected physiological recovery post-thoracostomy,
rather than being definitively ascribed to the VATS
intervention. Moreover, the assessment of PF and
clinical outcomes was confined to the index hos-
pitalization, yielding a truncated observation win-
dow. Early postoperative spirometric measurements
are susceptible to the confounding effects of in-
cisional pain, restricted chest wall excursion, and
opioid- or analgesic-induced respiratory suppres-
sion, all of which can artificially induce a restric-
tive spirometric pattern. Therefore, these findings
represent transient short-term physiological fluctu-
ations rather than enduring postoperative PF, and
the limited follow-up period precluded the evalua-
tion of recurrence, long-term functional durability,
or late complications. Additionally, the limited sam-
ple size and the low incidence of specific outcome
events precluded the use of multivariable regression
analysis, which was intentionally avoided to pre-
vent model overfitting; thus, residual confounding
remains a distinct possibility. The study’s inclusion
criteria were specifically narrowed to patients with
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a PAL following initial chest drainage, likely select-
ing for a higher-risk cohort and potentially com-
promising the external validity and generalizability
of the results. The single-center execution of this
research also warrants caution before extrapolat-
ing these conclusions to disparate clinical environ-
ments. A salient methodological limitation involves
the timing of the preoperative spirometry, which
was conducted post-chest tube insertion but prior
to definitive surgical repair. Consequently, the doc-
umented postoperative augmentation in pulmonary
function may partially reflect the mechanical ben-
efits of air leak closure and subsequent lung re-
expansion, rather than a genuine amelioration of the
underlying COPD-induced airflow obstruction. Fu-
ture prospective investigations featuring larger sam-
ple sizes, appropriate control groups, and extended
longitudinal follow-up are imperative to definitively
elucidate the clinical efficacy and long-term impact
of surgical management in this vulnerable patient
population.

CONCLUSION
Secondary spontaneous pneumothorax (SSP) com-
plicated by a persistent air leak (PAL) in patients
with preexisting chronic obstructive pulmonary dis-
ease (COPD) represents a substantial clinical chal-
lenge due to the patients’ compromised pulmonary
and oxygen reserves. The findings of this study indi-
cate that surgical interventions—specifically, video-
assisted thoracoscopic surgery (VATS) with bullae
resection and suturing—are associated with short-
term postoperative changes in pulmonary function
(PF) measured at hospital discharge. Postopera-
tively, the mean forced expiratory volume in one
second (FEV₁) reached 79.0 ± 7.4% of predicted val-
ues, and the FEV₁/forced vital capacity (FVC) ratio
increased to 64.6 ± 4.7% (p < 0.05).
However, because these spirometric measurements
were obtained during the early postoperative pe-
riod, they may have been transiently confounded
by factors such as incisional pain and reduced res-
piratory effort. Given the brief follow-up duration
and the absence of post-discharge functional assess-
ments, these results should not be interpreted as ev-
idence of sustained physiological improvement or
definitive long-term treatment efficacy. The surgi-
cal strategy employed herein emphasized the tar-
getedmanagement of air-leaking bullae over routine
pleurodesis, reflecting a conservative approach de-
signed to preserve the pleural space in patients with
advanced COPD.

Particular caution is warranted for patients pre-
senting with diffuse bullous lesions and concurrent
contralateral pneumothoraces—even if minimal or
localized—as this cohort appears to be at a height-
ened risk for postoperative complications, particu-
larly pneumonia. This risk is potentially amplified
inmalnourished individuals and thosewith a signifi-
cant smoking history. Consequently, individualized
perioperative decision-making and vigilant postop-
erative surveillance remain essential to optimizing
clinical outcomes in this highly vulnerable patient
population.

ABBREVIATIONS
ANOVA: Analysis of variance; BMI: Body mass in-
dex; CI: Confidence interval; COPD: Chronic ob-
structive pulmonary disease; CT: Computed tomog-
raphy; FEV₁: Forced expiratory volume in one sec-
ond; FVC: Forced vital capacity; GOLD: Global
Initiative for Chronic Obstructive Lung Disease;
MCID: Minimal clinically important difference;OR:
Odds ratio; PAL: Persistent air leak; PF: Pulmonary
function; SD: Standard deviation; SSP: Secondary
spontaneous pneumothorax; STROBE: Strength-
ening the Reporting of Observational Studies in
Epidemiology; VATS: Video-assisted thoracoscopic
surgery.

