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

A Nomogram for Diagnosing Ventilator-Associated 
Pneumonia Using Circulating Inflammation Indicators 
in ICU Patients
Jiajia Yang 1,*, Weiyuan Bao2,*, Hongmei Wang1, Jie Zhou3, Qiang Hu4, Ying Wang1, Yuancheng Li5

1Department of Infection Management, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou Municipal Hospital, Gusu School, Nanjing 
Medical University, Suzhou, 215008, People’s Republic of China; 2Department of Logistics Support, The Affiliated Suzhou Hospital of Nanjing Medical 
University, Suzhou Municipal Hospital, Gusu School, Nanjing Medical University, Suzhou, 215008, People’s Republic of China; 3Intensive care unit, The 
Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou Municipal Hospital, Gusu School, Nanjing Medical University, Suzhou, 215008, 
People’s Republic of China; 4Department of Respiratory and Critical Care Medicine, The Affiliated Suzhou Hospital of Nanjing Medical University, 
Suzhou Municipal Hospital, Gusu School, Nanjing Medical University, Suzhou, 215008, People’s Republic of China; 5Institute of Dermatology, Chinese 
Academy of Medical Sciences and Peking Union Medical College, Jiangsu Key Laboratory of Molecular Biology for Skin Diseases and STIs, Nanjing, 
210042, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Ying Wang, Department of Infection Management, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou Municipal 
Hospital, Gusu School, Nanjing Medical University, No. 242, Guangji Road, Suzhou, 215008, People’s Republic of China, Email wangy830224@sina.com; 
Yuancheng Li, Institute of Dermatology, Chinese Academy of Medical Sciences and Peking Union Medical College, Jiangsu Key Laboratory of Molecular 
Biology for Skin Diseases and STIs, Nanjing, Jiangsu, 210042, People’s Republic of China, Email ycli@pumcderm.cams.cn

Purpose: To construct a risk nomogram model of ventilator-associated pneumonia (VAP) patients with mechanical ventilation in the 
intensive care unit (ICU) based on peripheral blood inflammatory indicators and to evaluate its diagnostic value.
Patients and Methods: A matched 1:2 case: control study was conducted. Fifty-five mechanically ventilated patients with VAP and 
113 patients without VAP were admitted to the ICU of Suzhou City Hospital with mechanical ventilation from January 2022 to 
June 2023 and were retrospectively included as study subjects. Clinical data and laboratory indicators of all patients were collected; the 
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), lymphocyte to monocyte ratio (LMR), systemic immunoin
flammatory index (SII), and systemic inflammatory response index (SIRI) were calculated, and endotracheal aspirate (ETA) culture 
results of VAP patients were recorded.
Results: There were 61 pathogenic bacteria cultured in the ETA samples of 55 VAP patients, including 56 gram-negative bacilli, 4 gram- 
positive cocci, and 1 fungus. The proportions of hypoproteinemia, procalcitonin (PCT), NLR, PLR, SII, and SIRI in VAP patients were 
significantly higher than those in non-VAP patients, with statistical significance (P < 0.05). Univariate and multivariate logistic regression 
analyses showed that hypoproteinemia, PCT, NLR, PLR, and SIRI were independent influencing factors for VAP in ICU patients (P < 0.05). 
The ROC curve analysis results showed that the area under the curve of the model for diagnosing VAP in ICU patients was 0.894 [(95% CI = 
0.844–0.945), P < 0.001], and the sensitivity and specificity were 87.3% and 74.3%, respectively. The calibration curve shows that the model 
has good accuracy, and the clinical decision curve indicates that the clinical net benefit rate is higher when the model is used to diagnose VAP.
Conclusion: Hypoproteinemia, PCT, NLR, PLR, and SIRI are the independent risk factors for VAP in ICU patients. The nomogram 
model constructed based on these easily accessible indicators may provide a promising tool for the early diagnosis of VAP in ICU 
patients, while requires further refinement for routine clinical use.
Keywords: ventilator-associated pneumonia, neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, systemic inflammatory 
response index, nomogram model, intensive care unit

