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Inflammatory Indices for Predicting Mechanical Ventilation and 30-
Day Mortality in ICU Pneumosepsis: A Retrospective Cohort Study

ABSTRACT

Objectives: The prognostic value of inflammatory and immunonutritional indices in intensive care unit (ICU) pneumosepsis remains uncer-
tain. We evaluated eight routinely calculable indices for predicting invasive mechanical ventilation (IMV) and 30-day mortality.
Methods: This retrospective single-center cohort included consecutive adults with Sepsis-3-defined pneumosepsis admitted from the emer-
gency department to the ICU between 2022 and 2024. Indices were calculated from complete blood count, albumin, and C-reactive protein 
values obtained within six hours of presentation. Discrimination was assessed by receiver operating characteristic analysis. Multivariable 
logistic and Cox regression models evaluated independent associations with IMV and mortality, respectively.
Results: Among 284 patients, 167 (58.8%) required IMV, and 112 (39.4%) died within 30 days. Non-survivors had higher Systemic Immune-
Inflammation Index (SII), Systemic Inflammatory Response Index, Aggregate Index of Systemic Inflammation, and neutrophil-to-lymphocyte 
ratio values but lower Prognostic Nutritional Index, C-reactive protein-albumin-lymphocyte (CALLY) index, and Hemoglobin-Albumin-Lym-
phocyte-Platelet scores. CALLY showed the highest discrimination for 30-day mortality (area under the curve [AUC], 0.821), followed by SII 
(AUC, 0.798). SII (AUC, 0.784) and the neutrophil-to-lymphocyte ratio (AUC, 0.762) performed best for IMV. After adjustment for age, Sequential 
Organ Failure Assessment score, and Charlson Comorbidity Index, SII >2,156 (hazard ratio, 2.14; 95% confidence interval, 1.42-3.22) and CALLY 
<1.12 (hazard ratio, 2.67; 95% confidence interval, 1.78-4.01) independently predicted mortality (both p<0.001).
Conclusion: Admission inflammatory indices provide early prognostic information in ICU pneumosepsis. CALLY and SII may complement 
established severity scores and support early risk stratification. These inexpensive biomarkers may facilitate triage, resource allocation, and 
escalation of care while awaiting comprehensive clinical assessment.
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Introduction
Pneumonia remains one of the leading causes of intensive 
care unit (ICU) admission from the emergency department 
(ED), and when accompanied by organ dysfunction fulfilling 
the Sepsis-3 definition, it carries mortality rates ranging 
from 25% to 45% despite contemporary antimicrobial and 
supportive therapy.[1,2] The overlap between community-
acquired and healthcare-associated pneumonia with sepsis 
physiology, increasingly termed pneumosepsis in the 

critical care literature, creates a patient population in whom 
rapid risk stratification at the point of first contact may be 
decisive for resource allocation and therapeutic intensity.[3,4]

Severity scoring systems, including the Sequential Organ 
Failure Assessment (SOFA) score, the Acute Physiology and 
Chronic Health Evaluation II (APACHE II), and the Simplified 
Acute Physiology Score II (SAPS II), constitute the current 
standard for prognostic assessment in the ICU but require 
multiple physiological and laboratory parameters that are 
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not always available at the time of ED triage.[5,6] A parallel 
line of research has focused on inflammatory indices 
derived from the complete blood count (CBC), which offer 
the advantages of being rapidly available, inexpensive, and 
calculable from routine laboratory panels.[7,8]

The Systemic Immune-Inflammation Index (SII), defined 
as (platelet count × neutrophil count)/lymphocyte 
count, was originally developed in oncology and has 
subsequently been validated as a mortality predictor 
in general ICU populations.[8–10] A recent single-center 
Turkish study of 702 ICU patients demonstrated that 
admission SII was significantly elevated among 28-day 
non-survivors.[8] A 2024 meta-analysis encompassing 
25,626 sepsis patients confirmed an independent 
association between elevated SII and short-term mortality.
[11] Dynamic changes in SII during the first 24 hours of ICU 
care have been shown to refine the prediction of acute 
kidney injury and longer-term mortality.[12]

Beyond SII, several additional indices have emerged 
as candidate prognostic biomarkers. The Systemic 
Inflammatory Response Index (SIRI), calculated as 
(neutrophil × monocyte)/lymphocyte, integrates the 
monocyte compartment and has been linked to 28-day 
mortality in 401 ICU sepsis patients.[13] The Aggregate 
Index of Systemic Inflammation (AISI) extends this concept 
by incorporating platelets. The nutritional-inflammatory 
dimension is captured by the Prognostic Nutritional Index 
(PNI), the C-reactive protein-Albumin-Lymphocyte (CALLY) 
index, and the Hemoglobin-Albumin-Lymphocyte-Platelet 
(HALP) score, each of which has demonstrated prognostic 
value in pneumonia cohorts.[14,15] A 2025 study of 207 
hospitalized community-acquired pneumonia patients 
identified the CALLY index as particularly promising, with 
significantly lower values among non-survivors (p=0.003).[15]

Despite this growing literature, several gaps persist. First, 
most published cohorts have evaluated individual indices 
in isolation rather than comparing the full panel within 
a single population. Second, pneumosepsis patients 
admitted to the ICU directly from the ED constitute a 
distinct subgroup whose early laboratory profile may 
carry different prognostic weight than values obtained 
after resuscitation and stabilization.[16,17] Third, the dual 
outcomes of invasive mechanical ventilation requirement 
and 30-day mortality have rarely been addressed 
simultaneously within the same analytic framework, 
despite the clinical reality that ventilation initiation and 
mortality are often linked decision points. Finally, direct 
head-to-head comparison with established severity 
scores (SOFA, APACHE II, SAPS II) is needed to establish the 
incremental value of CBC-derived indices.

