
O R I G I N A L  R E S E A R C H

Nomogram for Predicting Postoperative 
Cardiopulmonary Complications in Non-Small 
Cell Lung Cancer Based on Systemic Inflammatory 
Markers: A Retrospective Study
Zemin He1, Keting Liu2, Ling Wu3, Qiang Wei1

1Department of Thoracic Surgery, The First People’s Hospital of Shuangliu District (West China Airport Hospital of Sichuan University), Chendu, 
Sichuan Province, 610200, People’s Republic of China; 2Department of Neurology, Chengdu Seventh People’s Hospital, Chendu, Sichuan Province, 
610213, People’s Republic of China; 3Department of Respiratory Medicine, The First People’s Hospital of Shuangliu District (West China Airport 
Hospital of Sichuan University), Chendu, Sichuan Province, 610200, People’s Republic of China

Correspondence: Qiang Wei, Department of Thoracic Surgery, The First People’s Hospital of Shuangliu District (West China Airport Hospital of 
Sichuan University), Chendu, Sichuan Province, 610200, People’s Republic of China, Email 993092572@qq.com

Objective: The objective of this study is to investigate the association between systemic inflammatory markers and postoperative 
cardiopulmonary complications in patients with non-small cell lung cancer (NSCLC). Additionally, the study aims to develop 
a column chart tool to improve the accuracy of predicting the risk of postoperative cardiopulmonary complications in NSCLC patients.
Methods: This study analyzed data on patients with lung cancer who underwent surgery in our department from July 2022 to 
December 2024.Patients were divided into training and validation sets.Logistic regression analysis was used to construct a column 
chart and identify predictive factors for cardiopulmonary complications.The chart’s performance was evaluated using the C-index, the 
AUC, the calibration curve, and the decision curve analysis.The validation set was used for further model evaluation.
Results: Multivariate logistic regression analysis demonstrated that smoking history, postoperative neutrophil count, postoperative 
systemic immunoinflammatory index (SII), ΔSII (change in SII), ΔPLR (change in platelet-lymphocyte ratio), and ΔAISI (change in 
neutrophil * platelet * monocyte/lymphocyte ratio) were predictive factors for postoperative cardiopulmonary complications. In the 
training set, the C-index of the model is 0.86 (95% confidence interval: 0.82–0.91), while in the validation set it is 0.81 (95% 
confidence interval: 0.73–0.89). The calibration curve demonstrates a strong correlation between the column chart model and the 
observed data. The decision curve analysis indicates that the net profit of this model is considerably superior to that of other models.
Conclusion: The present study successfully developed and validated a predictive model based on systemic inflammatory markers to assess 
the risk of postoperative cardiopulmonary complications in patients with small cell lung cancer. This model assists clinicians in accurately 
assessing patients’ risk of postoperative cardiovascular and pulmonary complications, thereby promoting personalized patient management.
Keywords: systemic inflammatory markers, non small cell lung cancer, postoperative cardiopulmonary complications, prediction model

Introduction
Lung cancer is the most prevalent and deadly type of cancer worldwide, with a high incidence of mortality.1 According to the 
most recent cancer statistics published by the National Cancer Center in China, lung cancer is responsible for 20.03% of all 
malignant neoplasms and accounts for 26.99% of cancer-related deaths.2 Surgery remains the preferred and primary treatment for 
lung cancer.3 However, following lung cancer surgery, patients with advanced age, impaired respiratory function, pain, difficulty 
coughing and expectorating, local postoperative inflammatory reactions, direct stimulation of the heart and lungs after surgery, 
and changes in thoracic dynamics can lead to alterations in respiratory patterns and a temporary decline in cardiopulmonary 
function.4,5 The aforementioned factors have the potential to increase the risk of cardiovascular and pulmonary complications. 
Patients may experience various complications, with cardiovascular and pulmonary complications being particularly prevalent.
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It has been reported that the incidence of pulmonary complications after thoracic surgery ranges from 19% to 59%, 
with pulmonary infection being one of the most common complications.6 Lai et al study found that among 421 stage 
I NSCLC patients, 15.2% experienced cardiopulmonary complications, with the most common being pulmonary 
infection (8.8%), atelectasis (5.9%), and pleural effusion (5.0%).7 These complications have been shown to prolong 
the hospital stay of patients, increase the financial burden on healthcare systems, and lead to an increased incidence of 
rehospitalization. Moreover, they have been associated with elevated long-term mortality rates.8

Presently, the predictive indicators for postoperative cardiopulmonary complications in lung cancer include pulmon-
ary function tests, cardiac ultrasound, chest CT, and cardiopulmonary exercise testing. Nevertheless, these indicators are 
inadequate for predicting the occurrence of postoperative cardiopulmonary complications with sufficient accuracy.9 

Recent studies have demonstrated that systemic inflammatory markers, including the neutrophil-to-lymphocyte ratio 
(NLR), the platelet-to-lymphocyte ratio (PLR), the lymphocyte-to-monocyte ratio (LMR), and the systemic immune- 
inflammatory index (SII), have a significant impact on the development of postoperative complications in patients 
undergoing cardiac, abdominal, and orthopedic surgery.9,10 Han11 et al demonstrated that NLR, MLR and PLR play a role 
in predicting survival in NSCLC patients. Ruan12 et al found that PLR and LMR can accurately predict pulmonary 
complications in surgical NSCLC patients. SII, by incorporating platelet dynamics, amplifies the thrombo-inflammatory 
cascade. Postoperative alterations (Δ) in these indicators are incorporated to capture real-time immune changes, as 
preoperative values lack sensitivity to intraoperative perturbations. In comparison to other indicators such as CRP or 
cytokines, these composite indicators offer a cost-effective and reproducible measure of systemic inflammation.

