








Supplementary Table I. Comparison of the final analytic cohort and patients excluded because of malignancy-related obstruction

Variable Final analytic cohort Malignancy-related obstruction excluded P
(n=464) (n=76)

Age, years 65 (56X75) 65 (57X75) 0.922
Female sex, n (%) 246 (53.0) 40 (52.6) 1.000
ASA classification IIIXIV, n (%) 408 (87.9) 62 (81.6) 0.179
Symptom duration, hours 26 (14X51) 26 (14X58) 0.807
CRP, mg/L 71.0 (31.3®141.1) 78.8 (51.2®129.5) 0.193
Albumin, g/dL 3.9 (3.6X4.2) 3.9 (3.5K4.1) 0.290
Lymphocyte count, |0XXL 1.38 (0.96K1.98) 1.31 (0.94%1.83) 0.599
NLR 5.0 (2.9%8.5) 4.4 (2.8¥8.3) 0.712
CAR 18.4 (7.7X39.4) 20.8 (12.5K35.2) 0.168
PNI 47.0 (42.4851.1) 45.7 (42.5K48.5) 0.139
CALLY index 2.81 (1.56K4.16) 2.79 (1.65K4.29) 0.827
mGPS=2, n (%) 91 (19.6) 19 (25.0) 0.354
Bowel resection, n (%) 164 (35.3) 28 (36.8) 0.902

Data are presented as median (interquartile range) or n (%). Continuous variables were compared using the MannXWhitney U test, whereas categorical
variables were compared using the chi-square test with continuity correction or Fisherd exact test, as appropriate. ASA: American Society of Anesthesiolo-
gists; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; CAR: C-reactive protein-to-albumin ratio; PNI: Prognostic Nutritional Index; CALLY:
C-reactive proteinKalbuminKlymphocyte index; mGPS: Modified Glasgow Prognostic Score.
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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.
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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

927



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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ORIGINAL ARTICLE

Association between systemic immune-inflammation index
and mortality in patients admitted to the intensive care
unit after urgent or elective major abdominal surgery*

Fatma irem Yesiler, ©® Gamze Haras, © Helin Sahintiirk, © Pinar Zeyneloglu

Department of Anesthesiology and Critical Care Unit, Baskent University Faculty of Medicine, Ankara-Ttirkiye

ABSTRACT

BACKGROUND: Major abdominal surgery is associated with a high incidence of postoperative complications, morbidity, and mor-
tality. The Systemic Immune-Inflammation Index (Sll), calculated from neutrophil, platelet, and lymphocyte counts, reflects both inflam-
matory and immune status and has been shown to predict outcomes in various diseases. This study aimed to retrospectively evaluate
the outcomes of patients admitted to the intensive care unit (ICU) after urgent or elective major abdominal surgery and to investigate
the association between postoperative Sl and ICU mortality.

METHODS: We retrospectively analyzed patients admitted to the surgical ICU after major abdominal surgery between November
2022 and November 2023. Patients who died within the first 24 hours of ICU admission, were admitted to the ICU for less than 48
hours, and were younger than |8 years were excluded.

RESULTS: During the study period, 360 patients were admitted to the surgical ICU, of whom 102 underwent major abdominal
surgery. One patient was excluded because of death within the first 24 hours of ICU admission, leaving 101 patients for analysis. Fifty-
nine patients (58.4%) were women, and the mean age was 70.1+15.2 years. Urgent abdominal surgery was performed in 42 patients
(41.6%). ICU mortality was higher among patients who underwent urgent surgery (23.8%) than among those who underwent elective
surgery (5.1%) (p=0.013). Receiver operating characteristic (ROC) curve analysis identified a postoperative Sl cutoff value of 998.26.
A low postoperative Sll was independently associated with mortality after major abdominal surgery, with a sensitivity of 82.9% and a
specificity of 69.2% (95% confidence interval: 0.0579-0.913, p=0.004).

CONCLUSION: Postoperative Sll may be a useful prognostic marker for predicting clinical outcomes and mortality in patients
undergoing major abdominal surgery.

Keywords: Abdominal surgery; emergency; intensive care unit; systemic immune-inflammation index.

INTRODUCTION surgical procedures contribute to an increased need for ICU

care and prolonged ICU stays.!"
Major abdominal surgery is associated with a high risk of post-

operative complications, morbidity, and mortality. The num-  Major abdominal surgery may lead to numerous postoperative
ber of patients requiring intensive care unit (ICU) admission complications because of the gastrointestinal tract's flora and
following major abdominal surgery has increased in recent  prolonged fasting during the perioperative period. Whether
years. Advanced age, multiple comorbidities, and complex  surgery is performed on an urgent or elective basis may also
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influence postoperative complications, morbidity, and mortal-
ity. Although many patients are admitted to the ICU after ab-
dominal surgery, several hematological and biochemical indices
have recently been investigated as predictors of postoperative
outcomes and survival after major abdominal surgery.?!

The Systemic Immune-Inflammation Index (Sll) was first de-
scribed in 2014. Calculated using neutrophil, platelet, and lym-
phocyte counts, Sll reflects the inflammatory and immunologi-
cal status of patients. It has been widely studied as a marker
of systemic inflammation and a predictor of prognosis in a
variety of clinical conditions. Neutrophils, lymphocytes, and
platelets play essential roles in immune regulation, infection,
and inflammation. Elevated Sl is associated with increased
systemic inflammation and may serve as a prognostic marker
in various diseases. Previous studies have demonstrated asso-
ciations between SlI and cancer, cardiovascular disease, aging,
postoperative complications, and other inflammatory condi-
tions.B71 Because inflammatory and immune responses sub-
stantially influence postoperative recovery, Sll may serve as
a useful predictor of morbidity and mortality after abdominal
surgery.t®!

The aim of this study was to retrospectively evaluate the out-
comes of patients admitted to the ICU following urgent and
elective major abdominal surgery and to investigate the asso-
ciation between postoperative Sll and ICU mortality.

MATERIALS AND METHODS

We reviewed patients admitted to the surgical ICU after ma-
jor abdominal surgery between November 2022 and Novem-
ber 2023. Patients who died within the first 24 hours after
ICU admission, remained in the ICU for less than 48 hours,
were younger than |8 years of age, or had incomplete medi-
cal records were excluded from the study.

The primary objective of this study was to investigate the
association between postoperative Sll and ICU mortality fol-
lowing major abdominal surgery. The secondary objective
was to evaluate the clinical outcomes and mortality of pa-
tients admitted to the ICU after urgent and elective major
abdominal surgery.

As described in previous studies, Sl was calculated using the
following formula:

SII = Platelet count x Neutrophil count / Lymphocyte count.
[2:8]

The SII was calculated using the first laboratory results ob-
tained at ICU admission during the early postoperative pe-
riod. Patients were categorized into two groups according to
the type of surgery (urgent or elective). Additionally, patients
were stratified according to the Sl cutoff value: high-SII group
(2998.26) and low-SlI group (<998.26).
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The study was approved by the Basgkent University Institu-
tional Review Board (Project No. KA24/74; Date: February
27, 2024) and was supported by the Bagkent University Re-
search Fund. All study procedures were conducted in accor-
dance with the principles of the Declaration of Helsinki.

Data Collection

Patient data were obtained from electronic medical and nurs-
ing records. The following variables were recorded: age, sex,
smoking history, body mass index (BMI), history of previous
abdominal surgery, solid organ transplantation, trauma, and
comorbidities, including diabetes mellitus (DM), hyperten-
sion, chronic cardiovascular disease, chronic pulmonary dis-
ease, chronic liver failure, and chronic kidney disease. Surgical
variables included the type and urgency of surgery, American
Society of Anesthesiologists (ASA) classification, duration of
surgery, type and volume of blood and blood product transfu-
sions, and serum lactate levels. Clinical data collected at ICU
admission included the indication for ICU admission, Acute
Physiology and Chronic Health Evaluation Il (APACHE II)
score, Sequential Organ Failure Assessment (SOFA) score,
Glasgow Coma Scale (GCS) score, vital signs, and the ratio
of arterial partial pressure of oxygen to fraction of inspired
oxygen (PaO,/FiO;). Postoperative complications were also
recorded, including acute respiratory distress syndrome
(ARDS), respiratory support modality, need for intubation
and invasive or noninvasive mechanical ventilation, trache-
otomy, pneumonia, pleural effusion, infection, sepsis, septic
shock, vasopressor and inotropic therapy (e.g., noradrena-
line, adrenaline, etc.), acute kidney injury (AKI), and renal re-
placement therapy (RRT). Laboratory parameters measured
at ICU admission included hemoglobin (Hb), leukocyte, neu-
trophil, and platelet counts; alanine aminotransferase (ALT);
aspartate aminotransferase (AST); albumin; blood urea ni-
trogen (BUN); serum creatinine; C-reactive protein (CRP);
procalcitonin; arterial blood gas (ABG) parameters; lactate;
and the international normalized ratio (INR). Inflammatory
and prognostic indices, including the Glasgow Prognostic
Score, CRP-to-albumin ratio, platelet-to-lymphocyte ratio
(PLR), neutrophil-to-lymphocyte ratio (NLR), and Systemic
Immune-Inflammation Index (Sll), were calculated. The SlI
was calculated as platelet count X neutrophil count / lympho-
cyte count using laboratory values obtained at ICU admission
during the early postoperative period. Length of ICU stay,
length of hospital stay, 28-day ICU mortality, and 28-day hos-
pital mortality were also recorded.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows, version 25.0 (released 2017; IBM Corp., Ar-
monk, NY, United States). Variables are presented as mean
values * standard deviation. Frequencies are expressed as
numbers (n) and percentages (%). The chi-square test was
used to compare categorical variables between the two
groups. Qualitative data were compared using the chi-square
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test or Fisher’s exact test, as appropriate. Quantitative data
were compared using the independent-samples t-test or the
Mann-Whitney U test, depending on data distribution. A p
value <0.05 was considered statistically significant. Receiver
operating characteristic (ROC) curve analysis was performed
to determine the optimal Sll cutoff value and to calculate
the area under the curve (AUC). Sensitivity and specificity
values were calculated, and patients were subsequently cat-
egorized into high- and low-SIl groups according to the iden-
tified threshold. Univariate and multivariate linear regression
analyses were performed to evaluate the association between
mortality and SII.

