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Objective: To explore the risk factors of pulmonary infection after laparoscopic cholecystectomy and construct a nomogram
prediction model.

Methods: From July 2022 to April 2025, 594 patients who underwent laparoscopic cholecystectomy in our hospital were included
and randomly separated into a modeling group of 416 cases and a validation group of 178 cases in a 7:3 ratio. The modeling group was
separated into an infection group of 50 cases and a non infection group of 366 cases based on the occurrence of postoperative
pulmonary infection. The operative time, preoperative albumin (Alb), preoperative WBC and other data were recorded. Single factor
and multiple factor logistic regression analyses were performed to determine risk factors. R software was performed to construct
nomogram prediction models. Receiver Operating Characteristic(ROC) curve was used to evaluate discrimination, the calibration
curve was used to evaluate calibration, and the clinical decision curve was used to evaluate net benefit.

Results: Parameters like male sex, diabetes, long operative time, and high preoperative WBC were independent risk factors for
pulmonary infection after laparoscopic cholecystectomy, while high preoperative Alb was an independent protective factor (P<0.05).
The Hosmer-Lemeshow test for the modeling and validation groups showed P=0.43,0.35; the Area Under the Curve(AUC) values of
the ROC curve were 0.94 (95% CI: 0.90~0.98) and 0.93 (95% CI: 0.89~0.97). In the calibration curve results, the predicted probability
was basically consistent with the actual probability. In the clinical decision curve results, the nomogram prediction model provided
greater net benefits within the threshold probability ranges of 2%~83% and 3%~86%.

Conclusion: The nomogram model constructed in this study can be effectively used to evaluate the individual risk of pulmonary
infection after laparoscopic cholecystectomy.
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Introduction

Laparoscopic cholecystectomy has become the primary treatment for cholecystectomy, characterized by minimal trauma,
less postoperative discomfort, short hospital stay, and a fast recovery period.! Laparoscopic cholecystectomy, compared
with open surgery, causes less damage to the abdominal wall muscles and nerves, significantly reduces postoperative
pain, enables early ambulation, promotes pulmonary function recovery, and may partially lower the risk of postoperative
pulmonary complications.* However, laparoscopic surgery requires pneumoperitoneum, and CO, insufflation can cause
diaphragmatic elevation, reduced lung compliance, and decreased functional residual capacity, all of which may increase
the risk of pulmonary infections and other respiratory complications.* Pulmonary infection can further lead to complica-
tions like respiratory failure, sepsis, empyema, and pleural effusion, worsening the patient’s condition and affecting
survival outcomes and medical costs.” Therefore, there is a clinical need to distinguish and identify patients at high risk
of postoperative pulmonary infection early on, and to promote early intervention to reduce its incidence or improve
postoperative outcomes. Previous studies have mostly focused on the risk factors for surgical site infections after
laparoscopic cholecystectomy, while the risk factors for pulmonary infection remain unclear.®® Nomograms are

https://doi.org/10.2147/IDR.S557317 Infection and Drug Resistance 2026:19 557317 |
Received: 31 July 2025 © 2026 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 16 January 2026 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creati .org/licenses/by-nc/4.0/). By accessing the

Published: 22 January 2026 work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Huang et al

primarily based on multivariate regression models. Their core principle is to convert regression coefficients into additive
scores through linear mapping, allowing rapid calculation of the probability of a specific outcome. Currently, nomograms
have been widely applied in various fields, such as postoperative complications after thoracoscopic lung cancer surgery
and prolonged air leaks after minimally invasive lung resection.’'” However, their application in pulmonary infections
following laparoscopic cholecystectomy remains to be further investigated. Consequently, this study aims to investigate
the risk factors for postoperative pulmonary infection following laparoscopic cholecystectomy and to construct
a nomogram prediction model based on these risk factors to identify high-risk patients.