The objective of this study is to meticulously examine the systemic inflammatory indicators of lung cancer patients before 
and after surgery, with the aim of constructing a more precise prediction model for postoperative cardiopulmonary complica-
tions in lung cancer patients. This model will provide clinicians with a new tool for the accurate assessment of the risk of 
cardiopulmonary complications after surgery. It will also enable the timely identification and intervention of high-risk patients. 
Furthermore, it will provide a scientific basis for the comprehensive management of lung cancer patients.

Methods
Patients
The subjects of this retrospective study were patients who underwent lung resection surgery at our hospital between 
July 2022 and December 2024 and were diagnosed with non-small cell lung cancer after surgery. All patients were 
treated according to the clinical practice guidelines for thoracic surgery and perioperative management of lung cancer 
developed by the Chinese Society of Thoracic Surgery.This study was reviewed and approved by the hospital ethics 
committee, which waived the requirement for informed consent in accordance with the Declaration of Helsinki. All 
surgeries will be performed by our experienced surgical team according to standard procedures. Inclusion criteria for this 
study are: (1) patients who have completed lung resection; (2) the post-operative diagnosis was non-small cell lung 
cancer; (3) patients with complete clinical records. Exclusion criteria include: (1) age <18 years; (2) patients with pre- 
existing infectious diseases, haematological disorders, immune system disorders, or empyema prior to surgery; (3) 
patients undergoing total lung resection surgery; (4) individuals with poor medical compliance, automatic discharge, 
incomplete treatment processes, or missing data.

Study Protocol
The study was reviewed and endorsed by the institutional ethics committee. Its design and execution adhered to the 
Standards for Reporting Case-Control Studies (STROCSS).13 TThe research procedures were carried out in strict 
accordance with the Declaration of Helsinki (revised 2013).14 The sample size calculation method had already been 
employed before this study was conducted.15 The research flow chart is shown in Figure 1.

Definition of Postoperative Cardiopulmonary Complications
This study employed the diagnostic criteria for cardiovascular and pulmonary complications outlined in the extant 
literature, namely the STS/ESTS criteria.16 The researchers documented post-operative cardiovascular and pulmonary 
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complications, including persistent lung leak, pulmonary infection, arrhythmia, acute myocardial infarction, pulmonary 
embolism, heart failure, empyema, bronchopleural fistula, secondary endotracheal intubation, and death, among others. 
The primary outcome measure is the occurrence of complications within 30 days following lung resection.

Data Collection and Potential Predictive Factors
In this study, based on relevant literature and clinical judgement, we retrospectively collected the medical records of patients who 
met the inclusion criteria through the hospital’s electronic medical record archiving system, quality control registration manage-
ment system, and laboratory test report system. The information collected included: age, sex, smoking status, drinking status, 
body mass index (BMI), medical history (including chronic obstructive pulmonary disease, hypertension, diabetes, hyperlipi-
demia, cerebral infarction), operation plan (lobectomy and partial pneumonectomy), operation time, and laboratory test results 
(including routine blood test, liver function, kidney function, blood coagulation function, blood lipids) 1 week before and 1 day 

Figure 1 Flow chart of this study.
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after operation. Based on the routine blood test results, we calculated the following inflammation indicators before and after 
surgery Systemic Immune Inflammatory Index (SII)=Neutrophil count (N) × Platelet count (P)/Lymphocyte count (L), 
Mononuclear Inflammatory Response Index (SIRI)=Neutrophil count (N) × Mononuclear cell count (M)/Lymphocyte count 
(L), Neutrophil to Lymphocyte Ratio (NLR)=Neutrophil Count (N)/Lymphocyte Count (L), Platelet to Lymphocyte Ratio 
(PLR).17 We subtract the preoperative value from the postoperative value to obtain the amount of change (Δ).

Development and Evaluation of Column Chart Models
A total of 693 patients were randomly assigned to the training and validation sets at a ratio of 7:3. To identify potential 
predictive factors, we performed logistic regression analysis on the training set and constructed a column chart model 
using multiple logistic regression. Column chart calibration was accompanied by the development of Hosmer-Lemeshow 
tests to determine the consistency between predicted and observed pollution events. The predictive accuracy and 
consistency of the model are assessed using the receiver operating characteristic (ROC) curve, the area under the 
ROC curve (AUC), the consistency index (C-index) and the calibration curve. In addition, Decision Curve Analysis 
(DCA) is used to reflect the net benefit of the model to patients. Identification and calibration are both performed by 
bootstrapping 1000 heavy samples.

Statistical Analysis
This study used Zstats software and R 4.4.0 software, combined with rms, pROC, ggplot2, and DCA software packages 
for data processing and analysis. For continuous data parameters, normal distribution is represented by mean ± standard 
deviation, while skewed distribution is represented by median (M) and quartile range (P25-P75); The count data is 
expressed as a ratio (%). All statistical tests were bilateral, and a P value<0.05 was considered statistically significant. By 
conducting binary logistic regression analysis, factors with P<0.05 were identified, and a column chart model was 
constructed using the RMS package in R software. The predictive performance and accuracy of the model are evaluated 
through the consistency index (C-index) and calibration chart method.

