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A B S T R A C T

Objective: Prolonged length of stay (LOS) increases the economic burden on patients, therefore, 
optimizing LOS is a critical clinical challenge for physicians. This study aims to examine the 
correlation between the postoperative LOS and surgery-related adverse events after bullectomy. 
We defined prolonged postoperative LOS after bullectomy and analyzed the preoperative risk 
factors linked to prolonged LOS.
Methods: In this retrospective study, we analyzed patient data from thoracoscopic bullectomy 
performed at our hospital between January 2018 and December 2023. The receiver operating 
characteristic (ROC) curve was used to identify the optimal cut-off values defining prolonged LOS 
after bullectomy. It was then characterized as prolonged LOS. Patients were divided into pro-
longed and normal LOS groups based on their postoperative duration. Further, univariate and 
multivariate logistic regression analyses were performed to identify preoperative risk factors 
associated with prolonged postoperative LOS after bullectomy.
Results: Among the 152 patients analyzed, binary logistic regression revealed a significant effect 
of surgery-related adverse events after bullectomy on the LOS (P < 0.001). A postoperative LOS 
exceeding 3 days was considered prolonged. Among the 152 patients, 38.2 % (58/152) experi-
enced a prolonged LOS out of which 20.4 % (31/152) developed surgery-related adverse events. 
Multivariate regression analysis revealed that preoperative risk factors associated with prolonged 
LOS included age ≥60 years (OR = 3.052, 95%CI 1.226–7.586, P = 0.016), current smoking 
status (OR = 2.754, 95%CI 1.482–6.346, P = 0.025), and ASA grade 3 (OR = 4.783, 95%CI 
2.356–9.131, P = 0.003).
Conclusion: In summary, the postoperative length of stay beyond 3 days after bullectomy was 
considered prolonged. The preoperative risk factors associated with prolonged postoperative 
stays after bullectomy included age (over 60), current smoking, and grade 3 ASA. Therefore, 
quick identification and intervention in patients with these high-risk factors may promote rapid 
recovery.

1. Introduction

Spontaneous pneumothorax is categorized as either primary (occurring without underlying lung disease), or secondary (associated 
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with underlying lung disease) [1]. Its treatment and management are crucial for reducing recurrence and improving prognosis. 
Surgical treatment is currently considered the most effective intervention for managing spontaneous pneumothorax [2–4]. Despite the 
widespread acceptance of surgical treatment, significant gaps and controversies still exist in the current literature [5]. Current research 
mainly focuses on surgical techniques and short-term outcomes, with relatively little attention to the relationship between prolonged 
postoperative length of stay (LOS) and surgery-related adverse events [6,7]. This lack of knowledge hinders our comprehensive un-
derstanding of surgical outcomes. Further research will help identify high-risk patients, optimize preoperative planning and post-
operative management, and ultimately improve patient prognosis.

Enhanced Recovery After Surgery (ERAS), which improves the efficiency of medical resource utilization and substantially mini-
mizes costs, is gaining increasing acceptance among healthcare professionals and patients [8,9]. Due to the ongoing strides in thor-
acoscopic techniques and increasing patient expectations for high-quality healthcare, thoracoscopic surgery has evolved as the 
preferred approach for bullectomy, aligning with ERAS principles [10,11]. However, healthcare providers face significant challenges 
in improving efficiency and reducing complications as well as costs due to surgery-related adverse events, such as postoperative 
persistent air leakage, resulting in prolonged LOS and high medical expenses [12]. The relationship between a prolonged postoperative 
LOS following bullectomy and surgery-related adverse events remains unclear. This study hypothesizes that: postoperative prolonged 
LOS is significantly associated with surgery-related adverse events, and preoperative high-risk factors can predict these adverse events. 
We retrospectively analyzed clinical data from bullectomy procedures to establish the relationship between postoperative LOS and 
surgery-related adverse events. Additionally, we investigate preoperative high-risk factors affecting prolonged LOS. This is geared 
towards improving postoperative management through early identification and intervention in high-risk patients, hence reducing 
complications and LOS.