We therefore conducted this single-center retrospective 
cohort study to evaluate the discriminative and prognostic 
performance of eight inflammatory and immunonutritional 
indices (SII, SIRI, AISI, NLR, PLR, PNI, CALLY, and HALP) 
calculated from ED admission values for two prespecified 
outcomes in consecutive pneumosepsis patients admitted 
to the ICU: (i) invasive mechanical ventilation requirement 
during ICU stay and (ii) 30-day all-cause mortality. 
We hypothesized that composite indices integrating 
inflammatory, platelet, and nutritional parameters (CALLY, 
HALP) would outperform single-ratio indices (NLR, PLR) 
and that at least one index would retain independent 
prognostic value after adjustment for SOFA score and age.

Methods

Study Design and Setting
This retrospective, single-center cohort study was 
conducted at Etimesgut Şehit Sait Ertürk State Hospital, 
a secondary care training and research hospital serving 
the Etimesgut district of Ankara, Türkiye. The study period 
extended from 1 January 2022 to 31 December 2024. 
The study was approved by the Ankara Etlik City Hospital 
No. 2 Clinical Research Ethics Committee (approval 
number 2025/03-214; date 15/01/2025) and conducted in 
accordance with the Declaration of Helsinki. Owing to the 
retrospective design and full anonymization of records, the 
requirement for individual informed consent was waived. 
The manuscript is reported according to the STROBE 
guideline for observational studies.

Participants
Consecutive adult patients (aged ≥18 years) admitted to 
the medical ICU from the ED with a primary diagnosis of 
pneumosepsis were screened for eligibility. Pneumonia was 
defined by the presence of a new or worsening pulmonary 
infiltrate on chest imaging (radiograph or computed 
tomography), accompanied by at least two of the following: 
new cough or purulent sputum, fever >38°C or hypothermia 
<36°C, leukocytosis >12,000/mm³, or leukopenia <4,000/
mm³.[18] Sepsis was defined according to the Sepsis-3 
international consensus criteria as a SOFA score increase of 
≥2 points attributable to infection.[1] The combined criterion 
of pneumonia meeting Sepsis-3 thresholds constituted 
pneumosepsis for the purposes of this study.

Exclusion criteria were: (i) age under 18 years; (ii) pregnancy; 
(iii) active hematological malignancy or ongoing 
chemotherapy within 4 weeks prior to ED presentation; (iv) 
solid organ transplantation; (v) chronic immunosuppressive 
therapy equivalent to prednisolone ≥10 mg/day; (vi) known 
human immunodeficiency virus infection; (vii) transfer to 
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the study ICU more than 24 hours after ED presentation; 
(viii) death or discharge within 24 hours of ICU admission; 
and (ix) missing CBC, albumin, or C-reactive protein values 
during the initial ED evaluation. These exclusions were 
prespecified to prevent distortion of inflammatory indices 
by conditions affecting leukocyte or platelet kinetics 
independent of pneumosepsis physiology. The exclusion 
of patients who died or were discharged within the first 24 
hours of intensive care unit admission, corresponding to 
criterion (viii), formed part of the original cohort definition. 
We recognize that this criterion may preferentially exclude 
some of the most severely ill patients and introduce survivor-
selection bias. Its potential effect on mortality prediction 
was therefore examined in an additional sensitivity analysis 
that reintroduced these patients.

Data Collection
Data were extracted from the hospital electronic 
medical record system using a standardized case report 
form. Collected variables included demographic data 
(age, sex, body mass index), comorbidities (diabetes 
mellitus, hypertension, chronic obstructive pulmonary 
disease, congestive heart failure, chronic kidney disease, 
ischemic heart disease, cerebrovascular disease, Charlson 
Comorbidity Index), ED vital signs (systolic and diastolic blood 
pressure, heart rate, respiratory rate, temperature, oxygen 
saturation, Glasgow Coma Scale), laboratory parameters on 
ED admission (complete blood count, albumin, C-reactive 
protein, procalcitonin where available, arterial blood gas, 
lactate, creatinine, urea, bilirubin, electrolytes), severity 
scores (SOFA, APACHE II, SAPS II) calculated within the first 
24 hours of ICU admission, and clinical course data (invasive 
mechanical ventilation initiation and duration, vasopressor 
use, renal replacement therapy, length of ICU and hospital 
stay, and 30-day mortality status).

Inflammatory Index Calculations
All inflammatory and immunonutritional indices 
were calculated from the first CBC, albumin, and 
C-reactive protein values obtained within six hours of 
ED triage. The formulas applied were as follows.[19–21] 
SII=(platelet count×neutrophil count)/lymphocyte count; 
SIRI=(neutrophil count×monocyte count)/lymphocyte 
count; AISI=(neutrophil count×monocyte count×platelet 
count)/lymphocyte count; NLR=neutrophil count/
lymphocyte count; PLR=platelet count/lymphocyte 
count; PNI=albumin (g/L)+5 × lymphocyte count (×10⁹/L); 
CALLY=(albumin [g/dL] × lymphocyte count [×10⁹/L])/
(C-reactive protein [mg/dL] × 10); HALP=(hemoglobin [g/L] 
× albumin [g/L] × lymphocyte count [×10⁹/L])/platelet 
count (×10⁹/L). Cell counts were expressed in units of 
×10⁹/L for ratio calculations. Absolute lymphocyte counts 

below 0.1×10⁹/L were floored at 0.1 to prevent division 
instability, consistent with prior methodology.[11,15]

In our clinical laboratory, C-reactive protein is reported in 
mg/L, albumin in g/dL, and hemoglobin in g/dL. For index 
calculation, C-reactive protein was converted to mg/dL by 
dividing by 10 for the CALLY index, whereas albumin and 
hemoglobin were converted to g/L by multiplying by 10 for 
the PNI and HALP calculations. All unit conversions were 
verified against the source formulas before analysis, and 
the same conversion protocol was applied uniformly to 
every patient so that the reported cutoff values correspond 
to these standardized units.