According to the Youden index, the optimal cutoff value for
Sl was 998.26. This threshold yielded a sensitivity of 82.95%
and a specificity of 69.23%.

RESULTS

During the study period, 360 patients were admitted to the
surgical ICU. Of these, 102 underwent major abdominal sur-

Yesiler et al. SII Index and abdominal surgery

gery. One patient was excluded because of death within the
first 24 hours after ICU admission, leaving 101 patients for
analysis. Fifty-nine patients (58.4%) were women, and the
mean age was 70.1£15.2 years. Urgent abdominal surgery
was performed in 42 patients (41.6%). Hypertension was the
most common comorbidity (68.3%). Malignancy was more
prevalent in the urgent surgery group than in the elective
surgery group (45.2% vs.11.9%, p<0.001) (Table I). Patients
who underwent urgent surgery were more frequently admit-
ted to the ICU from the emergency department (57.1% vs.
0.0%, p<0.001), whereas all patients in the elective surgery
group were admitted from hospital wards (100% vs. 38.1%,
p<0.001) (Table 2).

APACHE Il and SOFA scores, as well as heart rate were high-
er in the urgent surgery group than in the elective surgery
group (p<0.05) (Table 2).

Patients who underwent urgent surgery had a shorter du-
ration of surgery (3.1£1.5 vs. 4.9+1.7 hours, p<0.001) and
higher lactate levels (3.844.7 vs. 1.5£0.8 mmol/L, p<0.001)

Table I. Demographic and clinical characteristics of patients undergoing urgent and elective major abdominal surgery
Number (n)/Percent (%)
Variable Total Urgent surgery Elective surgery p
(n=101) (n=42) (n=59)
Age, years, meantSD 70.1+15.2 67.9+18.2 71.6+12.6 0.52
Sex 0.5
Male 42 (41.6) 19 (45.2) 23 (39)
Female 59 (58.4) 2,3 (54.8) 36 (61)
Smoking history 41 (30.7) 10 (23.8) 21 (35.6) 0.23
Comorbidities
Hypertension 69 (68.3) 26 (61.9) 43 (72.9) 0.28
Diabetes mellitus 30 (29.7) 9 (21.4) 21 (35.6) 0.19
Coronary artery disease 40 (39.6) 18 (42.9) 22 (37.3) 0.69
Chronic respiratory disease 31 (30.7) Il (26.2) 20 (33.9) 051
Chronic liver disease 15 (14.9) 2 (4.8) 13 (22) 0.02
Chronic renal disease 22 (21.8) 9(21.4) 13 (22) 1.000
Malignancy 26 (25.7) 19 (45.2) 7(11.9) <0.001
Previous abdominal surgery 56 (55.4) 27 (64.3) 29 (49.2) 0.16
Previous organ transplantation 2 (2.0) 2 (4.8) 0 (0.0 0.17
Acute trauma 2 (2.0) 2 (4.8) 0 (0.0) 0.17
ASA Classification 0.08
I I (1.0) 0 (0.0) I (1.7)
Il 15 (14.9) 4 (9.5) I1(18.6)
1] 73 (72.3) 30 (71.4) 43 (72.9)
v 9 (8.9) 5(11.9) 4 (6.8)
\% 3(3.0) 3(7.1) 0 (0.0)

SD: Standard deviation; ICU: Intensive care unit; ASA: American Society of Anesthesiologists. p<0.05 was considered statistically significant.
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Table 2. Severity scores, vital signs, and ICU admission characteristics of patients undergoing urgent and elective major abdominal

surgery
MeantSD
Total Urgent surgery Elective surgery P
(n=101) (n=42) (n=59)
APACHE Il score 14.8+6.4 18.1+6.4 12.4£5.1 0.000
SOFA score 43132 5.6+4.0 3.3+2.0 0.002
Temperature (oC) 35.5£1.2 35.4+£1.7 35.510.6 0.26
Heart rate, beats per min 88.2+19.9 94.8+19.7 83.6+18.7 0.003
Mean arterial pressure, mmHg 86.7x17.6 83.7£16.8 88.9+18.0 0.18
Oxygen saturation (%) 97.3%3.1 97.5+3.4 97.1+2.9 0.2
Lactate at ICU admission (mmol/L) 3.0£34 3.9+4.8 2.3%1.5 0.19
Source of ICU admission <0.001
Emergency department 24 (23.8) 24 (57.1) 0 (0.0
Hospital ward 75 (74.3) 16 (38.1) 59 (100)
Endoscopy unit I (1.0) 1 (2.4) 0 (0.0)
Another ICU I (1.0) 1 (2.4) 0 (0.0)

SD: Standard deviation; ICU: Intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation Il; SOFA: Sequential Organ Failure Assessment.

p<0.05 was considered statistically significant.

Table 3. Intraoperative characteristics of patients

MeantSD
Total Urgent surgery Elective surgery P
(n=101) (n=42) (n=59)
Duration of surgery (hours) 42+1.8 3.1£1.5 4.9+1.7 <0.001
RBC transfusion (units) 1.21.5 1.2+1.2 1.2+1.7 0.47
FFP transfusion (units) 1.21.5 1.4+1.3 1.0£1.6 0.07
Final lactate level (mmol/L) 2.4+3.3 3.8+4.7 1.5£0.8 <0.001
SD: Standard deviation; RBC: Red blood cells; FFP: Fresh frozen plasma. p<0.05 was considered statistically significant.
Table 4. Respiratory support characteristics of patients admitted to the intensive care unit
n (%)
Total Urgent surgery Elective surgery P
(n=101) (n=42) (n=59)

PaO,/FiO, ratio at ICU admission 0.54

300400 42 (42) 17 (40.5) 25 (42.3)

200-300 45 (45) 18 (42.9) 27 (45.8)

100-200 12 (12) 6 (14.3) 6 (10.2)

<100 I (1) 1 (24) 0 (0.0)
Respiratory support modalities

Low-flow oxygen therapy 95 (94.1) 36 (85.7) 59 (100) 0.004

High-flow oxygen therapy 3(3) 1 (2.4) 2 (34) 1.000

NIMV 7 (6.9) 4 (9.5) 3(5.1) 0.44

IMV 34 (33.7) 27 (64.3) 7(11.9) <0.001
Intubation during ICU stay 6 (5.9) 4 (9.5) 2 (3.4) 0.23

PaO,/FiO;: Ratio of arterial oxygen partial pressure to fraction of inspired oxygen;
tion; ICU: Intensive care unit. p<0.05 was considered statistically significant.
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NIMV: Noninvasive mechanical ventilation; IMV: Invasive mechanical ventila-
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than those who underwent elective surgery (Table 3).

The need for mechanical ventilation was greater in the urgent
surgery group than in the elective surgery group (64.3% vs.
11.9%, p<0.001) (Table 4).

The use of steroids and norepinephrine was significantly
higher among patients who underwent urgent surgery than
among those who underwent elective surgery (p<0.001 and
p=0.012, respectively). The incidence of sepsis, septic shock,
and AKl was also higher in the urgent surgery group (p<0.001,
p<0.001 and p=0.021, respectively) (Table 5).

Yesiler et al. SII Index and abdominal surgery

Postoperative leukocyte, neutrophil, platelet, albumin, and
glucose levels were lower, whereas BUN, CRP, AST, and INR
values were higher in the urgent surgery group than in the
elective surgery group (p<0.05) (Table 6).

The duration of mechanical ventilation and ICU length of stay
were longer among patients who underwent urgent surgery.
In addition, ICU mortality was higher in the urgent surgery
group than in the elective surgery group (p<0.05) (Table 7).

APACHE Il and SOFA scores and heart rate at ICU admission
were higher in the low-SIl group than in the high-SIl group
(p<0.05). Conversely, GCS scores and mean arterial pressure

Table 5. Treatments and clinical outcomes of patients admitted to the intensive care unit

n (%)
Treatment modalities Total Urgent surgery Elective surgery P
(n=101) (n=42) (n=59)

Steroid therapy 34 (33.7) 23 (54.7) I'1(18.6) <0.001
Methylprednisolone 29 (28.7) 19 (45.2) 10 (16.9)

Hydrocortisone 4 (4) 4 (9.5) 0 (0.0)
Dexamethasone (1) 0 (0.0) 1 (1.7)

Inotropic therapy 12 (11.9) 8 (19) 4 (6.8) 0.07
Norepinephrine therapy 27 (26.7) 17 (40.5) 10 (16.9) 0.012
Adrenalin therapy 6 (5.9) 5(11.9) 1 (1.7) 0.079
Glypressin therapy 4 4) 4(9.5) 0 (0.0) 0.027

Sepsis 28 (27.7) 20 (47.6) 8 (13.6) <0.001

Septic shock 7 (6.9) 4 (9.5) 3(5.1) <0.001

Requirement for blood or blood product transfusion 53 (53) 26 (61.9) 27 (46.6) 0.10