Introduction
Ventilator-associated pneumonia (VAP) is defined as pneumonia that occurs 48 hours after the establishment of artificial 
airways (endotracheal intubation or tracheotomy) and mechanical ventilation, including those who have used artificial 
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airways for mechanical ventilation within 48 hours of pneumonia. It is the most common hospital-acquired infection in 
the intensive care unit (ICU).1 The incidence of VAP in ICUs was found to be 2.5%–40% in a prospective research that 
was carried out in 36 countries.2 A survey conducted in China revealed that the prevalence of VAP was 8.9 instances per 
1000 mechanical ventilation days in 17,358 ICU patients across 46 institutions, and the incidence of VAP in patients on 
mechanical ventilation ranged from 9.7% to 48.4%.3 The incidence of VAP will not only result in increased costs for 
patients, hospitals, and the health care system due to extended periods of mechanical ventilation, ICU treatment, and 
hospitalization, but it will also raise the risk of atelectasis, ventilator-related lung injury, airway obstruction, and other 
complications.4 Furthermore, a delayed identification of VAP will make it more difficult to treat patients or encourage the 
abuse of broad-spectrum antibiotics, which would have a negative impact on their prognosis.5 In order to improve the 
patient’s health and prognosis, early identification and treatment of VAP are therefore critical.

The microbiological finding of pathogenic microorganisms and the consistency of lung histopathology are usually 
considered as the gold standard for the diagnosis of VAP.6 However, this diagnostic procedure is invasive and hard to 
accept by patients and clinicians, and clinical use is tough. Currently, the diagnosis of VAP is mostly based on laboratory 
test results, clinical manifestations, and imaging examination. However, clinical features assessment are subjective, and 
the imaging findings are lack of specificity. Although the results of etiological tests provide a solid foundation for the 
diagnosis of VAP, they are not conducive to the early diagnosis of VAP since they take a lot of time. The clinical 
pulmonary infection score (CPIS) has been reported to be applicable in the diagnosis of VAP.7 However, some experts 
recommend against using CPIS for the routine diagnosis of VAP because it may lead to the overuse of antibiotics.8,9 

Therefore, it is of great significance to further search for early diagnostic markers of VAP. It has been observed that 
inflammatory markers closely linked to infection, such as peripheral blood leukocyte count, high-sensitivity C-reactive 
protein (hs-CRP) and procalcitonin (PCT).10–12 Neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio 
(PLR), lymphocyte to monocyte ratio (LMR), systemic immune inflammatory index (SII), and systemic inflammatory 
response index (SIRI) are composite inflammatory indicators that have been widely concerned in recent years and have 
been confirmed to play a certain role in the diagnosis of a variety of infectious complications.13,14 These markers can be 
obtained directly or indirectly through peripheral blood routine or biochemical analysis, both of which have the benefits 
of being quick, simple, and non-invasive.

According to previous research,15,16 multi-inflammatory markers combinations are useful in diagnosing bacterial 
bloodstream infections, neonatal sepsis, and other conditions. The nomogram model is a visual model that is created by 
integrating various elements based on multivariate regression analysis, and can be used in clinical practice for prognosis 
evaluation, risk prediction, and disease diagnosis.17–19 Thus, to offer a novel concept for the early identification of VAP, 
this study examined the association between peripheral blood inflammatory markers and VAP in ICU patients and created 
a nomogram model.

Materials and Methods
Study Population
The retrospective investigation included patients on mechanical ventilation who were admitted to the ICU at Suzhou 
Hospital Affiliated to Nanjing Medical University between January 2022 and June 2023. The inclusion criteria were as 
follows: (1) the duration of mechanical ventilation exceeded 48 hours; (2) the age was ≥ 18 years old; (3) the clinical data 
and laboratory examination indexes were complete and available. The following patients were excluded: (1) pulmonary 
infection that developed prior to or within 48 hours of mechanical ventilation; (2) ventilator-assisted treatment prior to 
ICU admission; (3) non-pulmonary infection patients prior to data collection completion; and (3) patients with severe 
immune deficiency. VAP was defined based on the criteria in the Chinese Guidelines for the Diagnosis and Treatment of 
Hospital-acquired Pneumonia and Ventilator-associated Pneumonia in Adults (2018 edition).20 To meet the criteria, 
a chest X-ray or CT scan must show a new or growing infiltrate, consolidation, or ground glass opacity, along with two or 
more of the following: (I) fever >38 °C; (II) purulent airway secretions; (III) peripheral white blood cell count >10×109/L 
or <4×109/L. On the basis of the above, VAP can be defined when the microbiological cultures of lower respiratory tract 
specimens are positive.
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Finally, 55 patients with VAP were included in case group, and 113 patients without VAP matching the gender and 
age of the case group were included as the control group. This study was conducted in accordance with the Declaration of 
Helsinki and approved by The Affiliated Suzhou Hospital of Nanjing Medical University Ethical Review Committee 
(K-2024-097-H01). The written informed consent was waived because of the retrospective nature of our study. During 
the data collection, personally identifiable information such as names, addresses and phone numbers of the study 
participants were never recorded. The collected data were kept confidentially and used only for the purpose of the study.