ACKNOWLEDGMENTS
The authors thank People’s Hospital 115, Ho Chi
Minh City, the Department of Thoracic Surgery, the
medical staff, and the patients for their support in
this study.

AUTHOR’S CONTRIBUTIONS
Dong Duc Hung contributed to the study concep-
tion, surgical procedures, and manuscript drafting.
Nguyen Phuc Minh Tue was responsible for data ac-
quisition, literature review, and statistical analy-
sis. Tran Van Song supervised the research process,
provided critical revisions, and approved the final
manuscript. All authors read and approved the fi-
nal version of the manuscript.

FUNDING
None.

AVAILABILITY OF DATA AND
MATERIALS
Data and materials used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

8407



Biomedical Research and Therapy 2026, 13(03):8399-8409

ETHICS APPROVAL AND
CONSENT TO PARTICIPATE
This retrospective study was conducted in ac-
cordance with the principles of the Declaration
of Helsinki. The study protocol was reviewed
and approved by the Ethics Committee of 115
People’s Hospital, Ho Chi Minh City, Vietnam
(660/BVND115-NCKH). As this was a retrospective
review of medical records, the requirement for in-
dividual patient consent was waived by the Ethics
Committee. All patient data were anonymized and
kept confidential throughout the study.

CONSENT FOR PUBLICATION
Not applicable.

DECLARATION OF GENERATIVE
AI AND AI-ASSISTED
TECHNOLOGIES IN THE
WRITING PROCESS
During the preparation of this work the authors
used ChatGPT (OpenAI) in order to assist with En-
glish language editing and improving clarity of ex-
pression. After using this tool, the authors reviewed
and edited the content as needed and take full re-
sponsibility for the content of the published article.

COMPETING INTERESTS
The authors declare that they have no competing in-
terests.

REFERENCES
1. Nguyen VT, Ngo QC, Luong NK, Do Q, Nguyen HA, Vu VG,

et al. Guidelines for diagnosis and treatment of chronic ob-
structive pulmonary disease. In: Guidelines for diagnosis and
treatment of chronic obstructive pulmonary disease. Hanoi:
Medical Publishing House; 2018. .

2. Rhee CK, Choi JY, Park YB, Yoo KH. Clinical characteristics
and frequency of chronic obstructive pulmonary disease ex-
acerbations in Korean patients: findings from the KOCOSS
cohort 2012–2021. J Korean Med Sci. 2024 May;39(19):e164.
PMID: 38769923. Available from: https://doi.org/10.3346/jkms.
2024.39.e164.

3. Shen KR, Cerfolio RJ. Decision making in the management of
secondary spontaneous pneumothorax in patients with severe
emphysema. Thorac Surg Clin. 2009May;19(2):233–238. PMID:
19662966. Available from: https://doi.org/10.1016/j.thorsurg.
2009.02.003.

4. SwierzyM,HelmigM, IsmailM, Rückert J,Walles T, Neudecker
J. Pneumothorax. Zentralbl Chir. 2014 Sep;139(1 Suppl 1):S69–
S86. PMID: 25264729. Available from: https://doi.org/10.1055/
s-0034-1383029.

5. Videau V, Pillgram-Larsen J, Ellingsen O, Andersen G, Ovrum
E. Spontaneous pneumothorax in COPD: complications, treat-
ment and recurrences. Eur J Respir Dis. 1987;71(5):365–371.
PMID: 3443160.

6. Onuki T, Ueda S, Yamaoka M, Sekiya Y, Yamada H, Kawakami
N, et al. Primary and secondary spontaneous pneumothorax:
prevalence, clinical features, and in-hospital mortality. Can

Respir J. 2017;2017:6014967. PMID: 28386166. Available from:
https://doi.org/10.1155/2017/6014967.

7. Shin B, Kim SB, Kim CW, Park IH, Lee WY, Byun CS. Risk
factors related to the recurrence of pneumothorax in patients
with emphysema. J Thorac Dis. 2020 Oct;12(10):5802–5810.
PMID: 33209412. Available from: https://doi.org/10.21037/jtd-
20-1557B.

8. Roberts ME, Rahman NM, Maskell NA, Bibby AC, Blyth KG,
Corcoran JP, et al. British Thoracic Society guideline for pleural
disease. Thorax. 2023 Jul;78(Suppl 3):s1–42. PMID: 37433578.
Available from: https://doi.org/10.1136/thorax-2022-219784.

