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Background: A series of complications will inevitably occur after thoracoscopic pulmonary resection. How 
to avoid or reduce postoperative complications is an important research area in the perioperative treatment 
of thoracic surgery. This study analyzed the risk factors for thoracoscopic postoperative complications of 
non-small cell lung cancer (NSCLC) and established a nomogram prediction model in order to provide help 
for clinical decision-making.
Methods: Patients with NSCLC who underwent thoracoscopic surgery from January 2017 to December 
2021 were selected as study subjects. The relationship between patient characteristics, surgical factors, and 
postoperative complications was collected and analyzed. Based on the results of the statistical regression 
analysis, a nomogram model was constructed, and the predictive performance of the nomogram model was 
evaluated. 
Results: A total of 872 patients who met the study criteria were included in the study. A total of 171 patients  
had complications after thoracoscopic surgery, accounting for 19.6% of the study population. Logistic 
regression analysis showed that thoracic adhesion, history of respiratory disease, and lymphocyte-monocyte 
ratio (LMR) were independent risk factors for complications after thoracoscopic surgery (P<0.05). Variables 
with P<0.1 in logistic regression analysis were included in the nomogram model. The verification results 
showed that the area under curve (AUC) of the model was 0.734 [95% confidence interval (CI): 0.693–0.775], 
and the calibration curve showed that the model had good differentiation. The decision curve analysis (DCA) 
curve showed that this model has good clinical application value. In subgroup analysis of complications, 
gender, history of respiratory disease, body mass index (BMI), type of surgical procedure, thoracic adhesion, 
and Time of operation were identified as significant risk factors for prolonged air leak (PAL) after surgery. 
Tumor location and forced expiratory volume in the first second (FEV1) were identified as important risk 
factors for postoperative pulmonary infection. N stage and thoracic adhesion were identified as significant 
risk factors for postoperative pleural effusion. The AUC for PAL was 0.823 (95% CI: 0.768–0.879). The 
AUC of postoperative pulmonary infection was 0.714 (95% CI: 0.627–0.801). The AUC of postoperative 
pleural effusion was 0.757 (95% CI: 0.650–0.864). The calibration curve and DCA curve indicated that the 
model had good predictive performance and clinical application value.
Conclusions: This study analyzed the risk factors affecting the postoperative complications of NSCLC 
through thoracoscopic surgery, and the nomogram model built based on the influencing factors has certain 
significance for the identification and reduction of postoperative complications.
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Introduction

Lung cancer is one of the malignancies with the highest 
incidence and mortality in China, with an estimated 
820,000 new cases of lung cancer and 715,000 lung cancer-
related deaths in China in 2020, according to global cancer 
statistics (1,2). Non-small cell lung cancer (NSCLC) is the 
predominant form of lung cancer, comprising approximately 
80–85% of all instances of lung cancer (3). The primary 
and crucial treatment for early-stage lung cancer is surgical 
resection. Video-assisted thoracoscopic surgery (VATS) 
has been increasingly utilized for diagnosing and treating 
thoracic diseases since the 1990s. It has gradually replaced 
conventional thoracotomy due to its numerous benefits, 
such as minimizing surgical trauma, providing a clear view 
during the operation, and facilitating rapid postoperative 
recovery (4,5). Nevertheless, thoracoscopic surgery will 
unavoidably result in a range of postoperative problems, 
including postoperative lung leakage, lung infection, pleural 
effusion, atelectasis, and chylothorax, among others. The 
presence of these complications will significantly prolong 
the patient’s duration of hospitalization and escalate their 
medical costs (6). The reported rate of complications 
following thoracoscopic surgery ranges from 6% to 34% 

(7-9). How to successfully avoid or reduce postoperative 
complications is an important research area in the 
perioperative period of thoracic surgery. Utilizing precise 
and efficient risk stratification assessment instruments 
during the perioperative phase can help identify individuals 
who are susceptible to postoperative complications. And 
carry out active preoperative intervention and postoperative 
prevention for such patients. As a result, these interventions 
contribute to better surgical decision-making, a lower 
incidence of postoperative complications, and the provision 
of personalized patient care. In contrast to simplistic models 
and scoring systems that incorporate a limited number 
of binary variables, the nomogram model offers a more 
comprehensive analysis of the risk factors and interaction 
effects linked to postoperative complications. This is 
critical in providing guidance for perioperative patient 
management. Therefore, this study retrospectively analyzed 
the clinical data of patients with NSCLC who underwent 
thoracoscopic surgery in the Department of Thoracic 
Surgery of our hospital from 2017 to 2021 and constructed 
a nomogram model of postoperative complications in 
patients with NSCLC in order to provide help for clinical 
decision-making. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-24-113/rc).