Collection of Clinical Data and Laboratory Indicators
The medical records and laboratory system were examined. Gender, age, fever, hypoproteinemia, WBC, hs-CRP, PCT, 
neutrophil, lymphocyte, platelet, and monocyte counts of each subject were gathered, and NLR, PLR, LMR, SII, and 
SIRI were computed. NLR = neutrophil/lymphocyte, PLR = platelet/lymphocyte, LMR = lymphocyte/monocyte ratio, 
SII = platelet × neutrophil/lymphocyte, SIRI = neutrophil count × monocyte count/lymphocyte count. For the VAP group, 
the clinical data, laboratory examination values, and endotracheal aspirate (ETA) culture pathogen detection results were 
selected within 24 hours before diagnosis; while for the non-VAP group, the last examination values within 3 to 7 days 
after mechanical ventilation were selected. CPIS was calculated according to the criteria established by Pugin et al21 in 
1991, utilizing the patient’s body temperature, white blood cell count, airway secretions, oxygenation index, imaging 
characteristics, and the culture of airway secretions during the same time. A patient was deemed to have VAP when the 
score exceeded 6.

Statistical Analysis
All statistical analysis processes were processed by SPSS 27.0 software and R software (R4.1.2). For continuous 
variables conforming to normal distribution, mean ± standard deviation was used for description, and a t-test was used 
for comparison between groups; for continuous variables not conforming to normal distribution, median and upper and 
lower quartiles were used for description, and a Mann–Whitney U-test was used for comparison between groups. 
Qualitative data were expressed as frequency and percentage, and the χ²-test was used for comparison between groups. 
The variance inflation factor (VIF) was used to assess multicollinearity between variables. Univariate and multivariate 
logistic regression analyses were used to assess the association between variables and the presence of VAP. Based on the 
independent risk factors screened by multivariate logistic regression analysis, a diagnostic model was constructed and 
a nomogram was drawn. The receiver operating characteristic (ROC) curve was used to evaluate the diagnostic value of 
the nomogram model, and the Bootstrap method was used to verify the nomogram by 1000 resampling, and the 
calibration curve was drawn to evaluate the accuracy of the model. The clinical validity of the model was assessed 
using clinical decision curve analysis. The difference was considered statistically significant when the two-sided P value 
was < 0.05.

Results
Incidence of VAP in ICU Patients and Distribution Characteristics of Pathogens
Of the 168 patients, 113 (67.26%) did not develop VAP, while 55 (32.74%) did. From the ETA samples of 55 patients 
diagnosed with VAP, 61 strains of pathogenic bacteria were identified, comprising 60 bacterial strains (98.36%) and 1 
fungal strain (1.64%). Out of 60 bacterial strains, 56 (93.33%) were gram-negative bacilli and 4 (6.67%) were gram- 
positive coccus, as demonstrated in Figure 1. There were 20 strains of Acinetobacter baumannii (33. 34%), 17 strains of 
Klebsiella pneumoniae (28. 33%), 17 strains of Pseudomonas aeruginosa (28. 33%), 3 strains of Staphylococcus aureus 
(5. 00%), 2 strains of Escherichia coli (3. 33%) and 1 strain of Streptococcus pneumoniae (1. 67%). The detection of 43 
strains of multi-resistant bacteria was made up of 18 strains of carbapenem-resistant Acinetobacter baumannii (CRAB) 
(30.0%), 13 strains of carbapenem-resistant Klebsiella pneumoniae (CRKP) (21.67%), 10 strains of carbapenem-resistant 
Pseudomonas aeruginosa (CRPA) (16.67%), and 2 (3.33%) strains of methicillin-resistant Staphylococcus aureus 
(MRSA).
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Comparison of General Data and Peripheral Blood Inflammatory Indicators Between 
Patients with and without VAP
As shown in Table 1, there was no significant difference in gender, age, fever, WBC, hs-CRP, or LMR between patients 
with and without VAP (P > 0.05). However, the proportion of hypoproteinemia, PCT, NLR, PLR, SII, and SIRI in VAP 
patients was significantly higher than that in non-VAP patients, and the difference was statistically significant (P < 0.05).