9. Walker S, Hallifax R, Ricciardi S, Fitzgerald D, Keijzers M, Lauk
O, et al. Joint ERS/EACTS/ESTS clinical practice guidelines on
adults with spontaneous pneumothorax. Eur J Cardiothorac
Surg. 2024May;65(5):ezae189. PMID: 38804185. Available from:
https://doi.org/10.1093/ejcts/ezae189.

10. Barker A, Maratos EC, Edmonds L, Lim E. Recurrence rates
of video-assisted thoracoscopic versus open surgery in the
prevention of recurrent pneumothoraces: a systematic re-
view of randomised and non-randomised trials. Lancet. 2007
Jul;370(9584):329–335. PMID: 17662881. Available from: https:
//doi.org/10.1016/S0140-6736(07)61163-5.

11. Laohathai S. Outcome comparison between video-assisted
thoracoscopic surgery and open thoracotomy on primary
spontaneous pneumothorax in a tertiary hospital in Thailand.
J Med Assoc Thai. 2021;104(1):100–104. Available from: https:
//doi.org/10.35755/jmedassocthai.2021.01.11510.

12. Dugan KC, Laxmanan B, Murgu S, Hogarth DK. Management
of persistent air leaks. Chest. 2017 Aug;152(2):417–423. PMID:
28267436. Available from: https://doi.org/10.1016/j.chest.2017.
02.020.

13. Malapert G, Hanna HA, Pages PB, Bernard A. Surgical sealant
for the prevention of prolonged air leak after lung resection:
meta-analysis. Ann Thorac Surg. 2010 Dec;90(6):1779–1785.
PMID: 21095309. Available from: https://doi.org/10.1016/j.
athoracsur.2010.07.033.

14. Jiang L, Jiang G, Zhu Y, Hao W, Zhang L. Risk factors pre-
disposing to prolonged air leak after video-assisted thoraco-
scopic surgery for spontaneous pneumothorax. Ann Thorac
Surg. 2014 Mar;97(3):1008–1013. PMID: 24370202. Available
from: https://doi.org/10.1016/j.athoracsur.2013.10.031.

15. Brocki BC, Westerdahl E, Langer D, Souza DS, Andreasen JJ.
Decrease in pulmonary function and oxygenation after lung
resection. ERJ Open Res. 2018 Jan;4(1):00055–02017. PMID:
29362707. Available from: https://doi.org/10.1183/23120541.
00055-2017.

16. Zhang R, FergusonMK. Video-assisted versus open lobectomy
in patients with compromised lung function: a literature re-
view and meta-analysis. PLoS One. 2015 Jul;10(7):e0124512.
PMID: 26146827. Available from: https://doi.org/10.1371/
journal.pone.0124512.

17. Jeong JY, Shin AY, Ha JH, Suh JH, Choi SY, Kim JS, et al.
Natural history of contralateral bullae/blebs after ipsilateral
video-assisted thoracoscopic surgery for primary spontaneous
pneumothorax: a retrospective cohort study. Chest. 2022
Nov;162(5):1213–1222. PMID: 35562058. Available from: https:
//doi.org/10.1016/j.chest.2022.05.001.

18. Bobbio A, Dechartres A, Bouam S, Damotte D, Rabbat A, Rég-
nard JF, et al. Epidemiology of spontaneous pneumotho-
rax: gender-related differences. Thorax. 2015 Jul;70(7):653–
658. PMID: 25918121. Available from: https://doi.org/10.1136/
thoraxjnl-2014-206577.

19. How CH, Chen PH, Chen YC, Lin YC, Chen KC, Chen JS,
et al. Safety assessment of poly-ε-caprolactone in the treat-
ment of primary spontaneous pneumothorax. Front Surg.
2024 Jan;11:1335144. PMID: 38313410. Available from: https:
//doi.org/10.3389/fsurg.2024.1335144.