Results
Patient Characteristics
As shown in Table 1, a total of 693 eligible patients were included in this study. The entire cohort was randomly assigned 
to the training set (n=485) and the validation set (n=208). 102 patients experienced postoperative cardiopulmonary 
complications, 71 in the training set and 31 in the validation set. Statistical analysis showed no significant difference 
between the training and validation sets (P>0.05). Tables 1 and 2 shows the baseline characteristics of the patients.

Table 1 Baseline Characteristics Between the Complication Group and the Non 
Complication Group

Characteristic Complication p

No (n=591)  
Mean (SD)/N (%)

Yes (n=102)  
Mean (SD)/N (%)

Sex (male) 207 (35.0) 48 (47.1) 0.027

Smoking history(yes) 118 (20.0) 41 (40.2) <0.001
ASA (3–4 points) 61 (10.3) 10 (9.8) 1

Diabetes (yes) 40 (6.8) 8 (7.8) 0.854

Hypertension(yes) 93 (15.7) 12 (11.8) 0.377

(Continued)
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Table 1 (Continued). 

Characteristic Complication p

No (n=591)  
Mean (SD)/N (%)

Yes (n=102)  
Mean (SD)/N (%)

Hyperlipidemia (yes) 32 (5.4) 6 (5.9) 1
Coronary heart disease (yes) 61 (10.3) 4 (3.9) 0.062

Cerebral infarction(yes) 37 (6.3) 5 (4.9) 0.759

COPD (yes) 49 (8.3) 10 (9.8) 0.754
Range of excision(yes) 241 (40.8) 43 (42.2) 0.879

Stages (Phase III–IV) 33 (5.6) 8 (7.8) 0.505

Age 54.26 (12.43) 54.07 (13.44) 0.888
BMI 23.62 (3.13) 23.64 (2.86) 0.93

PreWBC 5.39 (1.70) 6.40 (1.69) <0.001

PreRBC 4.46 (0.53) 4.53 (0.56) 0.189
PostRBC 4.17 (0.52) 4.26 (0.52) 0.115

PreHB 132.58 (15.19) 135.83 (16.14) 0.048

PostHB 123.79 (14.50) 126.79 (14.73) 0.054
PreP 182.59 (54.91) 205.04 (62.91) <0.001

PostP 170.80 (50.67) 196.53 (61.45) <0.001

PreN 3.31 (1.38) 4.27 (1.51) <0.001
PostN 9.21 (2.93) 12.44 (3.32) <0.001

PreL 1.60 (0.69) 1.56 (0.43) 0.524

PostL 1.08 (0.49) 0.89 (0.35) <0.001
preM 0.32 (0.11) 0.39 (0.14) <0.001

PostM 0.60 (0.28) 0.75 (0.30) <0.001

PreSII 418.75 (267.82) 597.96 (336.54) <0.001
PostSII 1658.60 (888.79) 3162.66 (1795.88) <0.001

ΔSII 1239.85 (867.85) 2564.70 (1759.63) <0.001

PreSIRI 0.80 (1.02) 1.23 (1.12) <0.001
PostSIRI 5.87 (3.61) 11.62 (6.97) <0.001

ΔSIRI 5.07 (3.61) 10.39 (6.81) <0.001

PreNLR 2.34 (1.60) 2.98 (1.67) <0.001
PostNLR 9.97 (5.08) 16.14 (8.01) <0.001

ΔNLR 7.63 (5.09) 13.16 (8.17) <0.001

PreAISI 143.03 (152.89) 248.64 (221.43) <0.001
PostAISI 996.65 (680.45) 2285.29 (1548.41) <0.001

ΔAISI 853.61 (665.75) 2036.64 (1496.69) <0.001

PrePLR 125.21 (51.87) 138.69 (47.50) 0.014
PostPLR 177.90 (73.72) 253.33 (122.86) <0.001

ΔPLR 52.69 (63.12) 114.64 (111.96) <0.001

PreCRP 3.30 (15.68) 4.21 (7.45) 0.566
PreDD 0.33 (0.43) 0.31 (0.47) 0.693

PreALB 41.59 (3.44) 41.10 (3.35) 0.181

PostALB 36.26 (2.81) 36.07 (2.78) 0.529
PreeGfR 98.96 (14.64) 98.52 (15.13) 0.779

PosteGfR 103.54 (14.60) 102.50 (16.29) 0.516

PreCr 64.18 (15.02) 66.92 (17.12) 0.096
PostCr 58.96 (15.93) 62.86 (17.63) 0.025

PreUrea 5.56 (1.64) 5.47 (1.42) 0.62

PostUr 4.47 (1.88) 4.53 (1.69) 0.731

(Continued)
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Table 1 (Continued). 

