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Abstract

Background: Recurrent pneumothorax is a prevalent is-
sue following primary spontaneous pneumothorax (PSP)
surgery. This study identifies risk factors for PSP recur-
rence after surgery. Methods: This study included par-
ticipants who had undergone surgery for PSP at our hos-
pital from February 2021 to February 2024. Relevant de-
mographic, clinical, radiological, and laboratory data were
collected for each participant, and statistical analysis was
performed using SPSS 29.0 statistical software (SPSS Inc.,
Chicago, IL, USA). Chi-squared tests, t-tests, and binary lo-
gistic regression analysis were utilized to assess the associ-
ations between risk factors and the likelihood of pneumoth-
orax recurrence. Results: A total of 100 participants who
underwent surgery for PSP at a single center were included
in the analysis. The participants were 18–39 years old, with
53 participants in the no recurrent pneumothorax group and
47 participants in the recurrent pneumothorax group. No
significant differences in demographic and clinical charac-
teristics were observed between the two groups. The bi-
nary logistic regression analysis showed that c-reactive pro-
tein (odds ratio (OR) = 2.144, p < 0.001), white blood cell
count (OR = 2.493, p = 0.011), neutrophil-to-lymphocyte
ratio (OR = 3.031, p< 0.001), and chest tube duration (OR
= 9.716, p = 0.010) were independent risk factors for the
recurrence of PSP. Conclusion: This study emphasizes the
crucial role of postoperative inflammatory response in the
recurrence of PSP. Clinicians should monitor and manage
these inflammatorymarkers to optimize postoperativeman-
agement strategies, reduce recurrence rates, and improve
long-term patient outcomes.
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Introduction

Primary spontaneous pneumothorax (PSP) is defined
as the occurrence of pneumothorax in individuals without
clinically apparent lung disease or known precipitating fac-
tors [1,2]. The condition typically affects young, other-
wise healthy individuals and is often characterized by the
sudden onset of chest pain and dyspnea [3,4]. The typi-
cal presentation of PSP involves acute chest pain and dysp-
nea, frequently requiring urgent medical attention [5]. The
management of PSP has evolved over the years, with sur-
gical interventions playing a crucial role in preventing re-
currence and reducing associated morbidities [6]. Video-
assisted thoracoscopic surgery (VATS) and open thoraco-
tomy with pleurectomy are the two primary surgical meth-
ods employed in the management of PSP [7]. VATS in-
volves the insertion of a thoracoscope and surgical instru-
ments through small incisions, allowing for visualization
and mechanical pleurodesis or pleurectomy, while open
thoracotomy provides direct access to the pleural space for
extensive pleural abrasion or pleurectomy [8,9].

VATS is associated with reduced postoperative pain,
shorter hospital stays, and faster recovery compared with
open thoracotomy, which often requires a larger incision
and may be associated with a higher risk of postopera-
tive pain and paresthesia [10,11]. However, the technical
complexity of VATS and the potential for incomplete pleu-
ral symphysis may increase the risk of recurrence in some
patients [12]. Despite the advancements in surgical tech-
niques, a proportion of patients undergoing PSP surgery are
at risk of experiencing recurrent pneumothorax [13]. The
etiology of postoperative recurrent pneumothorax is mul-
tifactorial, involving patient-specific factors and variations
in surgical approaches. Recurrence often necessitates ad-
ditional interventions, leading to prolonged hospital stays,
increased healthcare costs, and potential effect on patients’
quality of life. Prior studies have investigated the poten-
tial risk factors associated with recurrent pneumothorax fol-
lowing surgical intervention for PSP [14,15]. A system-
atic review and meta-analysis identified smoking, age, and
surgical technique as potential risk factors for recurrence,
emphasizing the need for further research to elucidate the
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underlying mechanisms and optimize patient management
strategies [16]. In another study, the potential role of pre-
operative radiographic findings in influencing the risk of
recurrent pneumothorax postsurgery was suggested [17].

Given the complexity of factors influencing recurrent
pneumothorax and the variations in findings from previ-
ous research, a focused investigation within a single-center
cohort is clearly needed. By conducting a retrospective
analysis, we aim to systematically evaluate a range of de-
mographic, clinical, and perioperative variables to identify
specific risk factors associated with recurrent pneumotho-
rax following PSP surgery at our institution. Our study is
designed to address gaps in the existing literature and pro-
vide valuable insights that can inform risk stratification, re-
fine treatment protocols, and improve the long-term man-
agement of patients with PSP.