Materials and Methods
Study Subjects

This was a retrospective study involving all patients who underwent laparoscopic cholecystectomy at our hospital
between July 2022 and April 2025,with patients enrolled consecutively. The inclusion criteria were: (O all patients
underwent laparoscopic cholecystectomy for conditions including symptomatic gallstones with surgical indications,
chronic cholecystitis, and polypoid lesions of the gallbladder; @ age 18 years or older; and 3 complete case data.
The exclusion criteria were: O concurrent neoplastic diseases; @) concurrent dysfunction of other organs; 3 concurrent
autoimmune or hematological system diseases; and @ a history of acute or chronic infection within the last 3 months.
The study was approved by the hospital’s Medical Ethics Committee. The study flowchart is shown in Figure 1. Based on
the inclusion and exclusion criteria, a total of 594 patients who underwent laparoscopic cholecystectomy were included
and randomly divided into a development cohort (n=416) and a validation cohort (n=178) at a 7:3 ratio[A 7:3 ratio is

625 patients who underwent
laparoscopic cholecystectomy

Age=18 years old, no tumors, no
organ dysfunction, no autoimmune or 31 patients

hematological disease, no history of were excluded
infection in the past 3 months

l

Randomly divided into modeling group
and validation group in a 7:3 ratio

|
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(n=416) S
Validation group
(n=178)
Univariate analysis and| |Consructing a
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regression analysis model

ROC curve, calibration curve,
and clinical decision curve
analysis for internal validation
and net benefit evaluation

Figure | Case flow chart.
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widely used in predictive model studies, as it ensures both the stability and reliability of the modeling set (meeting the
EPV principle) and provides a sufficient sample size in the validation set to assess model performance]. In the
development cohort, patients were further divided into an infected group (n=50) and a non-infected group (n=366)
based on the occurrence of postoperative pulmonary infection.

Outcomes and Data Collection

The primary endpoint was pulmonary infection. The definition of pulmonary infection was based on the criteria from the
Centers for Disease Control and Prevention and the National Healthcare Safety Network surveillance definition:'" the brief
assessment criteria included positive pathogen results from sputum culture; inflammatory infiltrative lesions in the lungs on
imaging studies; a temperature higher than 38°C; significantly elevated WBC count and neutrophils in laboratory tests; and
clinical signs such as cough, sputum production, and moist rales in the lungs. Data collected included patient gender,
smoking (defined as continuous or cumulative smoking for six months or more in a lifetime), alcohol consumption (defined
as an average daily pure alcohol intake of more than 60 g for men and more than 40 g for women), age, body mass index
(BMI), diabetes, hypertension, prophylactic antibiotic use, American Society of Anesthesiologists (ASA) classification,
operation time, intraoperative blood loss, postoperative hospital stay, insufficient cystic duct stump, gallbladder perforation,
gallbladder abscess, preoperative albumin (Alb), preoperative hemoglobin (Hb), preoperative WBC, and preoperative
C-reactive protein (CRP).

Statistical Analysis

SPSS 26.0 and R Studio 4.0.2 software were used for statistical analysis. Normally distributed measurement data were
expressed as mean + standard deviation (x£s) and compared between groups using the independent samples #-test. Count
data were expressed as n (%) and compared between groups using the %2 test. Included patients were randomly divided
into a development cohort and a validation cohort at a 7:3 ratio. In the univariate analysis, variables with a P < 0.05 were
included in a multivariate logistic regression analysis to identify the risk factors for postoperative pulmonary infection
after laparoscopic cholecystectomy. Features were presented as odds ratios (OR) with 95% confidence intervals (CI).
A two-tailed P < 0.05 was considered statistically significant. Internal validation was used to evaluate the predictive
performance of the nomogram model. The receiver operating characteristic (ROC) curve was used to assess discrimina-

tion, the calibration curve to assess calibration, and decision curve analysis to assess the net benefit.

