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Abstract

Background: The global spread of coronavirus disease 2019 (COVID-19) 

has had a profound public health impact, particularly on perioperative 

management, rendering the optimization of timing for post-infection 

thoracic oncologic surgery a pressing clinical concern.

Methods: This multicenter retrospective cohort study included adult 

patients who underwent elective video-assisted thoracic oncologic surgery 

in February 2023 with confirmed COVID-19 infection ≥4 weeks prior. A 

matched historical control cohort from February 2019 was used for 

comparison. Propensity score matching (PSM) and inverse probability of 

treatment weighting (IPTW) were applied to adjust for confounders. 

Subgroup analyses were conducted based on clinical variables, and logistic 

regression was used to assess the association between infection-to-surgery 

interval and PPCs. 

Results: A total of 846 patients were included. After PSM and IPTW, the 

incidence of PPCs remained comparable between the COVID-19 and no-

COVID-19 groups (PSM: 26.1% vs. 31.8%, p = 0.784; IPTW: 28.0% vs. 

29.7%, p = 0.615). No significant differences in PPC rates were observed 

across infection-to-surgery intervals (4–6, 6–8, and 8–12 weeks; p = 0.953). 

Prior COVID-19 infection was associated with higher postoperative WBC 

counts and lower lymphocyte levels, but not with increased PPCs risk. 
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Smoking history was an independent predictor of PPCs (OR: 2.503, p = 

0.005), while infection timing was not. 

Conclusions: Thoracic oncologic surgery may be considered ≥4 weeks 

after COVID-19 recovery in carefully selected patients. Further prospective 

studies are needed to assess safety in earlier postoperative intervals and 

among patients recovering from severe infection.

Keywords: COVID-19; inverse probability of treatment weighting; optimal 

surgical timing; postoperative pulmonary complications; thoracic 

oncologic surgery.

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



The global spread of coronavirus disease 2019 (COVID-19) over the 

past few years has profoundly impacted public health, particularly in 

perioperative management and postoperative recovery. Notably, a 

significant number of COVID-19 cases continue to emerge during the 

winter and spring seasons even after the end of the pandemic.1 COVID-19 

primarily affects the pulmonary system, induces endothelial dysfunction, 

provokes vascular inflammation, and initiates a systemic inflammatory 

response, which leads to multiple adverse outcomes such as fever, dry 

cough, dyspnea, myalgia, and fatigue.2 Thus, COVID-19 infection increases 

perioperative complication risks even in mild cases,3 with thoracic 

oncologic patients representing a particularly high-risk population.

Approximately 50% of COVID-19 patients developed severe 

postoperative pulmonary complications (PPCs), including acute respiratory 

distress syndrome (ARDS) and unplanned mechanical ventilation 

requirements.2,4 Importantly, even clinically mild PPCs - such as atelectasis 

or prolonged oxygen dependency - were associated with increased 

morbidity and mortality following non-cardiothoracic procedures.5 The 

PPCs risks are compounded by COVID-19-related pulmonary sequelae, 

such as fibrosis and mediastinal lymphadenopathy.6 Undoubtedly, thoracic 

oncologic procedures are vulnerable to COVID-19–related pulmonary 

pathophysiology, which may simultaneously impair surgical exposure and 

increase susceptibility to postoperative pulmonary complications.
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The optimal timing of thoracic oncologic surgery after COVID-19 

infection remains clinically uncertain. While the ASA and APSF Joint 

Statement conservatively recommends a 2-7 week waiting period even for 

low-risk patients and procedures,7 emerging evidence from comprehensive 

population-level analyses of diverse surgical cohorts indicates that 

elevated postoperative risks - specifically 90-day mortality and 30-day 

complications - are principally limited to the immediate two-week period 

following infection.8 

This critical knowledge gap prompted our focused investigation into 

thoracic surgical oncology, which presents unique clinical challenges. 

Therefore, this multicenter retrospective cohort study was designed to 

assess whether thoracic oncologic surgery performed ≥4 weeks after 

confirmed COVID-19 infection is associated with an elevated risk of PPCs. 

The findings may guide individualized surgical timing strategies 

and reduce unnecessary delays in clinically time-sensitive thoracic 

oncologic procedures for high-risk patients.
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Methods

Study Design 

This multicenter retrospective study was approved by the Ethics 

Committee of the First Affiliated Hospital with Nanjing Medical University 

(Approval No. 2023-SR-174), the Affiliated Cancer Hospital of Nanjing 

Medical University (Approval No. 2023-KE-KUAI-038), and the Affiliated 

Taikang Xianlin Drum Tower Hospital with the Medical School of Nanjing 

University (Approval No. LS202317). The study was registered with the 

Chinese Clinical Trial Registry (ChiCTR; registration number: 

ChiCTR2400090009; date of registration: 23 September 2024). Electronic 

medical records were reviewed for patients admitted between February 1 

and February 28 in both 2019 and 2023. This study adhered to the 

Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) guidelines. Given the retrospective nature of the study and the 

use of anonymized patient data, the requirement for informed consent was 

waived by the Institutional Review Boards of the First Affiliated Hospital 

with Nanjing Medical University, the Affiliated Cancer Hospital of Nanjing 

Medical University, and the Affiliated Taikang Xianlin Drum Tower 

Hospital with the Medical School of Nanjing University. All methods were 

performed in accordance with relevant guidelines and regulations.

Patient Cohort 

The study population comprised consecutive adult patients (≥18 years) 
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undergoing elective video-assisted thoracoscopic oncologic surgery 

between February 1 and 28, 2023, with all procedures performed 4-12 

weeks following laboratory-confirmed COVID-19 diagnosis. To ensure valid 

comparison, we identified a matched control cohort consisting of adults 

who underwent video-assisted thoracoscopic oncologic surgery in 

February 2019, a pre-pandemic period selected to eliminate any potential 

SARS-CoV-2 exposure while preserving seasonal comparability of 

perioperative respiratory risk. Exclusion criteria consisted of incomplete 

medical records, ambulatory procedures, and endoscopic thoracic 

sympathectomy. Enrolled patients were categorized into two groups: 

COVID-19 group and no-COVID-19 group. The COVID-19 cohort was 

stratified into three subgroups based on the interval between COVID-19 

infection diagnosis and surgery: 4–6 weeks, 6–8 weeks, and 8–12 weeks. 