Pleural effusion 25 (24.8) 11 (26.2) 14 (23.7) 0.82

Pneumonia 10 (9.9) 6 (14.3) 4 (6.8) 0.31

ARDS 37 (36.6) 18 (42.9) 19 (32.2) 0.44
Mild 28 (27.7) 13 31) 15 (25.4)

Moderate 8(7.9) 4 (9.5) 4 (6.8)
Severe 1 (1.0) | (2.4) 0 (0.0)

AKI 22 (21.9) 12 (28.6) 10 (16.9) 0.021
Stage | 5(5) 3(7.1) 2 (3.4)

Stage 2 7 (6.9) | (24) 6 (10.2)
Stage 3 10 (9.9) 8 (19) 2 (3.4)

Renal replacement therapy 0.006
IHD 5(5) 3(7.1) 2 (3.4)

CRRT 5(5) 5(11.9) 0 (0.0)

Cardiac arrest 9 (8.9 8 (19) I (1.7) 0.007

Reoperation 15 (14.9) 10 (23.8) 5 (8.5) 0.076

Reoperation for bleeding control 7 (6.9) 4 (9.5) 3 (5.1) 0.44

Delirium 3(3) 2 (4.8) I (1.7) 0.57

ARDS: Acute respiratory distress syndrome; AKI: Acute kidney injury; IHD: Intermittent hemodialysis; CRRT: Continuous renal replacement therapy. p<0.05

was considered statistically significant.
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Table 6. Postoperative laboratory parameters of patients admitted to the intensive care unit
n (%)

Postoperative parameter Total Urgent surgery Elective surgery P

(n=101) (n=42) (n=59)
Hemoglobin (g/dL) 11.0x1.6 10.7£1.7 11.3£1.5 0.09
Hematocrit (%) 32.2+4.7 31.2+5.1 32.8+4.2 0.09
Platelet count (10%/pL) 224.5£127.2 190.8+130.1 248.6x120.5 0.004
Leukocyte count (10%/pL) 12.2+7.3 10.5+8.9 13.4+5.7 0.001
Neutrophil count (10%/puL) 10.5+7.3 9.6+9.6 11.2£5.1 0.005
Blood urea nitrogen (mg/dL) 20.7x14.3 28.8+15.2 15.0£10.6 <0.001
Creatinine (mg/dL) 1.3£0.5 1.4£0.6 1.2+0.4 0.05
Albumin (g/dL) 2.7£0.5 2.5+0.5 2.8+0.5 0.001
Total bilirubin (mg/dL) 1.5+2.1 1.6+2.3 1.3+2.1 0.3
Aspartate aminotransferase (U/L) 152.8+385.4 194.0£571.1 122.7+145.8 0.04
Alanine aminotransferase (U/L) 90.7+340.7 129.9+£524.0 64.1£98.3 0.06
C-reactive protein (mg/L) 62.2+83.8 115.3+£105.5 24.4+27.1 <0.001
Glucose (mg/dL) 152.7+43.1 140.4+47.1 161.5+38.2 0.0l
Lactate (mmol/L) 3.0+3.4 3.9+4.8 2.3+1.5 0.2
INR 1.3£0.3 1.4£0.4 1.2£0.2 <0.001
Sl 3016.2+3759.8 3330.6+4708.6 2792.3£2928.7 0.71

SD: Standard deviation; INR: International normalized ratio; SI: Systemic Immune-Inflammation Index. p<0.05 was considered statistically significant.

Table 7. Length of stay and mortality outcomes
n (%)

Postoperative parameter Total Urgent surgery Elective surgery P

(n=101) (n=42) (n=59)
Length of stay (days) MeanSD (min-max)
Duration of IMV 0.9+1.9 (0-13) 1.6£2.5 (0-13) 0.3x1.2 (0-8) <0.001
ICU stay 3.3£2.9 (2-18) 4.2+3.4 (2-18) 2.7+2.2 (2-15) <0.001
Hospital stay 20.7+17.3 (2-90) 25.5+20.3 (2-90) 17.3£14.1 (4-90) 0.09
Mortality outcomes Number (n)/Percent (%)
ICU mortality 13 (12.9) 10 (23.8) 3(5.1) 0.013
28-day mortality 21 (20.8) 14 (33.3) 7 (11.9) 0.012

SD: Standard deviation; IMV: Invasive mechanical ventilation; ICU: Intensive care unit; min: Minimum; max: Maximum. p<0.05 was considered statistically

significant.

were lower in the low-Sl| group (p<0.05) (Table 8).

The need for invasive mechanical ventilation and renal re-
placement therapy was greater in the low-Sll group than in
the high-SIl group. Likewise, sepsis, septic shock, and AKI
occurred more frequently in patients with low Sll. Mortality
rates were also higher in the low-SIl group (Table 9).

ROC curve analysis identified a postoperative SlI cutoff value

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

of 998.26. A low postoperative Sll was independently associ-
ated with ICU mortality in patients undergoing major abdom-
inal surgery, with a sensitivity of 82.9% and a specificity of
69.2% (95% confidence interval [CI]: 0.0579-0.913, p=0.004).
The predictive performance of postoperative Sl for ICU
mortality was statistically significant, with an area under the
curve of 0.746+0.085 (p=0.004) (Fig. I).
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Table 8. Severity scores and physiological parameters at ICU admission according to postoperative Sll group
Sli<998.3 S112998.3 p
(n=23) (n=78)

APACHE Il score 17.416.7 14.0£6.1 0.03
SOFA score 6.2+3.8 3.7%2.7 0.001
GCS score 6.9+6.3 11.1£5.9 0.002
Heart rate, beats per min 97.5+22.9 85.6+18.1 0.013
Mean arterial pressure, mmHg 784133 89.2%17.9 0.011
Lactate at ICU admission (mmol/L) 4.716.1 2.5+1.9 0.08

SD: Standard deviation; ICU: Intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation Il; SOFA: Sequential Organ Failure Assessment;
GCS: Glasgow Coma Scale. p<0.05 was considered statistically significant.

Table 9. Comparison of treatments and outcomes between low- and high-SII groups
S11<998.3 S112998.3 p
(n=23) (n=78)

Invasive mechanical ventilation 14 (60.9) 20 (25.6) 0.002
Vasopressor therapy 13 (56.5) 14 (17.9) 0.001
Inotropic therapy 6 (26.1) 6 (7.7) 0.027
Sepsis 9 (39.1) 19 (24.4) 0.004
Septic shock 4 (17.4) 3(3.8) 0.004
Blood and blood product transfusion 16 (69.6) 37 (48.1) 0.014
AKI 11 (47.8) 11 (14.1) 0.001

Stage | 2 (87) 3(3.8)

Stage 2 4 (17.4) 3(3.8)

Stage 3 5(21.7) 5 (6.4)
Renal replacement therapy 5(21.7) 5 (6.4) 0.005

IHD I (4.3) 4 (5.1

CRRT 4 (17.4) 1 (1.3)
ICU mortality 8 (34.8) 5 (6.4) 0.001
28-day mortality 9 (39.1) 12 (15.4) 0.018

AKI: Acute kidney injury; IHD: Intermittent hemodialysis; CRRT: Continuous renal replacement therapy; ICU: Intensive care unit. p<0.05 was considered
statistically significant.

DISCUSSION

of sepsis, septic shock, AKI, as well as greater requirements

) ) ) for steroids, norepinephrine, RRT, and invasive mechanical

In this cohort study, a low postoperative Sll was indepen- . .
) ; ) i ventilation. Furthermore, ICU length of stay and duration of

dently associated with ICU mortality among patients who . I .
mechanical ventilation were longer among patients who un-

underwent major abdominal surgery, with a sensitivity of . . .
derwent urgent surgery, and mortality rates were higher in

82.9% and a specificity of 69.2%. Severity ICU scores and

mortality rates were higher in the low-SIl group than in the
high-SII group. Similarly, adverse clinical outcomes were more
common among patients with low SlI values. APACHE Il and
SOFA scores, heart rate, and lactate levels were higher in the
urgent surgery group than in the elective surgery group. Pa-
tients who underwent urgent surgery had a higher incidence
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this group.

The Sl has emerged as a reliable prognostic biomarker in
medical, surgical, and critically ill populations. It reflects the
interplay among inflammation (neutrophils), immune compe-
tence (lymphocytes), and thrombocytic activity (platelets). In
our cohort, adverse outcomes were more common in the
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Figure 1. The predictive performance of postoperative Systemic
Immune-Inflammation Index (SIl) measured at intensive care unit
(ICU) admission for ICU mortality following abdominal surgery.

low-SII group than in the high-SIl group. This finding may re-
flect immune suppression or immune exhaustion, both of
which are commonly observed in critically ill patients. A low
postoperative Sll, particularly below established thresholds,
may indicate immune dysregulation, lymphocyte depletion, or
bone marrow suppression. Zhang et al.””! reported that both
extremely high and extremely low SlI values were associated
with increased ICU mortality, with low postoperative Sl val-
ues (<1000) being linked to impaired immune recovery and
sepsis-related mortality. Severe infection or surgical trauma
may induce a state of immunoparalysis characterized by lym-
phocyte depletion, impaired immune function, and increased
susceptibility to secondary infections and death.3%°1 These
findings support the incorporation of Sll into routine peri-
operative risk assessment, particularly in critically ill surgical
patients, as dynamic changes in Sl may influence postopera-
tive recovery and survival.