2. Materials and methods

We retrospectively analyzed data from patients who underwent thoracoscopic bullectomy in our thoracic surgery department 
between January 2018 and December 2023. The study strictly adhered to the principles of the Declaration of Helsinki and was 
approved by the Ethics Committee of Wenzhou Central Hospital (L2024-04-028). All participants provided written and verbal 
informed consent.

Inclusion Criteria: Patients diagnosed with spontaneous pneumothorax, preoperative chest CT confirming the presence of a 
pulmonary bulla; patients aged between 18 and 80 years; those undergoing thoracoscopic bullectomy; patients with ASA classification 
<4; patients who provided signed informed consent.

Exclusion Criteria: Patients with a history of same-side lung surgery; simultaneous bilateral bullectomy; conversion to open 
thoracotomy; incomplete recording of case data.

2.1. Define surgery-related adverse events

Surgery-related adverse events included conversion to open thoracotomy, operative time ≥3 h, transfusion events, chest tube 
drainage duration ≥48 h [13], unplanned reoperation, antibiotic use ≥48 h, lung infection, lung atelectasis, and lung air leakage. Lung 
air leakage was specifically defined as persistent leakage spanning ≥48 h [14].

2.2. Define prolonged LOS after bullectomy

Patients were categorized into prolonged and normal groups based on postoperative LOS after bullectomy. The incidence rate of 
adverse surgical events was calculated for each group. The relationship between surgical adverse events after bullectomy and LOS was 
investigated using receiver operating characteristic (ROC) curve analysis. The AUC was calculated to measure the overall performance 
of the LOS threshold in predicting adverse surgical events. The AUC value ranged from 0.5 to 1, with higher values indicating better 
discrimination capacity. The Youden Index (J = Sensitivity + Specificity - 1) was used to establish the optimal cut-off value. The 
threshold corresponding to the maximum Youden Index was selected as the critical value for prolonged LOS. The chosen cut-off value 
was validated by comparing the incidence rates of adverse surgical events in patients with prolonged and normal LOS. Logistic 
regression analysis was performed to validate the relationship between the identified threshold and the risk of prolonged LOS.

2.3. Statistical analysis

Statistical data were analyzed using SPSS (version 22.0 SPSS Inc., IL, USA). Continuous data were presented as the mean ± standard 
deviation, and independent sample t-tests were used for between-group comparisons. Categorical variables were expressed as per-
centages and assessed using the Chi-square test or Fisher’s exact test. Univariate factors were identified using Fisher’s exact test or Chi- 
square test. Categorical variables with a significance level of P < 0.1 in univariate analysis were incorporated into multivariate 
regression analysis. The results were reported as odds ratios (OR) with 95 % confidence intervals (95 % CI). P < 0.05 was considered 
statistically significant.

3. Results

A total of 152 patients met the inclusion criteria. Among them, 94 patients had a normal LOS, and 58 patients had a prolonged LOS 
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(Fig. 1). Table 1 shows the overall clinical characteristics of the two groups. Surgery-related adverse events significantly influenced the 
postoperative LOS (p < 0.001), and the occurrence of surgery-related adverse events had a significant diagnostic value for post-
operative LOS after bullectomy (AUC = 0.818, p < 0.001) (Fig. 2). A postoperative LOS of 3 days after bullectomy was identified using 
a maximum Youden Index of 0.602; durations exceeding this threshold were considered prolonged. The incidence of prolonged LOS 
after bullectomy was 38.2 % (58/152), and 20.4 % (31/152) of the patients who experienced surgery-related adverse outcomes. This 
indicates a significant relationship between the incidence of adverse events and the prolongation of LOS. This suggests that adverse 
events are associated with, and may promote prolonged LOS.