Propensity score matching (PSM) and inverse probability of treatment 

weighting (IPTW) were employed to adjust for known confounders and 

ensure balance between the two groups.

COVID-19 Diagnosis Exposure

Confirmation of COVID-19 infection required at least one positive 

result obtained through either nucleic acid amplification testing (including 

RT-PCR or viral genome sequencing) or antigen detection testing, using 

nasopharyngeal or oropharyngeal swab specimens. As reported,9 

asymptomatic infection was defined as a laboratory confirmed SARS-CoV-
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2 infection without clinical symptoms; mild and moderate disease were 

distinguished by the absence or presence of radiologic evidence of 

pneumonia, respectively; whereas severe and critical disease were 

characterized by hypoxemic respiratory failure or organ dysfunction. 

COVID-19 vaccination status was recorded as a binary variable (vaccinated 

vs. unvaccinated), defined by history of at least one dose of any SARS-CoV-

2 vaccine prior to surgery. 

Study Outcomes 

The primary outcome was the incidence of PPCs occurring within the 

first seven days following thoracic oncologic surgery. We focused on PPCs 

occurring within the initial 7 postoperative days, as most patients were 

discharged within this timeframe. PPCs were defined according to prior 

research and clinical guidelines, including pneumonia, respiratory failure, 

bronchospasm, atelectasis, pleural effusion, pneumothorax and aspiration 

pneumonitis. Notably, pleural effusion and pneumothorax were classified 

as PPCs only when occurring in the non-operated lung, thereby 

distinguishing them from routine post-surgical changes on the operative 

side.10 Diagnosis of PPCs was determined by two independent, experienced 

researchers under the guidance of a radiologist. In the case of 

disagreements, the diagnosis was discussed within the research group. 

Secondary outcomes encompassed inflammatory markers (white blood cell 

and lymphocyte counts) measured on postoperative day 1, duration of 
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thoracic drainage, and length of postoperative hospitalization, 

postoperative cardiovascular and thromboembolic events before discharge.

Statistical Analysis

Statistical analysis was performed using R software (version 4.2.0, R 

Foundation for Statistical Computing, Vienna, Austria) and IBM SPSS 

Statistics for Windows (Version 21.0. Armonk, NY: IBM Corp.). Descriptive 

statistics were expressed as mean ± standard deviation (SD) or median 

(interquartile range, IQR) and analyzed using the independent Student’s t-

test or the Mann-Whitney U test, depending on data distribution. 

Categorical variables were reported as number (percentage) and analyzed 

using the Chi-square test or Fisher’s exact test. Missing data <5% were 

handled with complete case analysis; otherwise, multiple imputations were 

applied. The propensity score models were estimated from age, sex, BMI, 

ASA class, smoking, comorbidities, and type of surgery. Patients were 

matched 1:1 (nearest neighbor, caliper 0.1), with covariate balance 

assessed by standardized mean differences (SMD<0.1). IPTW was also 

performed for sensitivity analysis.

In the COVID-19 cohort, logistic regression assessed the association 

between infection-to-surgery interval (4–6, 6–8, 8–12 weeks) and PPCs, 

adjusting for age, sex, BMI, ASA, smoking, comorbidities, vaccination 

status, COVID-19 severity, and type of surgery. Adjusted odds ratios (ORs) 

and 95% confidence intervals (CIs) were calculated. We also performed 
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predefined subgroup analyses stratified by age, gender, BMI, smoking, and 

type of surgery. A p value < 0.05 was considered statistically significant. 

Results

Patient Demographics 

The patient flow chart is shown in Fig.1. Our study initially enrolled 

1,015 eligible patients who underwent thoracic oncologic surgery during 

February 2019 and February 2023. Ultimately, among the 846 enrolled 

patients, 350 patients (41.4%) were allocated to the no-COVID-19 group, 

and 496 patients (58.6%) were allocated to the COVID-19 group. Based on 

previous literatures,4,11 the incidence of PPCs following thoracic oncologic 

surgery ranges from 25% to 33%. This study hypothesized that the 

incidence of PPCs would be 33% in the no-COVID-19 group and 50% in the 

COVID-19 group, respectively. To detect this difference with a significance 

level (α) of 0.025 and a power (1-β) of 0.90, at least 254 patients were 

required in each group, accounting for a 20% dropout rate. Therefore, the 

sample size of this present study is sufficient to meet statistical 

requirements.

Table 1 presents the baseline characteristics and perioperative 

variables before and after PSM. Before matching, significant between-

group differences were observed in age (p = 0.054), gender (p = 0.034), 

hypertension status (p = 0.043), and type of surgery (p < 0.001). Following 

PSM, the matched cohort comprised 566 patients (283 per group), with no 
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significant differences in demographic or perioperative variables. Similarly, 

IPTW analysis demonstrated balanced baseline characteristics between 

groups. SMD for all variables before and after matching are shown in 

Supplementary Fig. 1.

Incidence of PPCs

After adjustment for baseline confounding using both PSM and IPTW, 

the incidence of PPCs remained comparable between the COVID-19 and 

no-COVID-19 groups (PSM: 26.1% vs. 31.8%, p = 0.784; IPTW: 28.0% vs. 

29.7%, p = 0.615; Table 2). Consistently, no significant differences were 

observed in the incidence of pneumonia (PSM: 18.4% vs. 24.0%, p = 0.839; 

IPTW: 20.0% vs. 22.7%, p = 0.375), pleural effusion (PSM: 11.7% vs. 15.5%, 

p = 0.220; IPTW: 10.2% vs. 13.6%, p = 0.145), or atelectasis (PSM: 1.8% 

vs. 0.7%, p = 0.447; IPTW: 1.6% vs. 0.8%, p = 0.379). Pneumothorax was 

rare in both groups, and no meaningful difference was detected under 

either method (PSM: 0% vs. 0%; IPTW: 0.2% vs. 0%, p = 0.321). 