Outcomes
Two prespecified primary outcomes were evaluated. The 
first outcome was the requirement for invasive mechanical 
ventilation (IMV) at any point during the ICU stay, defined 
as endotracheal intubation with initiation of positive-
pressure ventilation. Noninvasive ventilation and high-
flow nasal oxygen were not classified as IMV. The timing of 
intubation relative to index sampling was recorded for every 
ventilated patient. Because the inflammatory indices were 
derived from laboratory values obtained within the first six 
hours of ED presentation, an additional sensitivity analysis 
was performed in which the mechanical ventilation model 
was repeated after excluding patients intubated within this 
same six-hour window so that the exposure preceded the 
outcome in the retained subgroup. The second outcome 
was 30-day all-cause mortality measured from the date 
of ED admission, ascertained through hospital records 
and, for patients discharged alive, through the national 
civil registry system. Secondary outcomes included ICU 
length of stay, hospital length of stay, initiation of renal 
replacement therapy, and vasopressor requirement.

Statistical Analysis
Continuous variables were summarized as mean±standard 
deviation when normally distributed (Shapiro-Wilk 
p>0.05) or as median with interquartile range (IQR) when 
non-normally distributed. Categorical variables were 
summarized as counts and percentages. Between-group 
comparisons used Student's t test or the Mann-Whitney U 
test for continuous variables and the chi-square or Fisher's 
exact test for categorical variables.

The discriminative performance of each inflammatory 
index for both primary outcomes was evaluated 
using receiver operating characteristic (ROC) analysis. 
Optimal cutoffs were determined by the Youden index 
(maximizing sensitivity+specificity-1). Areas under the 
curve (AUCs) were compared using the DeLong method. 
Patients were subsequently dichotomized at the Youden 
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cutoff for each index, and Kaplan-Meier survival curves 
were constructed, with between-group comparisons 
performed using the log-rank test.

Missing data were handled as follows. Patients lacking 
a complete blood count, albumin, or C-reactive protein 

value within the first six hours of emergency department 
evaluation were excluded a priori, which accounts for the 
12 patients removed for missing laboratory data shown in 
Figure 1. Among the 284 included patients, the components 
of the severity scores and the vital sign variables were 

Figure 1. Study flow diagram. Of 397 patients admitted to the medical ICU from the emergency department with pneumonia during the study 
period (January 2022 – December 2024), 113 patients were excluded (42 due to haematological malignancy or chemotherapy within 4 weeks, 
18 due to chronic immunosuppression, 12 due to HIV infection or solid organ transplantation, 15 due to early ICU transfer >24 hours after ED, 
14 due to death or discharge within 24 hours, and 12 due to missing laboratory values), yielding a final analytic cohort of 284 patients. Of these, 
167 (58.8%) required invasive mechanical ventilation during ICU stay, and 112 (39.4%) died within 30 days of ED admission.
ICU: Intensive care unit; ED: Emergency department; SOFA: Sequential organ failure assessment; CBC: Complete blood count; CRP: C-reactive protein; ROC: Receiver operating charac-
teristic; AUC: Area under the curve.
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complete in more than 98% of records. Isolated missing 
values in continuous covariates occurred in fewer than 2% 
of patients and were handled by available-case analysis. 
No multiple imputation was performed because the 
proportion of missing data was low. No formal modeling 
of the missing-data mechanism was undertaken; therefore, 
missing completely at random cannot be assumed.

Multivariable Cox proportional hazards regression 
was used to identify independent predictors of 30-day 
mortality. Candidate variables with p<0.10 in univariable 
analysis were entered into the multivariable model, with 
backward stepwise elimination applied. Prespecified 
covariates forced into the final model were age, SOFA score, 
and Charlson Comorbidity Index, given their established 
prognostic value. The proportional hazards assumption 
was tested using Schoenfeld residuals. Multicollinearity 
was assessed through variance inflation factors (VIF>5 
prompting exclusion). Results are presented as hazard 
ratios (HRs) with 95% confidence intervals (CIs).

For IMV requirement, multivariable logistic regression was 
performed with the same covariate selection strategy. 
Results are presented as odds ratios (ORs) with 95% CIs. 
Sample size calculation indicated that at least 220 patients 
were required to detect a hazard ratio of 2.0 between 
the upper and lower tertiles of SII for 30-day mortality, 
assuming an event rate of 30%, with 80% power and a two-
sided alpha of 0.05.

All analyses were performed using IBM SPSS Statistics 
version 27 (IBM Corp., Armonk, NY), R version 4.4 (R 
Foundation for Statistical Computing, Vienna, Austria), and 
MedCalc statistical software version 22 (MedCalc Software 
Ltd., Ostend, Belgium). A two-sided p value <0.05 was 
considered statistically significant.