In this patient cohort, the rates of specific adverse events were as follows: conversion to open thoracotomy (2.0 %, 3/152), 
operative time ≥3 h (3.3 %, 5/152), transfusion events (3.3 %, 5/152), chest tube drainage duration ≥48 h (11.8 %, 18/152), un-
planned reoperation (0.7 %, 1/152), lung infection (5.3 %, 8/152), lung atelectasis (14.5 %, 22/152), lung air leakage (9.2 %, 14/ 
152), and antibiotic usage ≥48 h (11.2 %, 17/152; Table 2).

Based on the univariate analysis, age, smoking status, ASA classification, and history of chronic lung disease were the significantly 
correlated factors linked to prolonged LOS after bullectomy. In addition, age ≥60 years (p = 0.003), current smoking status (p <
0.001), ASA classification 3 (p = 0.012), and history of chronic lung disease (p = 0.021) were significantly different among the two 
groups. The other preoperative indicators showed no significant differences (Table 1). Factors with P < 0.1 in univariate analysis were 
included in multivariate regression analysis to identify independent preoperative risk factors for prolonged LOS after bullectomy. The 
significant factors included age ≥60 years (OR = 3.052, 95 % CI 1.226–7.586, P = 0.016), current smoking status (OR = 2.754, 95 % CI 
1.482–6.346, P = 0.025), and ASA classification of 3 (OR = 4.783, 95 % CI 2.356–9.131, P = 0.003; Table 3).

4. Discussion

Thoracoscopic bullectomy is an extensively applied surgical intervention for treating spontaneous pneumothorax. Nonetheless, the 
resulting prolonged LOS increases medical expenses and reduces patient satisfaction [15]. As such, it is important to understand the 
preoperative risk factors that influence a prolonged LOS for preventing and effectively managing this concern. Herein, we observed a 
significant effect of postoperative complications on LOS, corroborating the findings from previous research [16].

Primary preoperative risk factors included baseline health of the patient, disease severity, and surgical complexity. Patient age, 
smoking history, and comorbidities are potential factors that can influence the speed and efficacy of postoperative recovery. Several 
studies have proposed that elderly patients may be prone to extended LOS after bullectomy [17]. In the present study, we identified 
patient age >60 years as an independent risk factor influencing prolonged LOS in both univariate and multivariate analyses. This 
observation may be linked to decreased physiological reserves, increased comorbidities, and slower recovery rates among elderly 
patients [18]. We identified current smoking status as an independent risk factor for prolonged LOS. Researchers have speculated that 
smoking may increase respiratory secretions, presenting challenges to expectoration. In non-emergency situations, patients are advised 
to quit smoking for at least two weeks according to the recommendations by Kwak et al. [19] These findings underscore the signif-
icance of preoperative assessment and risk stratification among patients undergoing thoracoscopic bullectomy. Early identification of 
high-risk patients enables targeted interventions, such as optimizing perioperative care, managing underlying conditions, promoting 
smoking cessation before surgery, and refining surgical plans. These measures can minimize postoperative complications, reduce 
hospital stays, and expedite patient recovery.

Lin et al. postulated that patient comorbidities, including emphysema, pulmonary fibrosis, and intraoperative pleural adhesions, 
could affect postoperative LOS [20]. In this investigation, patients with a history of lung diseases had a significantly higher occurrence 

Fig. 1. Details of the study enrollment. ASA = American Society of Anesthesiology; NLOS = normal length of stay; PLOS = prolonged length of stay.
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of postoperative complications and an extended LOS than those without such a history. In a multifactorial retrospective analysis 
however, a history of lung diseases was not an independent risk factor, in line with the clinical research findings of Wakefield et al. 
[21]. Furthermore, pleural adhesions are not regarded independent risk factor promoting an extended LOS.

The ASA classification is a significant risk factor for extended LOS. In this study, patients categorized as ASA Class 3 had a sub-
stantially prolonged LOS, according to the results reported by Choy et al. [22] This is because patients with severe underlying diseases 
are more susceptible to postoperative complications, such as pneumothorax, pneumonia, and respiratory failure, hence causing 
extended LOS.