Secondary Outcomes

Patients in the COVID-19 group exhibited significantly elevated 

postoperative inflammatory markers compared to those in the no-COVID-

19 group. This was demonstrated by the increased WBC count (10.9 ± 3.4 

× 109/L vs.7.9 ± 6.4 × 109/L, p < 0.001) and the decreased lymphocyte 

count (1.3 ± 1.1 × 109/L vs.4.6 ± 4.9 × 109/L, p < 0.001). The COVID-19 

group also demonstrated shorter duration of surgery (94 [62, 135] min vs. 
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145 [102, 210] min, p < 0.001), reduced duration of thoracic drainage (2 

[2, 4] d vs. 4 [3, 7] d, p < 0.001), and decreased length of postoperative 

hospitalization (3 [3, 5] d vs. 6 [4, 10] d, p < 0.001). 

No major postoperative cardiovascular or thromboembolic events were 

observed in the no-COVID-19 group (n = 350). In the COVID-19 group (n 

= 496), two thromboembolic events were documented: one case of 

postoperative pulmonary embolism and one case of muscular calf vein 

thrombosis. No significant differences were observed between the two 

groups in the incidence of cardiovascular and thromboembolic 

complications (p = 0.514).

PSM and IPTW 

After PSM and IPTW, significant differences remained between the two 

groups in terms of postoperative WBC count (PSM: 11.1 ± 3.6 × 109/L 

vs.8.4 ± 6.3 × 109/L, p < 0.001; IPTW: 10.9 ± 3.5 × 109/L vs.8.2 ± 6.3 × 

109/L, p < 0.001), lymphocyte count (PSM: 1.4 ± 1.0 × 109/L vs.4.1 ± 4.6 

× 109/L, p < 0.001; IPTW: 1.3 ± 1.2 × 109/L vs.4.3 ± 4.7 × 109/L, p < 0.001), 

and duration of surgery (PSM: 95 [61, 139] min vs. 131 [98, 184] min, p < 

0.001; IPTW: 120.0 ± 78.6 min vs.151.7 ± 77.5 min, p < 0.001). Similarly, 

duration of thoracic drainage and length of postoperative hospitalization 

were significantly shorter in the COVID-19 group compared to the no-

COVID-19 group after PSM (2 [2, 4] d vs. 3[2, 5] d, P < 0.001; 3 [3, 6] d vs. 

5 [4, 7] d, p < 0.001) and after IPTW (3.3 ± 2.6 d vs. 4.8 ± 4.6 d, p < 0.001; 
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5.2 ± 3.9 d vs. 7.1 ± 6.3 d, p < 0.001).  

Characteristics and Postoperative Outcomes by Infection-to-

Surgery Interval 

Patients in the COVID-19 group were then divided into three groups 

according to the interval from the diagnosis of COVID-19 infection to the 

day of surgery (4-6 weeks, 6-8 weeks and 8-12 weeks). Baseline 

characteristics and postoperative outcomes across the three groups are 

presented in Table 3. No statistically significant differences were observed 

among the three interval groups (4–6 weeks, 6–8 weeks, and 8–12 weeks) 

regarding age, gender, BMI, ASA status, vaccination status, COVID-19 

severity, or residual post-COVID symptoms. However, significant 

differences were noted in types of surgery (p < 0.001). The incidence of 

PPCs was comparable across the three groups (27.4%, 29.2%, and 28.1%, 

respectively; p = 0.953). Similarly, no significant differences were 

observed in the requirement for home oxygen therapy within one-year 

follow-up (8.1%, 7.6%, and 5.2%, respectively; p = 0.529). In addition, 

residual post-COVID symptoms were documented in 61 patients, including 

residual cough (n = 51), sore throat (n = 6), chest tightness (n = 5), and 

myalgias (n = 5). All symptoms were mild, and none affected patients’ 

fitness for elective surgery (p = 0.478).

Impact of COVID-19 Infection-to-Surgery Interval on PPCs After 

Adjustment 
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The multivariable logistic regression analysis (Table 4) revealed no 

significant association between infection-to-surgery interval and the risk of 

PPCs after adjusting for potential confounders. However, increased age 

(OR: 1.024, 95% CI: 1.004–1.045, p = 0.020) and smoking history (OR: 

2.503, 95% CI: 1.314–4.767, p = 0.005) were identified as independent risk 

factors for PPCs. Other covariates including gender, BMI, hypertension, 

diabetes, ASA status, heart disease, vaccination status, COVID-19 severity, 

type of surgery, and duration of surgery were not significantly associated 

with PPCs.

Subgroup Analysis

As shown in Fig. 2, a post-hoc subgroup interaction analysis of this 

study was performed based on predefined variables. A statistically 

significant interaction was observed between smoking history and 

infection-to-surgery interval (p for interaction = 0.006). Patients with no 

history of smoking who underwent surgery 4–6 weeks after COVID-19 

infection had a significantly lower risk of PPCs compared to those with a 

history of smoking (OR: 0.65, 95% CI: 0.47-0.90, p = 0.009). Although 

smokers exhibited an increased relative risk of PPCs, the increase was not 

statistically significant (OR: 2.09, 95% CI: 0.97-4.52, p = 0.061). No 

significant interactions were observed for other variables, including age, 

gender, BMI, ASA, and type of surgery (p > 0.05). 

 

Discussion
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A pre-pandemic control group was essential to ensure that all 

comparison patients were entirely free from SARS-CoV-2 exposure, 

avoiding potential contamination from asymptomatic infection or 

pandemic-related system effects inherent in 2020–2023 cohorts. The 

February 2019 population therefore provided a robust COVID-19 reference 

group. Prior institutional data from thoracic surgery cases (1998–2016) 

demonstrated no meaningful temporal trends in PPC rates,12 and ERAS 

protocols, although effective in reducing hospital stay, have shown minimal 

impact on overall PPC incidence.13 

Initial guideline recommended deferring elective surgeries for seven 

weeks post-COVID-19 diagnosis to mitigate perioperative complications.14 

In addition, these guidelines highlight the uncertainty that persists during 

the early recovery period and recommend individualized risk assessment 

for procedures scheduled between two and seven weeks after SARS-CoV-2 

infection.7 Given the elevated PPCs risk inherent to major thoracic 

procedures, we established an 8-week post-COVID threshold to ensure 

clinical generalizability. In our cohort, only ten patients underwent surgery 

within 0–2 or 2–4 weeks after COVID-19 infection during the study period, 

rendering the sample insufficient for meaningful analysis. Therefore, our 

investigation focused on patients undergoing surgery ≥ 4 weeks after 

infection. Notably, our dataset did not include cases diagnosed >12 weeks 

before surgery. 
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This study demonstrated that thoracic oncologic surgery ≥4 weeks 

after COVID-19 was not associated with increased PPCs compared to a 

matched historical cohort. Stratified analysis of surgical timing intervals 

(4-6 weeks, 6-8 weeks, and 8-12 weeks post-infection) revealed no 

statistically significant differences. These findings align with and 

substantially reinforce the current ASA and APSF guidelines.7 However, as 

patients undergoing surgery within <4 weeks after infection were not 

evaluated and patients with moderate or severe COVID-19 were 

underrepresented, caution is warranted when extrapolating these results 

to earlier postoperative intervals or more severe disease. 