Univariate and Multivariate Logistic Regression Analysis of VAP
Assign values to all variables (Table 2). Univariate logistic regression analysis revealed a significant correlation between 
the incidence of VAP and hypoproteinemia, PCT, NLR, PLR, SII, and SIRI (P < 0.05). Multivariate logistic regression 
analysis indicated that hypoproteinemia, PCT, NLR, PLR, and SIRI were the independent influencing factors of VAP (P 
< 0.05), as shown in Table 3.

ROC Curve Analysis of Each Variable for Diagnosis of VAP
Based on the ROC curve analysis and AUC values, the hypoproteinemia (AUC: 0.686, 95% CI: 0.600 ~ 0.773), PCT 
(AUC: 0.736, 95% CI: 0.651 ~ 0.822, cutoff value: 0.29 μg/L), NLR (AUC: 0.708, 95% CI:0.608 ~ 0.808, cutoff value: 
5.85), PLR (AUC: 0.603, 95% CI:0.502 ~ 0.704, cutoff value: 210.82) and SIRI (AUC:0.647, 95% CI: 0.650–0.764, 
cutoff value: 4.13) showed mediocre predictive ability for VAP in ICU patients with mechanical ventilation (Figure 2). 
Details of the optimal cutoff, sensitivity and specificity rates are demonstrated in Table 4.

Figure 1 Distribution characteristics of bacterial strains.
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Table 1 Comparison of General Data, Peripheral Blood Inflammatory Indicators and CPIS Between 
VAP and Non-VAP Patients

Characteristics Non-VAP Group 
(n=113)

VAP Group  
(n=55)

χ2/t/Z P

Gender (male/female) 72/41 33/22 0.218 0.641

Age (years) 56.24±9.19 57.50±9.80 0.820 0.414
Fever (yes/no) 60/53 33/22 0.713 0.398

Hypoproteinemia (yes/no) 36/77 38/17 20.808 <0.001

WBC count (×109 /L) 8.93 (5.90, 12.27) 11.60 (4.65, 14.89) 1.644 0.100
hs-CRP (mg/L) 23.94 (11.85, 39.26) 29.06 (17.10, 48.87) 1.529 0.126

PCT (μg/L) 0.17 (0.09, 0.27) 0.32 (0.21, 0.42) 4.964 <0.001
NLR 3.93 (3.00, 5.22) 6.21 (3.38, 8.86) 4.372 <0.001

PLR 174.34 (139.84, 210.68) 211.36 (138.92, 258.80) 2.165 0.009

LMR 4.55 (3.20, 6.04) 4.23 (2.58, 5.63) 1.497 0.134
SII 1377.59 (902.04, 1972.56) 2014.38 (1243.57, 2873.29) 3.047 0.002

SIRI 2.68 (1.82, 3.77) 4.42 (1.92, 5.96) 3.079 0.002

CPIS 5.73±1.72 7.87±1.60 7.756 <0.001

Table 2 Variable Assignments

Variables Assignment

Gender Female=1; male=2
Age (years) Continuous variable

Fever No=1; Yes=2

Hypoproteinemia No=1; Yes=2
WBC count (×109 /L) Continuous variable

hs-CRP (mg/L) Continuous variable

PCT (μg/L) Continuous variable
NLR Continuous variable

PLR Continuous variable

LMR Continuous variable
SII Continuous variable

SIRI Continuous variable

Table 3 Univariate and Multivariate Logistic Regression Analysis of VAP Occurrence