Methods

Study population

Retrospectively, we collected clinical data from NSCLC 
patients who underwent thoracoscopic surgery at the 
Department of Thoracic Surgery in Qingdao Municipal 
Hospital between January 2017 and December 2021. 
The primary result was the occurrence of complications 
within a 30-day period following lung resection. The 
postoperative complications, which served as a composite 
outcome measure, encompassed a range of conditions, 
including arrhythmias, heart failure, atelectasis, pulmonary 
infection, chylothorax, prolonged air leak (PAL) lasting for 
at least 7 days, moderate or higher pleural effusion, severe 
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subcutaneous emphysema, hydropneumothorax, active 
bleeding, infection or poor wound healing, and pulmonary 
embolism. The inclusion criteria were as follows: (I) 
individuals aged 18–90 years; (II) patients diagnosed with 
stage I–III NSCLC who were undergoing thoracoscopic 
lobectomy or segmental resection; and (III) patients with 
comprehensive clinical medical records. The exclusion 
criteria encompassed the following: (I) NSCLC patients 
who were deemed unsuitable for surgical intervention or 
unable to tolerate it; (II) patients with pre-existing infectious 
diseases, blood system diseases, immune system diseases, 
or blood abnormalities of unknown origin prior to surgery; 
(III) cases where thoracoscopic surgery was converted to 
thoracotomy due to uncontrollable factors or procedures 
solely for exploration and biopsy purposes; (IV) patients 
who underwent wedge resection or total pneumonectomy; 
(V) individuals with poor medical compliance, automatic 
discharge, an incomplete treatment process, or missing 
data. This study was a retrospective study. The study 
was approved by the Institutional Review Committee of 
Qingdao Municipal Hospital (2023 No. 183), and the study 
procedure was strictly in accordance with the Declaration of 
Helsinki (as revised in 2013). Given the retrospective nature 
of the study, patient’s informed consent was considered an 
exemption.

Clinical treatment process and perioperative management

Upon admission, all patients underwent a comprehensive 
preoperative assessment, which encompassed laboratory 
analyses (such as complete blood count, hepatic and renal 
function tests, etc.), electrocardiography, pulmonary 
function testing, a chest computed tomography (CT) 
scan, echocardiography, and other pertinent examinations. 
Preoperative education of patients and their families in 
accordance with the principles of enhanced recovery after 
surgery (ERAS) involved instructing patients to engage 
in suitable preoperative physical activity, guided deep 
breathing and cough exercises, and receiving improved 
nutritional assistance. Patients and their family members 
were informed about the significance of achieving effective 
coughing and the production of sputum following surgery. 
Patients were strongly advised to make an effort to get 
out of bed as soon as possible after surgery to prevent 
extended periods of bed rest. Prior to surgery, patients 
were abstained from eating for a period of 6 to 8 hours. 
Additionally, patients were not allowed to drink any fluid 
for a minimum of 2 hours. Furthermore, it was a standard 

practice to administer antibiotics on the day of surgery in 
order to prevent any potential infections. The operative is 
the associate chief physician or chief physician with rich 
experience.

During the operation, the patient was placed in the 
lateral position on the healthy side, and the anesthesia 
method applied was double-lumen tracheal intubation and 
intravenous general anesthesia. During the operation, the 
patient underwent single-lung ventilation on the healthy 
side, and a single thoracoscopic operation was performed. 
The surgical incision at the 4th or 5th costal space in 
the midaxillary line with a length of about 3–5 cm was 
selected as the operating hole. Intraoperative bronchial 
and hypoplastic lobar clefts were routinely severed by 
cutting and closing devices. Lymph node sampling, or 
systematic lymph node dissection, was performed according 
to National Comprehensive Cancer Network (NCCN) 
guidelines (10). After pulmonary resection, a water test and 
the lung expansion method were used to detect whether 
there was obvious air leakage. Electrical coagulation or 
suture repair was performed at the air leakage area. A 
thoracic drainage tube was routinely placed in the chest 
cavity for drainage after surgery.

Following the surgery, the patient was moved from 
the anesthesia resuscitation room to the general ward of 
thoracic surgery, where they received postoperative pain 
relief and preventive treatment for infection. Following the 
surgery, the patient was advised to engage in respiratory 
function exercises and cough exercises. If deemed required, 
the option of performing bedside sputum aspiration 
was available to aid in the treatment. Additionally, a 
postoperative chest radiograph examination was performed, 
and the thoracic drainage tube was removed according to 
the patient’s condition. Indications for thoracic drainage 
tube removal included no air leakage, 24 h thoracic 
drainage flow of less than 200 mL, and imaging findings 
that indicated good pulmonary re-expansion.