Our primary outcome analysis following PSM and IPTW revealed no 

significant association between prior COVID-19 infection and an increased 

risk of PPCs. These findings align with evolving perioperative guidelines 

and provide oncologic thoracic-specific data, supporting individualized 

surgical decision-making in this high-risk population. Importantly, our 

results differ from earlier reports suggesting higher perioperative 

mortality and adverse outcomes associated with COVID-19.15 Previous 

studies predominantly concentrated on the pandemic timeframe, often 

involving patients with active or severe COVID-19. It is unequivocal that 

any recent respiratory illness can increase the risk of perioperative 

complications.16 Moreover, those studies frequently lacked thoracic 

oncologic surgery-specific data and included patients who underwent 
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surgery within four weeks of infection—a population excluded in our study. 

Therefore, while our findings may more accurately reflect contemporary 

clinical practice in the post-pandemic era, they should be interpreted 

within the context of selective case inclusion.

Notably, despite extensive adjustment using PSM and IPTW, patients 

in the COVID-19 group exhibited shorter operative duration, reduced 

thoracic drainage time, and shorter postoperative hospital stay. Rather 

than indicating a protective effect of prior COVID-19 infection, these 

findings are more likely to reflect a selection process in clinical practice. 

Specifically, surgeons and multidisciplinary teams may have preferentially 

deferred patients with greater surgical complexity or higher complication 

risk after COVID-19 infection. This selection bias may have partially 

contributed to the favorable perioperative recovery metrics observed in the 

COVID-19 group and should be carefully considered when interpreting 

comparative outcomes.

Our analysis revealed no significant differences in PPCs across varying 

recovery intervals (4–6 weeks, 6–8 weeks, and 8–12 weeks) between 

COVID-19 diagnosis and thoracic oncologic surgery. However, a longer 

duration from COVID-19 diagnosis to surgery was associated with reduced 

odds of major postoperative cardiovascular morbidity.17 The interval 

between COVID-19 diagnosis and surgery was documented to influence 

both mortality and pulmonary risk, with the effect diminishing after 2 
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weeks.18 Although current guidelines recommend that time-sensitive 

surgeries should be performed seven weeks after COVID-19 infection,3 our 

data suggest that, in carefully selected patients, thoracic oncologic surgery 

may be performed safely beyond four weeks after COVID-19 infection; 

however, this observation should not be interpreted as evidence supporting 

earlier surgery in unselected or higher-risk populations. 

Pneumonia rates observed in our cohort (22–25%) are consistent with 

previously reported incidences of PPCs following thoracic procedures. 

Published studies have documented a 31.9% incidence of postoperative 

pneumonia in patients undergoing thoracoscopic resection for non-small 

cell lung cancer,19 as well as a 36.0% PPCs rate in ICU patients following 

noncardiac thoracic surgery, of which pneumonia accounted for 32.2% of 

all cases.20 These data underscore the inherently elevated risk of 

pulmonary complications associated with thoracic procedures and validate 

the observed rates within our study cohort.

Notably, despite comparable PPC rates, patients with prior COVID-19 

infection exhibited higher postoperative WBC counts and lower lymphocyte 

counts, reflecting persistent immunologic alterations. Lymphopenia is 

prevalent among patients with COVID-19.21,22 The magnitude and duration 

of peripheral blood lymphocyte count decline is predictive of disease 

severity and death.23 This discrepancy suggests that while COVID-19 may 

induce an inflammatory response, the induced inflammatory response does 
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not necessarily lead to a higher incidence of PPCs. It is possible that 

advancements in perioperative management and surgical techniques have 

mitigated the potential risks posed by this heightened inflammatory state. 

In addition to inflammatory markers, postoperative cardiovascular and 

thromboembolic events were also evaluated. In our cohort, these events 

occurred infrequently in both the COVID-19 and non-COVID-19 groups. 

Due to the low event rates, the study was underpowered to detect 

meaningful between-group differences in cardiovascular and 

thromboembolic outcomes. Consequently, the absence of statistically 

significant differences should be interpreted with caution and cannot be 

taken as conclusive evidence of comparable risk between the groups.

Finally, a post-hoc subgroup analysis was conducted to explore 

potential effect modification. Patients without a history of smoking 

exhibited a lower risk of PPCs after thoracic oncologic surgery following 

COVID-19 infection, consistent with established evidence supporting 

smoking cessation as a key strategy for reducing PPCs risk.24 Quitting 

smoking for more than 4 weeks can effectively reduce the risk of PPCs.25 

This emphasizes the importance of considering individual risk factor on the 

assessment of postoperative adverse outcomes. It should be noted that all 

subgroup and interaction analyses were exploratory and performed post 

hoc; therefore, these results carry an increased risk of type I error and 

should be interpreted with caution as hypothesis-generating rather than 
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confirmatory.

Our present study has several limitations. First, preoperative 

pulmonary function data were unavailable for many patients because 

infection control policies during the study period suspended such tests, 

which were considered high-risk aerosol-generating procedures. Second, 

only 10 patients underwent surgery within 0–4 weeks after COVID-19 

infection, rendering the sample size insufficient for meaningful analysis of 

this early postoperative interval. Third, although PSM and IPTW were used 

to balance measured confounders, the use of a historical pre-pandemic 

control cohort may still introduce residual confounding due to unmeasured 

systematic changes over time. These include potential differences in 

surgical indications, case selection, perioperative decision-making, and 

healthcare system organization between the pre-pandemic and 

post-COVID-19 periods. Such factors could influence the observed 

associations and should be considered when interpreting the results. 