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

Gender 1.171 0.604~2.269 0.641

Age (years) 1.015 0.980~1.050 0.411
Fever 1.325 0.689~2.548 0.399

Hypoproteinemia 5.913 2.920~11.973 <0.001 5.008 1.945~12.895 0.001
WBC count (×109 /L) 1.068 0.999~1.141 0.052 1.092 0.993~1.201 0.069

hs-CRP (mg/L) 1.013 0.997~1.030 0.116

PCT (μg/L) 1.927 1.477~2.514 <0.001 1.814 1.281~2.570 0.001
NLR 1.479 1.267~1.726 <0.001 1.575 1.287~1.928 <0.001

PLR 1.007 1.002~1.011 0.005 1.007 1.001~1.013 0.019

LMR 0.872 0.734~1.036 0.120
SII 1.001 1.000~1.001 0.001 1.000 1.000~1.001 0.942

SIRI 1.524 1.240~1.873 <0.001 1.430 1.122~1.821 0.004
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Establishment and Verification of Nomogram Model
The nomogram of VAP in ICU patients was drawn based on the five variables screened by multivariate logistic regression 
analysis, as shown in Figure 3A. According to the specific value of each variable, the total score was obtained by adding 
the scores of each variable to obtain the probability of VAP in ICU patients.

As shown in Figure 3B, the diagnostic value of the nomogram model was assessed by ROC curve analysis, yielding 
an AUC of 0.894 [(95% CI = 0.844–0.945), P < 0.001], a sensitivity of 87.3%, and a specificity of 74.3%. The AUC of 
the ROC curve for CPIS > 6 in diagnosing VAP was 0.822 [(95% CI = 0.758–0.887), P < 0.001]; sensitivity and 
specificity were 94.5% and 69.9%, respectively. The nomogram was internally verified using the Bootstrap technique. 
Figure 3C illustrates the calibration curve that was produced by repeatedly sampling the original data 1000 times. It 
revealed a mean absolute error of 0.028 and a probability of VAP in ICU patients that the model diagnosed was 
consistent with the actual probability, indicating a high degree of diagnostic accuracy.

Evaluation of the Clinical Validity of the Nomogram Model
The results of the decision curve analysis showed that the net benefit of the nomogram model constructed in this study 
was higher above the two critical lines, that is, the threshold value was > 10%, which was helpful for clinical decision- 
making, as illustrated in Figure 3D.

Figure 2 ROC curve analysis of each variable for diagnosis of VAP.

Table 4 ROC Curve Analysis of VAP Diagnosis for Each Variable

Variables AUC 95% CI P Cutoff Value Sensitivity Specificity

Hypoproteinemia 0.686 0.600 ~ 0.773 <0.001 – 69.1% 68.1%

PCT (μg/L) 0.736 0.651 ~ 0.822 <0.001 0.29 56.4% 82.3%

NLR 0.708 0.608 ~ 0.808 <0.001 5.85 58.2% 90.3%
PLR 0.603 0.502 ~ 0.704 0.030 210.82 50.9% 77.0%

SIRI 0.647 0.542 ~ 0.751 0.002 4.13 56.4% 85.0%
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Discussion
VAP is the most prevalent hospital-acquired infection in the ICU, and it is strongly linked to the poor prognosis of 
patients.5 Gram-negative bacteria, such as Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Escherichia coli, account for the majority of frequent infections associated with VAP in China,22 and most of the 
pathogens are multidrug-resistant bacteria. In this investigation, similar outcomes were also attained. Gram-negative 
bacteria constituted the majority of the pathogenic bacteria found in VAP patients, with a comparatively high percentage 
of multi-drug resistant bacteria. When pathogenic bacteria invade the lungs, the lung tissue will cause local inflammatory 
reaction under the influence of infectious pathogenic bacteria and toxins secreted by pathogenic bacteria. This process 
stimulates alveolar monocytes and giant cells to release a variety of inflammatory mediators to further participate in the 
inflammatory response.23 Albumin, WBC, hs-CRP, PCT, NLR, PLR, LMR, SII and SIRI are all related to the level of 
inflammation. In this study, we examined the correlation and diagnostic utility of these indicators with the incidence of 