In the present study, a low postoperative Sll was indepen-
dently associated with ICU mortality in patients undergoing
major abdominal surgery, with a sensitivity of 82.9% and a
specificity of 69.2% at a cutoff value of 998.26. In contrast,
most previous studies have reported that elevated Sl values
are associated with increased systemic inflammation, adverse
outcomes, morbidity, and mortality. High SII has been identi-
fied as an important biomarker in various clinical settings,
including cardiovascular disease, neurological disorders, ma-
lignancy, and sepsis.i¢! However, the prognostic significance
of low Sl values in critically ill surgical patients may reflect im-
mune exhaustion, lymphopenia, and reduced thrombopoietic
activity, all of which are associated with impaired host defense
mechanisms and increased vulnerability to sepsis, organ fail-
ure, and death.B”

APACHE Il and SOFA scores are widely used severity assess-
ment tools for predicting morbidity and mortality in critically
ill patients and are commonly applied in both medical and sur-
gical ICUs.I'? It is well established that patients undergoing
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urgent or emergency surgery are at greater risk of postoper-
ative morbidity and mortality than those undergoing elective
procedures. Consistent with previous studies, patients in the
urgent surgery group in our cohort had significantly higher
APACHE Il and SOFA scores, reflecting greater disease sever-
ity at ICU admission.!'"'2

Hyperlactatemia is a well-recognized marker of cellular in-
jury and has been associated with increased morbidity and
mortality, particularly among critically ill patients.l'>'] Mul-
tiple factors during major surgery can contribute to elevated
lactate levels. One of the most important clinical applications
of lactate measurement is its ability to serve as an indirect
marker of tissue perfusion. In our study, lactate levels were
higher in the urgent surgery group than in the elective sur-
gery group. Several factors, including hypotension and hy-
poxia, may contribute to elevated lactate levels in patients
undergoing urgent surgery. In contrast, lactate levels may be
lower in patients undergoing elective surgery because their
preoperative condition is generally more stable and physi-
ological abnormalities can be optimized before surgery.['2!4]

Compared with the elective surgery group, patients who
underwent urgent surgery had higher rates of sepsis, septic
shock, and AKI, as well as greater requirements for steroids,
norepinephrine, invasive mechanical ventilation, and renal re-
placement therapy. These findings are consistent with previ-
ous studies demonstrating higher postoperative complication
rates among patients undergoing urgent surgery.l'>!>!7l Our
results are consistent with those of previous studies showing
that sepsis-related complications are associated with adverse
postoperative outcomes and increased mortality.l'>!! This
finding may be explained by the fact that urgent surgical in-
terventions are often performed in critically ill patients who
present with greater physiological derangement and a higher
burden of comorbid conditions.

We also observed that postoperative leukocyte, neutrophil,
platelet, and glucose levels were lower in the urgent surgery
group than in the elective surgery group. Although leuko-
cytosis is commonly observed in surgical patients, particu-
larly in the presence of sepsis or systemic inflammation, the
relative postoperative leukopenia and neutropenia observed
in patients undergoing urgent surgery may reflect immune
exhaustion or an overwhelming systemic inflammatory re-
sponse.l'8 Similarly, thrombocytopenia is frequently encoun-
tered in critically ill surgical patients and may result from sep-
sis, disseminated intravascular coagulation (DIC), or massive
transfusion. Reduced platelet counts have consistently been
associated with increased risks of bleeding and mortality in
ICU populations.I'®l Lower postoperative glucose levels in
the urgent surgery group may be attributable to inadequate
nutritional intake, stress-related hyperinsulinemia, or hypo-
glycemia associated with advanced sepsis.['”! The postopera-
tive laboratory differences observed between the urgent and
elective surgery groups likely reflect the underlying physiolog-
ical disturbances associated with acute presentation, limited
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preoperative optimization, and increased perioperative risk.
These parameters may be useful not only for assessing pa-
tients' clinical status but also for postoperative risk stratifica-
tion and guiding ICU monitoring and management.

It is noteworthy that although severity scores, complication
rates, and mortality were significantly higher among patients
undergoing urgent surgery, postoperative Sl values did not
differ significantly between the urgent and elective surgery
groups. This finding may be explained by the fact that, as
reported in previous studies, the systemic inflammatory re-
sponse during the early postoperative period is largely driven
by surgical trauma. Consequently, SIl measured shortly after
surgery may primarily reflect the acute surgical stress re-
sponse rather than differences in preoperative clinical status.
Furthermore, previous studies have suggested that Sl is a
patient-specific and time-dependent prognostic biomarker
rather than a marker intended solely for comparisons be-
tween patient groups.?2’!

ICU length of stay and duration of mechanical ventilation
were longer among patients who underwent urgent surgery.
These patients are often critically ill at baseline and have lim-
ited opportunities for physiological optimization before sur-
gery. This clinical condition is associated with an increased
risk of postoperative complications and adverse outcomes,
including prolonged mechanical ventilation and extended ICU
stays, as observed in our patients undergoing urgent surgery.
Prolonged invasive mechanical ventilation in this population
may result from several factors, including perioperative he-
modynamic instability, acute respiratory failure, sepsis, pre-
existing organ dysfunction, and perioperative complications.
21-23] Extended durations of mechanical ventilation and ICU
stay are associated with higher rates of ventilator-associated
pneumonia, ICU-acquired weakness, mortality, and healthcare
costs.[22 Therefore, early identification of high-risk patients,
appropriate preoperative triage, and aggressive perioperative
management are essential to improve clinical outcomes and
optimize resource utilization.[?*]

Limitations of the study include its retrospective design, the
use of data obtained from electronic medical records, the
single-center setting, and the relatively small sample size.
Therefore, generalizability of the findings may be limited.

CONCLUSION

In our cohort, a low postoperative Sl was independently as-
sociated with ICU mortality among patients admitted to the
ICU after urgent or elective major abdominal surgery. Post-
operative complications following major abdominal surgery
may adversely affect quality of life, prolong ICU and hospital
length of stay, and increase mortality risk. A low Sll may re-
flect lymphocyte depletion associated with sepsis-induced im-
munosuppression, platelet consumption due to coagulopathy
or massive transfusion, or an impaired neutrophilic response
to severe infection. Routine assessment of postoperative Sli
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at ICU admission may help clinicians identify patients at in-
creased risk of mortality, facilitate early risk stratification, and
support decisions regarding closer monitoring and targeted
therapeutic interventions.
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ORIJINAL CALISMA - 0Z

Acil ve elektif major abdominal cerrahi sonrasi yogun bakima kabul edilen hastalarda
sistemik immiin enflamasyon indeksinin mortalite ile iligkisi

AMAC: Major abdominal cerrahiler, postoperatif komplikasyonlarin, morbidite ve mortalitenin yiiksek oldugu ameliyatlardir. N6trofil, trombosit
ve lenfosit sayilarini kullanarak hastalarin inflamatuar ve immiinolojik durumunu degerlendiren Sistemik immiin inflamasyon indeksinin (SI), gesitli
hastaliklarin prognozunu tahmin etmekte etkili oldugu yoniinde yayinlar bulunmaktadir. Bu galismada, acil ve elektif major abdominal cerrahi sonrasi
yogun bakim Unitesine (YBU) yatirilan hastalarin sonuglarini retrospektif olarak analiz etmeyi ve postoperatif Sll ile postoperatif YBU mortalitesi
arasindaki iligkiyi aragtirmayr amagladik.

GEREC VE YONTEM: Kasim 2022-2023 tarihleri arasinda cerrahi yogun bakim {initesine majér abdominal cerrahi sonrasi kabul edilen hastalar
retrospektif olarak degerlendirildi. ik 24 saat icinde Slen, 48 saatten kisa siire yogun bakim initesinde takip edilen ve | 8 yas altindaki hastalar calisma
disi birakild.

BULGULAR: Calisma periyodu icinde cerrahi yogun bakim initesine 360 hasta kabul edildi. Major abdominal cerrahi geciren hasta sayisi 102 idi. ilk
24 saatte Slen | hasta galisma disi birakildiktan sonra 101 hasta galismaya dahil edildi. Hastalarin 59’ u (%58.4) kadin ve yas ortalamasi 70.1%15.2
idi. Acil abdominal cerrahi yapilan hasta sayisi 42 (%41.6) idi. Acil cerrahi gegirenlerde YBU mortalite orani (%23.8) elektif cerrahiye (%5.1) gore
yuksekti (p=0.013). ROC egrisi analizi sonrasi postoperatif Sl dizeyinin kesim noktasi degeri 998.26 olarak belirlendi. Dislik postoperatif SlI
diizeyinin %82.9 sensitivite ve %69.2 spesifite ile major abdominal cerrahi gegiren hastalarda mortalite igin bagimsiz bir risk faktori oldugu bulundu
(%95 Cl: 0.0579-0.913, p=0.004).

SONUC: Bulgularimiz, majér abdominal cerrahi sonrasi postoperatif SlI'nin prognozu belirlemede ve mortaliteyi dngormede etkili bir parametre
olabildigini gostermektedir.

Anahtar sozclikler: Abdominal cerrahi; acil; sistemik immiin inflamasyon indeksi; yogun bakim Gnitesi.
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ORIGINAL ARTICLE

Emergency surgical management of nontraumatic
pathologic spinal pain diagnosed in the emergency
department

Emel Altintag,’ ©® Derya Karaoglu Giindogdu,? ® Yunus Kagar®

'Department of Emergency Medicine, Ufuk University Faculty of Medicine, Ankara-Tiirkiye
2Department of Neurosurgery, Selcuk University Faculty of Medicine, Konya-Tiirkiye
SDepartment of Neurosurgery, Koru Hospital, Ankara- Ttirkiye

ABSTRACT

BACKGROUND: This study aimed to evaluate patients who presented to the emergency department with non-traumatic back or
lumbar pain, without new-onset neurological deficits or cauda equina syndrome. Because of inadequate response to medical treatment,
patients underwent imaging of the affected region and subsequently required emergency neurosurgical intervention.

