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Purpose: Ventilator-associated pneumonia (VAP) is a common complication in intensive care units (ICUs) with high mortality rates. 
Early risk stratification is often limited by the lack of availability of complex prognostic scoring and microbiology turnaround time. 
This study aimed to assess the neutrophil-to-lymphocyte ratio (NLR) and systemic inflammatory response index (SIRI) on the day of 
VAP diagnosis as predictors of in-hospital mortality.
Patients and Methods: We conducted a retrospective cohort study using secondary data from mechanically ventilated adult patients 
with VAP admitted to Hasan Sadikin General Hospital (a tertiary referral hospital in Bandung, Indonesia) from January 1, 2021 to 
December 31, 2022. VAP was confirmed by chart review using standard clinical and radiologic criteria occurring ≥48 hours after the 
start of mechanical ventilation, with endotracheal aspirate culture when available. The primary outcome was all-cause in-hospital 
mortality (death before hospital discharge). NLR and SIRI were calculated from the first complete blood count on the day of VAP 
diagnosis. Optimal cut-offs were determined using ROC analysis (Youden index). Survival was analyzed from VAP diagnosis until 
death or discharge.
Results: Among 87 patients, 68 died in hospital and 19 survived to discharge. NLR had excellent discriminatory power for in-hospital 
mortality (AUC 0.981); a cut-off >11 had 100% sensitivity and 89.5% specificity. SIRI had good discriminatory power (AUC 0.860); 
a cut-off >16 had 64.7% sensitivity and 100% specificity. In univariable Cox models, NLR >11 was associated with increased 
mortality risk (HR 29.07; 95% CI 2.24–376.92), whereas SIRI >16 showed a non-significant trend (HR 1.55; 95% CI 0.93–2.57).
Conclusion: NLR and SIRI obtained on the day of VAP diagnosis are simple, non-invasive laboratory markers that could aid in early 
risk stratification for in-hospital mortality in VAP. These markers should not replace but rather complement established clinical 
severity assessment and treatment decisions.
Keywords: ventilator-associated pneumonia, neutrophil-to-lymphocyte ratio, systemic inflammatory response index, mortality, NLR, SIRI

Introduction
Ventilator-Associated Pneumonia (VAP) is the most common nosocomial infection in intensive care units, particularly 
among patients on mechanical ventilation. VAP is a potentially life-threatening complication for patients in the Intensive 
Care Unit (ICU) and has a high mortality rate.1

One of the difficulties in the infection management process is the lack of a gold standard diagnostic test. As a result, 
the present diagnostic criteria include clinical manifestations (fever above 38°C, purulent tracheobronchial secretions, 
and leukocytosis), which have a low sensitivity and specificity of 69% and 75%, respectively. This results in a high rate 
of both under- and overdiagnosis, resulting in inappropriate medical therapy.1–3

In Indonesia, VAP is often complicated by multidrug-resistant (MDR) Gram-negative bacteria, carbapenem-resistant 
Acinetobacter baumannii (CRAB), and the availability of new anti-MDR drugs may be inconstant in hospitals. In these 
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situations, the use of inexpensive and readily available prognostic tests from routine complete blood counts may assist in 
early prioritization of care escalation and discussions about patient prognosis while waiting for microbiology and clinical 
outcomes.

Although prognostic scoring systems like APACHE II and SOFA are commonly used in ICU populations, they 
require multiple physiologic variables and may not be readily available or recalculated quickly in resource-limited 
settings.4,5 Inflammatory variables like NLR and SIRI, which are simple and readily available, may therefore provide 
complementary risk stratification information at the bedside.

Several variables have been investigated to predict outcomes in VAP, including in-hospital mortality, to facilitate 
earlier therapeutic decisions. Several studies have identified neutrophil-to-lymphocyte ratio (NLR) and systemic inflam
matory response index (SIRI) as readily available variables that reflect systemic inflammation.6

NLR is determined by absolute neutrophil and lymphocyte counts, while SIRI includes neutrophils, monocytes, and 
lymphocytes. In severe bacterial infection and sepsis-like physiology in VAP, innate immune activation (such as IL-6, 
TNF-α) leads to neutrophilia and monocytosis, while lymphopenia may occur due to stress-related redistribution and 
apoptosis (including anti-inflammatory cytokine signaling such as IL-10). Because these processes can occur early, 
values determined by the first complete blood count at the time of VAP diagnosis may reflect early inflammatory 
burden.7,8 Therefore, this study sought to assess NLR and SIRI values on the day of VAP diagnosis as predictors of in- 
hospital mortality in VAP patients.