Finally, sensitivity analyses using alternative definitions of PPCs were not 

performed. Future prospective studies incorporating broader complication 

definitions, standardized pulmonary risk assessment tools, and 

contemporaneous control cohorts are warranted to further validate these 

findings.

Conclusion

In summary, for appropriately selected patients, elective thoracic 
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oncologic surgery performed ≥4 weeks after COVID-19 infection is not 

associated with an increased risk of PPCs compared with a pre-pandemic 

historical cohort. Further prospective studies are needed to assess safety 

in earlier postoperative intervals and among patients recovering from 

severe infection.
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Figure Legends

Figure 1. Study Enrollment and Participant Flow

Flowchart depicting the enrollment and selection process of the study 

participants. Initially, 1,015 patients were assessed for eligibility, with 169 

patients excluded due to endoscopic thoracic sympathectomy (n = 5) or missing 

COVID-19 infection data (n = 164). The analysis included an unmatched cohort of 

846 patients, divided into the no-COVID-19 group (n = 350) and COVID-19 group 

(n = 496). Propensity score matching and inverse probability of treatment 

weighting were applied to compare outcomes before and after matching.

Figure 2. Subgroup Analysis of Postoperative Pulmonary Complications 

(PPCs)

Forest plot illustrating the odds ratio (OR) of PPCs in various subgroups defined 

by patient characteristics including gender (female vs. male), age (≥65 years vs. 

<65 years), ASA status (Ⅰ, Ⅱ or Ⅲ), BMI (≥30 kg/m2 vs. <30 kg/m2), smoking status 

(yes vs. no), and type of surgery (pulmonary or mediastinal surgery vs. esophageal 

surgery). Interaction analyses were performed for each subgroup, with 

statistically significant interactions (p<0.05) highlighted.

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Notes: Values are shown in n (%) or mean (SD). BMI: Body Mass Index (kg/m²); ASA status: American Society 

of Anesthesiologists physical status classification; PSM: propensity score matching; IPTW: inverse probability of 

treatment weighting.

Table 1. Comparisons of baseline features between no-COVID-19 group and COVID-19 group before matching and after matching

Before matching After PSM After IPTWVariables

Total No-COVID COVID  P No-COVID  COVID P No-COVID COVID P

n 846 350 496 NA 283 283 NA 838.6 848.3 NA

Age, mean (± SD) 57.3 (12.3) 56.3 (12.0) 58.0 (12.5) 0.054 57.2 (11.7) 56.8 (13.0) 0.69

1

57.0 (12.1) 57.1 (12.9) 0.97

1

Gender, n (%) 0.034 0.61

1

0.93

8

Male 366 (43.3) 167 (47.7) 199 (40.1) 121 (42.8) 128 (45.2) 364.0 (43.4) 365.6 (43.1)

Female 480 (56.7) 183 (52.3) 297 (59.9) 162 (57.2) 155 (54.8) 474.6 (56.6) 482.6 (56.9)

BMI, mean (± SD) 23.7 (3.5) 23.7 (3.2) 23.7 (3.7) 0.727 23.8 (3.2) 23.9 (3.8) 0.62

8

23.8 (3.3) 23.7 (3.7) 0.80

5

ASA status, n (%) 0.734 0.87

5

0.89

5

Ⅰ 63 (7.4) 29 (8.3) 34 (6.9) 19 (6.7) 22 (7.8) 57.9 (6.9) 59.5 (7.0)

Ⅱ 650 (76.8) 266 (76.0) 384 (77.4) 219 (77.4) 215 (76.0) 661.3 (78.9) 658.1 (77.6)

Ⅲ 133 (15.7) 55 (15.7) 78 (15.7) 45 (15.9) 46 (16.3) 119.4 (14.2) 130.6 (15.4)

Smoking history, 

n (%)

143 (16.9) 51 (14.6) 92 (18.5) 0.154 45 (15.9) 44 (15.5) 1.00

0

138.0 (16.5) 142.4 (16.8) 0.91

2

Comorbidities, n 

(%)

Hypertension 190 (22.5) 66 (18.9) 124 (25.0) 0.043 63 (22.3) 60 (21.2) 0.83

8

196.8 (23.5) 192.9 (22.7) 0.83

6

Diabetes 69 (8.2) 23 (6.6) 46 (9.3) 0.198 22 (7.8) 21 (7.4) 1.00

0

61.5 (7.3) 68.4 (8.1) 0.72

3

Heart disease 25 (3.0) 7 (2.0) 18 (3.6) 0.241 6 (2.1) 10 (3.5) 0.44

7

25.0 (3.0) 25.9 (3.1) 0.96

3

Type of surgery 

(%)

＜0.001 0.59

7

0.96

0

Wedge 

resection

115 (13.6) 30 (8.6) 85 (17.1) 29 (10.2) 35 (12.4) 128.6 (15.3) 115.9 (13.7)

Segmentectomy 236 (27.9) 62 (17.7) 174 (35.1) 46 (16.3) 46 (16.3) 200.5 (23.9) 220.2 (26.0)

Lobectomy 325 (38.4) 163 (46.6) 162 (32.7) 144 (50.9) 137 (48.4) 339.7 (40.5) 343.5 (40.5)

Mediastinal 

mass resection

55 (6.5) 21 (6.0) 34 (6.8) 18 (6.4) 26 (9.2) 56.1 (6.7) 57.6 (6.8)

Esophagectomy 115 (13.6) 74 (21.1) 41 (8.3) 46 (16.3) 39 (13.8) 113.7 (13.6) 111.1 (13.1)
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Notes: Values are shown in n (%) or mean (SD) or median [IQR]. PPCs: Postoperative Pulmonary Complications; 

WBC: Postoperative white blood cell count (×10⁹/L); PSM: propensity score matching; IPTW: inverse probability 

of treatment weighting; IQR, interquartile range.

Table 2. Comparisons of perioperative outcomes between no-COVID-19 group and COVID-19 group before matching and after matching.