Data collection

The medical records of patients meeting the inclusion 
criteria were retrospectively collected through the hospital 
electronic medical record archiving system, quality 
control registration management system, and laboratory 
examination report system. The following information 
was included: age, sex, smoking status, body mass index 
(BMI), previous respiratory history [such as chronic 
obstructive pulmonary disease (COPD), bronchial asthma, 
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and bronchiectasis], Eastern Cooperative Oncology Group 
Performance Status (ECOG PS) before treatment and 
pulmonary function indicators [forced expiratory volume 
in the first second (FEV1), forced vital capacity (FVC), and 
FEV1/FVC], tumor location and diameter, operation plan 
(lobectomy and segmentectomy), number of lymph nodes 
(LNs) removed during operation, lymph node metastasis (N 
stage), operation time, intraoperative blood loss, thoracic 
adhesion, postoperative retention time of thoracic drainage 
tube, and laboratory examination results (lymphocytes 
and monocytes) 1 week before surgery. The lymphocyte-
monocyte ratio (LMR) was calculated. BMI was divided into 
wasting (<18.5 kg/m2), normal (18.5–23.9 kg/m2), and obese 
(>24 kg/m2). Due to the lack of a unified standard for cutoff 
values for pulmonary function indicators, this study grouped 
them based on FEV1 (%), FVC, and FEV1/FVC (%) cutoff 
values and previous findings. The thoracic adhesion was 
judged by the adhesion area: non-adhesion, or the area of 
adhesion is limited to a single lung lobe, or the cumulative 
area of adhesion is less than 30% of the lung surface area, 
is classified as non-thoracic adhesion. An adhesion area 
greater than a single lung lobe or a cumulative adhesion 
area of 30% or more of the lung surface area is classified as 
thoracic adhesion.

Types and grades of complications

	 Arhythmia: diagnosed based on electrocardiogram 
(ECG) reports, the main types of concern are atrial 
fibrillation and premature ventricular beats.

	 Cardiac failure: combined with the patient’s symptoms 
(such as chest tightness, dyspnea, inability to lie flat at 
night, dyspnea, etc.) and auxiliary examination (such 
as: heart color ultrasound indicates decreased systolic 
function of the heart, ejection fraction value <50%).

	 Pulmonary atelectasis: chest radiograph results suggest 
poor pulmonary reexpansion.

	 Pulmonary infection: chest CT examination suggests 
new or progressive solid, infiltrating, or ground glass 
shadows with two or more of the following symptoms 
or signs: (I) body temperature greater than 38 ℃; (II) 
peripheral blood white blood cell counts greater than 
10×109/L; (III) clinical symptoms of lung infection, 
such as cough, yellow phlegm or thick phlegm, and 
lung moist rales.

	 Chylothorax: the pleural effusion was large and milk-
like, and the pleural effusion chyle test was positive.

	 PAL: a large number of bubbles appear in the chest 

bottle when coughing persists after surgery, which can 
assist in the diagnosis of chest radiography. Air leakage 
lasts for 7 days or more.

	 Pleural effusion: combined with the patient’s 
symptoms (palpitation, dyspnea, cough, chest pain, 
etc.), physical signs (full chest, accompanied by 
diminished or disappeared breathing sounds, etc.), and 
imaging examination. The main concern is moderate 
or higher pleural effusion (≥500 mL).

	 Pneumoderm: extensive subcutaneous emphysema 
involving the chest area, neck, face, or two or more of 
the limbs.

	 Hydropneumothorax: the presence of both fluid and 
air in the chest cavity, which can be diagnosed by 
imaging.

	 Active hemorrhage: (I) mainly including pulse and blood 
pressure changes, blood pressure instability after blood 
volume supplementation, abnormal blood routine, 
etc.; (II) closed thoracic drainage volume >200 mL/h  
for 3 hours; (III) the hemoglobin, red blood cell count, 
and hematocrit decreased progressively.

	 Incision infection or poor healing: there is purulent 
fluid oozing from the incision, and the bacterial 
culture of the secretion indicates that the bacterial 
infection is diagnosed. Postoperatively, delayed 
incision healing or excessive fluid seepage at the 
incision, which is light yellow in color, is the diagnosis 
of fat liquefaction.

	 Pulmonary embolism: combined with typical clinical 
symptoms (sudden chest pain, dyspnea, hemoptysis), 
physical signs (pulmonary valve second auscultation 
area heart sound hyperactivity or division, tricuspid 
systolic murmur), and auxiliary examination (plasma 
D-dimer, ECG, chest film, echocardiography, 
pulmonary angiography, etc.).

Those who had one or more of the above complications 
were classified as complication groups, and those who did 
not have the above complications were classified as no 
complication groups.