Materials and Methods
Study Design and Population
This retrospective observational study evaluated whether NLR and SIRI values measured on the day of VAP diagnosis 
can predict in-hospital mortality. Adult ICU inpatients undergoing invasive mechanical ventilation at Hasan Sadikin 
General Hospital from January 2021 to December 2022 were identified through ICU ventilation data and diagnostic 
codes, and VAP was validated through chart review. VAP was identified as pneumonia occurring ≥48 hours after the start 
of invasive mechanical ventilation for an underlying condition, with new or progressive pulmonary infiltrates and at least 
two of the following: fever or hypothermia, leukocytosis or leukopenia, purulent respiratory secretions, or evidence of 
worsening oxygenation. Patients ventilated for pneumonia at admission were eligible only if they met these criteria 
≥48 hours after ventilation, indicating a new VAP episode rather than persistence of the index pneumonia. Ethical 
approval was granted by the Ethics Committee of Hasan Sadikin General Hospital, Bandung (LB.02.01/X.6.5/270/2023).

Inclusion criteria were adults (≥18 years) with confirmed VAP and a complete blood count (CBC) performed on 
the day of VAP diagnosis (day 0). Exclusion criteria included malignancy, aplastic anemia, COVID-19, chemotherapy or 
radiotherapy within four months prior to VAP diagnosis, HIV infection, and the use of systemic corticosteroids or other 
anti-inflammatory therapies at or near the time of VAP diagnosis (Figure 1).

Data were extracted from medical records and the Laboratory Information System (LIS). Collected variables included 
age, sex, admission diagnosis, CBC parameters on day 0, endotracheal aspirate culture results, and length of hospital stay. 
NLR was calculated as the absolute neutrophil count divided by the absolute lymphocyte count, while SIRI was 
calculated as (absolute neutrophil count × absolute monocyte count) divided by the absolute lymphocyte count. The 
primary outcome was all-cause in-hospital mortality, defined as death before hospital discharge. Patients discharged alive 
were classified as survivors to discharge based on documentation of clinical stabilization and discharge disposition. 
Time-to-event analyses used day 0 as the starting point and followed patients until death or hospital discharge.

Statistical analyses were conducted using SPSS software version 25. Categorical variables were presented as frequencies 
and percentages and compared using the Chi-square test or Fisher’s exact test, as appropriate. Continuous variables were 
expressed as medians (range) and compared using the Mann–Whitney U-test. The discriminatory performance of NLR and 
SIRI for predicting in-hospital mortality was evaluated using receiver operating characteristic (ROC) curve analysis, with 
optimal cut-off values determined by the Youden index.9 Survival from day 0 to death was analyzed using univariable Cox 
proportional hazards models, with discharge alive treated as a censoring event. Due to the limited sample size and the risk of 
model instability, multivariable analyses were not performed and are acknowledged as a study limitation.
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Results
The baseline characteristics are summarized in Table 1. The median age was higher among patients who died in hospital 
compared with those who survived to discharge (61 [21–87] vs 42 [19–76] years; p=0.013). Median NLR and SIRI 
values on day 0 were also significantly higher in non-survivors than in survivors (NLR 23.5 vs 8.8; SIRI 19.3 vs 6.7; both 
p<0.001).

Receiver operating characteristic (ROC) analysis (Table 2 and Figure 2) demonstrated that the optimal cut-off value 
for NLR in predicting in-hospital mortality was >11, with an AUC of 0.981, sensitivity of 100%, and specificity of 
89.5%. For SIRI, the optimal cut-off value was >16, yielding an AUC of 0.860, sensitivity of 64.7%, and specificity 
of 100%.

Diagnostic performance was further evaluated using 2×2 contingency tables, and AUC, sensitivity, specificity, 
positive predictive value (PPV), and negative predictive value (NPV) were calculated (Table 2). At the cut-off point 
of >11, NLR showed a PPV of 97.1% and an NPV of 100%. For SIRI, using a cut-off point of >16, the PPV was 100% 
and the NPV was 44.2%.

Mortality risk analysis in VAP patients with outcomes of death or survival to discharge was performed using hazard 
ratios (HR) and Kaplan–Meier survival curves (Table 3 and Figure 3). Patients with NLR >11 had a markedly increased 

Figure 1 Flowchart of Subject Selection. 
Abbreviations: COVID-19, coronavirus disease 2019; ICD, International Classification of Diseases; n, number of patients; VAP, ventilator-associated pneumonia.
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risk of mortality (HR 29.07; 95% CI: 2.24–376.92), whereas SIRI >16 was associated with a non-significant increase in 
mortality risk (HR 1.55; 95% CI: 0.93–2.57).