Characteristic Complication p

No (n=591)  
Mean (SD)/N (%)

Yes (n=102)  
Mean (SD)/N (%)

PreUA 326.99 (85.03) 332.85 (84.94) 0.521
PostUA 224.91 (83.93) 238.57 (72.09) 0.122

Operativetime 101.52 (36.09) 109.14 (33.08) 0.047

Notes: BMI (Body Mass Index, a measure of body fat based on weight and height), WBC (White Blood 
Cell Count, the number of white blood cells in the blood), RBC (Red Blood Cell Count, the number of 
red blood cells), HB (Hemoglobin Concentration, the level of hemoglobin in the blood), P (Platelet 
Count, the number of platelets), N (Neutrophil Percentage, the proportion of neutrophils among white 
blood cells), L (Lymphocyte Percentage, the proportion of lymphocytes), M (Monocyte Percentage, the 
proportion of monocytes), SII (Systemic Immune-Inflammation Index, calculated from neutrophil, lym-
phocyte, and platelet counts to assess immune inflammation status), SIRI (Monocyte to Lymphocyte 
Ratio, used to evaluate immune status), NLR (Neutrophil to Lymphocyte Ratio, an indicator of inflam-
mation), AISI (Anemia and Inflammation Synthesis Index, combines hemoglobin, white blood cell, and 
platelet counts to assess anemia and inflammation), PLR (Platelet to Lymphocyte Ratio, used for 
inflammation assessment), CRP (C-reactive Protein Concentration, an acute phase protein indicating 
inflammation), DD (D-dimer Concentration, a fibrin degradation product suggesting potential thrombo-
sis), ALB (Albumin Concentration, a major plasma protein, with low levels indicating malnutrition or 
inflammation), eGFR (Estimated Glomerular Filtration Rate, a measure of kidney function), Cr 
(Creatinine Concentration, a key renal function indicator), Urea (Urea Nitrogen Concentration, another 
important renal function indicator), UA (Uric Acid Concentration, the final product of purine metabo-
lism, with high levels indicating hyperuricemia), and Operative Time (the duration of the surgery). The 
terms pre and post refer to measurements taken before and after surgery, respectively, while Δ indicates 
the change from pre- to post-surgery.

Table 2 Comparison of Training and Validation Sets

Characteristic Training Set (n=485)  
Mean (SD)/N (%)

Validation Set (n=208)  
Mean (SD)/N (%)

p

Complication (yes) 71 (14.6) 31 (14.9) 1

Sex (male) 175 (36.1) 80 (38.5) 0.611

Smoking history(yes) 111 (22.9) 48 (23.1) 1
ASA (3–4 points) 50 (10.3) 21 (10.1) 1

Diabetes (yes) 32 (6.6) 16 (7.7) 0.721

Hypertension(yes) 71 (14.6) 34 (16.3) 0.646
Hyperlipidemia (yes) 28 (5.8) 10 (4.8) 0.742

Coronary heart disease (yes) 49 (10.1) 16 (7.7) 0.392

Cerebral infarction(yes) 29 (6.0) 13 (6.2) 1
COPD (yes) 36 (7.4) 23 (11.1) 0.155

Range of excision(yes) 209 (43.1) 75 (36.1) 0.101

Stages (Phase III–IV) 31 (6.4) 10 (4.8) 0.526
Age 54.13 (12.38) 54.46 (13.02) 0.752

BMI 23.57 (3.14) 23.74 (2.99) 0.501

PreWBC 5.58 (1.74) 5.46 (1.73) 0.4
PreRBC 4.48 (0.55) 4.45 (0.50) 0.412

PostRBC 4.18 (0.53) 4.19 (0.50) 0.99

PreHB 133.16 (15.20) 132.83 (15.78) 0.796
PostHB 123.99 (14.47) 124.80 (14.80) 0.503

PreP 187.09 (56.92) 183.09 (56.14) 0.394

PostP 174.62 (52.96) 174.49 (53.67) 0.975
PreN 3.50 (1.49) 3.34 (1.31) 0.205

PostN 9.65 (3.16) 9.76 (3.30) 0.671

(Continued)
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Screening Predictive Factors
Using multivariate logistic regression analysis, we identified the following six factors as predictive of postoperative 
cardiopulmonary complications (p<0.05): smoking history (OR=1.97, 95% CI: 1.02–3. 81), postoperative neutrophil 
count (OR=1.31, 95% CI: 1.01–1.54), postoperative SII (OR=1.01, 95% CI: 1.01–1.01), Δ SII (OR=0.99, 95% CI: 
0.99–0.99), Δ PLR (OR=1.01, 95% CI: 1.01–1.02) and Δ AISI (OR=1.01, 95% CI: 1.01–1.01) (Table 3).

Table 2 (Continued). 

Characteristic Training Set (n=485)  
Mean (SD)/N (%)

Validation Set (n=208)  
Mean (SD)/N (%)

p

PreL 1.61 (0.71) 1.56 (0.49) 0.41
PostL 1.06 (0.52) 1.03 (0.36) 0.394

PreM 0.33 (0.12) 0.32 (0.11) 0.176

PostM 0.63 (0.31) 0.61 (0.21) 0.421
PreSII 452.28 (287.01) 428.47 (283.19) 0.315

PostSII 1860.04 (1159.09) 1926.46 (1277.25) 0.503

ΔSII 1407.77 (1130.67) 1498.00 (1183.29) 0.343
PreSIRI 0.87 (0.86) 0.85 (1.39) 0.837

PostSIRI 6.70 (4.84) 6.74 (4.47) 0.923

ΔSIRI 5.84 (4.71) 5.89 (4.44) 0.885
PreNLR 2.44 (1.53) 2.42 (1.84) 0.842

PostNLR 10.82 (5.91) 11.01 (6.26) 0.702

ΔNLR 8.38 (5.92) 8.60 (6.10) 0.659
PreAISI 163.39 (160.64) 147.36 (186.32) 0.252

PostAISI 1183.15 (1011.32) 1193.71 (892.11) 0.896

ΔAISI 1019.76 (970.85) 1046.35 (860.29) 0.733
PrePLR 127.34 (50.34) 126.86 (54.06) 0.91

PostPLR 189.10 (87.97) 188.78 (84.55) 0.965

ΔPLR 61.76 (77.87) 61.93 (70.05) 0.979
PreCRP 3.58 (16.81) 3.07 (8.21) 0.677

PreDD 0.34 (0.48) 0.29 (0.31) 0.159
PreALB 41.61 (3.24) 41.29 (3.82) 0.263

PostALB 36.17 (2.75) 36.37 (2.91) 0.4

PreeGfR 99.56 (13.96) 97.34 (16.24) 0.068
PosteGfR 103.93 (13.71) 102.11 (17.19) 0.139

