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ABSTRACT

BACKGROUND: This study aimed to compare the diagnostic performance of inflammatory biomarkers derived from routine blood
parameters in patients with acute cholecystitis, based on the hypothesis that these biomarkers can predict gangrenous cholecystitis
independently of imaging before surgery.

METHODS: Data from 187 consecutive adult patients who underwent laparoscopic cholecystectomy for acute cholecystitis dur-
ing the same hospitalization were retrospectively analyzed in an observational cohort. After the exclusion of 7 cases, 180 patients
constituted the analytic cohort. Gangrenous cholecystitis was defined as intraoperative or pathological verification. C-reactive protein
(CRP) and six prespecified haemogram-derived indices — the neutrophil-, platelet- and monocyte-to-lymphocyte ratios (neutrophil-
to-lymphocyte ratio [NLR], platelet-to-lymphocyte ratio [PLR], monocyte-to-lymphocyte ratio [MLR]) and three composite indices
(systemic immune-inflammation index, systemic inflammation response index [SIRI], aggregate index of systemic inflammation) — were
evaluated; diagnostic accuracy was assessed using receiver operating characteristic-area under the curve (ROC-AUC), cutoff points
were determined using the Youden index, and an age- and sex-adjusted logistic regression model was established.

RESULTS: Gangrenous cholecystitis was confirmed in 33 of the 180 analyzed patients (18.3%). CRP was 163.00 mg/L (interquartile
range [IQR] 39.00-224.00) in the gangrenous group and 15.00 mg/L (IQR 4.02-55.89) in the non-gangrenous group. Among hemo-
gram-derived indices, SIRI (7.10 [4.09—10.03] vs. 2.48 [1.03—4.89]) and MLR (0.62 [0.40-0.79] vs. 0.31 [0.19-0.50]) were significantly
higher in gangrenous cases (both p<0.001); NLR was 8.00 (5.32—-12.90) vs. 4.00 (2.35-6.66) (p<0.001). In the ROC analysis, CRP
showed the highest discriminatory power (AUC 0.81; 95% confidence interval 0.71-0.89); at a cutoff point of 61.0 mg/L, the sensitivity
and specificity were 0.73 and 0.78, respectively. Among the derived indices, the highest AUCs were observed for SIRI and AlSI. In the
model including CRP and SIRI adjusted for age and sex, only CRP remained an independent predictor; each 10 mg/L increase in CRP
was associated with a 14% increase in the odds of gangrenous cholecystitis.

CONCLUSION: CRP provides the highest discrimination for pre-operative prediction of gangrenous cholecystitis and was the only
independent predictor in multivariable analysis. The hemogram-derived indices showed moderate univariable discrimination, but their
additional value beyond CRP remains uncertain and requires further evaluation in larger, prospective cohorts.
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INTRODUCTION

Acute cholecystitis is one of the most common complica-
tions of gallstone disease and increases morbidity and mortal-
ity if surgery is not performed in a timely manner."! Current
guidelines recommend early laparoscopic cholecystectomy,
but the difficulty level of acute cholecystitis surgery can vary
significantly, and there are no clearly defined criteria in the
literature for predicting gangrenous cholecystitis preopera-
tively.! Gangrenous cholecystitis is one of these severe clini-
cal presentations, with an incidence of 10—40% and morbidity
of 15-50% among acute cholecystitis cases.l¥] Deciding on the
timing of surgery and the balance between risks and benefits
is a challenging process that requires clinical experience. This
is particularly true for severe variants such as gangrenous cho-
lecystitis, where objective pre-operative risk stratification is
still poorly defined. Various clinical and sonographic scoring
systems have been developed to predict difficult cholecystec-
tomy and conversion to open surgery, but these scores alone
are often insufficient to provide a generalizable prediction of
gangrene.[*¢

Radiological imaging is the primary tool for diagnosing acute
cholecystitis. However, it is less reliable in predicting gangre-
nous cholecystitis. The sensitivity of computed tomography
(CT) in predicting gangrenous cholecystitis has been reported
to be 29%. This necessitates the development of new strat-
egies for predicting gangrenous cholecystitis independent of
radiological imaging. There has been a shift toward clinical
studies focusing on accessible, imaging-independent, inexpen-
sive, and generalizable biomarkers in this field.”® Hematologi-
cal and biochemical markers have been extensively researched
for this purpose. Numerous studies have been conducted
on inflammation biomarkers, such as the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
monocyte-to-lymphocyte ratio (MLR), and C-reactive protein
(CRP). However, fewer studies have addressed newer com-
posite biomarkers, such as the systemic immune-inflammation
index (Sll), systemic inflammation response index (SIRI), and
aggregate index of systemic inflammation (AISI).*'2 The cur-
rent literature predominantly consists of studies that focus on
individual markers and are conducted across different cohorts
with heterogeneous outcomes. Studies reporting head-to-
head comparisons of multiple inflammatory biomarkers within
the same cohort, along with calibration and clinical benefit
analyses, are limited.