Figure 3 Establishment and verification of nomogram. (A) Nomogram for diagnosing VAP. An example of the application of the model: a patient had hypoproteinemia, with 
the PCT of 0.27 μg/L, the NLR of 3.42, the PLR of 191.85, and the SIRI of 2.71. The corresponding scores were 30, 28, 20, 18, and 10 points, respectively. Therefore, the 
total scores were 106 points, indicating that the estimated probability of developing VAP in this case was 30%.; (B) ROC curves analysis of nomogram and CPIS; (C) 
Calibration curve; (D) Clinical decision curve.
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VAP in ICU patients. According to the findings, hypoproteinemia, PCT, NLR, PLR, and SIRI were independent risk 
factors for VAP. The nomogram model created by combining these indexes also demonstrated good diagnostic 
performance and clinical application value.

In this study, we discovered that we discovered that compared to non-VAP patients, the percentage of patients with 
VAP who had hypoproteinemia and their levels of PCT, NLR, PLR, SII, and SIRI were considerably greater. Subsequent 
univariate and multivariate logistic regression analysis results demonstrated that hypoproteinemia, PCT, NLR, PLR, and 
SIRI were independent risk factors for the development of VAP in ICU patients. Serum albumin levels less than 30 g/L 
are considered hypoproteinemia in patients and are suggestive of malnourishment and compromised immune function.24 

Albumin has antioxidant properties and may be involved in scavenging oxygen radicals in the pathogenesis of 
inflammatory diseases. A previous study have shown that hypoproteinemia is closely associated with the development 
of infections and inflammation, and can indicate the extent to which an organism is under inflammatory stress.25 When an 
organism suffers from inflammation, capillary permeability rises and plasma albumin extravasates, causing oedema in the 
interstitial space between tissues and an increase in albumin’s volume of distribution. In addition, the inflammatory 
condition shortens albumin’s half-life, resulting in a decrease in albumin levels overall.26 According to Boh et al27 

individuals with hypoalbuminemia were far more likely than those with normal albumin levels to get pneumonia and 
surgical site infections. PCT is an immunoreactive protein, and is normally found in very low concentrations in plasma 
under normal physiological conditions. However, when the body is infected with bacteria, the cells quickly secrete PCT 
to counteract the bacterial endotoxin, which results in a marked increase in PCT concentration in plasma.28 According to 
multiple studies,29–31 PCT is a significant predictor of bacterial infection and infection severity. Furthermore, a recent 
study found that the use of PCT showed superior sensitivity and specificity than WBC and CRP in identifying bacterial 
infections, which may be attributed to the longer biological half-life of PCT.32

Recent substantial researches have demonstrated the value of composite inflammatory indicators, including NLR, PLR, 
and SIRI, in the detection of lung infections, bloodstream infections, and urinary tract infections.12,14,33,34 Neutrophils and 
lymphocytes have distinct functions in the body’s inflammatory response; the former are inflammation activators, while the 
latter are inflammation regulators.35 Since the balance between neutrophils and lymphocytes has been upset during the body’s 
early inflammatory reaction, NLR might more precisely reflect the inflammatory response of the organism. Platelets are 
produced by distinct isoploid mature megakaryocytes, which are the source of several inflammatory mediators, thus platelet 
counts are raised before inflammatory mediator levels rise as a result of a sharp rise in megakaryocyte population. Therefore, 
in the early stage of inflammation, PLR has a more pronounced response to the emergence of inflammation in the body. 
A study by Xie et al33 reported that elevated NLR in mechanically ventilated patients with malignant tumours significantly 
increased the risk of VAP. Additionally, a study by Chen et al12 revealed that high NLR and PLR had a prognostic value for 
a bad 28-day prognosis for patients and might considerably increase the likelihood of VAP in critically ill patients. SIRI is 
a unique composite inflammatory biomarker based on neutrophil, monocyte, and lymphocyte counts that can comprehensively 
reflect the inflammatory status of the body. Previous research has validated that SIRI has good efficacy in the early diagnosis of 
catheter-associated bloodstream infections in haemodialysis patients.14 Furthermore, a research by Wang et al36 demonstrated 
a correlation between SIRI and lung infection rates in cerebral hemorrhage patients. Another study indicated that combining 
SIRI with other inflammatory indicators could enhance the diagnostic usefulness of periprosthetic joint infections, but utilizing 
SIRI alone had a limited diagnostic impact.13