PreCr 63.79 (13.98) 66.45 (18.08) 0.037

PostCr 58.69 (13.47) 61.48 (21.26) 0.038
PreUrea 5.55 (1.53) 5.53 (1.76) 0.867

PostUr 4.42 (1.68) 4.61 (2.21) 0.211

PreUA 329.24 (82.90) 324.61 (89.75) 0.511
PostUA 228.43 (79.96) 223.38 (87.91) 0.46

Opera tivetime 103.43 (34.90) 100.80 (37.66) 0.376

Notes: BMI (Body Mass Index, a measure of body fat based on weight and height), WBC (White Blood Cell 
Count, the number of white blood cells in the blood), RBC (Red Blood Cell Count, the number of red blood 
cells), HB (Hemoglobin Concentration, the level of hemoglobin in the blood), P (Platelet Count, the number of 
platelets), N (Neutrophil Percentage, the proportion of neutrophils among white blood cells), L (Lymphocyte 
Percentage, the proportion of lymphocytes), M (Monocyte Percentage, the proportion of monocytes), SII 
(Systemic Immune-Inflammation Index, calculated from neutrophil, lymphocyte, and platelet counts to assess 
immune inflammation status), SIRI (Monocyte to Lymphocyte Ratio, used to evaluate immune status), NLR 
(Neutrophil to Lymphocyte Ratio, an indicator of inflammation), AISI (Anemia and Inflammation Synthesis Index, 
combines hemoglobin, white blood cell, and platelet counts to assess anemia and inflammation), PLR (Platelet to 
Lymphocyte Ratio, used for inflammation assessment), CRP (C-reactive Protein Concentration, an acute phase 
protein indicating inflammation), DD (D-dimer Concentration, a fibrin degradation product suggesting potential 
thrombosis), ALB (Albumin Concentration, a major plasma protein, with low levels indicating malnutrition or 
inflammation), eGFR (Estimated Glomerular Filtration Rate, a measure of kidney function), Cr (Creatinine 
Concentration, a key renal function indicator), Urea (Urea Nitrogen Concentration, another important renal 
function indicator), UA (Uric Acid Concentration, the final product of purine metabolism, with high levels 
indicating hyperuricemia), and Operative Time (the duration of the surgery).
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Table 3 Single Factor and Multiple Factor Logistic Regression Analyses Used for Screening 
Predictive Factors

Variables Univariate Analysis Multivariate Analysis

P OR (95% CI) P OR (95% CI)

Sex (male) 0.013 1.90 (1.15 ~ 3.16)
Smoking history(yes) <0.001 3.48 (2.05 ~ 5.90) 0.044 1.97 (1.02 ~ 3.81)

ASA (3–4 points) 0.170 0.48 (0.17 ~ 1.37)

Diabetes (yes) 0.870 1.09 (0.40 ~ 2.92)
Hypertension(yes) 0.886 0.95 (0.46 ~ 1.95)

Hyperlipidemia (yes) 0.300 1.64 (0.64 ~ 4.21)

Coronary heart disease (yes) 0.088 0.35 (0.11 ~ 1.17)
Cerebral infarction(yes) 0.683 1.23 (0.45 ~ 3.34)

COPD (yes) 0.399 1.45 (0.61 ~ 3.45)

Range of excision(yes) 0.917 1.03 (0.62 ~ 1.71)
Stages (Phase III–IV) 0.445 1.44 (0.57 ~ 3.64)

Age 0.768 1.00 (0.98 ~ 1.02)

BMI 0.917 1.00 (0.93 ~ 1.09)
PreWBC <0.001 1.36 (1.20 ~ 1.56)

PreRBC 0.959 1.01 (0.64 ~ 1.60)

PostRBC 0.290 1.28 (0.81 ~ 2.03)
PreHB 0.386 1.01 (0.99 ~ 1.02)

PostHB 0.187 1.01 (0.99 ~ 1.03)

PreP 0.003 1.01 (1.01 ~ 1.01)
PostP <0.001 1.01 (1.01 ~ 1.01)

PreN <0.001 1.44 (1.23 ~ 1.68)

PostN <0.001 1.41 (1.28 ~ 1.55) <0.001 1.31 (1.12 ~ 1.54)
PreL 0.672 0.92 (0.62 ~ 1.37)

PostL 0.004 0.35 (0.17 ~ 0.72)
PreM <0.001 150.52 (22.11 ~ 1024.55)

PostM <0.001 6.65 (2.54 ~ 17.44)

PreSII <0.001 1.01 (1.01 ~ 1.01)
PostSII <0.001 1.01 (1.01 ~ 1.01) <0.001 1.01 (1.01 ~ 1.01)