Before matching After PSM After IPTWVariables

Total No-COVID COVID  p No-COVID COVID p No-COVID COVID p

n 846 350 496 NA 283 283 NA 838.61 848.27 NA

PPCs 258 (30.5) 117 (33.4) 141 (28.4) 0.139 90 (31.8) 74 (26.1) 0.784 249.4 

(29.7)

237.8 

(28.0)

0.615

Pneumonia, n (%) 190 (22.5) 89 (25.4) 101 (20.4) 0.098 68 (24.0) 52 (18.4) 0.839 190.3 

(22.7)

169.5 

(20.0)

0.375

Pleural effusion, n 

(%)

106 (12.5) 51 (14.6) 55 (11.1) 0.161 44 (15.5) 33 (11.7) 0.220 113.9 

(13.6)

86.8 (10.2) 0.145

Atelectasis, n (%) 9 (1.1) 3 (0.9) 6 (1.2) 0.879 2 (0.7) 5 (1.8) 0.447 6.8 (0.8) 13.2 (1.6) 0.379

Pneumothorax, n 

(%)

1 (0.1) 0 (0.0) 1 (0.2) 1.000 0 (0.0) 0 (0.0) NA 0 (0.0) 1.4 (0.2) 0.321

Duration of surgery, 

median [IQR]

113 [75,173] 145 

[102,210]

94 [62,135] ＜0.001 131 [98,184] 95 [61,139] ＜0.001 151.7 

(77.5)

120.0 

(78.6)

＜0.001

Postoperative WBC, 

mean (± SD)

9.7 (5.1) 7.9 (6.4) 10.9 (3.4) ＜0.001 8.4 (6.3) 11.1 (3.6) ＜0.001 8.2 (6.3) 10.9 (3.5) ＜0.001

Postoperative 

lymphocyte, mean 

(± SD)

2.7 (3.7) 4.6 (4.9) 1.3 (1.1) ＜0.001 4.1 (4.6) 1.4 (1.0) ＜0.001 4.3 (4.7) 1.3 (1.2) ＜0.001

Length of 

postoperative 

hospitalization, 

median [IQR]

4[3,7] 6 [4,10] 3 [3,5] ＜0.001 5 [4,7] 3 [3,6] ＜0.001 7.1 (6.3) 5.2 (3.9) ＜0.001

Duration of thoracic 

drainage, median 

[IQR]

3[2,5] 4 [3,7] 2 [2,4] ＜0.001 3 [2,5] 2 [2,4] ＜0.001 4.8 (4.6) 3.3 (2.6) ＜0.001

Postoperative 

cardiovascular 

complications

0 (0.0) 0 (0.0) 0 (0.0) NA 0 (0.0) 0 (0.0) NA 0 (0.0) 0 (0.0) NA

Thromboembolic 

events

2 (0.2) 0 (0.0) 2 (0.4) 0.514 0 (0.0) 1 (0.4) 0.500 0 (0.0) 3.4 (0.4) 0.123
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Table 3. Characteristics and Postoperative Outcomes by Infection-to-Surgery Interval

Variable 4–6 weeks

N=62

6–8 weeks

N=185

8-12 weeks

N=249

p-value

Age, mean (± SD) 61.2 (12.1) 57.7 (11.7) 57.4 (13.0) 0.092

Gender, n (%) 0.999

Male 25 (40.3%) 74 (40.0%) 100 (40.2%)

Female 37 (59.7%) 111 (60.0%) 149 (59.8%)

BMI (mean ± SD) 23.9 (5.0) 23.6 (2.9) 23.8 (3.8) 0.749

ASA status, n (%) 0.358

Ⅰ 3 (4.8) 10 (5.4) 21 (8.4)

Ⅱ 45 (72.6) 146 (78.9) 193 (77.5)

Ⅲ 14 (22.6) 29 (15.7) 35 (14.1)

Smoking history (%) 14 (22.6) 30 (16.2) 48 (19.3) 0.494

Comorbidities, n (%)

Hypertension 20 (32.3) 45 (24.3) 59 (23.7) 0.383

Diabetes 4 (6.5) 19 (10.3) 23 (9.2) 0.668

Heart disease 1 (1.6) 8 (4.3) 7 (2.8) 0.504

Type of surgery (%) <0.001

Wedge resection 11 (17.7) 39 (21.1) 85 (17.1)

Segmentectomy 12 (19.4) 54 (29.2) 108 (35.1)

Lobectomy 25 (40.3) 66 (35.7) 71 (28.5)

Mediastinal tumor resection 3 (4.8) 9 (4.9) 22 (8.8)

Esophagectomy 11 (17.7) 17 (9.2) 13 (5.2)

Vaccinated (%) 57 (91.9) 170 (91.9) 229 (92.0) 1.000

COVID-19 severity 0.058

Asymptomatic 1 (1.6) 19 (10.3) 24 (9.6)

Mild 57 (91.9) 162 (87.6) 222 (89.2)

Moderate 3 (4.8) 2 (1.1) 3 (1.2)

Severe 1 (1.6) 2 (1.1) 0 (0.0)

Residual symptoms 0.478

Cough 18 (29.0) 12 (6.5) 20 (8.0)

Sore throat 2 (3.2) 2 (1.1) 2 (0.8)

Chest distress 0 (0.0) 3 (1.6) 2 (0.8)

Myalgias 3 (4.8) 1 (0.5) 1 (0.4)

Home oxygen therapy within one-year-

follow-up

5 (8.1) 14 (7.6) 13 (5.2) 0.529

PPCs 17 (27.4) 54 (29.2) 70 (28.1) 0.953

Notes: Values are shown in n (%) or mean (SD). BMI: Body Mass Index (kg/m²); ASA status: American Society 

of Anesthesiologists physical status classification; PPCs: Postoperative Pulmonary Complications.
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Table 4. Adjusted Odds Ratios for Risk Factors Associated with PPCs

Notes: BMI: Body Mass Index (kg/m²); ASA status: American Society of Anesthesiologists physical status 

classification.