Several bacterial pathogens were identified from endotracheal aspirate sputum cultures. As shown in Table 4, 
19 patients (21.8%) had no bacterial growth in culture. Acinetobacter baumannii was the most frequently isolated 

Table 1 Basic Characteristics of Subjects by In-Hospital Outcome

Characteristics Ventilator-Associated Pneumonia p-value

Died in Hospital  
(n=68)  
n (%)

Survived to Discharge  
(n=19)  
n (%)

Gender, n (%)*

Male 35 (52) 8 (42.1) 0.470

Female 33 (48) 11 (57.9)
Age (median)** 61 (21–87) 42 (19–76) 0.013

Leukocyte (median)** 19.80 (10.20–38.42) 15.75 (10.29–27.02) 0.017

Inflammatory Indices** (median)
NLR 23.5 (11.2–95.9) 8.8 (4.6–18.1) <0.001
SIRI 19.3 (1.7–68.1) 6.7 (1.4–16.1) <0.001
Initial Diagnosis, n (%)*
Chronic Kidney Disease 8 (11.8) 1 (5.3) 0.092

Guillain–Barré syndrome 3 (4.4) 0 (0)

Cerebral infarction 5 (7.4) 1 (5.3)
Myasthenia gravis 6 (8.8) 0 (0)

Pneumonia 7 (10.3) 2 (10.5)

Others 39 (57.3) 15 (78.9)
Length of hospital stay, days (median [range]) 19 (7–56) 42 (19–76) 0.568

Comorbidities, n (%)*

None 33 (48.5) 13 (68.4) 0.331
DM 5 (7.4) 1 (5.3)

Hypertension 23 (33.8) 5 (26.3)

DM+Hypertension 7 (10.3) 0 (0)

Notes: Categorical variables were compared using Chi-square or Fisher’s exact test (*); continuous variables were compared 
using the Mann–Whitney U-test (**). p-values <0.05 are shown in bold. 
Abbreviations: n, number of patients; DM, Diabetes Mellitus.

Table 2 Diagnostic Performance of NLR and SIRI on Day 0 for Predicting In-Hospital Mortality

Inflammatory Indices Cut-Off Clinical Outcome Diagnostic Parameters

Died in Hospital 
n=68

Survived to Discharge 
n=19

NLR >11 

≤11

68 

0

2 

17

AUC = 0.981 

Sensitivity = 100% 
Specificity = 89.5% 

PPV = 97.1% 

NPV = 100%
SIRI >16 

≤ 16

44 

24

0 

19

AUC = 0.860 

Sensitivity = 64.7% 

Specificity = 100% 
PPV = 100% 

NPV = 44.2%

Abbreviations: AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; NLR, neutrophil-to-lymphocyte 
ratio; SIRI, systemic inflammatory response index.
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organism, identified in 32 cases (47%) among patients who died and in 5 cases (26.4%) among those who survived to 
discharge. Of the 32 A. baumannii isolates in the mortality group, 31 (45.6%) were carbapenem-resistant.

Discussion
Our key result is that NLR measured on the day of VAP diagnosis showed excellent discrimination for in-hospital 
mortality (AUC 0.981) and was strongly associated with time to death in univariable survival analysis. SIRI also 
demonstrated good discriminatory ability, with perfect specificity at the selected cut-off, but had lower sensitivity and 
did not show a statistically significant association with mortality risk in the Cox regression model.

Patients who died were older than those who survived, highlighting the heterogeneity of VAP populations and the 
importance of baseline host factors in determining outcomes. Advanced age has consistently been linked to poorer 
outcomes in VAP and other critical illnesses, likely reflecting the combined effects of immunosenescence and a higher 
burden of comorbidities.10–12

The identified NLR threshold (>11) is comparable to cut-off values reported in previous pneumonia and ICU studies 
and supports the concept that early neutrophilia accompanied by lymphopenia reflects a heightened systemic inflamma
tory response and physiologic stress.13 In severe infections, pro-inflammatory cytokines such as IL-6 and TNF-α promote 
neutrophil recruitment, while stress-related responses and apoptosis contribute to lymphopenia, together resulting in an 
elevated NLR.14,15

Figure 2 Receiver Operating Characteristic (ROC) Curves of NLR and SIRI for Predicting In-Hospital Mortality in Ventilator-Associated Pneumonia (VAP). 
Abbreviations: AUC, Area Under Curve; P, p-value; NLR, Neutrophil to Lymphocyte Ratio; SIRI, Systemic Inflammatory Response Index.