ΔSII <0.001 1.01 (1.01 ~ 1.01) <0.001 0.99 (0.99 ~ 0.99)

PreSIRI <0.001 1.75 (1.32 ~ 2.32)
PostSIRI <0.001 1.27 (1.20 ~ 1.36)

ΔSIRI <0.001 1.26 (1.18 ~ 1.34)

PreNLR 0.002 1.27 (1.09 ~ 1.47)
PostSNLR <0.001 1.15 (1.10 ~ 1.20)

ΔNLR <0.001 1.13 (1.08 ~ 1.18)

PreAISI <0.001 1.01 (1.01 ~ 1.01)
PostAISI <0.001 1.01 (1.01 ~ 1.01)

ΔAISI <0.001 1.01 (1.01 ~ 1.01) 0.011 1.01 (1.01 ~ 1.01)

PrePLR 0.071 1.00 (1.00 ~ 1.01)
PostPLR <0.001 1.01 (1.01 ~ 1.01)

ΔPLR <0.001 1.01 (1.01 ~ 1.01) 0.003 1.01 (1.01 ~ 1.02)

PreCRP 0.630 1.00 (0.99 ~ 1.01)
PreDD 0.765 0.91 (0.51 ~ 1.64)

PreALB 0.115 0.94 (0.87 ~ 1.02)

PostALB 0.956 1.00 (0.91 ~ 1.10)
PreEGFR 0.725 1.00 (0.99 ~ 1.02)

PostEGFR 0.850 1.00 (0.98 ~ 1.02)

PreCR 0.100 1.01 (1.00 ~ 1.03)

(Continued)
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Develop Personalized Prediction Models
Based on multivariate logistic regression analysis, we created a column diagram to predict the risk of postoperative 
cardiopulmonary complications. This column chart includes six key clinical features: smoking history, postoperative 
neutrophil count, postoperative systemic immunoinflammatory index (SII), changes in postoperative systemic immunoin-
flammatory index (Δ SII), changes in platelet-lymphocyte ratio (Δ PLR), and changes in postoperative immunosuppres-
sion index (Δ AISI). Each feature is assigned a corresponding score based on its contribution to risk. For example, if the 
patient’s smoking history is 1 point, postN is 12 points, postSII is 3000 points, ASII is 2000 points, Δ AISI is −500 
points, Δ PLR is 300 points, and the total score is 4813 points, the patient’s risk of postoperative complications can be 
predicted to be 50% based on the column chart. This prediction model helps doctors to identify high-risk patients in 
advance and take preventive measures to reduce the incidence of postoperative complications (Figure 2).

Table 3 (Continued). 

Variables Univariate Analysis Multivariate Analysis

P OR (95% CI) P OR (95% CI)

PostCR 0.008 1.02 (1.01 ~ 1.04)

PreUrea 0.733 0.97 (0.82 ~ 1.15)
PostUr 0.690 1.03 (0.89 ~ 1.19)

PreUA 0.611 1.00 (1.00 ~ 1.00)

PostUA 0.176 1.00 (1.00 ~ 1.01)
Operative time 0.123 1.01 (1.00 ~ 1.01)

Notes: BMI (Body Mass Index, a measure of body fat based on weight and height), WBC (White Blood Cell Count, 
the number of white blood cells in the blood), RBC (Red Blood Cell Count, the number of red blood cells), HB 
(Hemoglobin Concentration, the level of hemoglobin in the blood), P (Platelet Count, the number of platelets), 
N (Neutrophil Percentage, the proportion of neutrophils among white blood cells), L (Lymphocyte Percentage, the 
proportion of lymphocytes), M (Monocyte Percentage, the proportion of monocytes), SII (Systemic Immune- 
Inflammation Index, calculated from neutrophil, lymphocyte, and platelet counts to assess immune inflammation 
status), SIRI (Monocyte to Lymphocyte Ratio, used to evaluate immune status), NLR (Neutrophil to Lymphocyte 
Ratio, an indicator of inflammation), AISI (Anemia and Inflammation Synthesis Index, combines hemoglobin, white 
blood cell, and platelet counts to assess anemia and inflammation), PLR (Platelet to Lymphocyte Ratio, used for 
inflammation assessment), CRP (C-reactive Protein Concentration, an acute phase protein indicating inflammation), 
DD (D-dimer Concentration, a fibrin degradation product suggesting potential thrombosis), ALB (Albumin 
Concentration, a major plasma protein, with low levels indicating malnutrition or inflammation), eGFR (Estimated 
Glomerular Filtration Rate, a measure of kidney function), Cr (Creatinine Concentration, a key renal function 
indicator), Urea (Urea Nitrogen Concentration, another important renal function indicator), UA (Uric Acid 
Concentration, the final product of purine metabolism, with high levels indicating hyperuricemia), and Operative 
Time (the duration of the surgery). The terms pre and post refer to measurements taken before and after surgery, 
respectively, while Δ indicates the change from pre- to post-surgery.OR: Odds Ratio, CI: Confidence Interval.

Figure 2 Column chart for the research.
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Prediction Model Validation and Calibration
This study evaluated the stability and predictive performance of the prediction model on different datasets by analysing the 
ROC curves of the training and validation sets. The AUC value of the training set is 0.86, with a 95% confidence interval of 
0.82 to 0.91, while the AUC value of the validation set is 0.81, with a 95% confidence interval of 0.73 to 0.89. This indicates 
that the model has good predictive ability on both independent datasets and the performance is consistent (Figures 3 and 4).