The severity of complications was assessed using 
Clavien-Dindo (11). The Clavien-Dindo scale classifies 
postoperative complications into five grades. Grade I: 
abnormal changes requiring antiemetic, antipyretic, 
painkillers, electrolytes, and physical therapy that do 
not require surgery, endoscopy, or radiation but include 
wound infections requiring open drainage; Grade II: 
requires blood transfusion, total parenteral nutrition, 
and drug therapy in addition to the drugs used in class I; 
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Grade IIIa: no intervention such as surgery, endoscopy, 
or radiation therapy under general anesthesia is required; 
Grade IIIb: intervention such as surgery, endoscopy, or 
radiation therapy under general anesthesia is required; 
Grade IVa: life-threatening complications, single organ 
dysfunction (including dialysis); Grade IVb: life-threatening 
complications, multiple organ dysfunction; Grade V: death.

To avoid bias, this study focused only on objective 
complications identified by laboratory or imaging auxiliary 
tests and recorded by the attending physician during the 
course of the disease.

Statistical analysis

SPSS 27.0 software and R4.2.1 software were used for data 
processing and analysis. The Kolmogorov-Smirnov test is 
used to evaluate whether continuous variables are normal, 
and the mean value and positive and negative standard 
deviation are used to represent the normal distribution. 
The median, 25th percentile, and 75th percentile are used 
to represent non-normal distributions. Differences between 
continuous variables with a normal distribution were 
compared using the t-test, while differences with a skewed 
distribution were compared using the Mann-Whitney U 
test. Counting data were represented by an example (%), 
and a chi-squared test was used for comparison between 
groups. Binary logistic regression analysis was used to 
screen out the factors with P<0.1, and the nomogram model 
was constructed with the RMS package in R software. If 
the nomogram model has less than three variables, it is 
plotted by correcting for the age factor. A bootstrap test 
with repeated sampling 1,000 times was used to validate 
the nomogram model internally. The concordance index 
(C-index) and calibration graph method were used to 
evaluate the predictive performance and accuracy of the 
model. P<0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 872 patients were included in this study, including 
396 males (45.4%) and 476 females (54.6%). Patients’ 
median age was 62 years. Most patients had a BMI  
≥24 kg/m2. A total of 269 patients (30.8%) had a smoking 
history. 212 patients (24.3%) had a history of respiratory 
disease. In addition, 164 patients (18.8% of the sample) 
exhibited an ECOG PS score of 2 or above. In this study, 

576 patients underwent a pulmonary lobectomy. The most 
common tumor locations were in the right lung, accounting 
for 58.6% of the population. The median tumor diameter 
was 1.5 cm. The median operative time and intraoperative 
blood loss were 135 min and 20 mL, respectively. The 
median LMR value was 4.37. The characteristics of other 
patients are shown in Table 1.

Postoperative complications

Postoperative complications were observed in 171 patients, 
or 19.6% of the study population. There were 24 cases of 
grade I, 142 cases of grade II, 40 cases of grade IIIa, 3 cases 
of grade IIIb, and 1 case of class IVb. The most common 
postoperative complications were PAL (>7 days, 7.0%), 
pulmonary infection (4.5%), and pleural effusion (3.0%). 
Details are shown in Table 2.

Univariate analysis of thoracoscopic postoperative 
complications

The results  of  s ingle factor analysis  showed that 
postoperative complications were more likely to be related 
to age (P=0.046), gender (P<0.001), smoking status 
(P<0.001), history of respiratory disease (P<0.001), type 
of surgical procedure (P<0.001), FEV1 (P<0.001), FEV1/
FVC (P=0.002), N stage (P<0.001), thoracic adhesion 
(P<0.001), tumor diameter (P<0.001), LNs (P<0.001), time 
of operation (P=0.001), intraoperative blood loss (P<0.001), 
and LMR level (P<0.001). The difference was statistically 
significant (P<0.05) (Table 1).

The results of the relationship between patient 
characteristics, surgical factors, and PAL after surgery are 
shown in Table S1. PAL after surgery was more likely to be 
associated with gender (P<0.001), smoking status (P<0.001), 
history of respiratory disease (P<0.001), BMI (P=0.003), 
type of surgical procedure (P<0.001), FEV1 (P=0.001), 
FEV1/FFVC (P=0.003), N stage (P=0.02), thoracic adhesion 
(P<0.001), tumor diameter (P=0.001), LNs (P=0.001), time 
of operation (P=0.004), intraoperative blood loss (P<0.001), 
and LMR level (P=0.01) relevant. 