Materials and Methods

Study Participants

This case–control study aimed to analyze the risk fac-
tors associated with recurrent pneumothorax in patients fol-
lowing PSP surgery. The study was conducted at a single
center and approved by the Institutional Review Board and
Ethics Committee of The Third Affiliated Hospital of Sun
Yat-sen University (II2023-183-03). It complied with the
relevant statements of the Helsinki Declaration. The study
included participants who had undergone surgery for PSP at
our hospital from February 2021 to February 2024. In to-
tal, 100 participants, 18–39 years old, were included in the
analysis, with 53 participants in the no recurrent pneumoth-
orax group and 47 participants in the recurrent pneumoth-
orax group. All participants included in this study gave in-
formed consent.

Inclusion and Exclusion Criteria

Inclusion Criteria: The inclusion criteria were as fol-
lows: patients who underwent surgery for PSP at the desig-
nated single center within the specified study period; aged
18 years or older at the time of surgery; diagnosis of PSP
confirmed by relevant medical records and imaging studies
[18]; willingness to provide informed consent for participa-
tion in the study.

Exclusion Criteria: The exclusion criteria were as
follows: patients with secondary pneumothorax due to
known underlying lung diseases, trauma, or iatrogenic
causes; history of thoracic surgery other than PSP surgery;
incomplete or insufficient medical records, including miss-
ing data on key variables for analysis.

Diagnosis of PSP

The diagnosis of PSP is typically based on the pa-
tient’s medical history and clinical symptoms, including
sudden chest pain and difficulty breathing. Diagnostic mea-
sures may also involve X-rays, computed tomography (CT)
scans, or thoracic ultrasonography to confirm the presence
of gas accumulation in the pleural cavity. Generally, the
diagnosis of PSP requires meeting the following criteria:
sudden chest pain; chest X-ray (CXR) or CT scan reveal-
ing the presence of extrapulmonary gas (typically sponta-
neous); exclusion of pneumothorax resulting from trauma,
pulmonary infection, or other obvious causes. All of the
above processes should be conducted by the same experi-
enced clinician.

Grouping Method

After being discharged from the hospital, patients
were assessed in the outpatient clinic at 1 week, 1 month, 3
months, 6 months, and 12 months, where CXR and clinical
observations were performed. Telephone follow-ups were
then conducted every 6 months by a registered nurse, who
was blinded to the group allocation, using a standardized
questionnaire to determine whether recurrence occurred,
when it happened, and how it was treated. The gold stan-
dard for detecting recurrence is CXR. Pneumothorax recur-
rence was defined as the presence of an ipsilateral pneu-
mothorax of any size during the follow-up period on CXR.
CXRs were reviewed by the principal investigator and ra-
diologists blinded to the treatment.

Data Collection

Relevant demographic and clinical data, including
age, body mass index, smoking history, family history of
pneumothorax, previous episode of pneumothorax, dura-
tion of symptoms, presence of bilateral pneumothorax, and
emergency department visits within 6 months postsurgery,
were collected for each participant. Additionally, their radi-
ological findings, inflammatorymarker levels, surgical pro-
cedure details, and comorbidities were documented.

Statistical Analysis

Before conducting data analysis, this study executed a
standardized data cleansing procedure aimed at identifying
and rectifying any inconsistencies, errors, or missing values
present in the dataset. This procedure involved conducting
a comprehensive examination of the dataset to remove du-
plicate entries, correct data entry errors, and address miss-
ing values. Missing values were imputed using deep neural
networks with the DataWig and Pandas libraries in Python
3.6.0 (Python Software Foundation, Amsterdam, Holland).
Efforts were made to ensure that the percentage of miss-
ing data remained below 5% to mitigate potential selection
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bias, and sensitivity analyses were carried out. These analy-
ses involved calculating outcomes for cases lost to follow-
up using worst- and best-case scenarios. The deep neural
network model architecture utilized for imputing missing
data involves multiple layers of interconnected nodes that
enable the model to capture complex patterns and relation-
ships within the dataset, leading to accurate imputations.
This method was selected over traditional imputation tech-
niques because of its ability to handle nonlinear relation-
ships and complex interactions between variables, which
may not be effectively addressed by conventional imputa-
tion methods. If the conclusion indicated no significant dif-
ference, then the loss to follow-up exerted a minimal effect
on the study’s conclusions, rendering them reliable. The fi-
nal results were reported after missing values were imputed.

Through G*Power 3.1.9.7 (University of Dusseldorf;
Dusseldorf, Germany), the “Means: Difference between
two independent means (two groups)” option based on t-
tests was selected for conducting post hoc analysis. The
parameters included the selection of the two-tailed mode,
an effect size d = 0.6, and α err prob = 0.05. Subsequently,
the sample sizes for both groups were entered to calculate
power (1-β err prob), which resulted in 0.843.