Variable OR 95%CI p-value

Main Exposure

4-6weeks Ref Ref 0.633

6-8weeks 1.233 (0.627-2.390) 0.554

8-12weeks 1.084 (0.514-1.941) 0.996

Covariates

Age 1.024 (1.004-1.045) 0.020

Gender 0.644 (0.367-1.131) 0.126

BMI 1.035 (0.974-1.100) 0.267

ASA status

Ⅰ Ref Ref 0.577

Ⅱ 1.645 (0.632-4.283) 0.308

Ⅲ 1.522 (0.484-4.794) 0.473

Smoking history 2.503 (1.314-4.767) 0.005

Hypertension 0.597 (0.346-1.029) 0.063

Diabetes 1.074 (0.505-2.284) 0.853

Heart disease 0.682 (0.197-2.364) 0.547

Type of surgery

Wedge resection Ref Ref 0.636

Segmentectomy 1.470 (0.768-2.814) 0.245

Lobectomy 1.296 (0.663-2.535) 0.449

Mediastinal tumor resection 1.391 (0.522-3.708) 0.510

Esophagectomy 2.294 (0.732-7.187) 0.154

Duration of surgery 0.999 (0.995-1.003) 0.597

Vaccinated (%) 2.255 (0.945-5.379) 0.067

COVID-19 severity

Asymptomatic Ref Ref 0.842

Mild 0.768 (0.386-1.525) 0.450

Moderate 0.440 (0.044-4.379) 0.483

Severe Ref Ref 0.999
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Table 1. Comparisons of baseline features between no-COVID-19 group and COVID-19 group before matching and after 

matching

Before matching After PSM After IPTWVariables

Total No-COVID COVID  P No-COVID  COVID P No-COVID COVID P

n 846 350 496 NA 283 283 NA 838.6 848.3 NA

Age, mean (± SD) 57.3 

(12.33)

56.3 (12.0) 58.0 (12.5) 0.05

4

57.2 (11.7) 56.8 (13.0) 0.69

1

57.0 (12.1) 57.1 (12.9) 0.97

1

Gender, n (%) 0.03

4

0.61

1

0.93

8

Male 366 (43.3) 167 (47.7) 199 (40.1) 121 (42.8) 128 (45.2) 364.0 

(43.4)

365.6 

(43.1)

Female 480 (56.7) 183 (52.3) 297 (59.9) 162 (57.2) 155 (54.8) 474.6 

(56.6)

482.6 

(56.9)

BMI, mean (± SD) 23.7 (3.5) 23.7 (3.2) 23.7 (3.7) 0.72

7

23.8 (3.2) 23.9 (3.8) 0.62

8

23.8 (3.3) 23.7 (3.7) 0.80

5

ASA status, n (%) 0.73

4

0.87

5

0.89

5

Ⅰ 63 (7.4) 29 (8.3) 34 (6.9) 19 (6.7) 22 (7.8) 57.9 (6.9) 59.5 (7.0)

Ⅱ 650 (76.8) 266 (76.0) 384 (77.4) 219 (77.4) 215 (76.0) 661.3 

(78.9)

658.1 

(77.6)

Ⅲ 133 (15.7) 55 (15.7) 78 (15.7) 45 (15.9) 46 (16.3) 119.4 

(14.2)

130.6 

(15.4)

Smoking history, 

n (%)

143 (16.9) 51 (14.6) 92 (18.5) 0.15

4

45 (15.9) 44 (15.5) 1.00

0

138.0 

(16.5)

142.4 

(16.8)

0.91

2

Comorbidities, n 

(%)

Hypertension 190 (22.5) 66 (18.9) 124 (25.0) 0.04

3

63 (22.3) 60 (21.2) 0.83

8

196.8 

(23.5)

192.9 

(22.7)

0.83

6

Diabetes 69 (8.2) 23 (6.6) 46 (9.3) 0.19

8

22 (7.8) 21 (7.4) 1.00

0

61.5 (7.3) 68.4 (8.1) 0.72

3

Heart disease 25 (3.0) 7 (2.0) 18 (3.6) 0.24

1

6 (2.1) 10 (3.5) 0.44

7

25.0 (3.0) 25.9 (3.1) 0.96

3

Type of surgery 

(%)

＜
0.00

1

0.59

7

0.96

0

Wedge 

resection

115 (13.6) 30 (8.6) 85 (17.1) 29 (10.2) 35 (12.4) 128.6 

(15.3)

115.9 

(13.7)

Segmentectomy 236 (27.9) 62 (17.7) 174 (35.1) 46 (16.3) 46 (16.3) 200.5 

(23.9)

220.2 

(26.0)

Lobectomy 325 (38.4) 163 (46.6) 162 (32.7) 144 (50.9) 137 (48.4) 339.7 

(40.5)

343.5 

(40.5)

mediastinal 

tumor resection

55 (6.5) 21 (6.0) 34 (6.8) 18 (6.4) 26 (9.2) 56.1 (6.7) 57.6 (6.8)

Esophagectomy 115 (13.6) 74 (21.1) 41 (8.3) 46 (16.3) 39 (13.8) 113.7 111.1 
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Notes: Values are shown in n (%) or mean (SD). BMI: Body Mass Index (kg/m²); 
ASA status: American Society of Anesthesiologists physical status classification; 
PSM: propensity score matching; IPTW: inverse probability of treatment weighting.

(13.6) (13.1)
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Notes: Values are shown in n (%) or mean (SD) or median [IQR]. PPCs: Postoperative Pulmonary 

Complications; WBC: Postoperative white blood cell count (×10⁹/L); PSM: propensity score matching; 

IPTW: inverse probability of treatment weighting; IQR, interquartile range.

Table 2. Comparisons of perioperative outcomes between no-COVID-19 group and COVID-19 group before matching and after matching.

Before matching After PSM After IPTWVariables

Total No-COVID COVID  p No-COVID COVID p No-COVID COVID p

n 846 350 496 NA 283 283 NA 838.61 848.27 NA

PPCs 258 (30.5) 117 (33.4) 141 (28.4) 0.139 90 (31.8) 74 (26.1) 0.784 249.4 

(29.7)

237.8 

(28.0)

0.615

Pneumonia, n (%) 190 (22.5) 89 (25.4) 101 (20.4) 0.098 68 (24.0) 52 (18.4) 0.839 190.3 

(22.7)

169.5 

(20.0)

0.375

Pleural effusion, n 

(%)

106 (12.5) 51 (14.6) 55 (11.1) 0.161 44 (15.5) 33 (11.7) 0.220 113.9 

(13.6)

86.8 (10.2) 0.145

Atelectasis, n (%) 9 (1.1) 3 (0.9) 6 (1.2) 0.879 2 (0.7) 5 (1.8) 0.447 6.8 (0.8) 13.2 (1.6) 0.379

Pneumothorax, n 

(%)

1 (0.1) 0 (0.0) 1 (0.2) 1.000 0 (0.0) 0 (0.0) NA 0 (0.0) 1.4 (0.2) 0.321

Duration of surgery, 

median [IQR]