The primary aim of this study was to compare the perfor-
mance of seven prespecified inflammatory biomarkers derived
from routine pre-operative blood parameters, independent of
imaging, in predicting gangrenous cholecystitis. The selection
of biomarkers was hypothesis-driven. CRP was included as the
canonical hepatic acute-phase reactant of established clinical
relevance, whereas the six hemogram-derived indices were
prespecified to represent biologically complementary axes
of systemic inflammation — neutrophil-, platelet-, and mono-
cyte-based ratios against lymphocyte balance, together with
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the multi-component composites that combine them. These
specific indices have been the most extensively investigated
hemogram-derived inflammatory ratios in acute surgical and
inflammatory conditions, supporting their selection over less-
studied alternatives.['®!

MATERIALS AND METHODS
Study Design and Ethical Approval

This study was designed as a single-center, retrospective, ob-
servational cohort analysis of consecutive patients who un-
derwent surgery at a tertiary center for acute cholecystitis
between July 2023 and December 2024. The reporting was
structured according to the STROBE guidelines for obser-
vational studies. Ethical approval for the study was obtained
from the Scientific Research Ethics Committee of Sakarya
University (E-43012747-050.04—450863-86). This study was
conducted in accordance with the principles of the Declara-
tion of Helsinki.

Patient Selection and Data Collection

All consecutive patients aged >18 years who presented to
the hospital due to acute cholecystitis and underwent chole-
cystectomy during the same admission, with accessible pre-
operative laboratory records obtained at the time of emer-
gency presentation, surgical operation videos, and pathology
slide records, were included in the study population. Patients
were excluded at the screening stage if they had a history of
medical treatment or percutaneous cholecystostomy during
admission for acute cholecystitis, concurrent choledocholi-
thiasis or pancreatitis, or incomplete study records. The final
analytic cohort, therefore, comprised 180 patients (Fig. I).

After identifying suitable patients, demographic characteris-
tics, presenting complaints, vital signs, abdominal ultrasound
and computed tomography reports, surgical notes, intraop-
erative video recordings, and final pathology reports were
retrospectively extracted from the hospital information man-
agement system and transferred to an anonymized electronic
database.

Definition of Gangrenous Cholecystitis

Gangrenous cholecystitis was defined a priori as the presence
of histopathological evidence of necrosis or gangrene in the
resected specimen and/or intraoperative macroscopic find-
ings indicative of gangrene — such as ischemic, greenish-black
discoloration of the gallbladder wall, pericholecystic necrosis,
or a necrotic odor (Fig. 2). All resected gallbladders under-
went routine histopathological examination, and intraopera-
tive video recordings were available for all patients; surgical
video recordings were reviewed by two surgeons blinded to
the clinical information, with consensus reached in cases of
disagreement.

Laboratory Analyses and Inflammatory Biomarkers

Pre-operative blood samples were collected as part of rou-
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tine care during the initial emergency department visit. Analy-
ses were performed using the institution’s standard hematol-
ogy and biochemistry infrastructure. All measurements were
based on clinical routine units: CRP: mg/L; complete blood
count and differential: x10°/L; red cell distribution width
(RDW): %. CRP, white blood cell count (WBC), NEU, LYM,
MONO, PLT, and RDWV were used as raw data for basic vari-
ables. Measurements taken at the same sampling time were
used for all indices derived from these variables.

Six prespecified hemogram-derived indices were calculated
and analyzed alongside CRP, with each index selected a priori
for a distinct mechanistic role in systemic inflammation. To
minimize statistical and biological redundancy, reciprocal in-
dices and exploratory derivatives were not included in the
final univariable, receiver operating characteristic (ROC), or
multivariable analyses (see discussion).

* SIRI = (NEUxMONO)/LYM. Rationale: Integrates the com-
bined neutrophil and monocyte response with lymphopenia,
reflecting cellular innate immune activation.

Sl = (PLTxNEU)/LYM. Rationale: Combines neutrophilia
and lymphopenia with the platelet component to capture im-
munothrombotic activity.

* AISI =~ PIV = (NEUXMONOXPLT)/LYM. Rationale: A four-
component composite aggregating neutrophil, monocyte, and
platelet contributions against lymphocyte count.

* NLR = NEU/LYM. Rationale: The most extensively validated
inflammatory ratio has established prognostic value across
surgical and infectious conditions.
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* PLR = PLT/LYM. Rationale: Highlights the platelet contribu-
tion to systemic inflammation and reflects the inflammation—
thrombosis axis.