For data analysis, SPSS 29.0 (SPSS Inc., Chicago, IL,
USA) was employed. Categorical data were presented as
[n (%)]. The chi-squared test was utilized for categorical
data when the sample size was adequate, with the corrected
chi-squared test applied for samples with expected counts
between 1 and 5. In cases of smaller sample sizes or ex-
pected counts less than 1, Fisher’s exact test was utilized.

The Shapiro–Wilk test was used to assess normal dis-
tribution in continuous variables. Variables that exhibited
normal distribution were presented as (mean ± Standard
Deviation (SD)) and analyzed using the t-test, whereas non-
normally distributed data were expressed as median (P25,
P75) and analyzed using the Wilcoxon rank-sum test. A
bilateral p < 0.05 was considered statistically significant.
Indicators that were statistically significant in the univari-
ate analysis were included in the binary logistic regression
analysis.

Results

Demographic and Clinical Characteristics

This study compared the demographic and clinical
characteristics of 53 participants in the no recurrent pneu-
mothorax group and 47 participants in the recurrent pneu-
mothorax group (Table 1). No significant differences were
found between the groups in terms of age (28.45± 4.67 vs.
29.72± 5.21, t = 1.274, p = 0.206), body mass index (23.14
± 2.36 vs. 22.59± 2.14, t = 1.211, p = 0.229), smoking his-
tory in pack-years (7.31 ± 3.28 vs. 8.27 ± 3.95, t = 1.327,
p = 0.188), pneumatocele (20.75% vs. 34.04%, t = 2.231,

p = 0.135), previous episode of pneumothorax (28.3% vs.
42.55%, χ2 = 2.224, p = 0.136), duration of symptoms in
months (9.56 ± 2.11 vs. 10.03 ± 3.52, χ2 = 0.796, p =
0.429), bilateral pneumothorax (13.21% vs. 25.53%, χ2=
2.458, p = 0.117), and emergency department visits within
6 months (2.14 ± 0.83 vs. 2.45 ± 1.23, t = 1.469, p =
0.146). These findings suggest that the demographic and
clinical characteristics were largely similar between the two
groups. Further analysis may be needed to identify other
potential contributing factors to recurrent pneumothorax.
Significant differences existed between the two groups in
terms of asthma (7.55% vs. 25.53%, χ2 = 5.995, p = 0.014),
chronic obstructive pulmonary disease (5.66% vs. 27.66%,
χ2= 8.970, p = 0.003), and smoking-related lung disease
(18.87% vs. 42.55%, χ2 = 6.654, p = 0.016), implying that
these factors may be associated with the risk of recurrent
pneumothorax.

Inflammatory Markers

The comparison of inflammatory markers between the
no recurrent pneumothorax group and the recurrent pneu-
mothorax group revealed significantly higher levels in the
recurrent group for c-reactive protein (CRP; 2.67± 0.53 vs.
2.14± 0.42, t = 5.487, p< 0.001), white blood cell (WBC)
count (9.83 ± 1.52 vs. 8.22 ± 1.23, t = 5.790, p < 0.001),
and neutrophil-to-lymphocyte ratio (NLR; 3.01 ± 0.91 vs.
2.16 ± 0.71, t = 5.115, p < 0.001; Table 2). However, no
significant differences were observed in interleukin-6 level
(31.53± 4.82 vs. 31.24± 4.51, t = 0.305, p = 0.761) or tu-
mor necrosis factor-α level (13.78± 2.61 vs. 13.57± 2.33,
t = 0.418, p = 0.677). These findings suggest a robust in-
flammatory response in the recurrent pneumothorax group,
as evidenced by the elevated levels of CRP, WBC count,
and NLR, highlighting the potential role of inflammation
in the pathophysiology of recurrent pneumothorax and sug-
gesting avenues for further research and targeted therapeu-
tic interventions.

Surgical Procedure Details

The comparison of surgical procedure details between
the no recurrent pneumothorax group and the recurrent
pneumothorax group revealed significant differences in the
type of surgery performed (VATS vs. open, p = 0.006) and
surgical duration (75.31 ± 12.56 vs. 79.66 ± 14.32 min, t
= 1.607, p = 0.111; Table 3). Moreover, the recurrent pneu-
mothorax group showed a higher incidence of intraopera-
tive air leak (9.43% vs. 27.66%, χ2 = 5.606, p = 0.018),
a longer chest tube duration (2.53 ± 0.87 vs. 3.41 ± 0.92
days, t = 4.950, p < 0.001), and a greater need for reoper-
ation (1.89% vs. 17.02%, χ2 = 5.241, p = 0.022; Table 3).
These findings suggest that intraoperative complications,
prolonged chest tube duration, and the need for reoperation
aremore prevalent in the recurrent pneumothorax group, in-
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Table 1. Demographic and clinical characteristics of participants.