113 [75,173] 145 

[102,210]

94 [62,135] ＜0.001 131 [98,184] 95 [61,139] ＜0.001 151.7 

(77.5)

120.0 

(78.6)

＜0.001

Postoperative WBC, 

mean (± SD)

9.7 (5.1) 7.9 (6.4) 10.9 (3.4) ＜0.001 8.4 (6.3) 11.1 (3.6) ＜0.001 8.2 (6.3) 10.9 (3.5) ＜0.001

Postoperative 

lymphocyte, mean 

(± SD)

2.7 (3.7) 4.6 (4.9) 1.3 (1.1) ＜0.001 4.1 (4.6) 1.4 (1.0) ＜0.001 4.3 (4.7) 1.3 (1.2) ＜0.001

Length of 

postoperative 

hospitalization, 

median [IQR]

4[3,7] 6 [4,10] 3 [3,5] ＜0.001 5 [4,7] 3 [3,6] ＜0.001 7.1 (6.3) 5.2 (3.9) ＜0.001

Duration of thoracic 

drainage, median 

[IQR]

3[2,5] 4 [3,7] 2 [2,4] ＜0.001 3 [2,5] 2 [2,4] ＜0.001 4.8 (4.6) 3.3 (2.6) ＜0.001

Postoperative 

cardiovascular 

complications

0 (0.0) 0 (0.0) 0 (0.0) NA 0 (0.0) 0 (0.0) NA 0 (0.0) 0 (0.0) NA

Thromboembolic 

events

2 (0.2) 0 (0.0) 2 (0.4) 0.514 0 (0.0) 1 (0.4) 0.500 0 (0.0) 3.4 (0.4) 0.123

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Table 3. Characteristics and Postoperative Outcomes by Infection-to-Surgery Interval

Variable 4–6 weeks

N=62

6–8 weeks

N=185

8-12 weeks

N=249

p-value

Age, mean (± SD) 61.2 (12.1) 57.7 (11.7) 57.4 (13.0) 0.092

Gender, n (%) 0.999

Male 25 (40.3%) 74 (40.0%) 100 (40.2%)

Female 37 (59.7%) 111 (60.0%) 149 (59.8%)

BMI (mean ± SD) 23.9 (5.0) 23.6 (2.9) 23.8 (3.8) 0.749

ASA status, n (%) 0.358

Ⅰ 3 (4.8) 10 (5.4) 21 (8.4)

Ⅱ 45 (72.6) 146 (78.9) 193 (77.5)

Ⅲ 14 (22.6) 29 (15.7) 35 (14.1)

Smoking history (%) 14 (22.6) 30 (16.2) 48 (19.3) 0.494

Comorbidities, n (%)

Hypertension 20 (32.3) 45 (24.3) 59 (23.7) 0.383

Diabetes 4 (6.5) 19 (10.3) 23 (9.2) 0.668

Heart disease 1 (1.6) 8 (4.3) 7 (2.8) 0.504

Type of surgery (%) <0.001

Wedge resection 11 (17.7) 39 (21.1) 85 (17.1)

Segmentectomy 12 (19.4) 54 (29.2) 108 (35.1)

Lobectomy 25 (40.3) 66 (35.7) 71 (28.5)

Mediastinal tumor resection 3 (4.8) 9 (4.9) 22 (8.8)

Esophagectomy 11 (17.7) 17 (9.2) 13 (5.2)

Vaccinated (%) 57 (91.9) 170 (91.9) 229 (92.0) 1.000

COVID-19 severity 0.058

Asymptomatic 1 (1.6) 19 (10.3) 24 (9.6)

Mild 57 (91.9) 162 (87.6) 222 (89.2)

Moderate 3 (4.8) 2 (1.1) 3 (1.2)

Severe 1 (1.6) 2 (1.1) 0 (0.0)

Residual symptoms 0.478

Cough 18 (29.0) 12 (6.5) 20 (8.0)

Sore throat 2 (3.2) 2 (1.1) 2 (0.8)

Chest distress 0 (0.0) 3 (1.6) 2 (0.8)

Myalgias 3 (4.8) 1 (0.5) 1 (0.4)
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Home oxygen therapy within one-year-
follow-up

5 (8.1) 14 (7.6) 13 (5.2) 0.529

PPCs 17 (27.4) 54 (29.2) 70 (28.1) 0.953

Notes: Values are shown in n (%) or mean (SD). BMI: Body Mass Index (kg/m²); ASA status: American 

Society of Anesthesiologists physical status classification; PPCs: Postoperative Pulmonary Complications.
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Table 4. Adjusted Odds Ratios for Risk Factors Associated with PPCs

Notes: BMI: Body Mass Index (kg/m²); ASA status: American Society of Anesthesiologists physical 

status classification.

Variable OR 95%CI p-value

Main Exposure

4-6weeks Ref Ref 0.633

6-8weeks 1.233 (0.627-2.390) 0.554

8-12weeks 1.084 (0.514-1.941) 0.996

Covariates

Age 1.024 (1.004-1.045) 0.020

Gender 0.644 (0.367-1.131) 0.126

BMI 1.035 (0.974-1.100) 0.267

ASA status

Ⅰ Ref Ref 0.577

Ⅱ 1.645 (0.632-4.283) 0.308

Ⅲ 1.522 (0.484-4.794) 0.473

Smoking history 2.503 (1.314-4.767) 0.005

Hypertension 0.597 (0.346-1.029) 0.063

Diabetes 1.074 (0.505-2.284) 0.853

Heart disease 0.682 (0.197-2.364) 0.547

Type of surgery

Wedge resection Ref Ref 0.636

Segmentectomy 1.470 (0.768-2.814) 0.245

Lobectomy 1.296 (0.663-2.535) 0.449

Mediastinal tumor resection 1.391 (0.522-3.708) 0.510

Esophagectomy 2.294 (0.732-7.187) 0.154

Duration of surgery 0.999 (0.995-1.003) 0.597

Vaccinated (%) 2.255 (0.945-5.379) 0.067

COVID-19 severity

Asymptomatic Ref Ref 0.842

Mild 0.768 (0.386-1.525) 0.450

Moderate 0.440 (0.044-4.379) 0.483

Severe Ref Ref 0.999
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