* MLR = MONOJ/LYM. Rationale: Emphasizes the monocyte—
macrophage axis, which is mechanistically relevant to local
tissue ischemia and necrosis.

Statistical Analysis

Statistical analyses of the data obtained from the study were
performed using Python 3.11 and the Statistical Package for
the Social Sciences version 25.0 software (IBM Corp., Armonk,
NY, USA). For continuous variables, the meantstandard de-
viation (SD) or median (interquartile range, [IQR]) was used,
whereas for categorical variables, the number and percentage
(n [%]) were used. The assumption of normal distribution
was assessed using the Shapiro—Wilk test.

Binary comparisons for variables meeting the assumption of
normal distribution, the Welch t-test was used; for those
not meeting this assumption, the Mann—Whitney U test was
used. For categorical variables, the Chi-square test or, in
cases where the expected cell value was <5, Fisher’s exact
Chi-square test was used. The effect size was reported as the
rank-biserial correlation (r) for non-parametric comparisons.
In analyses where multiple biomarkers were tested simultane-
ously, p-values were adjusted using the Benjamini-Hochberg
false-discovery-rate (FDR) procedure across the seven pre-
specified markers (k=7). All statistical tests were two-sided;
the conventional threshold of p<0.05 (or Benjamini—Hoch-
berg FDR-adjusted q<0.05 for multi-marker analyses) was
used to define statistical significance, and confidence intervals

Screened for eligibility
n = 187 consecutive patients

Analytic cohort
n= 180

" v

Excluded (n = 7)

= Pathology outcome undetermined (n = 2)
— Gallbladder mucocele (n = 1)
— Focal intestinal metaplasia (n = 1)

+ Preoperative laboratory data not

suitable for analysis (n = 5)

Non-gangrenous
n =147 (81.7%)

Gangrenous
n =33 (18.3%)

Figure 1. Patient flow through the study. Cohort flow diagram structured according to the STROBE statement.
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Figure 2. Representative intraoperative and cross-sectional imaging findings of gangrenous cholecystitis. (a and b) Intraoperative laparo-
scopic views. (c) Coronal and (d) axial preoperative contrast-enhanced computed tomography images (arrows indicate the gallbladder).

(Cl) are reported at the 95% level.

ROC analyses and Youden-optimal cutoff determination were
restricted a priori to the seven prespecified inflammatory
biomarkers (CRP, NLR, PLR, MLR, SlI, SIRI, and AlISI). Raw
hematological components (WBC, neutrophil, lymphocyte,
monocyte, and platelet counts, and RDW) were reported as
baseline descriptors in Table | only and were not subjected
to ROC, FDR, or multivariable testing. For each prespeci-
fied marker, the cohort-specific optimal cutoff was identified
using the highest Youden index (J), and the corresponding
sensitivity and specificity were reported.

The multivariable model was prespecified before any data
inspection and deliberately parsimonious. CRP was included
as the canonical hepatic acute-phase reactant, biologically
distinct from cellular indices. SIRI was selected on biological
grounds as the most comprehensive cellular composite, inte-
grating neutrophil, monocyte, and lymphocyte components
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in a single ratio and structurally encompassing the simpler
indices NLR (NEU/LYM) and MLR (MONO/LYM). The other
hemogram-derived indices (NLR, PLR, MLR, SlI, and AlSI)
were not entered together with SIRI because they share com-
ponents and would have introduced severe collinearity with
limited additional information. The robustness of the model
to this choice was assessed in a sensitivity analysis in which
SIRI was substituted by each of the other five indices in turn
(Supplementary Table S1). Logistic regression was therefore
performed with CRP and SIRI as inflammatory predictors, ad-
justed for age and sex. Robust (HC3) standard errors were
used in coefficient estimates; results are presented as odds
ratios (OR) and 95% CI. To improve clinical interpretability,
the CRP OR is additionally reported per 10 mg/L increment,
in addition to the standard per/mg/L estimate.

The discriminatory power of the logistic model was assessed
using the area under the curve (AUC), mean Brier score, and
average precision.
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Table I. Baseline demographic and pre-operative laboratory characteristics by gangrenous cholecystitis status

Characteristic Overall (n=180) Non-gangrenous (n=147) Gangrenous (n=33) P
Sex, n (%) 0.156
Female 107 (59.4) 91 (61.9) 16 (48.5)

Male 73 (40.6) 56 (38.1) 17 (51.5)