Parameters
No recurrent pneumothorax group

(n = 53)
Recurrent pneumothorax group

(n = 47)
t/χ2 p value

Age (years) 28.45 ± 4.67 29.72 ± 5.21 1.274 0.206
Body Mass Index (kg/m²) 23.14 ± 2.36 22.59 ± 2.14 1.211 0.229
Smoking History (pack-years) 7.31 ± 3.28 8.27 ± 3.95 1.327 0.188
Pneumatocele 11 (20.75%) 16 (34.04%) 2.231 0.135
Previous Episode of Pneumothorax 15 (28.30%) 20 (42.55%) 2.224 0.136
Duration of Symptoms (months) 9.56 ± 2.11 10.03 ± 3.52 0.796 0.429
Bilateral Pneumothorax (n) 7 (13.21%) 12 (25.53%) 2.458 0.117
Emergency Department Visits (6 months) 2.14 ± 0.83 2.45 ± 1.23 1.469 0.146
Asthma 4 (7.55%) 12 (25.53%) 5.995 0.014
Chronic Obstructive Pulmonary Disease 3 (5.66%) 13 (27.66%) 8.970 0.003
Smoking-related Lung Disease 10 (18.87%) 20 (42.55%) 6.654 0.016

Table 2. Comparison of inflammatory markers in two groups.
Parameters No recurrent pneumothorax group Recurrent pneumothorax group t p Value

CRP (mg/dL) 2.14 ± 0.42 2.67 ± 0.53 5.487 <0.001
WBC Count (109/L) 8.22 ± 1.23 9.83 ± 1.52 5.790 <0.001
NLR 2.16 ± 0.71 3.01 ± 0.91 5.115 <0.001
Interleukin-6 Level (pg/mL) 31.24 ± 4.51 31.53 ± 4.82 0.305 0.761
Tumor Necrosis Factor-α Level (pg/mL) 13.57 ± 2.33 13.78 ± 2.61 0.418 0.677
CRP, C-reactive protein; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio.

Table 3. Comparison of surgical procedure details in two groups.
Parameters No recurrent pneumothorax group Recurrent pneumothorax group t/χ2 p value

Type of Surgery (VATS vs. Open) 37/16 20/27 7.551 0.006
Surgical Duration (min) 75.31 ± 12.56 79.66 ± 14.32 1.607 0.111
Intraoperative Air Leak 5 (9.43%) 13 (27.66%) 5.606 0.018
Chest Tube Duration (days) 2.53 ± 0.87 3.41 ± 0.92 4.950 <0.001
Need for Reoperation 1 (1.89%) 8 (17.02%) 5.241 0.022
Pleurodesis Procedure 29 (54.72%) 23 (48.94%) 0.334 0.564
Note: VATS, video-assisted thoracic surgery.

dicating potential areas for intervention and postoperative
care improvement to mitigate the risk of recurrence and as-
sociated complications.

Binary Logistic Regression Analysis

Indicators that were statistically different in the single-
factor analysis were included in the binary logistic re-
gression analysis. The binary logistic regression analysis
showed that CRP (odds ratio (OR) = 2.144, p < 0.001),
WBC count (OR = 2.493, p = 0.011), NLR (OR = 3.031, p
< 0.001), and chest tube duration (OR = 9.716, p = 0.010)
were independent risk factors for the recurrence of PSP (Ta-
ble 4).

Discussion

This study aimed to analyze the risk factors for re-
current pneumothorax after surgery for PSP. We conducted

a retrospective analysis of 100 patients from our hospi-
tal, focusing on demographic, clinical, and perioperative
variables. Key findings revealed that elevated CRP, WBC
count, andNLR and prolonged chest tube durationwere sig-
nificantly associated with the risk of recurrent pneumotho-
rax. These factors were identified as independent predictors
of recurrence, suggesting their potential roles in the patho-
physiology and management of postoperative PSP.

Our results align with those of previous studies, em-
phasizing the importance of inflammatory markers and sur-
gical variables in predicting pneumothorax recurrence. For
instance, Saricam et al. [19] reported the correlation be-
tween inflammatory parameters and pneumothorax recur-
rence, supporting our findings.