Results

Comparison of Data Between the Development and Validation Cohorts

There were no statistically significant differences (P=0.17,0.49,0.36,0.17,0.33,0.71,0.11,0.11,0.75,0.07,0.11,0.29,0.10,
0.42,0.50,0.40,0.88,0.51,0.21) between the development cohort and the validation cohort in terms of gender, smoking, alcohol
consumption, age, BMI, diabetes, hypertension, prophylactic antibiotic use, ASA classification, operation time, intraoperative
blood loss, postoperative hospital stay, insufficient cystic duct stump, gallbladder perforation, gallbladder abscess, preopera-

tive Alb, preoperative Hb, preoperative WBC, and preoperative CRP. See Table 1.

Univariate Analysis of Postoperative Pulmonary Infection After Laparoscopic

Cholecystectomy

There were no statistically significant differences (P=0.10,0.19,0.12,0.24,0.63,0.10,0.26,0.07,0.10,0.44,0.51,0.81,
0.70,0.34)) between the infected and non-infected groups in terms of smoking, alcohol consumption, age, BMI,
hypertension, prophylactic antibiotic use, ASA classification, intraoperative blood loss, postoperative hospital stay,
insufficient cystic duct stump, gallbladder perforation, gallbladder abscess, preoperative Hb, and preoperative CRP.
The proportion of males, proportion with diabetes, operation time, and preoperative WBC were higher in the infected
group, while preoperative Alb was lower, compared to the non-infected group (P < 0.05). See Table 2.
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Table | Comparison of Data Between Modeling Group and Validation Group[n (%) /

(x£s)]
Index Modeling Group | Validation Group P
(n=416) (n=178)
Gender[n (%)] 0.17
Female 224 (53.85) 85 (47.75)
Male 192 (46.15) 93 (52.25)
Smoke[n (%)] 179 (43.03) 82 (46.07) 0.49
Drinking[n (%)] 41 (9.86) 22 (12.36) 0.36
Age (years) 48.13£9.90 49.37£10.15 0.17
BMI (kg/m?) 22.87+2.92 22.61+3.04 0.33
Diabetes[n (%)] 39 (9.38) 15 (8.43) 0.71
Hypertension[n (%)] 81 (19.47) 45 (25.28) 0.11
Preventive use of antibiotics[n (%)] 370 (88.94) 150 (84.27) 0.11
ASA grading 0.75
Gradel 202 (48.56) 89 (50.00)
Gradell 214 (51.44) 89 (50.00)
Operative time (min) 58.45+£9.76 60.04+£9.53 0.07
Intraoperative bleeding volume (mL) 79.69+10.54 81.22+10.91 0.11
Postoperative hospitalization time (d) 5.15+0.82 5.23+0.91 0.29
Insufficient cystic duct stump[n (%)] 45 (10.82) 28 (15.73) 0.10
Gallbladder perforation[n (%)] 62 (14.90) 22 (12.36) 0.42
Gallbladder empyemal[n (%)] 70 (16.83) 34 (19.10) 0.50
Preoperative Alb (g/L) 33.17£2.45 32.98+2.69 0.40
Preoperative Hb (g/L) 125.23+28.76 124.85+26.74 0.88
Preoperative CRP (mg/L) 3.04+0.81 3.09+0.93 0.51
Preoperative WBC (x10%/L) 5.69+1.48 5.52+1.57 0.21

Table 2 Univariate Analysis of Pulmonary Infection After Laparoscopic Cholecystectomy

[n (%) / (x £5)]

Index Non Infection Group Infection Group P
(n=366) (n=50)

Gender[n (%)] 0.00

Female 210 (57.38) 14 (28.00)

Male 156 (42.62) 36 (72.00)

Smoke[n (%)] 152 (41.53) 27 (54.00) 0.10

Drinking[n (%)] 33 (9.02) 8 (16.00) 0.19

Age (years) 47.85+9.72 50.16x10.03 0.12

BMI (kg/m?) 22.94+3.16 22.38+2.8I 0.24

Diabetes[n (%)] 27 (7.38) 12 (24.00) 0.00

Hypertension[n (%)] 70 (19.13) 11 (22.00) 0.63

Preventive use of antibiotics[n (%)] 329 (89.89) 41 (82.00) 0.10

ASA grading 0.26

Gradel 174 (47.54) 28 (56.00)

Gradell 192 (52.46) 22 (44.00)

Operative time (min) 57.53+£9.54 68.48+10.25 0.00

Intraoperative bleeding volume (mL) 79.35£10.22 82.16x10.98 0.07

Postoperative hospitalization time (d) 5.12£0.95 5.35+0.80 0.10
(Continued)
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Table 2 (Continued).