Age, years (meantSD) 50.7£14.1 49.514.1 56.3%£13.0 0.010
CRP, mg/L 21.80 (5.94-81.22) 15.00 (4.02-55.89) 163.00 (39.00-224.00) <0.001
WABC, x10°/L 11.47 (8.70-14.30) 11.00 (8.38-13.88) 13.71 (11.22-17.26) 0.001
Neutrophils, x 10°/L 8.85 (5.67-11.80) 8.10 (5.02-11.04) 11.66 (8.80-13.31) <0.001
Lymphocytes, x10°/L 1.90 (1.27-2.60) 1.94 (1.45-2.61) 1.35 (0.90-2.10) 0.002
Monocytes, % 07/L 0.63 (0.45-0.90) 0.60 (0.43—0.80) 0.81 (0.60-1.08) 0.001
Platelets, x10°/L 260 (225-305) 266 (222-307) 239 (232-293) 0.782
RDW, % 13.60 (13.00-14.33) 13.60 (13.00-14.35) 13.70 (13.00-14.30) 0.796

Values are expressed as meantSD for age and median (IQR) for laboratory variables. p-values reflect univariable comparisons between non-gangrenous and
gangrenous groups. CRP: C-reactive protein; IQR: Interquartile range; RDW: Red cell distribution width; SD: Standard deviation; WBC: White blood cell

count.

RESULTS

Study Population and Baseline Characteristics

A total of 187 consecutive patients underwent laparoscopic
cholecystectomy for acute cholecystitis during the study pe-
riod and were screened for inclusion. Seven patients (3.7%)
were excluded. The final analytic cohort comprised 180
patients, of whom 33 (18.3%) had gangrenous cholecystitis
confirmed by intraoperative and pathological assessment
[non-gangrenous, n=147; gangrenous, n=33; (Table I|)]. The
gangrenous group was older (mean age, 56.3+13.0 years vs.
49.5+14.1 years; Welch t-test p=0.010), consistent with the
meanzSD presentation in Table |. Sex distribution did not
differ significantly between groups (male: 51.5% vs. 38.1%;
p=0.156). At presentation, CRP, WBC, neutrophil, lympho-
cyte, and monocyte counts differed between groups, whereas
platelet count and RDW did not (Table I). Regarding out-

come ascertainment, all 33 patients classified as gangrenous
(100%) had histopathological confirmation of necrosis or
gangrene in the resected specimen, and intraoperative mac-
roscopic findings reviewed on surgical video were concordant
with the pathological diagnosis in every case; no patient was
classified solely on the basis of one modality.

Biomarker Distributions and Univariable Comparisons

In univariate analyses, CRP was the strongest discriminator
between groups, with markedly higher values in gangrenous
cases (median 163.00 mg/L [IQR 39.00-224.00] vs. 15.00
mg/L [IQR 4.02-55.89]; p<0.00I; rank-biserial r=+0.611).
All six prespecified hemogram-derived indices (NLR, PLR,
MLR, SlI, SIRI, and AlISI) were also significantly elevated in
gangrenous cases (all p<0.001; FDR-adjusted q<0.001 with
k=7; effect sizes r=+0.40 to +0.56), though with consistently
smaller effect sizes than CRP. Full distributional summaries
are provided in Table 2; selected boxplots are shown in Figure

Table 2.  Univariable comparisons of inflammatory biomarkers between gangrenous and non-gangrenous groups

Biomarker Non-gangrenous, median (IQR) Gangrenous, median (IQR) p-value FDR qvalue Rank-biserial r
CRP 15.00 (4.02-55.89) 163.00 (39.00-224.00) <0.001 <0.001 +0.611

SIRI 2.48 (1.03-4.89) 7.10 (4.09-10.03) <0.001 <0.001 +0.556

AlSI 605 (294-1274) 1765 (1022-2741) <0.001 <0.001 +0.551
MLR 0.31 (0.19-0.50) 0.62 (0.40-0.79) <0.001 <0.001 +0.548

Sl 1030 (567-1788) 2236 (1601-3057) <0.001 <0.001 +0.518
NLR 4.00 (2.35-6.66) 8.00 (5.32-12.90) <0.001 <0.001 +0.503

PLR 132.5 (100.0-18I.1) 202.5 (127.3-276.5) <0.001 <0.001 +0.401

Effect size is presented as the rank-biserial correlation (r). Analytic n=180; lymphocyte-dependent indices were computed on n=178. AlSI: Aggregate index of
systemic inflammation, CRP: C-reactive protein; FDR: False discovery rate; IQR: Interquartile range; MLR: Monocyte-to-lymphocyte ratio; NLR: Neutrophil-

to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SlI: Systemic immune-inflammation index; SIRI: Systemic inflammation response index.
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Table 3. Diagnostic accuracy of biomarkers for gangrenous cholecystitis

Marker AUC (95% CI) Optimal cut-off (Youden) Sensitivity Specificity
CRP 0.81 (0.71-0.89) >61.0 0.73 0.78
SIRI 0.78 (0.69-0.85) >3.86 0.79 0.68
AlSI 0.78 (0.69-0.85) >1022 0.76 0.70
MLR 0.77 (0.69-0.85) >0.356 0.85 0.62