Further decision curve analysis (DCA) revealed the value of the model under different high-risk thresholds. 
Compared to extreme strategies such as “do everything” or “do nothing”, this model can provide a higher net benefit 
for clinical decision making across a wide range of high-risk thresholds, particularly in the low-to-moderate risk 
threshold range where the net benefit of the model is more significant (Figures 5 and 6).

In addition, the Hosmer-Lemeshow test was used to assess the fit of the model. The P-values for the training and 
validation sets were 0.939 and 0.917 respectively, both greater than 0.05. This further confirms that there is no significant 
fit deviation between the model and the actual observed data, and that the model has a good fit. These data indicate that 
our column chart has enormous potential for clinical decision making (Figures 7 and 8).

This study evaluated the performance of the prediction model through system validation and calibration. The 
sensitivity of the model is 0.74 (95% confidence interval: 0.70–0.78), the specificity is 0.85 (95% confidence interval: 
0.76–0.93), and the area under the receiver operating characteristic curve (AUC) is 0.86 (95% confidence interval: 
0.82–0.91), confirming the excellent discriminative ability of the model. The optimal cut-off value determined by the 
Youden index is 4813 points, corresponding to a predicted risk probability of 50%. The positive predictive value (PPV) 
and negative predictive value (NPV) are 0.97 (95% confidence interval: 0.95–0.99) and 0.36 (95% confidence interval: 
0.28–0.43), respectively. The calibration analysis shows that the predicted probability of the model is highly consistent 
with the actual observed results. The Hosmer-Lemeshow test P-values for the training and validation sets are 0.939 and 
0.917, respectively, with a Brier score of 0.126 and a calibration slope of 0.98 (95% confidence interval: 0.92–1.04), 
indicating that the model has no significant overfitting and good calibration performance.

Figure 3 ROC curve of the training set.
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Figure 4 ROC curve of the validation set.

Figure 5 Decision curve analysis [DCA] of the column chart of the training set. The green line signifies the assumption that no patients have dirt, while the red line indicates 
that all patients have dirt. The blue line corresponds to the risk column chart.
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Figure 6 Decision curve analysis[DCA] of column chart of the validation set. The green line signifies the assumption that no patients have dirt, while the red line indicates 
that all patients have dirt. The blue line corresponds to the risk column chart.

Figure 7 The calibration curve of the training set has a P-value >0.05 in the Hosmer Lemeshow test.
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Discussion
Surgery, the classic treatment for lung cancer, still has a high incidence of postoperative cardiopulmonary complications. 
According to research reports, the incidence of cardiovascular and pulmonary complications after lung cancer surgery 
ranges from 16.4% to 31.7%,18 which has a significant impact on the postoperative recovery of patients. Currently, the 
methods for predicting postoperative cardiopulmonary complications in lung cancer mainly include traditional clinical 
indicators, scoring systems, lung ultrasound scores and other factors. Traditional clinical indicators include pulmonary 
function tests (PFTs), echocardiography, chest CT scans, and cardiopulmonary exercise testing (CPET). The scoring 
system includes APACHE II, ASA and POSSUM scores. In addition, age, open surgical approach, preoperative 
comorbidity with chronic obstructive pulmonary disease (COPD) and high preoperative white blood cell count have 
been confirmed as risk factors for postoperative cardiopulmonary complications.18–21

A recent study has demonstrated that the systemic immune-inflammatory index (SII) and forced expiratory volume in 
one second (FEV1) have the capacity to function as predictive factors for the occurrence of pulmonary complications 
subsequent to lung resection.22 Furthermore, the potential value of biomarkers of the systemic inflammatory response, such 
as albumin, neutrophil to lymphocyte ratio (NLR), mean platelet volume (MPV), lymphocyte to monocyte ratio (LMR), 
platelet to lymphocyte ratio (PLR), and systemic immune-inflammatory index (SII), in predicting postoperative complications 
has been demonstrated.23 A multicenter study further investigated the relationship between preoperative systemic inflamma-
tory markers and long-term prognosis in patients with resectable non-small cell lung cancer (NSCLC). The study found that 
these preoperative inflammatory markers have significant predictive value for postoperative complications.24 This study also 
found that operating time is one of the most important factors influencing cardiovascular and pulmonary complications. 
Preliminary research has indicated that the likelihood of developing pneumonia, experiencing arrhythmias, and succumbing to 
mortality rises considerably when surgical duration exceeds 180 minutes.This phenomenon is primarily attributed to the 
exacerbation of tissue trauma, augmented fluid transfer, and subsequent activation of inflammatory responses during the 

Figure 8 The calibration curve of the validation set, with a P value>0.05 in Hosmer Lemeshow test.
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surgical procedure.25 In light of these favorable outcomes, we have developed a pillar chart model based on systemic 
inflammatory factors to predict the occurrence of cardiovascular and pulmonary complications after lung cancer surgery. 
This model integrates key inflammatory markers such as neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio 
(PLR), systemic immune inflammation index (SII) and other clinically relevant factors.The model’s objective is to provide 
clinicians with personalized risk assessment tools through visualisation.