Index Non Infection Group Infection Group P
(n=366) (n=50)

Insufficient cystic duct stump[n (%)] 38 (10.38) 7 (14.00) 0.44
Gallbladder perforation[n (%)] 53 (14.48) 9 (18.00) 0.51
Gallbladder empyema[n (%)] 61 (16.67) 9 (18.00) 0.81
Preoperative Alb (g/L) 33.54+2.62 30.49£2.14 0.00
Preoperative Hb (g/L) 125.44+30.16 123.70+26.07 0.70
Preoperative CRP (mg/L) 3.02+0.91 3.15+0.78 0.34
Preoperative WBC (x10°/L) 5.50£1.45 7.12£1.56 0.00

Analysis of Influencing Factors for Postoperative Pulmonary Infection After

Laparoscopic Cholecystectomy

Variables that showed significant differences in the univariate analysis were included as independent variables in the
multivariate analysis, with the occurrence of pulmonary infection as the dependent variable. The results of the logistic
regression analysis, presented in Table 3, showed that male gender, presence of diabetes, long operation time, and high
preoperative WBC were independent risk factors for postoperative pulmonary infection after laparoscopic cholecystect-
omy, while high preoperative Alb was an independent protective factor (P < 0.05).

Construction of a Nomogram Prediction Model for Postoperative Pulmonary

Infection After Laparoscopic Cholecystectomy
Based on the regression analysis results from Table 3, a nomogram was constructed using R software with gender,
diabetes, operation time, preoperative Alb, and preoperative WBC as predictors. The model constructed from these
predictors was: logit(P) = 2.20 + 0.96 x Gender + 1.75 x Diabetes + 0.09 x Operation Time - 0.49 % Preoperative Alb +
0.81 x Preoperative WBC. The nomogram is shown in Figure 2.

ROC Curve and Calibration Curve Analysis of the Nomogram Prediction Model

The Bootstrap method was used for internal validation of the nomogram prediction model. The Hosmer-Lemeshow
goodness-of-fit test showed P=0.43 for the development cohort and P=0.35 for the validation cohort. ROC curves were
plotted based on the nomogram prediction model. The AUC was 0.94 (95% CI: 0.90-0.98) for the development cohort and
0.93 (95% CI: 0.89-0.97) for the validation cohort, with sensitivities of 82.34% and 83.07%, and specificities of 92.16% and
94.35%, respectively. The Youden indices were 0.75 and 0.77, the positive predictive values (PPV) were 58.57% and 66.67%,
and the negative predictive values (NPV) were 97.40% and 97.73%. This indicates that the nomogram prediction model can

Table 3 Multivariate Logistic Regression Analysis
of Lung Infection Following Laparoscopic

Cholecystectomy
Influence factor OR 95% CI P
Gender 2.62 1.08~6.38 | 0.03
Diabetes 2.78 1.54~3.60 | 0.0l
Operative time 1.09 1.05~1.14 | 0.00
Preoperative Alb 0.6l 0.51~0.73 | 0.00
Preoperative WBC 2.24 1.59~3.17 | 0.00
Constant 0.00 ~ 0.00

Note: Dependent variable: Infecion=1, Non infection=0;

Gender: Male=1, Female=0; Diabetes: Yes=1, No=0; Operative
time, Preoperative Alb and Preoperative WBC were all contin-
uous variable.