The results of the relationship between patient 
characteristics, surgical factors, and postoperative 
pulmonary infection are shown in Table S2. Postoperative 
pulmonary infection was more likely to be associated with 
history of respiratory disease (P=0.003), tumor location 
(P=0.03), FEV1 (P=0.003), intraoperative blood loss 
(P=0.04), and LMR level (P=0.01). 

https://cdn.amegroups.cn/static/public/JTD-24-113-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-24-113-Supplementary.pdf
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Table 1 The relationship between patient characteristics or surgical factors and postoperative complications

Characteristic Total
Complication

P value
No Yes

Age (years) 62 [55–67] 62 [55–67] 63 [58–67] 0.046

Gender

Male 396 (45.4) 281 (40.1) 115 (67.3) <0.001

Female 476 (54.6) 420 (59.9) 56 (32.7)

Smoking history

No 603 (69.2) 520 (74.2) 83 (48.5) <0.001

Yes 269 (30.8) 181 (25.8) 88 (51.5)

History of respiratory disease

No 660 (75.7) 562 (80.2) 98 (57.3) <0.001

Yes 212 (24.3) 139 (19.8) 73 (42.7)

ECOG PS score

0–1 708 (81.2) 575 (82.0) 133 (77.8) 0.23

≥2 164 (18.8) 126 (18.0) 38 (22.2)

BMI (kg/m2) 0.25

<18.5 22 (2.5) 15 (2.1) 7 (4.1)

18.5–23.9 354 (40.6) 281 (40.1) 73 (42.7)

≥24 496 (56.9) 405 (57.8) 91 (53.2)

Tumor location

Left lung 361 (41.4) 284 (40.5) 77 (45.0) 0.30

Right lung 511 (58.6) 417 (59.5) 94 (55.0)

Type of surgical procedure

Segmentectomy 296 (33.9) 264 (37.7) 32 (18.7) <0.001

Pulmonary lobectomy 576 (66.1) 437 (62.3) 139 (81.3)

FVC (%)

<80 86 (9.9) 66 (9.4) 20 (11.7) 0.39

≥80 786 (90.1) 635 (90.6) 151 (88.3)

FEV1 (%)

<80 163 (18.7) 113 (16.1) 50 (29.2) <0.001

≥80 709 (81.3) 588 (83.9) 121 (70.8)

FEV1/FVC (%)

<70 154 (17.7) 109 (15.5) 45 (26.3) 0.002

≥70 718 (82.3) 592 (84.5) 126 (73.7)

Table 1 (continued)
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Table 1 (continued)

Characteristic Total
Complication

P value
No Yes

N staging <0.001

N0 725 (83.1) 602 (85.9) 123 (71.9)

N1 56 (6.4) 36 (5.1) 20 (11.7)

N2 87 (10.0) 60 (8.6) 27 (15.8)

N3 4 (0.5) 3 (0.4) 1 (0.6)

Thoracic adhesion

No 671 (76.9) 566 (80.7) 105 (61.4) <0.001

Yes 201 (23.1) 135 (19.3) 66 (38.6)

Diameter of tumor (cm) 1.5 [1.0–2.4] 1.5 [1.0–2.2] 2.0 [1.2–3.1] <0.001

LNs (number) 9 [5–14] 9 [4–14] 11 [7–19] <0.001

Time of operation (min) 135 [90–180.75] 130 [90–180] 150 [100–205] 0.001

Peroperative bleeding (mL) 20 [10–50] 20 [10–50] 20 [20–50] <0.001

LMR 4.37 [3.28–5.69] 4.48 [3.35–5.85] 3.71 [3.02–5.04] <0.001

Data are presented as median [interquartile range] or number (%). ECOG PS, Eastern Cooperative Oncology Group Performance Status; 
BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; LNs, number of lymph nodes; LMR, 
lymphocyte/monocyte ratio.

Table 2 Types and incidence of postoperative complications

Types I II IIIa IIIb IVb Incidence rate (%)

Arrthythmia 0 22 0 0 0 2.5

Cardiac failure 0 2 0 0 0 0.2

Pulmonary atelectasis 10 0 0 0 0 1.1

Pulmonary infection 0 39 0 0 0 4.5

Chylothorax 0 14 0 0 0 1.6

Prolonged air leak 0 61 0 0 0 7.0

Pleural effusion (medium or higher) 0 0 26 0 0 3.0

Pneumoderm 9 0 0 0 0 1.0

Hydropneumothorax 0 0 14 0 0 1.6

Active hemorrhage 0 0 0 3 0 0.3

Incision infection or poor healing 5 4 0 0 0 1.0

Pulmonary embolism 0 0 0 0 1 0.1
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The results of the relationship between patient 
characteristics or surgical factors and postoperative pleural 
effusion are shown in Table S3. Postoperative pleural 
effusion was more likely to be associated with gender 
(P=0.045), history of respiratory disease (P=0.02), type 
of surgical procedure (P=0.01), FEV1 (P=0.04), N stage 
(P<0.001), thoracic adhesion (P<0.001), tumor diameter 
(P=0.002), and intraoperative blood loss (P=0.03).