METHODS: We included patients aged 218 years who presented to the emergency department with back or lumbar pain, experi-
enced no pain relief despite analgesic treatment, underwent imaging of the affected region, and were referred for emergency surgical
treatment by the neurosurgery department based on imaging findings. Patients presenting with trauma, new-onset neurological defi-
cits, or a history of prior spinal surgery were excluded.

RESULTS: The study included 35 patients with a mean age of 65.51 years (range: 42-82). Among them, |1.4% (n=4) had chronic
kidney disease, 37.14% (n=13) had diabetes mellitus, 22.8% (n=8) had a history of cancer, and 22.8% (n=8) had a family history of can-
cer. No red flag findings other than cancer-related risk factors were identified. The primary clinical indicator of underlying pathology
was persistent pain despite analgesic treatment. Advanced diagnostic evaluation revealed pathological fractures in 77.1% of patients
(n=27), spinal abscesses in 14.2% (n=5), and spondylodiscitis in 8.5% (n=3); all patients underwent emergency surgical treatment.
Among patients with pathological fractures, histopathological examination demonstrated osteoporotic fractures in 59.2% (n=16) and
metastatic fractures in 40.8% (n=11). Notably, all spinal metastases led to the initial diagnosis of cancer, and only two of these patients
presented with red flag symptoms.

CONCLUSION: Patients without spinal emergencies or red flag symptoms may still require emergency surgical intervention. There-
fore, diagnostic and evaluation algorithms should be developed for this patient population. We believe that pain severity scores may
play an important role in such algorithms.

Keywords: Abscess; pathological fracture; spinal emergencies; spinal pain; spondylodiscitis.

INTRODUCTION lifetime. The reported etiologies include compression frac-
tures (4%), spondylolisthesis (3%), tumors/metastases (0.7%),

Acute low back and/or back pain (LBBP) is defined as pain  and infections (0.01%), whereas more than 90% of cases are

. . . ifi i [21
lasting up to six weeks after symptom onset.l! A substantial ~ classified as nonspecific LBBP.

proportion of the population experiences LBBP during their Current guidelines emphasize the importance of identifying
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red flags through patient history and physical examination to
guide diagnostic triage.'*] Red flag conditions include a history
of cancer, unexplained weight loss, immunosuppression, intra-
venous (V) drug use, recurrent urinary tract infections, fever,
trauma, urinary retention, bladder or bowel incontinence, loss
of anal sphincter tone, saddle anesthesia, lower-extremity mo-
tor weakness, and neurological deficits that persist or worsen
for more than one month.['3

Emergency referral and magnetic resonance imaging (MRI)
are recommended when cauda equina syndrome (CES) is
suspected, particularly in the presence of urinary retention,
multilevel motor weakness, fecal incontinence, or saddle an-
esthesia. Early imaging in patients with non-emergent LBBP
is generally considered to provide limited clinical benefit.l]
However, the most appropriate imaging modality in the ab-
sence of red flags, and the sequence of cost-effective imaging
approaches remain unclear.!! Currently, insufficient evidence
exists to support specific imaging pathways, and decisions
regarding imaging are generally left to the discretion of the
treating specialist.! Given these uncertainties, we investi-
gated patients who presented to the emergency department
with non-traumatic LBBP, without new-onset neurological
deficits or CES, who underwent imaging because of persis-
tent pain despite medical treatment and ultimately required
surgical intervention. We also aimed to highlight potential
limitations of current red flag criteria.

MATERIALS AND METHODS

This study was conducted in accordance with the principles
of the Declaration of Helsinki. The study protocol received
an exemption from the Koru Hospital Non-Interventional
Ethics Committee (Approval Number: 2023/4033).

Patients aged 218 years who presented to the emergency
department with spinal pain and underwent imaging of the
affected region between January 2022 and January 2023 were
included. Patients presenting with trauma, those with new-
onset neurological deficits, and those with a history of prior
spinal surgery were excluded. Demographic and clinical char-
acteristics, including age, sex, comorbidities, body mass index
(BMI), pain location, and pain severity measured using the
Visual Analog Scale (VAS), were recorded. Patients initially
received intramuscular nonsteroidal anti-inflammatory drug
(NSAID) therapy and were observed for one hour. Intra-
venous tramadol hydrochloride was administered as a slow
infusion over 30 minutes, followed by a two-hour observa-
tion period. Persistent pain was defined as the absence of
any reduction in VAS score after both intramuscular NSAID
administration and intravenous tramadol treatment.

The imaging modalities used (plain radiography [X-ray], com-
puted tomography [CT], and MRI) as well as final diagnoses
were documented. Patients with persistent pain underwent
initial X-ray evaluation. Those with findings suggestive of

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

compression fractures or disc-space abnormalities were
referred for neurosurgical consultation. CT and MRI were
performed when the acuity of a compression fracture was
uncertain, intracanal pathology was suspected, or abnormali-
ties identified on X-ray could not be adequately character-
ized. When pathology was clearly demonstrated on X-ray,
further diagnostic and therapeutic decisions were made by
the neurosurgical team. Postoperative VAS scores were as-
sessed within the first 48 hours.

Statistical Analysis

Data were analyzed using SPSS Statistics for Windows, ver-
sion 23 (IBM, Armonk, NY, USA). Descriptive statistics were
used to summarize the data and are presented as frequencies
and percentages.

RESULTS

Of the 387 patient records reviewed, 185 patients were ex-
cluded because they presented with trauma, eight because
of newly developed neurological deficits, three because they
had previously undergone spinal surgery, and 156 because
their pain improved with analgesic treatment and imaging was
therefore not performed. Patients whose pain responded to
analgesia were provisionally diagnosed with degenerative spi-
nal disorders.

The remaining 35 patients were included in the study. The
mean age was 65.51 years (range: 42-82), and 48.5% (n=17)
were male. The mean BMI was 26.54 (range: 17—49). Pain
and spinal tenderness were reported in the thoracic region in
48.5% of patients (n=17), the lumbar region in 42.9% (n=15),
and the thoracolumbar region in 8.6% (n=3). Regarding co-
morbidities, |1.4% (n=4) of patients had chronic kidney dis-
ease (CKD), 31.4% (n=13) had diabetes mellitus (DM), and
22.8% (n=8) had a history of cancer. Additionally, 22.8% (n=8)
reported a family history of cancer. No other red flag findings
were identified. At presentation, VAS pain scores ranged from
6 to 10, whereas post-treatment scores ranged from 5 to 9.
Seven patients (20%) reported the maximum VAS score of
10 at the time of emergency department admission (Table I).

The imaging modalities performed in the emergency depart-
ment were as follows: direct radiography along in 25.7% of
patients (n=9), spinal CT alone in 57.1% (n=20), both direct
radiography and CT in 5.7% (n=2), CT and MRl in 8.5% (n=3),
and direct radiography, CT, and MRI in 2.8% (n=1) (Figs. |
and 2).

Final diagnoses included osteoporotic fractures in 45.7% of
patients (n=16), spinal abscesses in 14.2% (n=5), spondylo-
discitis in 8.5% (n=3), and spinal metastases (SM) in 28.5%
(n=10). Among patients with spinal metastases, 70% (n=7)
originated from lung cancer, 20% (n=2) from renal cell car-
cinoma (RCC), and 10% (n=1) from breast cancer (Table
I). The mean interval between diagnosis and surgery was
21.91£15.56 hours (min—max: 5—48).
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Figure 1. (a) X-ray demonstrated vertebral body collapse at L4, irregularity of the L3-L4 disc space, and disruption of lumbar spinal align-
ment (outlined area in the figure). Based on these findings, the patient was referred to the relevant specialists with a differential diagnosis of
spondylodiscitis. (b) Lumbar spine magnetic resonance imaging (MRI), performed after hospital admission, supported a preliminary diag-
nosis of spinal abscess. The patient subsequently underwent surgical intervention by the neurosurgery team. The preoperative C-reactive
protein (CRP) level was 140 and decreased to 34 after two weeks of antibiotic therapy.

Figure 2. (a) Plain radiography and spinal computed tomography (CT) of the region corresponding to spinal tenderness revealed no
identifiable pathology. (b) Spinal magnetic resonance imaging (MRI) demonstrated an extradural lesion at the T3 level, suspicious for a
metastatic mass. Following consultation with the relevant specialties, the patient underwent surgery 10 hours after presentation to the
emergency department.
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DISCUSSION

The evaluation of patients presenting with low back and/or
back pain should include assessment of pain duration, inten-
sity, characteristics, aggravating and relieving factors, and as-
sociated symptoms such as fever, night sweats, weight loss,
substance use, and depression. Physical examination should
assess spinal asymmetry, localized tenderness, and neurologi-
cal function, including motor strength, reflexes, and sensa-
tion. The straight leg-raise test and assessment of Waddell’s
signs are also recommended.l! The straight leg-raise test is
performed with the patient in the supine position and in-
volves passive flexion of the hip while the knee is kept fully
extended. The test is considered positive when pain is elic-
ited at less than 45° of hip flexion and radiates along the
appropriate dermatomal distribution. Waddell’s non-organic
signs include tenderness, simulation, distraction, regional dis-
turbances, and overreaction. Examples include discordant
findings during distraction testing or pain elicited within the
first 30° of rotation.t

Routine imaging is not recommended for patients with new-
onset symptoms unless findings suggest an emergency con-
dition requiring urgent evaluation.! Red flags include new
neurological deficits, bowel and/or bladder dysfunction, and a
history of trauma or malignancy. Imaging is generally not rec-
ommended when symptoms have been present for less than
six weeks and no red flags are identified. However, imaging
may be required when it is likely to alter diagnosis or manage-
ment.’] Patients whose diagnosis and subsequent treatment
were guided by imaging findings obtained in the emergency
department were included in the study. Unfortunately, no
standardized imaging protocol existed during the study peri-
od. Decisions regarding additional imaging were largely influ-
enced by the emergency physician’s clinical judgment and the
persistence of pain despite initial treatment. In our country,
however, MRl is routinely preferred when CES is suspected.