Infection and Drug Resistance 2026:19 heeps: 5



Huang et al

Points

Operati Ve_time T T T T T T T T T T T T T 1

Preoperative Alb . . . . . . . . . .
42 40 38 36 34 32 30 28 26 24

Preoperative. WBC . . . . , . . . l .

Male
Gender
Female
) Yes
Diabetes ———
No

Total Points L LR A N L L L L I R N L L
0 20 40 60 80 100 120 140 160 180 200 220 240

Linear Predictor T T T T T T T T T T T T T T T T ]

Prediction probability

0.1 03 0.6 0.9

Figure 2 The nomogram used to predict lung infection following laparoscopic cholecystectomy.
Note: Draw a vertical line up for each individual variable to obtain its “Points”, add the points together to obtain the total points, find the corresponding value on the “Total
Points” axis, and draw a vertical line down to obtain the “Prediction probability” (ie the risk of postoperative lung infection).

effectively distinguish between patients at high and low risk of pulmonary infection. The calibration curve results for both the
development and validation cohorts showed good agreement between the predicted probabilities and the actual probabilities,
with the calibration curves being close to the ideal curve. See Figure 3.

Decision Curve Analysis of the Nomogram Prediction Model
The decision curve analysis showed that the nomogram prediction model provided a greater net benefit within the
threshold probability ranges of 2%—-83% and 3%—-86%. See Figure 4.

Discussion

In this study, the incidence of postoperative pulmonary infection after laparoscopic cholecystectomy in the development cohort
was 12.02% (50/416). This is lower than the 18.70% incidence of postoperative pulmonary infection after laparoscopic surgery
reported by Liu et al'® and the 20.83% incidence after gastrointestinal surgery reported by Tang et al'® but it is generally
consistent with the 12.3% incidence of viral hepatitis after hepatectomy reported by Loncar et al.'* This similarity between
laparoscopic cholecystectomy and hepatectomy in the incidence of postoperative infectious complications may be related to the
fact that both procedures involve upper abdominal manipulation, significantly affecting the diaphragm and respiratory function.
Through univariate and multivariate analyses, five key predictors for postoperative pulmonary infection after laparoscopic
cholecystectomy were identified: gender, diabetes, operation time, preoperative Alb, and preoperative WBC. The nomogram
constructed based on these factors demonstrated high predictive performance and significant clinical net benefit.

Our results found that significant risk factors associated with postoperative pulmonary infection include gender. This is
reflected in the literature, indicating that male patients have a higher probability of developing infections after laparoscopic
cholecystectomy.'> Possible explanations for this correlation include a more intense inflammatory pattern in male cholecys-
titis, variations in male anatomical structures that make the surgical procedure more difficult, and the fact that male patients
tend to seek medical services less frequently than female patients, thus receiving medical care at a later clinical stage. The
results show that patients with diabetes are more prone to concurrent postoperative pulmonary infection, with a risk 2.78 times
that of non-diabetic patients (OR = 2.78). This may be related to immune cells, particularly the subsets of dendritic cells
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Figure 3 The ROC curves and calibration curves of the nomogram used to predict lung infection following laparoscopic cholecystectomy in the modeling group and
validation group (A) ROC curve in modeling group; (B) Calibration curve in modeling group; (C) ROC curve in validation group; (D) Calibration curve in validation group.

originating from the lungs that coordinate the immune response to infection. In diabetic patients with long-term exposure to
high glucose levels, these cells are severely damaged, which in turn impairs downstream immune induction and increases the
risk of infection.'®!” Our findings indicate that operation time is an independent risk factor for pulmonary infection after
laparoscopic cholecystectomy. After controlling for other confounding factors, for every 10-minute increase in operation time,
the risk of postoperative pulmonary infection increases by 9% (OR = 1.09). A study by Wang et al'® also found that prolonged
operation time was independently associated with increased incidences of surgical site infection, pneumonia, and pulmonary
embolism and longer hospital stays after laparoscopic cholecystectomy for cholecystitis in 7031 patients from the American
College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database. The analysis suggests that
because hepatobiliary surgery is complex, a prolonged operation increases the patient’s physiological burden and may trigger
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Figure 4 The clinical decision curves of the nomogram used to predict lung infection following laparoscopic cholecystectomy in the modeling group and validation group (A)
Modeling group; (B) Validation group.