Multivariate analysis of thoracoscopic postoperative 
complications

The multivariate analysis of risk factors for postoperative 
complications of thoracoscopic surgery is shown in Table 3.  

Thoracic adhesion (OR 1.894, 95% CI: 1.264–2.840, 
P=0.002), history of respiratory disease (OR 1.934, 95% 
CI: 1.292–2.893, P=0.001), and LMR level (OR 0.873, 95% 
CI: 0.780–0.976, P=0.02) were significant risk factors for 
postoperative complications. 

The multivariate analysis results of risk factors for PAL, 
pulmonary infection, and pleural effusion are shown in  
Table 4. Gender (OR 0.284, 95% CI: 0.117–0.691, P=0.006), 
history of respiratory disease (OR 1.963, 95% CI: 1.073–
3.591, P=0.03), BMI (OR 0.179, 95% CI: 0.049–0.654, 
P=0.009), type of surgical procedure (OR 5.158, 95% CI: 
1.778–14.964, P=0.003), thoracic adhesion (OR 2.103, 95% 
CI: 1.149–3.851, P=0.02), and time of operation (OR 1.005, 
95% CI: 1.001–1.008, P=0.007) were identified as important 

Table 3 Multivariate analysis of risk factors for postoperative complications

Factor B SE Wals P OR 95% CI

History of respiratory disease 0.659 0.206 10.290 0.001 1.934 1.292–2.893

Thoracic adhesion 0.639 0.207 9.565 0.002 1.894 1.264–2.840

LNs 0.024 0.013 3.313 0.07 1.024 0.998–1.051

Time of operation 0.002 0.001 3.113 0.08 1.002 1.000–1.005

LMR −0.136 0.057 5.659 0.02 0.873 0.780–0.976

B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; LNs, lymph nodes; LMR, lymphocyte/monocyte ratio.

Table 4 Multivariate analysis of risk factors for postoperative complications (subgroup analysis)

Subgroup analysis Factor B SE Wals P OR 95% CI

Prolonged air leak Gender −1.258 0.454 7.696 0.006 0.284 0.117–0.691

History of respiratory disease 0.674 0.308 4.786 0.03 1.963 1.073–3.591

BMI (18.5–23.9 kg/m2) −1.722 0.662 6.774 0.009 0.179 0.049–0.654

Type of surgical procedure 1.641 0.543 9.113 0.003 5.158 1.778–14.964

Thoracic adhesion 0.744 0.309 5.804 0.02 2.103 1.149–3.851

Time of operation 0.005 0.002 7.352 0.007 1.005 1.001–1.008

Pulmonary infection History of respiratory disease 0.683 0.352 3.777 0.052 1.980 0.994–3.944

Tumor location −0.741 0.340 4.757 0.03 0.477 0.245–0.928

FEV1 −0.818 0.357 5.254 0.02 0.441 0.219–0.888

Peroperative bleeding 0.001 0.001 3.531 0.06 1.001 1.000–1.002

LMR −0.210 0.109 3.706 0.054 0.811 0.654–1.004

Pleural effusion N staging 1.467 0.524 7.853 0.005 4.337 1.554–12.102

Thoracic adhesion 1.516 0.440 11.854 0.001 4.555 1.921–10.796

B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; BMI, body mass index; FEV1, forced expiratory 
volume in the first second; LMR, lymphocyte/monocyte ratio.

https://cdn.amegroups.cn/static/public/JTD-24-113-Supplementary.pdf


Journal of Thoracic Disease, Vol 16, No 6 June 2024 3663

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2024;16(6):3655-3667 | https://dx.doi.org/10.21037/jtd-24-113

risk factors for PAL after surgery (P<0.05). Tumor location 
(OR 0.477, 95% CI: 0.245–0.928, P=0.03) and FEV1 (OR 
0.441, 95% CI: 0.219–0.888, P=0.02) were identified as 
important risk factors for postoperative pulmonary infection 
(P<0.05). N stage (OR 4.337, 95% CI: 1.554–12.102, 
P=0.005) and thoracic adhesion (OR 4.555, 95% CI: 1.921–
10.796, P=0.001) were identified as significant risk factors 
for postoperative pleural effusion (P<0.05).