Sl 0.76 (0.67-0.84) >1410 0.82 0.66
NLR 0.75 (0.67-0.83) >4.59 0.85 0.57
PLR 0.70 (0.60-0.81) >195 0.58 0.8l

AUC 95% Cls were estimated via bootstrap resampling (2000 iterations). AlSI: Aggregate index of systemic inflammation, AUC: Area under the curve; Cl:
Confidence interval; CRP: C-reactive protein; MLR: Monocyte-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio;
ROC: Receiver operating characteristic; Sll: Systemic immune-inflammation index; SIRI: Systemic inflammation response index.

a3 700
350 @ ! - 2.00 o
40
3001 600 R 1.75
o o - =
250 30 o & 500 S 1.50
—_ -]
= F o
= . 1.25
B 2001 o x 400 = >
8 =, 8 - 2 1.00 §
2 150 z 20 8 B o SRE
T o 2 300
3] -] 0.75
1004
10 200 0.50
50
| 100 0.25
04 0
Mo necrosis Necrosis Mo necrosis Necrosis No necrosis Necrosis No necrosis Necrosis
8000 4 o 401 o o
2000 o ¢ 10000
X e
GOOO g 304 8000 o
5000 o
— = ° G000
= = . 8 w o
o 4000 = 20 - L]
a 7 o s <
3000 4 g 4000 °
2000 4 10 E
2000
1000
0 04 0
T T T T
No necrosis Necrosis No necrosis Necrosis No necrosis Necrosis

Figure 3. Distribution of CRP and haemogram-derived inflammatory indices by gangrenous cholecystitis status. Box-and-whisker plots for
(a) CRP, (b) NLR, (c) PLR, (d) MLR, (e) SlI, (f) SIRI, and (g) AlSI. Boxes denote the interquartile range, the central horizontal line represents
the median, and whiskers extend to x1.5 the interquartile range; open circles indicate outlier values. Lymphocyte-dependent indices were
computed on n=178. AISI: Aggregate index of systemic inflammation; CRP: C-reactive protein; FDR: False discovery rate; MLR: Monocyte-
to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; Sll: Systemic immune-inflammation index;

SIRI: Systemic inflammation response index.

3. Platelet count and RDW did not differ between groups
[platelets: p=0.782; RDW: p=0.796; Table I].

Diagnostic Accuracy and Biomarker Performance

In ROC analysis, CRP demonstrated the highest discrimina-
tory power for gangrenous cholecystitis (AUC 0.81, 95% CI
0.71-0.89), with a Youden-optimal cutoff of 61.0 mg/L yield-
ing sensitivity 0.73 and specificity 0.78. The six hemogram-
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derived indices showed moderate, broadly comparable dis-
crimination (AUC range 0.70-0.78), without any single index
outperforming CRP. Full ROC metrics are summarized in
Table 3, and curves are shown in Figure 4.

Multivariate Logistic Regression and Model Performance

In the prespecified multivariate logistic regression model
(CRP+SIRI+age+sex), CRP was the only independent predic-
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Figure 4. Receiver operating characteristic (ROC) curves of in-
flammatory biomarkers for gangrenous cholecystitis. The dashed
diagonal represents the line of no discrimination. AlSI: Aggregate
index of systemic inflammation; AUC: Area under the curve; CRP:
C-reactive protein; MLR: Monocyte-to-lymphocyte ratio; NLR:
Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio;
ROC: Receiver operating characteristic; Sll: Systemic immune-
inflammation index; SIRI: Systemic inflammation response index.

Table 4. Multivariable logistic regression for gangrenous
cholecystitis

Predictor OR (95% CI) p

CRP (per 10 mg/L) 1.14 (1.09-1.20) <0.001

SIRI (per | unit) 1.07 (1.00-1.16) 0.057

Age (per | year) 1.01 (0.97-1.04) 0.718

Male sex (vs. female) 1.85 (0.73—4.66) 0.192

Complete-case analysis (n=178). The CRP odds ratio is reported per 10
mg/L increment. SIRI and age are reported per one unit increase. Sex is
reported as male versus female. Model performance metrics: AUC=0.83;
Brier score=0.103; average precision=0.641. AUC: Area under the curve;
ClI: Confidence interval; CRP: C-reactive protein; HC3: Heteroscedasticity-
consistent (type 3) standard errors; OR: Odds ratio; SIRI: Systemic inflam-
mation response index.

tor of gangrenous cholecystitis (Table 4). Each 10 mg/L in-
crease in CRP was associated with a 14% increase in the odds
of gangrenous cholecystitis (OR 1.14, 95% CI 1.09 to 1.20).