Review of symptom duration and neurological examination
findings revealed that none of the patients met conventional
criteria for immediate imaging according to standard guide-
lines. Osteoporotic fractures, pathological fractures second-
ary to bone metastases, and vertebral destruction caused by
spondylodiscitis could be diagnosed using plain radiography
alone. The patients were subsequently admitted to the neu-
rosurgery department and underwent emergency surgical
intervention after appropriate preoperative preparation. In
patients with obesity, for whom plain radiography was con-
sidered insufficient, spinal CT was selected as the initial imag-
ing modality for evaluation of the painful region. When plain
radiographic findings were inconclusive, spinal CT was used
as a secondary imaging modality. In one patient, persistent se-
vere pain despite unremarkable radiographic and CT findings
prompted MRI evaluation, which revealed a metastatic lesion
causing epidural spinal cord compression.

Most cases of spondylodiscitis occur secondary to infections
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originating in the genitourinary tract, skin and soft tissues,
respiratory tract, gastrointestinal tract, or oral cavity. Estab-
lished risk factors include age, DM, immunosuppression, IV
drug use, alcoholism, liver cirrhosis, malignancy, and renal
failure. MRI is the imaging modality of choice for diagnosis.[*!
Spinal epidural abscess develops in approximately 4%—38% of
patients with spondylodiscitis. Two of our patients had DM,
one of whom also had renal failure. Because these conditions
are known risk factors for spondylodiscitis, early diagnosis
is essential to prevent progression to spinal epidural abscess
formation. Although spondylodiscitis is primarily treated with
antibiotic therapy, surgical intervention may be necessary
when spinal alignment is compromised or when intraspinal
pathology is present.[’! In our cohort, the initial suspicion of
spondylodiscitis arose from vertebral alignment abnormalities
identified on plain radiographs. Following admission to the
neurosurgery service and completion of further diagnostic
evaluation, all patients underwent surgical treatment.

Spinal epidural abscess is associated with substantial mor-
bidity and mortality.l”? Clinical manifestations are often non-
specific, including back pain, fever, leukocytosis, and elevated
erythrocyte sedimentation rate (ESR) or C-reactive protein
levels.®] Generally, most cases are initially misdiagnosed. #'%
Consequently, the diagnosis is frequently missed, with delays
reported in up to 75% of cases.l' The classic triad of back
pain, fever, and neurological deficits is present in only 13% of
patients. Reported risk factors include IV drug use, immuno-
suppression, alcoholism, previous spinal surgery, DM, indwell-
ing catheter use, chronic renal failure (CRF), spinal fracture,
and malignancy, with at least one risk factor present in 98%
of affected patients.”'” Additional predictors for obtaining
MRI include fever and/or chills, antibiotic use within the pre-
vious 30 days, back and/or neck pain, IV substance use, and
advanced age.l"! In patients without progressive deficits, ESR
measurement is recommended when fever, risk factors, ra-
dicular pain, or static neurological deficits are present; MRl is
advised if ESR is elevated.!'! Irreversible paralysis is the most
severe complication of spinal epidural abscesses, occurring
in 4%—22% of patients.[¥ Five patients in our cohort were
diagnosed with spinal epidural abscesses. Two had both DM
and CKF, whereas the remaining three had DM alone. None
exhibited the classic triad. Four patients presented with a
VAS score of 10 that decreased only to 9 following analgesic
treatment, while the fifth patient’s score decreased from 9 to
8. Among the patients who underwent surgery for spinal epi-
dural abscess, four were successfully managed with prolonged
antibiotic therapy following surgery, whereas one patient died
of septic shock one week postoperatively. Given the risk of
irreversible neurological injury and the substantial morbid-
ity and mortality associated with spinal epidural abscess, this
diagnosis should be considered in patients with risk factors
whose pain remains severe despite treatment.

Spinal metastasis should be considered in patients with ma-
lignancies.['” Breast, prostate, and lung cancers are the most
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common malignancies associated with SM. Other important
causes include non-Hodgkin lymphoma, RCC, and multiple
myeloma. Emergency surgery may be required in the pres-
ence of spinal instability or spinal cord compression, as treat-
ment delays can result in permanent neurological deficits.['”
A history of malignancy is considered a red flag.l'] However,
64% of patients with spinal malignancies do not require emer-
gency surgery.l'l In our cohort, seven patients had lung can-
cer metastases, two had RCC metastases, and one had breast
cancer metastasis. Nine patients had no prior history of ma-
lignancy and received their initial cancer diagnosis following
pathological evaluation of tissue obtained during surgery for
SM. Five of these patients reported a family history of cancer.
Early diagnosis not only prevented neurological deterioration
but also enabled timely initiation of oncological treatment.
Imaging was performed because pain severity failed to im-
prove after treatment. We therefore believe that a family his-
tory of cancer should be carefully assessed in patients whose
pain remains refractory to treatment.

Advanced age, trauma, corticosteroid use, and the presence
of contusions or abrasions have been reported as predictors
of osteoporotic fractures.I'"") However, many of these factors
are not included among traditional red flags. Studies have
demonstrated that combinations of risk indicators identify
more clinically significant pathology than reliance on red flags
alone.l'! In our study, seven osteoporotic fractures occurred
in women with BMIs ranging from 28 to 42. Advanced age
and female sex may therefore be useful indicators when con-
sidering osteoporotic fractures.!'>'®! Although all affected pa-
tients were older than 54 years, none had a history of trauma,
corticosteroid use, or evidence of contusions or abrasions.
Their diagnoses were established through imaging prompted
by persistent pain.

Although low back pain is highly prevalent and most patients
respond to analgesic treatment, routine imaging for all pa-
tients with red flag symptoms is not cost-effective. Neverthe-
less, early diagnosis and treatment of SM, spinal epidural ab-
scesses, spondylodiscitis, and osteoporotic fractures before
the development of neurological deficits can substantially
reduce morbidity and mortality. To our knowledge, no pre-
vious study has specifically identified persistent pain despite
treatment as a predictor of pathology requiring emergency
surgery. However, our findings suggest that failure of VAS
pain scores to decrease following treatment with NSAIDs
and tramadol may represent an important warning sign and
should be investigated further as a potential red flag criterion.

We believe that the imaging studies obtained because of
persistent pain severity were clinically beneficial and that the
development of a standardized diagnostic algorithm for such
patients would be valuable.

Limitations

This study has limitations, including its retrospective design
and relatively short study period of 12 months. Prospective,
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multicenter studies with longer follow-up periods are needed
to provide more robust and generalizable evidence. Further-
more, imaging decisions were based primarily on physician
judgment and patient response to treatment rather than a
standardized protocol. However, as part of routine clinical
practice in our country, MRI is the preferred imaging mo-
dality in the emergency department when CES is suspected.
Finally, because patients whose pain improved after analgesic
treatment were excluded, information regarding underlying
pathologies in this population remains limited.

CONCLUSION

Patients without CES or red flag symptoms may nevertheless
require emergency surgical intervention. Therefore, diagnos-
tic and evaluation algorithms should be developed for this
patient population. We believe that pain severity scores may
play an important role in such algorithms.
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ORIJINAL CALISMA - 0Z
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Acil servise bagvuran ve acil cerrahi ile tedavi edilen travma dig1 patolojik omurga agris

AMAC: Bu galismanin amaci, acil servise travmatik olmayan sirt veya bel agrisi sikayetiyle bagvuran, yeni baglangigli norolojik defisit veya kauda equ-
ina sendromu bulunmayan ve medikal tedavinin yetersiz kalmasi tizerine ilgili bolgeye goriintlileme yapilan, sonrasinda norosiriirji klinigi tarafindan
acil cerrahi miidahale gereken hastalarin degerlendirilmesidir.

GEREC VE YONTEM: Galismaya, acil servise sirt veya bel agrisi sikayetiyle bagvuran, analjezik tedaviye ragmen agrisi gegmeyen, agrili bolgeye g6-
riintlileme yapilan ve goriintiileme sonucuna gére nérosiriirji tarafindan acil cerrahi tedavi 6nerilen |8 yas ve Ulzeri hastalar dahil edilmistir. Travma
Oykisu olan, yeni nérolojik defisit gelisen veya daha 6nce cerrahi tedavi gegirmis hastalar galisma disi birakilmistir.

BULGULAR: Calismaya dahil edilen 35 hastanin ortalama yasi 65.51 (aralik: 42-82) idi. Hastalarin %1 |.4’linde (n=4) kronik bobrek yetmezligi,
%37.14’inde (n=13) diabetes mellitus, %22.8’inde (n=8) kanser tanisi mevcuttu. Hastalarin %22.8'inin (n=8) ailesinde kanser &yksi vardi. Kanser
stiphesi disinda baska kirmizi bayrak semptomu saptanmadi. Patolojiyi isaret eden temel bulgu, analjezik tedaviye yanit alinamamasiydi. Gelismis
goriintiileme tetkikleri sonucunda hastalarin %77.1’ine (n=27) patolojik kirik, %14.2’sine (n=>5) spinal apse, %8.5’ine (n=3) spondilodiskit tanisi
konuldu ve bu hastalarin tamamina acil cerrahi tedavi uygulandi. Patolojik kirik tanisiyla opere edilen hastalarin patoloji sonuglarina gére %59.2’sinde
(n=16) osteoporotik kirik, %40.8'inde (n=11) metastatik kirik saptandi. Dikkat gekici olarak, spinal metastaz tanisi alan hastalarin tamami kanserin
ilk tanisi olup, yalnizca iki hastada kirmizi bayrak semptomlari mevcuttu.