Two aspects of measurement timing were considered 
in the analysis and interpretation. The inflammatory 
indices were calculated from laboratory values obtained 
within the first six hours of emergency department 
presentation, whereas the SOFA, APACHE II, and SAPS II 
scores were calculated from data collected during the first 
24 hours of intensive care unit admission. These different 
time windows were taken into account whenever the 
early emergency department indices were compared 
with the established severity scores. Three additional 
sensitivity analyses were performed: the mechanical 
ventilation model was repeated after excluding patients 
intubated within the first six hours, the mortality analysis 
was repeated after reintroducing patients who died or 
were discharged within 24 hours of admission, and the 
multivariable models were repeated using continuous 
rather than dichotomized index values.

Results

Study Population
During the study period, 397 patients were admitted 
to the medical ICU from the ED with a clinical diagnosis 
of pneumonia. After applying the exclusion criteria, 
284 patients met the pneumosepsis definition and 
were included in the analysis (Fig. 1). The mean age was 
68.4±13.2 years, and 168 (59.2%) were male. Hypertension 
(n=172, 60.6%), diabetes mellitus (n=98, 34.5%), and 
chronic obstructive pulmonary disease (n=84, 29.6%) were 
the most frequent comorbidities. The median Charlson 
Comorbidity Index was 4 (IQR 3–6). Baseline characteristics 
of survivors and non-survivors are summarized in Table 1.

The median SOFA score on ICU admission was 7 (IQR 
5–10), the median APACHE II score was 18 (IQR 14–
23), and the median SAPS II score was 42 (IQR 34–52). 
Invasive mechanical ventilation was initiated in 167 
(58.8%) patients during the ICU stay, with a median 
time from ED admission to intubation of 9.5 hours (IQR 
4.2–21.8). Thirty-day all-cause mortality was 39.4% 
(n=112). The median ICU length of stay was 8 days (IQR 
4–14), and the hospital length of stay was 14 days (IQR 
8–22). Vasopressor support was required in 148 (52.1%) 
patients, and renal replacement therapy was initiated in 
42 (14.8%). Invasive mechanical ventilation, vasopressor 
use, and renal replacement therapy are events that occur 
during the intensive care unit course rather than baseline 
features, and they are reported here as descriptors of 
illness severity and clinical course; accordingly, they were 
not entered as baseline predictors in the outcome models.

Inflammatory Indices by Outcome Groups
Non-survivors demonstrated significantly higher 
inflammatory indices at ED admission than survivors. 
Specifically, SII was 2,847 (IQR 1,924–4,156) versus 1,326 
(IQR 842–2,145) in survivors (p<0.001); SIRI was 4.82 (IQR 
2.94–7.85) versus 2.14 (IQR 1.28–3.67) (p<0.001); NLR was 
12.4 (IQR 8.6–18.2) versus 6.7 (IQR 4.1–10.2) (p<0.001); 
and AISI was 1,784 (IQR 1,086–2,912) versus 752 (IQR 421–
1,348) (p<0.001). Conversely, immunonutritional indices 
were lower among non-survivors: PNI was 28.4±5.7 versus 
38.2±6.4 (p<0.001); CALLY was 0.87 (IQR 0.34–1.62) versus 
2.54 (IQR 1.42–4.28) (p<0.001); and HALP was 14.6 (IQR 
8.9–22.4) versus 24.8 (IQR 16.2–34.6) (p=0.003). PLR did 
not significantly differentiate survivors from non-survivors 
(median 234 vs 218; p=0.142). PLR therefore did not reach 
statistical significance and, as detailed below, showed the 
lowest discriminative capacity of all indices for 30-day 
mortality (area under the curve 0.561, 95% confidence 
interval 0.494 to 0.628; p=0.081). Comparable patterns 
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were observed for patients requiring invasive mechanical 
ventilation versus those not requiring ventilation (Table 2).

Discriminative Performance for 30-Day Mortality
ROC analysis for 30-day mortality prediction demonstrated 
varying discriminative capacity across indices (Table 3, Fig. 
2). The CALLY index yielded the highest AUC of 0.821 (95% 
CI 0.771–0.871), with an optimal cutoff of 1.12, providing 
a sensitivity of 78.6% and specificity of 74.4%. SII achieved 
an AUC of 0.798 (95% CI 0.745–0.851), with an optimal 
cutoff of 2,156 (sensitivity 72.3%, specificity 73.5%). SIRI 
performed comparably (AUC 0.779; 95% CI 0.724–0.834). 

The individual ratios NLR (AUC 0.762; 95% CI 0.705–0.819) 
and PLR (AUC 0.561; 95% CI 0.494–0.628) showed lower 
discriminative capacity than the composite indices. For 
comparison, the SOFA score yielded an AUC of 0.812 (95% 
CI 0.761–0.863), and APACHE II yielded an AUC of 0.828 
(95% CI 0.779–0.877).

DeLong comparison of CALLY versus SOFA showed no 
statistically significant difference (p=0.732). Combining 
CALLY with SOFA in a bivariate model improved 
discrimination to an AUC of 0.874 (95% CI 0.832–0.916), 
suggesting incremental prognostic information beyond 
established severity scoring.