The column chart has been widely used as a prediction model in clinical practice for both tumour and non-tumour diseases. 
It visually represents the possibility of clinical outcomes by integrating key factors.26 In this study, a column chart model was 
constructed to integrate the following factors: smoking history, postoperative neutrophil count, postoperative systemic 
immune inflammation index (SII), changes in postoperative SII (Δ SII), changes in platelet-lymphocyte ratio (Δ PLR), and 
changes in postoperative immune suppression index (Δ AISI). This particular column chart model is uncommon in 
contemporary research and offers a valuable enhancement to existing prediction methods. Several studies have provided 
evidence for the six aforementioned risk factors. It is well-documented that smoking constitutes a risk factor for postoperative 
complications in lung cancer. Research has demonstrated that a history of smoking constitutes a significant risk factor for the 
development of postoperative pneumonia in cancer patients.27 Furthermore, an elevated preoperative neutrophil count has 
been demonstrated to be associated with an augmented risk of postoperative infection, thereby suggesting a potential role for 
neutrophils in the development of postoperative complications. The systemic immune-inflammatory index (SII) has also been 
demonstrated to serve as a significant prognostic indicator. Despite the paucity of direct research on changes in postoperative 
SII (Δ SII) and platelet-lymphocyte ratio (Δ PLR), it is postulated that these indicators may serve as a reflection of the dynamic 
changes in the postoperative inflammatory response and immune status, which are closely related to the risk of postoperative 
complications.28 In addition, changes in the immunosuppression index (ΔAISI) may also be associated with changes in 
postoperative immune status and risk of complications.28

The present study constructed a columnar diagram of systemic inflammatory factors and their dynamic changes. In 
one study, known risk factors such as advanced age, previous pneumonia, and chronic lung disease were examined to 
investigate the role of postoperative changes in SII (Δ SII), changes in platelet-lymphocyte ratio (Δ PLR), and changes in 
immunosuppression index (Δ AISI) in predicting postoperative complications.29 Other studies30 were conducted to 
examine the impact of postoperative SII changes (ΔSII), platelet-lymphocyte ratio changes (ΔPLR), and immune 
suppression index changes (ΔAISI) on the prediction of postoperative complications. The study’s objective was to 
investigate the role of these changes in predicting postoperative complications, and the study’s participants included 
patients with known risk factors such as age, comorbidities of COPD, and duration of surgery. In comparison with 
existing research, our model not only validated these known risk factors but also systematically integrated the dynamic 
changes of inflammation and immune markers. This integration was especially notable in dynamic indicators such as Δ 
SII, Δ PLR, and Δ AISI, which demonstrated significant independent value in predicting postoperative complications. 
Furthermore, we have, for the first time, explored in detail the potential association between Δ PLR and Δ AISI and 
postoperative complications in the context of cancer surgery, thereby adding to our current understanding of changes in 
postoperative immune status and their impact. This column chart methodically examines postoperative dynamic altera-
tions (Δ SII, Δ PLR, Δ AISI) in conjunction with clinical factors (eg, smoking history) and laboratory-related factors. In 
contrast to conventional models, our approach encompasses not only inflammation rates but also dynamic indicators and 
a more comprehensive analysis. Consequently, our study offers a more precise and personalized predictive instrument for 
risk assessment of postoperative complications. A comprehensive strategy to reduce the risk of postoperative complica-
tions in NSCLC resection has been identified through a column chart analysis. This strategy includes preoperative 
emphasis on smoking cessation intervention, control of pulmonary infections, strengthening pulmonary rehabilitation 
training, and improving FEV1 levels and exercise tolerance. During surgery, minimally invasive surgical techniques 
should be used and efforts should be made to shorten the operation time. After surgery, patients should be encouraged to 
engage in early activities and implement optimized pain management plans.

Limitations
This study has several limitations. Firstly, it is a retrospective study, which may suffer from selection bias and information 
bias, which may limit the completeness and accuracy of the data. Secondly, the sample size is relatively limited, and for some 
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rare postoperative cardiopulmonary complications, it may not be possible to fully evaluate their relationship with systemic 
inflammatory indicators. The sample size limitation may also affect the extrapolation and universality of the model. In 
addition, the data in this study came from a single centre and may be influenced by specific medical environments and patient 
populations, which limits the generalisability of the research findings. Meanwhile, this study mainly focused on systemic 
inflammatory factors and their dynamic changes, but the occurrence of postoperative cardiopulmonary complications may be 
influenced by a combination of multiple factors, such as the patient’s psychological state, nutritional status, postoperative 
pain management, etc. Future research can widen the scope of the study to include more potential confounding factors. 
Although this study performed internal validation of the model through random assignment of training and validation sets, 
external validation is lacking. Future research can perform external validation in other independent patient cohorts to verify 
the universality of the model. Finally, this study can only demonstrate an association between systemic inflammatory factors 
and postoperative cardiopulmonary complications, but cannot establish causality. Future studies can use prospective cohort 
studies or randomised controlled trials to further investigate the causal relationship between these factors and complications.

Conclusion
This study provides a new perspective and scientific basis for predicting postoperative cardiopulmonary complications in lung 
cancer by constructing a column chart containing systemic inflammatory factors and their dynamic changes. We included six key 
factors: smoking history, postoperative neutrophil count, postoperative systemic immune inflammation index (SII), changes in 
postoperative SII (Δ SII), changes in platelet-lymphocyte ratio (Δ PLR), and changes in immune suppression index (Δ AISI) as 
evaluation factors to construct a more accurate and personalised prediction tool. We have confirmed the stability and reliability of 
the model through internal validation, and this predictive model has important value for post-operative patient identification and 
risk stratification to support clinicians’ treatment plans.
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