SONUC: Spinal acil durumu veya kirmizi bayrak semptomu olmayan hastalar da acil cerrahi tedavi gerektirebilir. Bu nedenle, bu hasta grubuna
yonelik tani ve degerlendirme algoritmalari gelistirilmelidir. Bu algoritmalarda agri siddet skorlarinin nemli bir yer tutacagina inanmaktayiz.

Anahtar sozclikler: Apse; omurga agrisi; patolojik kirik; spinal aciller; spondilodiskit.
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Gallstone ileus: a single-center experience
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ABSTRACT

BACKGROUND: Gallstone ileus (GSI) is a rare surgical emergency. Its diagnosis is challenging and frequently delayed. Moreover,
there is no consensus regarding the optimal surgical approach. The primary point of debate is whether cholecystectomy and fistula re-
pair should be performed and, if so, when. Several studies have suggested that omitting cholecystectomy and fistula repair may increase
the risk of cholangitis, gallbladder cancer, and recurrent gallstone ileus. However, most of these data originate from studies conducted
in the previous century and have not been supported by contemporary evidence. This study aimed to present our clinical experience
with gallstone ileus, discuss diagnostic and therapeutic strategies, and review the relevant literature.

METHODS: Medical records of |3 patients who underwent surgery for GSI| between 2017 and 2022 at the Department of General
Surgery, Kartal Dr. Liitfi Kirdar City Hospital, were retrospectively reviewed.

RESULTS: Of the patients, 69% were diagnosed with gallstone ileus at the time of admission, whereas 30.7% experienced a delayed
diagnosis. The median time to surgery was 6 hours, and the median length of hospital stay was 6.5 days among patients diagnosed at
admission. In contrast, patients with a delayed diagnosis had a median time to surgery of 126 hours and a median hospital stay of 14.5
days. Failure to establish the diagnosis at admission was associated with preoperative delays and prolonged hospitalization (p<0.05).
Eleven patients underwent surgery aimed solely at relieving bowel obstruction, with fistula repair omitted. Two patients underwent
additional cholecystectomy and fistula repair. During a mean follow-up period of 39.7 months, no cases of recurrent gallstone ileus,
gallbladder cancer, or cholangitis were observed, despite omission of fistula repair in most patients.

CONCLUSION: GSl is a rare surgical emergency that is frequently associated with delayed diagnosis. Accurate diagnosis at presenta-
tion reduces preoperative delay and shortens hospital stay. Current evidence is insufficient to support routine cholecystectomy and
fistula repair in all patients with GSI. The relationship between GSI and malignancy remains unclear. Surgical management should be
individualized, and cholecystectomy with fistula repair should be considered when additional gallstones are present in the gallbladder.

Keywords: Bowel obstruction; cholecystoenteric fistula; fistula repair; gallstone ileus.

becomes impacted, and causes mechanical bowel obstruction.

INTRODUCTION

Gallstone ileus (GSI) is a rare surgical emergency that predom- Because of its rarity, diagnosis is challenging and frequently

inantly affects elderly patients. It is caused by a large gallstone
within the gallbladder that chronically erodes the gallbladder
wall and an adjacent segment of the gastrointestinal tract,
eventually resulting in the formation of a biliary-enteric fistula.
The stone subsequently migrates into the intestinal lumen,

delayed.l"? This occurs despite the presence of characteris-
tic radiological findings, including pneumobilia, air within the
gallbladder, and an ectopic gallstone in the bowel at the site of
obstruction. Management of the bowel obstruction includes
enterotomy with stone extraction, bowel resection when in-
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dicated, or, in selected cases, manual fragmentation and ad-
vancement of the stone into the colon without enterotomy.
However, the principal area of controversy remains whether
cholecystectomy and fistula repair should be performed dur-
ing the initial operation (one-stage approach), electively as
part of a two-stage strategy, or omitted altogether. The one-
stage approach has been associated with higher morbidity and
mortality.?* Most authors agree that it should be reserved for
relatively younger patients with fewer comorbidities. Several
studies have reported that omission of cholecystectomy and
fistula repair is associated with increased risks of cholangitis,
gallbladder cancer, and recurrent gallstone ileus.””! However,
most of these reports originate from the previous century,
when imaging modalities that facilitate early diagnosis and pre-
operative planning were not as widely available as they are
today.

The present study aimed to evaluate our institutional experi-
ence with GSI, with a particular focus on diagnostic delays,
surgical strategies, and postoperative outcomes. As a second-
ary objective, we assessed the impact of an accurate diagnosis
at initial presentation on time to surgery and overall hospital
stay. We hypothesized that relief of bowel obstruction alone,
without routine cholecystectomy and fistula repair, does not
increase the risk of recurrence or biliary complications.

MATERIALS AND METHODS

The medical records of |13 patients who underwent surgery
for GSI between January 2017 and July 2022 in the Depart-
ment of General Surgery at Kartal Dr. Litfi Kirdar City Hos-
pital were retrospectively reviewed. Statistical analyses were
performed using the Statistical Package for the Social Scienc-
es software (SPSS, version 24.0, IBM Co., Armonk, NY, USA).
The normality of quantitative variables was assessed using
the Kolmogorov—Smirnov and Shapiro—Wilk tests. Variables
that were not normally distributed were compared using the
Mann—Whitney U test. A p-value <0.05 was considered sta-
tistically significant.

The study was approved by the Ethics Committee of Kartal
Dr. Liitfi Kirdar City Hospital (Date: 22.02.2022, Decision no:
2022/514/220/19) and was conducted in accordance with the
ethical standards of the 1964 Declaration of Helsinki and its
subsequent amendments or comparable ethical standards.

RESULTS

Thirteen patients were diagnosed with gallstone ileus. The
median age was 67 years (interquartile range [IQR]: 64-82).
Eight patients were male and five were female. Five patients
(38.4%) had a known history of gallstones before presenta-
tion. One patient had a history of acute cholecystitis, while
another had a history of acute cholecystitis, acute pancreati-
tis, and two previous endoscopic retrograde cholangiopan-
creatography (ERCP) procedures (Table ).
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All 13 patients underwent both plain abdominal radiography
(AXR) and abdominal computed tomography (CT) during the
initial evaluation. On AXR, |2 patients (92.3%) demonstrated
air—fluid levels consistent with small bowel obstruction. The
remaining patient, who did not exhibit air—fluid levels, was
subsequently found to have a proximal bowel obstruction lo-
cated just distal to the ligament of Treitz. Pneumobilia was
identified in four patients (30.76%), an ectopic gallstone in
three (23.07%), and Rigler’s triad (pneumobilia, small bow-
el obstruction, and an ectopic gallstone) in two (15.3%).
Air within the gallbladder was observed in seven patients
(53.84%). On CT imaging, all patients demonstrated air—flu-
id levels consistent with bowel obstruction. Seven patients
(53.84%) had pneumobilia and Rigler’s triad, 12 (92.3%) had
air within the gallbladder, and three (23.07%) had a visible
biliary-enteric fistula tract (Table 2).

The mean diameter of the obstructing gallstones on CT was
30 mm (range: 21—43mm). Four stones (30.76%) were com-
pletely calcified, five (38.46%) had a calcified rim, and four
(30.76%) were radiolucent. One patient had a large calcified
gallstone remaining in the gallbladder, while another had mul-
tiple gallstones within the gallbladder and biliary tree.

Nine of the |3 patients (69.23%) were correctly diagnosed
with GSI at hospital admission (Group 1), whereas four pa-
tients (30.76%) experienced a delayed diagnosis (Group 2).

Table I. Patient history, stone, operative findings and diag-
nosis data
Variable n=13 (%)
Median age [range] 67 [42-83]
History of cholelithiasis 5 (38.4%)
Biliary emergency history 2 (15.38%)
Cholecystitis | (7.6%)
Cholecystitis, pancreatitis and ERCP 1 (7.6%)
Obstructing stone mean diameter (mm) 30 (21-43)
Calcified 4 (30.76%)
Calcified rim 5 (38.4%)
Radiolucent 4 (30.76%)

Type of fistula

Cholecystoduodenal 13 (100%)
Site of obstruction

Terminal ileum 8 (61.5%)

Proximal ileum 4 (30.7%)

Proximal jejunum | (7.6%)

Admitted with gallstone ileus diagnosis 9 (69.23%)

Delayed diagnosis 4 (30.76%)

Delayed preoperative 3 (23%)
Peroperative diagnosis | (7.6%)
Total preoperative diagnosis 12 (92.3%)
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Table 2. Radiological signs present in the initial plain abdomi-

nal radiographs and CT scans

Table 4. Type of surgery preferred in gallstone ileus cases

Type of surgery n (%)

Radiological sign Plain abdominal CT
radiograph Bowel surgery only Il (84.6%)

Bowel obstruction 92.3% 100% Enterotomy and stone extraction only 7 (53.8%)
Pneumobilia 30.76% 53.84% Small bowel resection 2 (15.3%)
Ectopic gallstone 23.07% 100% Manual propulsion 2(15.3%)
Rigler’s triad 15.38% 53.84% Obstruction and fistula surgery 2 (15.3%)
Air in gallbladder 53.84% 92.3% BTl GIENG EEaien,

cholecystectomy and fistula repair | (7.6%)
Biliary-enteric fistula tract 23.07% .