Table 1. Baseline demographic and clinical characteristics of survivors and non-survivors

Variable Total (n=284) Survivors (n=172) Non-survivors (n=112) p

Age, years, mean±SD 68.4±13.2 65.8±12.6 72.4±13.1 <0.001

Male sex, n (%) 168 (59.2) 99 (57.6) 69 (61.6) 0.516

BMI, kg/m², mean±SD 26.8±4.9 27.2±4.7 26.2±5.2 0.092

Hypertension, n (%) 172 (60.6) 98 (57.0) 74 (66.1) 0.132

Diabetes mellitus, n (%) 98 (34.5) 52 (30.2) 46 (41.1) 0.061

COPD, n (%) 84 (29.6) 42 (24.4) 42 (37.5) 0.018

CHF, n (%) 56 (19.7) 26 (15.1) 30 (26.8) 0.016

CKD, n (%) 38 (13.4) 18 (10.5) 20 (17.9) 0.078

CCI, median (IQR) 4 (3–6) 4 (2–5) 6 (4–7) <0.001

SOFA score, median (IQR) 7 (5–10) 6 (4–8) 10 (8–13) <0.001

APACHE II, median (IQR) 18 (14–23) 15 (12–19) 23 (19–28) <0.001

SAPS II, median (IQR) 42 (34–52) 38 (30–46) 52 (44–62) <0.001

Invasive MV, n (%) 167 (58.8) 72 (41.9) 95 (84.8) <0.001

Vasopressor, n (%) 148 (52.1) 58 (33.7) 90 (80.4) <0.001

RRT, n (%) 42 (14.8) 14 (8.1) 28 (25.0) <0.001

ICU LOS, days, median (IQR) 8 (4–14) 9 (5–15) 7 (3–13) 0.086

Hospital LOS, days, median (IQR) 14 (8–22) 16 (10–24) 10 (5–18) <0.001
APACHE II: Acute physiology and chronic health evaluation II; BMI: Body mass index; CHF: Congestive heart failure; CCI: Charlson comorbidity index; CKD: Chronic kidney disease; 
COPD: Chronic obstructive pulmonary disease; ICU: Intensive care unit; IQR: Interquartile range; LOS: Length of stay; MV: Mechanical ventilation; RRT: Renal replacement therapy; 
SAPS II: Simplified acute physiology score II; SD: Standard deviation; SOFA: Sequential organ failure assessment.

Table 2. Inflammatory and immunonutritional indices at emergency department admission in survivors versus non-survivors

Index Survivors (n=172) Non-survivors (n=112) p

SII, median (IQR) 1.326 (842–2.145) 2.847 (1.924–4.156) <0.001

SIRI, median (IQR) 2.14 (1.28–3.67) 4.82 (2.94–7.85) <0.001

AISI, median (IQR) 752 (421–1.348) 1,784 (1.086–2.912) <0.001

NLR, median (IQR) 6.7 (4.1–10.2) 12.4 (8.6–18.2) <0.001

PLR, median (IQR) 218 (156–312) 234 (168–326) 0.142

PNI, mean±SD 38.2±6.4 28.4±5.7 <0.001

CALLY, median (IQR) 2.54 (1.42–4.28) 0.87 (0.34–1.62) <0.001

HALP, median (IQR) 24.8 (16.2–34.6) 14.6 (8.9–22.4) 0.003
AISI: Aggregate index of systemic inflammation; CALLY: C-reactive protein-albumin-lymphocyte index; HALP: Hemoglobin-albumin-lymphocyte-platelet score; IQR: Interquartile 
range; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PNI: Prognostic nutritional index; SD: Standard deviation; SII: Systemic immune-inflammation index; 
SIRI: Systemic inflammatory response index.
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Figure 2. Panel A: Receiver operating characteristic (ROC) curves for 30-day all-cause mortality prediction by SII (AUC 0.798), SIRI (AUC 
0.779), NLR (AUC 0.762), CALLY (AUC 0.821), and SOFA score (AUC 0.812). Panel B: Kaplan-Meier survival curves stratified by the Youden-de-
rived SII cutoff of >2,156 (log-rank p<0.001); 30-day survival was 37.2% in the high-SII group versus 78.6% in the low-SII group. The corre-
sponding CALLY-stratified survival results are reported in the Results text. Panel C: Forest plot of multivariable-adjusted hazard ratios for 
30-day mortality showing independent predictors after adjustment for age, SOFA score, and Charlson Comorbidity Index (SII HR 2.14, 95% 
CI 1.42–3.22; CALLY HR 2.67, 95% CI 1.78–4.01).
AUC: Area under the curve; SOFA: Sequential organ failure assessment; SII: Systemic immune-inflammation index; CALLY: C-reactive protein-Albumin-Lymphocyte index; HR: Hazard 
ratio; NLR: Neutrophil-to-lymphocyte ratio.
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Discriminative Performance for Mechanical 
Ventilation Requirement
For prediction of invasive mechanical ventilation 
requirement during the ICU stay, SII achieved the highest 
AUC of 0.784 (95% CI 0.729–0.839), followed by NLR (AUC 
0.762; 95% CI 0.706–0.818) and SIRI (AUC 0.758; 95% CI 
0.702–0.814). CALLY (AUC 0.746; 95% CI 0.689–0.803) 
and PNI (AUC 0.721; 95% CI 0.662–0.780) demonstrated 
moderate discrimination. At the Youden-derived cutoff, 
an SII above 1,842 identified patients requiring ventilation 
with a sensitivity of 74.2% and specificity of 68.9%.

Survival Analysis
Kaplan-Meier analysis stratified by Youden-derived cutoffs 
demonstrated significantly lower 30-day survival among 
patients with elevated SII (log-rank p<0.001), elevated SIRI 
(p<0.001), and reduced CALLY (p<0.001). Figure 2 presents 
the SII-stratified Kaplan-Meier curves. Median survival for 
patients in the high-SII group was 18 days, compared with 
not reached for the low-SII group. Thirty-day survival was 
37.2% in the high-SII group versus 78.6% in the low-SII 
group. For CALLY, 30-day survival was 34.1% in the low-
CALLY group versus 79.8% in the high-CALLY group.