SIRI did not reach the conventional significance threshold
(p=0.057) and should therefore not be interpreted as an in-
dependent predictor in this cohort. Age and male sex did not
reach statistical significance, and no significant multicollinear-
ity was detected. In a sensitivity analysis, SIRI was replaced in
turn by each of the other five prespecified hemogram-derived
indices (Supplementary Table SI). The CRP estimate was
stable in every specification (odds ratio 1.013 to 1.015 per
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I mg/L, all p<0.001), and model performance was essentially
unchanged (AUC 0.82 to 0.83; Brier score 0.101 to 0.104).
The cellular index reached nominal significance when SIRI was
replaced by NLR (p=0.041), PLR (p=0.016), SII (p=0.014) or
AISI (p=0.041). These p values were not adjusted for mul-
tiplicity and the corresponding effect sizes were very small
(odds ratios 1.000 to 1.07 per unit increase). Model discrimi-
nation and the CRP estimate were therefore stable across
substitutions, although the statistical significance of the cel-
lular index varied. (Supplementary Table S1.)

DISCUSSION

In this single-center retrospective cohort study, we evaluated
the comparative performance of multiple inflammatory bio-
markers in predicting the presence of gangrenous cholecysti-
tis in patients who underwent surgery for acute cholecystitis.
In our study, CRP alone demonstrated the highest discrimina-
tory power. Hemogram-derived composite indices exhibited
moderate discriminatory power. Furthermore, in the pre-
defined model, CRP was verified as an independent predictor,
and overall model performance in this cohort was acceptable,
although the model was not externally validated. The most
important contribution of this study to the literature is that
it directly compared hemogram-derived composite indices
(particularly SIRI/SII/AISI) within the same cohort and under
the same endpoint definition, thereby establishing a quantita-
tive basis for determining which indicator may provide more
meaningful risk stratification in practice.

The fact that CRP alone demonstrated the strongest dis-
criminatory performance is consistent with the findings of
studies on the spectrum of complicated acute cholecystitis.
Bouassida et al.l'l reported that CRP is a strong predictor of
clinically significant outcomes, such as advanced acute chole-
cystitis and conversion to open surgery, in a large prospective
cohort study. In our study, focusing on the direct presence of
gangrene, necrosis as an outcome and reinforcing the defini-
tion through pathological and operative assessment supports
a close relationship between CRP, an acute-phase reactant
reflecting the systemic inflammatory burden and severe tis-
sue damage.

Our findings regarding inflammatory biomarkers are gener-
ally consistent with those of previous studies, indicating an
association between NLR and the severity and complicated
course of acute cholecystitis. Mici¢ et all'? reported that
NLR could predict severe acute cholecystitis; similarly, stud-
ies conducted in different subgroups have shown that pre-
operative NLR may be parallel to an increased inflammatory
burden.['>!l However, the heterogeneity of evidence regard-
ing NLR has also been emphasized at the meta-analysis level.
Kler et al.l'l reported in a meta-analysis that NLR may be a
diagnostic/prognostic indicator for acute cholecystitis; how-
ever, they noted that results should be interpreted with cau-
tion due to differences in study designs, endpoint definitions,
and cutoff values.'”? In our study, the moderate discrimina-
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tory power of NLR and the prominence of CRP can be con-
sidered a possible reflection of this heterogeneity.

Chen et al.l'®l demonstrated that these indices can contrib-
ute to clinically meaningful scenarios, such as distinguishing
between acute and chronic cholecystitis; however, there is a
gap in the literature regarding gangrenous cholecystitis. Our
study found that inflammatory biomarkers alone can provide
more consistent guidance in predicting gangrenous chole-
cystitis than cell counts. However, it also provides evidence
supporting the notion that, as most of these indices are de-
rived from the same hematological components, the claim of
a “best” marker cannot currently be definitively established
for the derived inflammatory biomarkers. The biological ba-
sis of these findings is consistent with the acute-phase re-
sponse and natural immune activation. In acute inflammation,
hepatic acute-phase proteins rise rapidly; the severity of this
response may parallel tissue damage and infection load.['"?"]
Hemogram-derived indices, on the other hand, combine
different dimensions of systemic inflammation on the same
scale by reflecting cellular components such as neutrophil-
ia, relative lymphopenia, and monocyte response.?'! Indices
that include the platelet component can indirectly capture
the inflammation—thrombosis interaction and the concept of
immunothrombosis; the ability of severe inflammatory condi-
tions to increase the thrombotic tendency at the microvas-
cular level can be explained by these relationships.?? These
mechanisms account for the univariable elevation of biomark-
ers such as SIRI/SII/AISI in gangrenous cases observed in our
study, but this elevation did not translate into independent
predictive value beyond CRP in the multivariable analysis.