Adhesion is a response to surgery or injury, usually
caused by a local inflammatory reaction. During surgery,
tissue damage leads to the aggregation of inflammatory
cells and the release of various inflammatory mediators.
These mediators stimulate the proliferation of fibroblasts
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Table 4. Binary logistic regression analysis of various risk factors and recurrence of PSP postsurgery.
Parameters B Std. Error Wald p value Odds ratio 95% confidence interval (CI)

CRP 0.763 0.141 29.051 <0.001 2.144 1.625–2.829
WBC Count 0.913 0.357 6.534 0.011 2.493 1.237–5.021
NLR 1.109 0.297 13.940 <0.001 3.031 1.693–5.425
Intraoperative Air Leak 1.706 1.654 1.065 0.302 5.508 0.216–140.755
Chest Tube Duration 2.274 0.880 6.672 0.010 9.716 1.731–54.547
Need for Reoperation 4.822 2.490 3.751 0.053 124.184 0.944–16,341.091
Asthma 1.417 1.550 0.836 0.361 4.124 0.198–86.031
Chronic Obstructive Pulmonary Disease 1.507 2.652 0.323 0.570 4.512 0.025–816.825
Smoking-related Lung Disease 3.345 1.792 3.485 0.062 28.370 0.846–951.241
Type of Surgery 2.090 1.169 3.195 0.074 8.082 0.817–79.906
Note: PSP, primary spontaneous pneumothorax; Std., standard.

and the synthesis of collagen, ultimately forming fibrous
adhesions. Studies by Saito et al. [20] and Motono et al.
[21] have shown that intraoperative adhesions are a factor
influencing pneumothorax recurrence. CRP is an important
inflammatory marker, and its postoperative elevation typi-
cally reflects the intensity and duration of the inflammatory
response. Postoperative lung inflammation and tissue dam-
age may lead to the reaccumulation of air in the pleural cav-
ity, causing pneumothorax recurrence. Miyahara et al. [22]
demonstrated that elevated CRP levels are significantly as-
sociated with the recurrence rate of pneumothorax, under-
scoring its importance in predicting recurrence. High CRP
levels not only reflect the severity of surgical trauma but
may also directly affect the healing process of lung tissue.
Our data show that NLR is higher in the recurrence group.
This ratio is considered an indicator of inflammatory sta-
tus and immune system activity. A high ratio may indicate
postoperative immune dysfunction, which could affect the
risk of pneumothorax recurrence. Akboga et al.’s study [23]
supports this view, finding that NLR is associated with mor-
tality in pneumothorax patients. Postoperative WBC count
often increases significantly, reflecting the activation of the
immune system and the exacerbation of systemic inflamma-
tory response. Overactivated immune cells can release in-
flammatory mediators, such as cytokines and interleukins,
which may further damage lung tissue and delay the heal-
ing process, thereby increasing the risk of pneumothorax
recurrence. Riveiro-Blanco et al.’s study [24] also found
that elevated WBC count is closely associated with an in-
creased risk of pneumothorax recurrence. These findings
support our conclusion that a high WBC count is an impor-
tant predictor of PSP recurrence.

Furthermore, our study analyzed the effect of chest
tube duration on PSP recurrence. Prolonged chest tube
placement may increase the risk of postoperative infection
and inflammatory response, thereby affecting the healing
process and increasing the likelihood of recurrence. This
finding underscores the importance of managing chest tube
duration in clinical practice to reduce recurrence risk and
promote patient recovery. Studies by Gaunt et al. [25] and

Chambers and Scarci [26] found that prolonged chest tube
duration is significantly associated with increased pneu-
mothorax recurrence rates, consistent with our findings.

Although this study provides an in-depth analysis of
the effects of CRP, WBC count, NLR, and chest tube dura-
tion on PSP recurrence, some limitations remain. For in-
stance, the sample size is relatively small, and the study
is a single-center retrospective design. Therefore, further
multicenter large-sample studies are needed to validate our
results. Additionally, future research could explore other
potential influencing factors. Our findings emphasize the
importance of monitoring and controlling inflammatory re-
sponse in postoperative management. Regular evaluation
of inflammatory markers such as CRP, WBC count, and
NLR can help physicians identify high-risk patients for re-
currence and implement effective interventions, such as en-
hanced postoperative pleurodesis treatment or adjustment
of postoperative chest drainage management strategies, to
reduce recurrence rates and improve long-term outcomes
for patients.

Conclusion

This study demonstrates that elevated CRP, WBC
count, and NLR and prolonged chest tube duration are inde-
pendent predictors of recurrence following surgery for PSP.
These findings underscore the importance of postoperative
inflammatory response and suggest that clinicians should
monitor andmanage thesemarkers to reduce recurrence risk
and improve long-term patient outcomes. Future research
should further validate these results and explore additional
potential influencing factors to optimize postoperativeman-
agement strategies.
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