Multivariable Analysis
In multivariable Cox proportional hazards regression for 
30-day mortality, variables retained in the final model 
after backward elimination, with forced inclusion of age, 
SOFA score, and Charlson Comorbidity Index, were age 
(HR 1.03 per year; 95% CI 1.01–1.05; p=0.002), SOFA score 
(HR 1.18 per point; 95% CI 1.11–1.26; p<0.001), Charlson 
Comorbidity Index (HR 1.14 per point; 95% CI 1.05–1.24; 
p=0.003), elevated SII above 2,156 (HR 2.14; 95% CI 1.42–

3.22; p<0.001), and reduced CALLY below 1.12 (HR 2.67; 
95% CI 1.78–4.01; p<0.001). The proportional hazards 
assumption held for all variables (Schoenfeld residuals 
p>0.05 for all), and variance inflation factors remained 
below 2 for all covariates (Table 4).

For invasive mechanical ventilation requirement, 
multivariable logistic regression identified elevated SII (OR 
2.68; 95% CI 1.74–4.12; p<0.001), lower GCS on admission 
(OR 1.32 per point decrease; 95% CI 1.18–1.48; p<0.001), 
higher respiratory rate (OR 1.11 per breath/min; 95% CI 
1.04–1.19; p=0.003), higher SOFA score (OR 1.15 per point; 
95% CI 1.06–1.24; p<0.001), and lower oxygen saturation 
(OR 0.95 per percentage-point increase; 95% CI 0.91–0.99; 
p=0.018) as independent predictors, whereas age was 
not independently associated with the outcome. The 
full multivariable logistic regression model for invasive 
mechanical ventilation is presented in Table 5.

Sensitivity Analyses
Among the 167 patients who required invasive mechanical 
ventilation, 41 (24.6%) were intubated within the first 
six hours of emergency department presentation. In 
the additional sensitivity analysis restricted to the 243 
patients who were not intubated within the first six hours, 
an elevated SII remained independently associated with 
invasive mechanical ventilation (OR 2.41; 95% CI 1.52 to 
3.82; p<0.001), suggesting that the association was not 
solely attributable to very early intubation; however, 
residual reverse-causality bias cannot be excluded. 
Reintroduction of the 14 patients who died or were 
discharged within 24 hours of intensive care unit admission 
did not materially change the discrimination of the leading 
indices for 30-day mortality (CALLY area under the curve 

Table 3. Receiver operating characteristic analysis for prediction of 30-day all-cause mortality

Index AUC (95% CI) Cutoff Sensitivity (%) Specificity (%) p

CALLY 0.821 (0.771–0.871) <1.12 78.6 74.4 <0.001

APACHE II 0.828 (0.779–0.877) >18 76.8 71.5 <0.001

SOFA 0.812 (0.761–0.863) >8 74.1 70.9 <0.001

SII 0.798 (0.745–0.851) >2,156 72.3 73.5 <0.001

SIRI 0.779 (0.724–0.834) >3.28 70.5 70.3 <0.001

NLR 0.762 (0.705–0.819) >9.4 69.6 67.4 <0.001

AISI 0.746 (0.688–0.804) >1,024 68.7 66.9 <0.001

PNI 0.734 (0.675–0.793) <32.6 66.1 68.0 <0.001

HALP 0.692 (0.630–0.754) <18.4 63.4 62.8 <0.001

PLR 0.561 (0.494–0.628) >228 54.5 52.9 0.081

CALLY + SOFA (combined) 0.874 (0.832–0.916) — — — <0.001
AISI: Aggregate index of systemic inflammation; APACHE II: Acute physiology and chronic health evaluation II; AUC: Area under the curve; CALLY: C-reactive protein-Albumin-Lym-
phocyte index; CI: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; HALP: Hemoglobin-albumin-lymphocyte-platelet score; SII: Systemic immune-inflammation index; 
SIRI: Systemic inflammatory response index; SOFA: Sequential organ failure assessment; PLR: Platelet-to-lymphocyte ratio; PNI: Prognostic nutritional index.
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0.818 versus 0.821; SII 0.796 versus 0.798), and both CALLY 
and SII remained independent predictors in the Cox model. 
Repeating the multivariable models with continuous rather 
than dichotomized index values produced consistent 
associations for both outcomes.

Discussion
In this single-center retrospective cohort of 284 adult 
patients admitted to the ICU from the ED with pneumosepsis, 
we identified several findings with direct clinical relevance. 
First, composite inflammatory-nutritional indices, 
particularly CALLY, and the Systemic Immune-Inflammation 
Index demonstrated discriminative performance for 30-
day mortality comparable to established severity scoring 
systems such as SOFA and APACHE II. Second, SII achieved 
the highest discriminative capacity for invasive mechanical 
ventilation requirement. Third, both SII and CALLY retained 
independent associations with 30-day mortality after 
adjustment for age, SOFA score, and comorbidity burden, 
suggesting incremental prognostic information beyond 
established tools. Fourth, indices calculated from ED 
admission values were predictive of outcomes manifesting 

over the subsequent 30 days, supporting their use at the 
earliest point of clinical contact.