Establishment and verification of postoperative PAL 
prediction model

The establishment of a nomogram
Variables with P<0.1 in logistic regression analysis (thoracic 
adhesion, history of respiratory disease, time of operation, 
LNs, and LMR) were included in the nomogram model. 
which was used to assess the risk of complications after 
thoracoscopic surgery. As shown in Figure 1A, the total 
score of risk factors ranged from 0 to 130 points. The 

corresponding risk rate ranges from 0.001 to 0.8. The 
score of the first row corresponding to the vertical of each 
indicator was added to obtain the total score, which can 
intuitively estimate the probability of complications after 
thoracoscopic pulmonary resection. The higher the total 
score, the greater the risk of postoperative complications. 
The ROC curve was used to evaluate the accuracy of the 
model (Figure 1B). The results showed that the area under 
the curve (AUC) of the model was 0.734 (95% CI: 0.693–
0.775). The Bootstrap self-sampling method (B=1,000) 
was used to verify the model internally, and a calibration 
curve was drawn (Figure 1C). The results showed that there 
was good consistency between the predicted probability of 
the model and the actual probability. The decision curve 
analysis (DCA) shows that this model has good clinical 
application value, as shown in Figure 1D. The nomogram 
models of risk factors for postoperative PAL, pulmonary 
infection, and pleural effusion are shown in Figures S1-S3.  
The AUC for PAL was 0.823 (95% CI: 0.768–0.879). 
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Figure 1 A nomogram prediction model of risk factors for thoracoscopic postoperative complications in lung cancer patients. (A) 
Nomogram prediction model; (B) ROC curve of prediction model; (C) calibration curve of prediction model; (D) DCA curve of prediction 
model. LNs, lymph nodes; LMR, lymphocyte/monocyte ratio; ROC, receiver operating characteristic; DCA, decision curve analysis.
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The AUC of postoperative pulmonary infection was 0.714 
(95% CI: 0.627–0.801). The AUC of postoperative pleural 
effusion was 0.757 (95% CI: 0.650–0.864). The calibration 
curve and DCA curve indicate that the model has good 
predictive performance and clinical application value.

Discussion

The occurrence of postoperative complications not only 
leads to an extension of hospital stay and an increase in 
medical expenses but it also has a significant impact on 
the operation effect and postoperative rehabilitation (12). 
Logistic regression analysis showed that thoracic adhesion, 
history of respiratory disease, and LMR were independent 
risk factors for postoperative complications. A number 
of studies have shown that thoracic adhesion is closely 
related to postoperative complications, which may be due 
to the limitations of the surgical field of view and operating 
space when thoracoscopic surgery encounters with severe 
thoracic adhesion, thus increasing the complexity and 
operation time of surgery. The prolongation of operation 
time leads to the prolongation of anesthesia, mechanical 
ventilation, and hemodynamic changes, which increases 
the possibility of cardiopulmonary complications to some 
extent. Second, prolonged wound exposure increases the 
risk of incision contamination, which can lead to increased 
susceptibility to postoperative infection. In addition, 
severe thoracic adhesion can increase the complexity of 
intraoperative anatomy, which increases the risk of tissue 
damage from surgical instruments and intraoperative blood 
loss, leading to more postoperative problems. However, 
in the multivariate analysis of this study, no statistically 
significant relationship was found between operative 
time, intraoperative blood loss, and the occurrence of 
postoperative complications (P>0.05). This may be because 
thoracic adhesion not only affects the operative time and 
intraoperative blood loss but also mechanical ventilation 
time and anesthesia-related factors. Therefore, compared 
with the single factors of operative time and intraoperative 
blood loss, the influence of thoracic adhesion is more 
extensive, thus masking the influence of the other two on 
complications.

The presence or absence of a history of respiratory 
disease is also an influential factor in the occurrence of 
complications, such as impaired pulmonary ventilation 
function in patients with bronchial asthma or COPD, and 
surgery can further reduce lung function reserve, thereby 
increasing the risk of postoperative respiratory failure. 

Markers of inflammation are also associated with 
complications, and the results of this study showed that 
a higher lymphocyte/monocyte ratio was associated 
with a lower incidence of postoperative complications. 
The activation of lymphocytes and monocytes plays a 
crucial role in the immune response and can participate 
in many physiological processes such as immune defense, 
inflammation, and tissue remodeling. The early stages 
of inflammation are proinflammatory states mediated by 
inflammatory factors such as tumor necrosis factor alpha 
(TNF-α), interleukin-1, and interleukin-6, which are 
released by neutrophils, macrophages, and monocytes 
(13,14). LMR is a widely used marker for the assessment of 
tumor-associated inflammation and a prognostic indicator 
of malignant tumors (15-17). In addition, studies have 
shown that the decline of LMR is related to systemic 
inflammatory responses. Preoperative LMR can also be 
used as an effective prognostic marker for predicting 
postoperative complications (18-20). In addition, LMR has 
the advantages of simple acquisition and effective predictive 
performance. Therefore, it is of great significance to use 
LMR as a predictor of postoperative complications.