20. Valipour A. Valve therapy in patients with emphysematous
type of chronic obstructive pulmonary disease (COPD): from
randomized trials to patient selection in clinical practice. J
Thorac Dis. 2018 Aug;10(S23 Suppl 23):S2780–S2796. PMID:

8408

https://www.ncbi.nlm.nih.gov/pubmed/38769923
https://doi.org/10.3346/jkms.2024.39.e164
https://doi.org/10.3346/jkms.2024.39.e164
https://www.ncbi.nlm.nih.gov/pubmed/19662966
https://doi.org/10.1016/j.thorsurg.2009.02.003
https://doi.org/10.1016/j.thorsurg.2009.02.003
https://www.ncbi.nlm.nih.gov/pubmed/25264729
https://doi.org/10.1055/s-0034-1383029
https://doi.org/10.1055/s-0034-1383029
https://www.ncbi.nlm.nih.gov/pubmed/3443160
https://www.ncbi.nlm.nih.gov/pubmed/28386166
https://doi.org/10.1155/2017/6014967
https://www.ncbi.nlm.nih.gov/pubmed/33209412
https://doi.org/10.21037/jtd-20-1557B
https://doi.org/10.21037/jtd-20-1557B
https://www.ncbi.nlm.nih.gov/pubmed/37433578
https://doi.org/10.1136/thorax-2022-219784
https://www.ncbi.nlm.nih.gov/pubmed/38804185
https://doi.org/10.1093/ejcts/ezae189
https://www.ncbi.nlm.nih.gov/pubmed/17662881
https://doi.org/10.1016/S0140-6736(07)61163-5
https://doi.org/10.1016/S0140-6736(07)61163-5
https://doi.org/10.35755/jmedassocthai.2021.01.11510
https://doi.org/10.35755/jmedassocthai.2021.01.11510
https://www.ncbi.nlm.nih.gov/pubmed/28267436
https://doi.org/10.1016/j.chest.2017.02.020
https://doi.org/10.1016/j.chest.2017.02.020
https://www.ncbi.nlm.nih.gov/pubmed/21095309
https://doi.org/10.1016/j.athoracsur.2010.07.033
https://doi.org/10.1016/j.athoracsur.2010.07.033
https://www.ncbi.nlm.nih.gov/pubmed/24370202
https://doi.org/10.1016/j.athoracsur.2013.10.031
https://www.ncbi.nlm.nih.gov/pubmed/29362707
https://doi.org/10.1183/23120541.00055-2017
https://doi.org/10.1183/23120541.00055-2017
https://www.ncbi.nlm.nih.gov/pubmed/26146827
https://doi.org/10.1371/journal.pone.0124512
https://doi.org/10.1371/journal.pone.0124512
https://www.ncbi.nlm.nih.gov/pubmed/35562058
https://doi.org/10.1016/j.chest.2022.05.001
https://doi.org/10.1016/j.chest.2022.05.001
https://www.ncbi.nlm.nih.gov/pubmed/25918121
https://doi.org/10.1136/thoraxjnl-2014-206577
https://doi.org/10.1136/thoraxjnl-2014-206577
https://www.ncbi.nlm.nih.gov/pubmed/38313410
https://doi.org/10.3389/fsurg.2024.1335144
https://doi.org/10.3389/fsurg.2024.1335144


Biomedical Research and Therapy 2026, 13(03):8399-8409

30210832. Available from: https://doi.org/10.21037/jtd.2018.08.
86.

21. Deshwal H, Ghosh S, Hogan K, Akindipe O, Lane CR, Mehta
AC. Spontaneous pneumothorax in a single lung transplant
recipient-a blessing in disguise: A case report. World J Clin
Cases. 2020 Jul;8(14):3031–3038. PMID: 32775384. Available
from: https://doi.org/10.12998/wjcc.v8.i14.3031.

22. Dinic VD, Stojanovic MD, Markovic D, Cvetanovic V, Vukovic
AZ, Jankovic RJ. Enhanced recovery in thoracic surgery: a re-

view. Front Med (Lausanne). 2018 Feb;5:14. PMID: 29459895.
Available from: https://doi.org/10.3389/fmed.2018.00014.

23. Rochester CL, Langer D, Singh SJ. What does the fu-
ture hold for pulmonary rehabilitation? In: Holland AE,
Corso SD, Spruit MA, editors. Pulmonary Rehabilitation (ERS
Monograph). Sheffield: European Respiratory Society; 2021.
p. 311–325. Available from: https://doi.org/10.1183/2312508X.
10019320.

8409

https://www.ncbi.nlm.nih.gov/pubmed/30210832
https://doi.org/10.21037/jtd.2018.08.86
https://doi.org/10.21037/jtd.2018.08.86
https://www.ncbi.nlm.nih.gov/pubmed/32775384
https://doi.org/10.12998/wjcc.v8.i14.3031
https://www.ncbi.nlm.nih.gov/pubmed/29459895
https://doi.org/10.3389/fmed.2018.00014
https://doi.org/10.1183/2312508X.10019320
https://doi.org/10.1183/2312508X.10019320