The panel of indices was selected to represent 
complementary dimensions of the systemic response to 
pneumosepsis rather than to duplicate a single pathway. 
The neutrophil-to-lymphocyte ratio captures the balance 
between innate activation and adaptive suppression; the 
Systemic Immune-Inflammation Index and the platelet-
to-lymphocyte ratio add the platelet compartment; the 
Systemic Inflammatory Response Index and the Aggregate 
Index of Systemic Inflammation incorporate monocytes and, 
for the latter, platelets; and the Prognostic Nutritional Index, 
the CALLY index, and the HALP score integrate nutritional 
and hepatic synthetic reserve through albumin, together 
with hemoglobin for the HALP score. Evaluating these 
indices within one cohort allowed a direct comparison of 
inflammatory, thrombocytic, monocytic, and nutritional-
immune information under identical conditions. The cutoff 
values derived here were obtained from a single cohort using 
the Youden method and should be regarded as exploratory 
thresholds for hypothesis generation rather than as validated 
decision limits ready for routine clinical application.

Table 4. Multivariable Cox proportional hazards regression for 30-day all-cause mortality

Variable Univariable HR (95% CI) Univariable p Multivariable HR (95% CI) Multivariable p

Age (per year) 1.04 (1.03–1.06) <0.001 1.03 (1.01–1.05) 0.002

SOFA score (per point) 1.24 (1.18–1.31) <0.001 1.18 (1.11–1.26) <0.001

CCI (per point) 1.22 (1.14–1.31) <0.001 1.14 (1.05–1.24) 0.003

SII >2,156 3.84 (2.62–5.62) <0.001 2.14 (1.42–3.22) <0.001

CALLY <1.12 4.76 (3.22–7.02) <0.001 2.67 (1.78–4.01) <0.001

SIRI >3.28 3.12 (2.14–4.56) <0.001 NS —

NLR >9.4 2.94 (2.02–4.28) <0.001 NS —

AISI >1,024 2.68 (1.84–3.91) <0.001 NS —

PNI <32.6 3.04 (2.08–4.44) <0.001 NS —

HALP <18.4 1.92 (1.33–2.78) <0.001 NS —
CI: Confidence interval; HR: Hazard ratio; NS: Not significant (variable removed during backward stepwise elimination); SOFA: Sequential organ failure assessment; CCI: Charlson 
comorbidity index; SII: Systemic immune-inflammation index; CALLY: C-reactive protein-albumin-lymphocyte index; SIRI: Systemic inflammatory response index; NLR: Neutro-
phil-to-lymphocyte ratio; AISI: Aggregate index of systemic inflammation; PNI: Prognostic nutritional index; HALP: Hemoglobin-albumin-lymphocyte-platelet score.

Table 5. Multivariable logistic regression for invasive mechanical ventilation requirement

Variable Univariable OR (95% CI) Univariable p Multivariable OR (95% CI) Multivariable p

SII >1,842 4.12 (2.74 to 6.19) <0.001 2.68 (1.74 to 4.12) <0.001

GCS (per point decrease) 1.48 (1.31 to 1.67) <0.001 1.32 (1.18 to 1.48) <0.001

Respiratory rate (per breath/min) 1.18 (1.10 to 1.27) <0.001 1.11 (1.04 to 1.19) 0.003

Age (per year) 1.02 (1.00 to 1.04) 0.041 1.01 (0.99 to 1.03) 0.214

SOFA score (per point) 1.26 (1.18 to 1.35) <0.001 1.15 (1.06 to 1.24) <0.001

Oxygen saturation (per %) 0.92 (0.88 to 0.96) <0.001 0.95 (0.91 to 0.99) 0.018
CI: Confidence interval; GCS: Glasgow coma scale; OR: Odds ratio; SII: Systemic immune-inflammation index; SOFA: Sequential organ failure assessment. The model was adjusted 
for age, SOFA score, and oxygen saturation.
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Our observation that SII was significantly elevated among 
30-day non-survivors aligns with the findings of Emgin 
and colleagues in a 702-patient Turkish ICU cohort, in 
which admission SII differentiated 28-day survivors from 
non-survivors.[8] A 2024 meta-analysis by Liang and Su 
encompassing 25,626 sepsis patients similarly documented 
an independent association between elevated SII and short-
term mortality, with a pooled risk ratio of 1.87.[11] Our study 
contributes to this literature by focusing on a pneumosepsis-
specific population and by simultaneously comparing SII 
with seven alternative indices within the same cohort.
The CALLY index, which integrates C-reactive protein, 
albumin, and absolute lymphocyte count into a single ratio, 
emerged as the strongest single-index predictor of 30-day 
mortality, with an AUC of 0.821. This finding corroborates 
the 2025 Turkish community-acquired pneumonia study 
by Baran and colleagues, in which CALLY was the most 
significant discriminator of in-hospital mortality among 
eight inflammatory indices evaluated.[15] The biological 
plausibility of this finding rests on the convergence of three 
pathways: C-reactive protein reflecting the magnitude of 
the acute-phase inflammatory response, serum albumin 
capturing both nutritional reserve and hepatic protein 
synthesis, and absolute lymphocyte count representing 
adaptive immune competence.[22] Pneumosepsis patients 
with simultaneously elevated CRP, reduced albumin, and 
lymphopenia demonstrate a pattern of overwhelming 
inflammation, diminished synthetic reserve, and immune 
exhaustion that together define a high-risk phenotype.

SIRI, a relatively newer index that incorporates monocyte 
counts into the ratio, demonstrated discriminative 
performance comparable to SII in our cohort (AUC 
0.779 versus 0.798). This supports the findings of Zhang 
and colleagues in a 401-patient ICU sepsis cohort, in 
which SIRI correlated independently with SOFA score 
and 28-day mortality.[13] The addition of monocytes may 
capture a distinct pathophysiological dimension, since 
circulating monocytes reflect tissue-resident macrophage 
recruitment and innate immune activation specifically 
relevant to pneumonia physiology.[23] Whether SIRI and 
SII provide redundant or complementary prognostic 
information remains to be clarified in larger studies with 
formal head-to-head comparison.