Note: The model line is the nomogram for predicting the model line; The All line represents the net benefit that can be obtained by treating all patients; The None line
represents the net benefit that all patients can obtain without treatment;

greater immunosuppression and inflammatory responses, thereby increasing the risk of infection. Therefore, reducing the
duration of laparoscopic cholecystectomy and providing appropriate postoperative analgesia can reduce corresponding

complications. The results from Li et al'®

confirmed that low preoperative Alb levels are an influencing factor for post-
operative pulmonary infections in patients with esophageal cancer. Our findings are similar to this study, showing that the
lower the preoperative Alb level, the higher the risk of postoperative pulmonary infection. Previous research has found
a clinical correlation between Alb levels and the occurrence of respiratory tract infections.’>*' This finding can be explained,
on one hand, by the lower immunity in patients with low Alb levels, making them susceptible to pulmonary infections. On the

other hand, hypoalbuminemia can lead to a decrease in plasma osmotic pressure, causing pulmonary interstitial edema, while
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reduced gas diffusion and an abnormal ventilation/perfusion ratio make patients more prone to pulmonary infections.
Furthermore, our study identified high preoperative WBC as an independent risk factor for pulmonary infection. The results
from Liu et al'? also found that WBC is a risk factor for postoperative pulmonary complications in elderly patients undergoing
laparoscopic surgery, especially for postoperative pulmonary infection (which dominated the distribution of pulmonary
complications). Disease and surgical trauma often trigger an inflammatory response in the body, and WBC play a crucial
role in the inflammatory process. An elevated WBC level, to some extent, reflects an exacerbated inflammatory state in the
patient, which may promote the occurrence of infection. Thus, it can serve as a predictive indicator of the postoperative
inflammatory state.”* Moreover, since WBC can be obtained through routine preoperative blood tests, its importance warrants
further evaluation.

A nomogram prediction model was constructed based on the aforementioned risk factors. The results showed that the
AUC of the nomogram was 0.938 and 0.932 for the development and validation cohorts, respectively. The similar AUCs
indicate that the constructed model has stable performance and high discrimination, effectively distinguishing between
patients at high and low risk of postoperative pulmonary infection. The calibration curve showed good agreement
between the predicted and actual probabilities, while the decision curve analysis demonstrated the high clinical utility of
the nomogram model. Therefore, this nomogram prediction model, incorporating these five simple clinical factors, can
help clinicians identify high-risk patients for postoperative pulmonary infection before surgery. This is conducive to
improving perioperative care management, promoting the control of postoperative pulmonary infections, and conse-
quently improving clinical outcomes and reducing medical costs.

However, this study has some limitations. First, the data were collected mainly through retrospective analysis, which
may reduce the reliability of the information, potentially introduce bias, and increase the risk of misdiagnosis and missed
diagnoses, thereby confounding the results. Second, as a single-center study, the sample size may be insufficient, and some
risk factors may not have been included, which could weaken the robustness of the model. Third, external validation with
other centers was not performed, and its application value requires further confirmation through external validation.

In conclusion, this study developed a nomogram prediction model incorporating five simple clinical factors to predict
postoperative pulmonary infection after laparoscopic cholecystectomy. This model can help clinicians identify high-risk
individuals early, formulate optimal surgical plans and perioperative management strategies, and reduce the incidence of
postoperative pulmonary infections through strategies such as shortening operation time, avoiding anatomical structure-
related difficulties, controlling blood glucose levels, and maintaining optimal preoperative indicator levels. However,
larger sample sizes and multi-center studies are needed to confirm these conclusions.
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