Table 3 Univariable Cox Analysis of NLR and SIRI for Time to In-Hospital Death (Time Origin: VAP Diagnosis)

Variable Total (n=87) 
n (%)

Ventilator-Associated Pneumonia HR (95% CI) p-value

Died in Hospital  
(n=68) 
n (%)

Survived to Discharge  
(n=19) 
n (%)

NLR
>11 70 (80.5) 68 (100.0) 2 (10.5) 29.07 (2.24–376.92) <0.001

≤11 17 (19.5) 0 (0.0) 17 (89.5)

SIRI
>16 44 (50.6) 44 (64.7) 0 (0.0) 1.55 (0.93–2.57) 0.091

≤16 43 (49.4) 24 (35.3) 19 (100.0)

Note: p-values <0.05 are shown in bold. 
Abbreviations: HR, hazard ratio; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; SIRI, systemic inflammatory response index.

Infection and Drug Resistance 2026:19                                                                                             https://doi.org/10.2147/IDR.S572622                                                                                                                                                                                                                                                                                                                                                                                                       5

Turbawaty et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



SIRI incorporates monocytes in addition to neutrophils and lymphocytes. Although monocytes play a key role in 
antimicrobial defense and cytokine signaling, their levels may vary depending on the timing of measurement, prior 
antimicrobial exposure, and the balance between pro- and anti-inflammatory pathways.16–18 These factors may help 
explain why SIRI showed high specificity but lower sensitivity in this cohort and why its association with mortality did 
not reach statistical significance.

In Indonesia and other settings with a high prevalence of multidrug-resistant Gram-negative VAP, particularly CRAB, 
early risk stratification may be clinically valuable to prioritize closer monitoring, prompt escalation of supportive care, 
and timely optimization of antimicrobial therapy while awaiting culture and susceptibility results.19,20 However, because 
NLR and SIRI were not used to guide treatment decisions in this retrospective study, it cannot be concluded that 
awareness of these biomarkers improves outcomes. Rather, they should be considered complementary tools alongside 
established severity scoring systems, such as APACHE II and SOFA, and antimicrobial stewardship practices.4,5

Several limitations should be acknowledged. First, this was a single-center retrospective study with an imbalanced 
outcome distribution and a small number of survivors, which may have inflated performance estimates and contributed to 
the wide confidence interval observed for the NLR hazard ratio, indicating statistical uncertainty. Second, detailed data 
on antimicrobial therapy (including empiric selection, timing, and de-escalation) and physiologic ventilation parameters 
(such as the PaO2/FiO2 ratio) were not consistently available, limiting adjustment for treatment effects and disease 
severity. Third, outcome assessment was limited to in-hospital discharge status, and post-discharge outcomes were not 

Figure 3 Kaplan-Meier Curve of SIRI Inflammatory Index as a Predictor of In-Hospital Mortality in Ventilator-Associated Pneumonia (VAP). 
Abbreviations: NLR, Neutrophil to Lymphocyte Ratio; SIRI, Systemic Inflammatory Response Index.

Table 4 Endotracheal Aspirate Culture Results in Ventilator-Associated Pneumonia Patients

Bacteria Ventilator-Associated Pneumonia

Died in Hospital  
(n= 68) 
n (%)

Survived to Discharge  
(n = 19) 
n (%)

Carbapenem 
Resistant

ESBL Carbapenem 
Resistant

ESBL

Negative Culture 11 (16.1) – – 8 (42.1) – –

Klebsiella pneumoniae 5 (7.4) 9 (13.2) 0 (0) 0 (0) 1 (5.3) 0 (0)
Pseudomonas aeruginosa 4 (5.9) 5 (7.4) 0 (0) 1 (5.3) 3 (15.8) 0 (0)

Acinetobacter baumannii 1 (1.4) 31 (45.6) 0 (0) 1 (5.3) 4 (21.1) 0 (0)

Stenotrophomonas maltophilia 1 (1.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Enterobacter aerogenes 1 (1.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Abbreviations: n, number of patients; ESBL, Extended-Spectrum Beta-Lactamase.
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captured. Future prospective studies should assess serial measurements, integrate NLR and SIRI with established severity 
scores, and evaluate whether biomarker-guided strategies can improve patient-centered outcomes.

Conclusion
NLR and SIRI values derived from a routine complete blood count on the day of VAP diagnosis were associated with in- 
hospital outcomes in this cohort. An NLR cut-off of >11 demonstrated excellent discrimination for in-hospital mortality, 
while a SIRI cut-off of >16 showed high specificity but lower sensitivity.

In clinical practice, these simple and inexpensive indices may aid early bedside risk stratification by helping clinicians 
identify patients who could benefit from closer monitoring, early escalation of supportive care, and timely reassessment 
of antimicrobial therapy while awaiting microbiological results. However, given the retrospective design and limited 
sample size of this study, prospective validation and integration with established severity scoring systems are necessary 
before fixed cut-off values can be adopted for routine clinical decision-making.
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