The underperformance of PLR in differentiating survivors 
from non-survivors in our cohort (AUC 0.561, p=0.142) 
contrasts with some prior reports but is consistent with 
the study by Emgin and colleagues, in which PLR failed 
to distinguish 28-day survival categories.[8] PLR may have 
particular utility in chronic inflammatory or oncologic 
contexts, where relative platelet elevation signals sustained 
inflammatory drive, but in acute severe sepsis physiology 

characterized by consumptive thrombocytopenia, the 
ratio's discriminative value appears attenuated.[24]

The incremental value demonstrated when CALLY or SII was 
added to SOFA-based models (AUC improving from 0.812 
to 0.874 for the CALLY-SOFA combination) has implications 
for early risk stratification in the ED. Established severity 
scores such as SOFA require multiple parameters spanning 
respiratory, cardiovascular, hepatic, renal, neurological, 
and coagulation domains; while comprehensive, their 
calculation can be delayed by the availability of arterial 
blood gas analysis, creatinine, and bilirubin. Inflammatory 
indices derived from the CBC and routine chemistry panel 
can be computed within minutes of laboratory result 
availability and may flag high-risk patients before full 
severity score calculation is possible. Our data support a 
two-stage approach in which CBC-derived inflammatory 
indices serve as early warning signals at ED triage, 
subsequently refined by SOFA and other validated severity 
tools as additional parameters become available.[25,26]

The distinct pattern observed for mechanical ventilation 
prediction, in which SII and NLR outperformed CALLY, 
suggests that neutrophil-driven inflammation and the 
neutrophil-lymphocyte balance may have particular 
relevance to alveolar inflammation, oxygenation failure, 
and the decision to intubate. In pneumonia physiology, 
neutrophil-mediated alveolar damage combined with 
lymphocyte depletion reflects the local pulmonary 
inflammatory storm that precedes respiratory failure.[27] 
Clinicians evaluating a pneumosepsis patient in the ED for 
likely ventilation trajectory may therefore find particular 
value in the NLR and SII calculated from the initial CBC.

Limitations
Several limitations of our study merit explicit consideration. 
First, the single-center retrospective design limits 
generalizability and introduces potential selection bias 
related to referral patterns and ICU admission thresholds 
specific to our institution. Multicenter prospective validation 
is required to establish the external reproducibility of our 
Youden-derived cutoffs. Second, we evaluated admission-
value indices only and did not assess longitudinal trajectories; 
dynamic changes in these indices during the first 24–72 hours 
of ICU care may carry additional prognostic information, as 
suggested by prior studies.[12,28] Third, causative pathogen 
data, pre-hospital antibiotic exposure, and timing of first 
appropriate antimicrobial therapy were not systematically 
captured and may confound the inflammatory profile. 
Fourth, we did not externally validate our findings in an 
independent cohort, and our Youden-derived cutoffs should 
be considered exploratory. Fifth, we excluded patients with 
hematological malignancy, chemotherapy exposure, and 



137Evik et al., Inflammatory Indices in ICU Pneumosepsis Outcomes / Doi: 10.14744/GKDAD.2026.60362

immunosuppression, limiting applicability to these high-risk 
subpopulations in whom inflammatory indices may behave 
differently. Sixth, although the inflammatory indices and 
the severity scores were both measured early in the clinical 
course, they were derived from different time windows, 
since the indices were calculated within the first six hours 
of emergency department presentation, whereas SOFA, 
APACHE II, and SAPS II were calculated within the first 24 
hours of intensive care unit admission, and this difference 
should be considered when the two are compared directly. 
Seventh, invasive mechanical ventilation could be initiated 
at any point during the intensive care unit stay, which raises 
the possibility of reverse causality for patients intubated very 
early; although the additional sensitivity analysis restricted 
to patients intubated after index measurement supported a 
genuine predictive association, residual bias cannot be fully 
excluded. Eighth, the exclusion of patients who died or were 
discharged within 24 hours of admission may have removed 
some of the most severely ill patients, and while the sensitivity 
analysis that reintroduced these patients showed stable 
index performance, the potential for selection bias remains. 
As a single-center retrospective study without external 
validation, the reported cutoff values should be applied with 
particular caution and require confirmation in independent 
multicenter prospective cohorts before clinical use.

Despite these limitations, our study provides a comparative 
evaluation of eight inflammatory indices within a uniformly 
defined pneumosepsis cohort, with dual primary outcomes 
capturing both intermediate (ventilation) and definitive 
(30-day mortality) clinical endpoints. The consistency of 
our findings with the broader ICU sepsis literature supports 
the external credibility of our conclusions.

Conclusion
Among patients admitted to the ICU from the emergency 
department with pneumosepsis, complete blood count-
derived inflammatory indices computed at ED presentation 
provide clinically useful prognostic information for both 
invasive mechanical ventilation requirement and 30-
day all-cause mortality. The CALLY index (AUC 0.821) 
and the Systemic Immune-Inflammation Index (AUC 
0.798) demonstrated independent associations with 30-
day mortality after adjustment for age, SOFA score, and 
comorbidity burden. These readily calculable indices may 
complement established severity scoring systems at the 
earliest point of clinical contact, supporting more informed 
triage, early resource allocation, and timely escalation of 
care. Future multicenter prospective studies incorporating 
dynamic index trajectories and external validation are 
warranted to refine optimal cutoffs and confirm the 
incremental value observed in our cohort.
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