In this study, PAL, pulmonary infection, and pleural 
effusion were the most common complications after lung 
cancer surgery. Studies have shown that the incidence of 
PAL after pulmonary surgery is about 15% (21). Poor 
nutritional status before the operation is associated with 
poor healing of the surgical area (22). Extensive thoracic 
adhesion will increase the lung parenchymal injury during 
surgery, and the inevitable air leakage of some needle holes 
or minor lung tissue damage in the cutting and closing 
device may lead to PAL after surgery (23). However, the 
proportion of male patients with a history of smoking and 
respiratory diseases is larger, and the lung function reserve 
is poor, which indirectly leads to the incidence of PAL in 
male patients after lung surgery being higher than that in 
female patients. However, due to the complexity of the 
operation of pulmonary lobectomy, it is inevitable that there 
will be lung tissue injury during the operation. If these 
potential minor injuries are not found during the operation 
and the patient’s nutritional status is poor, the probability of 
postoperative lung air leakage will also increase. BMI is also 
an important factor in the closure of lung damage; on the 
one hand, low BMI predicts poor nutritional status and poor 
wound healing (24,25). On the other hand, patients with a 
low BMI had thinner body types. After surgery, even in the 
case of complete lung reexpansion, there will still be local 
residual space, and the visceral pleura and parietal pleura on 
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the lung surface cannot effectively fit to seal the lung surface 
damage. However, obese patients tend to have a higher 
respiratory rate, while tidal volume, respiratory compliance, 
and expiratory reserve are lower. When adjusted according 
to lung volume, spirometry, gas exchange, and airway 
resistance are often relatively well preserved, which is 
conducive to the sealing of the intrathoracic environment 
with substantial defects, which explains why patients with 
a higher BMI are less likely to develop PAL (26). Longer 
operation times were also associated with an increased 
risk of postoperative PAL complications (27). A study by 
Dexter et al. (28) in patients undergoing lobectomy for 
early-stage lung cancer showed that longer operation 
times were associated with atelectasis, increased hospital 
stay, pneumonia, and PAL, and our results confirm this 
conclusion. In addition, our study also found that there was 
a significant correlation between the occurrence of PAL 
and whether patients had a history of respiratory disease, 
and the risk of PAL development in patients with a history 
of respiratory disease was 1.963 times higher than that in 
patients without a history of respiratory disease. This may 
be related to poor lung function in patients.

Pulmonary infection after pneumonectomy is also a 
common complication after surgery. The pain or discomfort 
of the surgical incision prevents patients from coughing 
or expectorating effectively, and anesthetic drugs inhibit 
the cough reflex, thus affecting the clearance function of 
cilia and resulting in the retention of sputum. Therefore, 
patients are prone to fever and various bacterial infections 
after surgery, and complications such as pneumonia and 
atelectasis may occur in severe cases (29). It has been 
reported that the incidence of postoperative lung infection 
is about 6.2% to 14.5% (30-32). In these reports, age, 
smoking history, chronic obstructive pulmonary disease, and 
BMI have been reported as risk factors for postoperative 
pulmonary complications. In this study, tumor site was also 
an important risk factor for lung infection, which may be 
related to the anatomical characteristics of the lung. The 
bronchial structure of the left lung is narrower and steeper 
than that of the right lung. This anatomical difference 
makes the left lung more susceptible to retention of 
secretions in the airway after surgery, which increases the 
risk of infection. In addition, FEV1 (%) is also an important 
risk factor for postoperative lung infection, and the reason 
is also closely related to lung function reserve.

In this study, the incidence of postoperative pleural 
effusion was about 3.0%, similar to the previous study 
(4.1%) (33). Thoracic adhesion and N stage are important 

risk factors for postoperative pleural effusion, which may be 
due to the need for careful tissue separation and increased 
surgical difficulty caused by thoracic adhesion. In patients 
with lymph node metastasis, the number of lymph nodes 
increased. However, due to the small number of patients 
with N3, the results in the nomogram model may be 
skewed. Based on the above anatomical factors, in the 
process of postoperative tissue or blood vessel repair, part 
of the stump fails to close completely or tissue fluid leaks, 
resulting in fluid leakage and accumulation in the chest 
cavity, causing pleural effusion.

In terms of the selection of surgical methods, our 
study did not include patients with VATS wedge-shaped 
resection and total pneumonectomy because the incidence 
of complications after wedge-shaped resection is low and the 
operation time is short, while the incidence of complications 
after total pneumonectomy is high and has strong interfering 
factors. Therefore, in order to reduce the deviation caused 
by surgical factors, only thoracoscopic patients with 
lobectomy and segmental resection were analyzed in this 
study to ensure the stability of the study. Since the model 
was established based on a retrospective study conducted 
in a single center, future studies with larger sample sizes in 
multiple centers are needed to verify this result.

Conclusions

In this study, a nomogram model for postoperative 
complications of thoracoscopy was constructed, and its 
accuracy and predictive performance were evaluated, which 
has good clinical application value. Based on this nomogram 
model, a patient’s risk of postoperative complications can be 
assessed.
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