The Tokyo Guidelines provide a fundamental reference for
severity classification and treatment strategies in the clinical
management of acute cholecystitis.l'"?] However, in practice,
the degree of tissue gangrene and necrosis encountered in
the operating theater may vary among patients who may fall
within the same clinical severity category, which may cre-
ate difficulties in surgical timing and strategy selection. In
this context, markers that can be generated independently
of imaging and routine blood tests may provide additional
predictive value to clinical assessment alongside the Tokyo
Guidelines. Similarly, the existence of biomarker studies
aimed at predicting the need for percutaneous cholecystos-
tomy indicates that laboratory-based risk classification can
be integrated into decision-making processes.?®! Our study
may enable earlier detection of risk and individualization of
treatment management, particularly in cases with suspected
severe inflammation or necrosis, rather than serving as an
alternative to existing scoring systems.

From a practical surgical-strategy perspective, the present
findings suggest several operational implications that warrant
prospective evaluation. In patients presenting with markedly
elevated CRP at admission — and therefore a higher prior
probability of underlying gangrene — clinicians may consider
prioritising the case on the emergency operative list, ensur-
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ing senior surgical involvement given the recognised increase
in operative difficulty in gangrenous disease, and preparing
for technically demanding scenarios including subtotal chole-
cystectomy or early conversion when a safe dissection plane
cannot be established, in line with current emergency-sur-
gery consensus guidelines.?!! The cohort-specific CRP cut-
off identified here (61 mg/L) is not yet validated for clinical
decision-making, but it may inform prospective protocols
linking biomarker thresholds to perioperative checklists
such as broader-spectrum antibiotic coverage, intraoperative
drain placement, and a more vigilant post-operative moni-
toring strategy. The hemogram-derived indices, given their
lack of independent predictive value beyond CRP, are not
recommended as standalone decision aids; however, when
integrated into structured laboratory panels alongside CRP
and the Tokyo Guidelines-based assessment, they may help
to standardize risk communication with patients and surgical
teams. These implications remain hypotheses generated by
a single-center cohort and require prospective multicenter
validation before clinical adoption.

Study Strengths and Limitations

The strengths of this study include its sequential case series
design, definition of outcome by pathology and intraopera-
tive assessment, and head-to-head comparison of multiple
biomarkers within the same cohort. Several limitations
should be acknowledged. First, the single-center retrospec-
tive design limits generalizability and exposes the analysis to
residual selection bias inherent to retrospective cohorts. Sec-
ond, the analytic cohort was restricted by design to patients
who underwent same-admission laparoscopic cholecystec-
tomy; patients managed conservatively or with percutane-
ous cholecystostomy were not eligible, because gangrenous
cholecystitis could not be ascertained in those settings by the
present intraoperative/pathological outcome definition. This
introduces a spectrum bias: the findings apply to surgically
managed acute cholecystitis and may not generalize to the
highest-risk patients diverted to non-operative or interven-
tional pathways. Third, the cutoff values are cohort-specific,
and the absence of external validation means that the diag-
nostic thresholds reported here require confirmation in inde-
pendent, multicenter cohorts before clinical adoption. Finally,
because the hemogram-derived indices share overlapping cel-
lular components, claims of superiority among the retained
markers — even within the prespecified seven-marker design
(see Methods) — remain provisional in this cohort, and the
borderline performance of SIRI in the multivariable model
underscores that the additional value of any cellular index
beyond CRP remains uncertain.

CONCLUSION

This study evaluated inflammatory markers obtained from
routine blood tests for the pre-operative prediction of gan-
grenous cholecystitis. CRP emerged as the most powerful sin-
gle discriminating marker and the only independent predictor
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in multivariable analysis. The hemogram-derived composite
indices showed moderate univariable discrimination, but their
additional value beyond CRP remains uncertain in the present
cohort. CRP, which is rapidly available during emergency pre-
sentation, may therefore offer useful pre-operative informa-
tion when imaging is inadequate. However, the cohort-specific
cutoff values reported here are not yet ready for clinical use
and require validation in independent multicenter populations
before being adopted as decision thresholds. Any potential
complementary role of hemogram-derived indices similarly
requires further evaluation in larger, prospective cohorts.
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ORIJINAL CALISMA - 6Z

Gangrenoz kolesistit tanisinda enflamatuvar biyobelirteclerin performans:

AMAC: Akut kolesistitli hastalarda rutin kan parametrelerinden tiretilen enflamatuvar biyobelirteclerin gangrenéz kolesistiti goriintiilemeden ba-
gimsiz olarak ameliyat 6ncesi 6ngorebilecegi hipoteziyle, bu biyobelirteglerin tanisal performanslarinin karsilastirilmasi amaglandi.