The findings of this study showed that although hypoproteinemia, PCT, NLR, PLR and SIRI were closely related to the 
occurrence of VAP in ICU patients, their ability to independently diagnose VAP in these patients was only mediocre. While 
PCT, NLR, and SIRI had good specificity (82.3%, 90.3%, and 85.0%, respectively) in independently identifying VAP, their 
sensitivity was relatively poor (all below 60%). In order to further visualize the diagnostic effect of the combined application 
of multiple variables, we further created a nomogram model based on these indicators. The nomogram model’s sensitivity and 
specificity for identifying VAP in ICU patients were 87.3% and 74.3%, respectively, according to ROC curve analysis. 
Although the specificity of the diagnosis of VAP is slightly lower than that of each index alone, the sensitivity of the model is 
significantly improved, and it has a good degree of differentiation. Further internal validation results show that the model has 
good accuracy, and the results of clinical decision curve analysis suggest that the clinical net benefit rate of using this model to 
diagnose VAP is higher.
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We excluded patients who had developed other site infections from the non-VAP group when screening subjects. The 
inflammatory markers researched in this study are not specific to pulmonary infection and may also be elevated in other 
systemic infections. This could potentially explain why the specificity of the nomogram model in diagnosing VAP is 
relatively ordinary. However, not excluding patients with other infections from the non-VAP group may limit the model’s 
sensitivity to diagnose VAP. In practical applications, physicians need to weigh sensitivity and specificity based on the 
specific patient’s situation. High sensitivity means fewer patients are missed, which is particularly important for the 
diagnosis of VAP patients, as missed diagnosis can lead to worsening of the condition or improper treatment. High 
specificity means a lower rate of misdiagnosis, which helps to avoid unnecessary treatment and waste of medical 
resources. We think that for patients with suspected VAP, higher sensitivity may need to be prioritized to ensure that the 
diagnosis is not missed. However, the specificity should not be too low; otherwise, the number of misdiagnosed patients 
will increase, leading to the increase in unnecessary use of antibiotics. In this study, the nomogram model had lower 
sensitivity (87.3% vs 94.5%) but higher specificity (74.3% vs 69.9%) than CPIS in diagnosing VAP in ICU patients. 
Compared to some parts of CPIS, the indicators in the nomogram model created in this study are easier to get, less 
expensive, and more doable for clinicians to use. Due to the low specificity of CPIS in the diagnosis of VAP in ICU 
patients, it may lead to excessive use of antibiotics and have more adverse consequences.37 So some guidelines have not 
recommended the application of CPIS in the diagnosis of VAP or hospital-acquired pneumonia (HAP).8,9,38

Limitations and Future Perspectives
This study has certain limitations. Firstly, selection bias and limited generalizability of the findings are unavoidable in this 
study due to the single-center design and relatively small sample size of the study. Secondly, some patients may have received 
antibiotics before admission to the ICU, and the kind and quantity of antibiotics that patients take may have an impact on the 
peripheral blood inflammatory markers that were examined. Thirdly, because this study is a retrospective survey, patients with 
incomplete examination data were excluded during the patient’s admission process. Conversely, patients with more severe 
disease and a higher risk of VAP frequently had more complete examination data and were therefore more likely to be 
included in the study, which may resulted in a certain amount of bias. Finally, although internal validation was performed, 
external validation was lacking since no external data were available for us. Despite some limitations of our study, it does not 
prevent the value of this model in helping clinicians identify patients with VAP. In the future, we will further conduct multi- 
center, large-sample, and prospective studies and include more influencing factors, such as the use of antibiotics and dynamic 
changes in inflammatory indicators, to obtain more accurate and innovative results. In addition, to expand the application of 
the model in clinical practice, an online calculator would be considered to be established in the future.

Conclusion
In summary, hypoproteinemia, PCT, NLR, PLR, and SIRI are independent risk factors for the occurrence of VAP in ICU 
patients. The nomogram model constructed based on these easily accessible indicators may provide a promising tool for 
the early diagnosis of VAP in ICU patients, while requires further refinement for routine clinical use.
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