This study has limitations. First, the small sample size and its nature as a single-center retrospective study may introduce an 
inherent selection bias, making it difficult to control all potential confounding factors. As a consequence, the findings may not be 

Table 1 
Clinical characteristics and univariate analysis of PLOS with patients.

Variables PLOS group (n = 58) NLOS group (n = 94) P value

Age (years), n (%)
≤40 27（46.6） 30（31.9） 0.07
40-60 15（25.9） 15（16.0） 0.136
≥60 16（27.6） 49（46.8） 0.003
Weight (kg), mean (SD) 59（9.5） 63（7.8） 0.152
Height (cm), mean (SD) 166（11.7） 163（14.2） 0.347

Sex, n (%)   0.557
Male 33（56.9） 58（61.7） 
Female 25（43.1） 36（38.3） 

Smoking status, n (%)   
Never 24（41.4） 26（27.7） 0.08
Former 28（48.3） 33（35.1） 0.281
Current 6（10.3） 35（37.2） <0.001

ASA, n (%)   
1 36（62.1） 52（55.3） 0.413
2 21（36.2） 29（30.9） 0.495
3 1（1.7） 13（13.8） 0.012

Pleural adhesion, n (%)   0.851
Yes 8（13.8） 14（14.9） 
No 50（86.2）） 80（85.1） 

Chronic lung disease, n (%)   0.021
Yes 5（8.6） 22（23.4） 
No 53（91.4） 72（76.6） 

Hypertension or diabetes   0.731
Yes 11（19.0） 20（21.2） 
No 47（81.0） 74（78.8） 

SD = standard deviation; ASA = American Society of Anesthesiology; NLOS = normal length of stay; PLOS = prolonged length of stay.

Fig. 2. ROC curve showed the predictability of length of stay after bullectomy based on operation-related adverse outcomes. ROC = Receiver 
Operating Characteristic Curve.
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generalizable to all medical centers. Nevertheless, we used ROC curve analysis to determine a precise cut-off value for defining 
prolonged LOS after bullectomy. Previous studies have shown inconsistent definitions of prolonged LOS, causing variability in clinical 
practice and patient management. By defining prolonged LOS as more than 3 days, this study provides a clear, evidence-based 
threshold applicable to future clinical protocols and research. This is specifically important for guiding the optimization of medical 
resource allocation.

Therefore, early identification of high-risk factors in patients and using targeted interventions, among them optimizing periop-
erative care, addressing underlying conditions, promoting preoperative smoking cessation, and refining surgical plans, can reduce 
postoperative complications, resulting in reduced hospital stays and swift patient recovery.

Ethical approval and consent to participate

This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of the Wenzhou Central Hospital 
(L2024-04-028).
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Table 2 
Operation related adverse outcomes and LOS after bullectomy.

Operation related adverse outcomes, n (%) LOS after bullectomy (days)

1 (n = 55) 2 (n = 39) 3 (n = 28) 4 (n = 17) ≥5 (n = 13)

Conversion to open 0 0 0 1 2
Operative time ≥3 h 0 0 3 1 1
Transfusion event 0 1 2 1 1
Drainage time ≥48 h 0 0 3 10 5
Unplanned reoperation 0 0 0 0 1
Lung infection 0 0 0 2 6
Atelectasis 0 5 3 9 5
Air leakage 0 0 0 8 6
Using antibiotic time ≥48 h 0 0 6 7 4

LOS = length of stay

Table 3 
Risk factors of PLOS by multivariate analysis.

Variable OR 95 % CI P-value

Age (Years)
≤40 (Ref)   
40-60 1.648 0.829–22.036 0.34
≥60 3.052 1.226–7.586 0.016

Smoking status
Never (Ref)

Former 1.212 0.324–1.895 0.358
Current 2.754 1.482–6.346 0.025

ASA
1 (Ref)   
2 1.845 0.960–3.211 0.13
3 4.783 2.356–9.131 0.003

CI = confidence interval; OR = Odds Ratio; ASA = American Society of Anesthesiology; Ref = Reference; PLOS =
prolonged length of stay.
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