GEREG VE YONTEM: Bu calismada akut kolesistit nedeniyle ayni yatista laparoskopik kolesistektomi uygulanan 187 ardisik eriskin hasta retrospek-
tif gézlemsel kohort olarak tarandi. Yedi olgu dislandiktan sonra 180 hasta analitik kohortu olusturdu. Gangrendz kolesistit tanisi peroperatif veya
patolojik verifikasyon ile konuldu. Acil bagvuruda alinan preoperatif kan 6rneklerinden CRP ile alti 6nceden belirlenmis hemogram tiirevi indeks —
notrofil-, trombosit- ve monosit-lenfosit oranlari (NLR, PLR, MLR) ile tic kompozit indeks (SlI, SIRI, AISI) — hesaplandi; tanisal dogruluk ROC-AUC
ile degerlendirildi, Youden indeksi ile kesim noktalari belirlendi ve yas ile cinsiyete gore diizeltilmis lojistik regresyon modeli kuruldu.

BULGULAR: Gangrendz kolesistit, analiz edilen 180 hastanin 33’tinde (%18.3) dogrulandi. CRP gangrendz olgularda 163.00 mg/L (IQR 39.00—
224.00) iken gangrenoz olmayan grupta 15.00 mg/L (IQR 4.02-55.89) bulundu. Hemogram tiirevli indekslerden SIRI 7.10 (4.09-10.03) versus
2.48 (1.03-4.89) (p<0.001) ve MLR 0.62 (0.40-0.79) vs 0.3 (0.19-0.50) (p<0.001) daha yiiksek saptandi; NLR 8.00 (5.32—12.90) versus 4.00
(2.35-6.66) bulundu (p<0.001). ROC analizinde CRP en yliksek ayirt ediciligi gosterdi (AUC 0.81; %95 GA 0.71-0.89); 61.0 mg/L kesim noktasin-
da duyarlilik 0.73 ve &zgiilliik 0.78 hesaplandi. Tiiretilmis indekslerde en yiiksek AUC SIRI ve AlS|'da gozlendi. CRP ve SIRl'yi iceren, yas ve cinsiyete
gore duzeltiimis modelde yalnizca CRP bagimsiz 6ngérdriicl olarak kaldi; CRP'de her 10 mg/L artisin gangrenéz kolesistit olasilik oraninda (odds)
%14 artisla iligkili oldugu saptand.

SONUCGC: Akut kolesistit cerrahisi 6ncesinde CRP gangrenoz kolesistiti ongérmede en yiiksek ayirt ediciligi saglamakta ve ¢ok degiskenli analizde
tek bagimsiz 6ngordiriicti olarak 6ne gikmaktadir. Hemogram tirevli indeksler tek degiskenli analizde orta diizeyde ayirt edicilik gostermis, ancak
CRP’nin 6tesinde ek 6ngorii degeri bu kohort temelinde belirsizligini korumaktadir. Olasi tamamlayici rolleri daha biiyiik, ileriye doniik kohortlarda
dogrulanmalidir.

Anahtar sozciikler: Akut kolesistit; biyobelirtegler; C-reaktif protein; Gangrendz kolesistit; laparoskopik kolesistektomi.
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Supplementary Table S|. Sensitivity analysis of the multivariable logistic regression model: substitution of the cellular index

Inflammatory index n CRP OR (95% CI) CRP p Index OR (95% Cl) Indexp Model AUC (95% CI); Bri-er; AP

SIRI (prespeci-fied) 178  1.014 (1.008-1.019) <0.001  1.07 (1.00-1.16) 0.057 0.83 (0.74-0.90); 0.103; 0.64
NLR 178  1.014(1.009-1.019) <0.001  1.07 (1.00-1.15) 0.041 0.83 (0.75-0.90); 0.103; 0.647
PLR 178  1.015(1.010-1.020) <0.001  1.004 (1.00-1.01) 0016 0.83 (0.74-0.90); 0.101; 0.671
MLR 178 1.013(1.008-1.019) <0.001  3.12 (0.98-9.89) 0.054 0.83 (0.74-0.90); 0.104; 0.640
sl 178 1.014 (1.009-1.019) <0.001  1.000 (1.00-1.00) 0014 0.83 (0.74-0.91); 0.102; 0.672
AlSI 178  1.014(1.009-1.019) <0.001  1.000 (1.00-1.00)  0.04 0.82 (0.73-0.90); 0.103; 0.663

Each row represents a separate logistic regression model replacing the cellular inflammatory index in the original specification (CRP+cellular index+age+sex).
Complete-case analysis (n=178). AlSI: Aggregate index of systemic inflammation; AP: Average precision; AUC: Area under the curve; Cl: Confidence interval;
CRP: C-reactive protein; HC3: Heteroscedasticity-consistent (type 3) standard errors; MLR: Monocyte-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte
ratio; OR: Odds ratio; PLR: Platelet-to-lymphocyte ratio; SlI: Systemic immune-inflammation index; SIRI: Systemic inflammation response index.
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