Enterotomy, stone extraction, cholecystectomy
CT: Computed tomography. and fistula repair, common bile duct exploration | (7.6%)
Table 3. Time to surgery since admission, length of total hospital stay and postoperative stay data
Variable Total (n=13) Group | (n=9) Group 2 (n=4) P
Time to surgery (hours) 12 (3-192) 6 (3-15) 126 (102-192) 0.003
Length of total hospital stay (days) 6.5 (4.5-37.5) 6 (4.5-13.25) 14.5 (10-37.5) 0.011
Postoperative stay (days) 6 (3-32) 6.25 (3-13) 7.5 (6-32) 0.148

Values represent medians, with ranges given in parentheses.

Among the latter, three were initially admitted with a diag-
nosis of nonspecific small bowel obstruction and one with
gastric outlet obstruction. In the delayed-diagnosis group,
GSI was identified preoperatively in three patients (23%) and
intraoperatively in one patient (7.69%). Overall, 12 patients
(93.3%) were diagnosed preoperatively.

The median time from hospital admission to surgery was 6
hours (range: 3—15 hours) in Group | and 126 hours (range:
102—-192 hours) in Group 2, with an overall median of 12
hours (range: 3—192 hours). The median total hospital stay
and postoperative hospital stay were 6.5 days (range: 4.5-
13.25 days) and 6.25 days (range: 3—13 days), respectively, in
Group |, compared with 14.5 days (range: 10-37.5 days) and
7.5 days (range: 632 days), respectively, in Group 2. Overall,
the median total hospital stay was 6.5 days (range: 4.5-37.5
days), and the median postoperative hospital stay was 6 days
(range: 3—32 days). Time to surgery and total hospital stay dif-
fered significantly between the two groups (p<0.05) (Table 3).

All 13 patients had a cholecystoduodenal fistula. The site
of obstruction was the terminal ileum in eight patients, the
proximal ileum in four patients, and the proximal jejunum in
one patient.

Seven patients (53.8%) underwent enterotomy with stone
extraction alone; two underwent small bowel resection; two
underwent manual fragmentation and propulsion of the stone
without enterotomy; one underwent enterotomy with stone
extraction, cholecystectomy, and fistula repair; and one un-
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derwent enterotomy with stone extraction, cholecystecto-
my, fistula repair, common bile duct (CBD) exploration, and
drainage (Table 4).

One patient who underwent enterotomy and stone extrac-
tion died of acute respiratory distress syndrome secondary to
coronavirus pneumonia on postoperative day 12. Apart from
this case, there was no postoperative mortality. The mean
follow-up period was 39.7 months (range: 18-76 months).

None of the patients who did not undergo cholecystectomy
during the operation subsequently underwent elective chole-
cystectomy and fistula repair. Ten patients who did not under-
go cholecystectomy and fistula repair had a mean follow-up
period of 37.7 months (range: 18-76 months), corresponding
to a cumulative follow-up duration of 377 patient-months.
During this follow-up period, none of the patients who did
not undergo cholecystectomy and fistula repair developed
cholecystitis, cholangitis, recurrent gallstone ileus, or gallblad-
der cancer.

Four patients who did not undergo cholecystectomy and fis-
tula repair underwent abdominal CT scans 6—48 months after
surgery for reasons unrelated to biliary disease. These scans
were retrospectively compared with the preoperative CT
studies. Three of these patients had preoperative pneumobi-
lia, which had resolved in all cases. In one patient, the gallblad-
der had become atrophic and was no longer visible on CT
four years after surgery. In the remaining three patients, the
gallbladder had decreased in size. Furthermore, air within the
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gallbladder had resolved in two of the three patients whose
gallbladders remained visible.

DISCUSSION

Gallstone ileus is a relatively rare cause of bowel obstruction.
By 1994, only 1,001 cases had been reported in the litera-
ture,l'"! and only a limited number of case series have been
published since then, rarely including more than 30 patients
from a single center.® Historically, GSI was reported to ac-
count for 1-5% of all intestinal obstructions,! whereas more
recent studies estimate its incidence at approximately 0.095%
of all bowel obstructions.'! This difference likely reflects
changes in diagnostic and therapeutic practices, including the
widespread adoption of ultrasonography and laparoscopic
cholecystectomy.[8?]

The diagnosis of GSI is widely regarded as challenging and
is frequently delayed.l'®!''l Patients typically present 3-8 days
after symptom onset.?'?l Furthermore, surgery is often de-
layed for an additional 3—4.5 days following hospital admis-
sion.>!%13 The principal reason for this delay is that, despite
the presence of characteristic radiological findings, AXR has
limited sensitivity and the findings are often subtle or non-
specific. Although CT has excellent sensitivity and specificity
for GSI, not all patients with bowel obstruction undergo CT
evaluation.>!%'4

In our series, the median time from admission to surgery was
considerably shorter than that reported in the literature (12
hours versus 3—4.5 days). We believe that this favorable out-
come is attributable to our institutional approach to bowel
obstruction, whereby all patients undergo abdominal CT
scanning as part of the initial evaluation. We demonstrated
that establishing the correct diagnosis during the initial as-
sessment significantly reduced both time to surgery (6 vs.
126 hours, p=0.003) and total hospital stay (6 vs. 14.5 days,
p=0.011). Although all patients exhibited CT findings consis-
tent with GSI, the diagnosis was established at admission in
only 69.23% of cases, highlighting the potential for further
improvements in diagnostic accuracy, time to surgery, and
overall hospital stay.

In our series, plain abdominal radiography demonstrated lim-
ited diagnostic utility, consistent with previous reports.['®!51¢]
Although classic radiological signs were present in some
cases, most findings were subtle and became apparent only
upon retrospective review and comparison with CT imaging.
Air within the gallbladder was observed more frequently in
our cohort than previously reported (53% vs. up to 24%);
however, this finding was also recognized only retrospectively.
Overall, our results suggest that although AXR remains a use-
ful initial imaging modality, it is insufficiently reliable for estab-
lishing the diagnosis of GSI.

In contrast, abdominal CT has excellent sensitivity and speci-
ficity for the diagnosis of GSLI''®] Beyond confirming the
diagnosis, CT provides valuable information regarding the

950

Feratoglu et al. Gallstone ileus: a single-center experience

site of obstruction and the presence of additional gallstones
within the gallbladder, biliary tree, or intestinal tract, thereby
facilitating operative planning. In one patient, abdominal iden-
tified a second calcified gallstone measuring 22%28 mm within
the gallbladder (Fig. |). To prevent recurrent GSI, cholecys-
tectomy and fistula repair were planned and performed. In
another patient, abdominal CT demonstrated multiple gall-
stones within both the gallbladder and common bile duct,
with marked dilation of the common bile duct to 32 mm
(Fig. 2). To address choledocholithiasis and reduce the risk
of recurrent GSI, cholecystectomy, CBD exploration, and
drainage were incorporated into the operative plan. Thus,
preoperative CT directly influenced surgical decision-making
in these two patients. Routine cholecystectomy and fistula
repair were not performed in our series. Instead, a patient-
tailored strategy was adopted, with cholecystectomy and
fistula repair reserved for patients in whom additional gall-
stones were identified within the biliary system.

Cholecystectomy and cholecystoenteric fistula repair have
been advocated by some authors because of concerns that
persistent biliary-enteric fistulas may increase the risk of re-
current gallstone ileus (RGSI), ascending cholangitis, and gall-
bladder cancer.

Fistula closure during emergency surgery has been associated
with higher mortality, increased complication rates, longer
hospital stays, and greater hospital costs compared with en-
terotomy and stone extraction alone.4!

Mir et al.,l' in a systematic review of | |3 patients with RGSI,
reported that 85% of recurrences occurred within the first 6
months after the initial operation. Similarly, Alzerwi et al.,’*%
in a meta-analysis, found that the median time to recurrence
was 20.5 days (range: 8.5-95.5 days) following initial surgery.
Recent case reports have demonstrated that recurrent gall-
stone ileus may occur even within days of the index opera-
tion, underscoring the importance of thoroughly evaluating
patients for additional stones during the perioperative period.

Figure 1. Image of an 82-year-old female patient with gallstone
ileus. A second gallstone was identified within the gallbladder (red
arrow), prompting cholecystectomy and fistula repair. The obstruct-
ing intestinal gallstone is also visible (yellow arrow).
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Figure 2. (a-c) Computed tomography (a) and magnetic reso-
nance imaging (MRI) (b) images of a 67-year-old female patient
with gallstone ileus. In addition to the obstructing gallstone within
the bowel, multiple gallstones were identified in the common bile
duct (CBD) (arrows). Therefore, cholecystectomy, fistula repair,
and CBD exploration were performed. Gallstones extracted from
the bowel, gallbladder, and CBD, shown from left to right, respec-
tively (c).

21 These observations suggest that RGSI is more likely the

result of missed stones than de novo stone formation, as it
is improbable that a new stone measuring at least 2 cm in di-
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ameter would form within a few months in a gallbladder that
drains freely through a fistula large enough to permit passage
of such a stone. Therefore, the risk of recurrence may be
minimized by assessing patients for additional stones in both
the gallbladder and bowel through preoperative CT imaging
and perioperative manual examination of the intestinal tract.

Evidence linking persistent cholecystoduodenal fistulas to
cholangitis originates primarily from Wakefield’s 1939 study,
which reported an 11% incidence of cholangitis in affected
patients.l’! Subsequently, Clavien et al.’} reported in 1990
that one of 23 patients treated with enterotomy and stone
extraction alone required rehospitalization for cholangitis.
However, contemporary data regarding the incidence of chol-
angitis after enterotomy and stone extraction alone for GSI
are lacking. Furthermore, some episodes of cholangitis may
have been attributable to residual gallstones in the gallbladder
or CBD, which were more likely to be missed in earlier de-
cades when advanced preoperative imaging was not routinely
available. Finally, even when cholangitis occurs, it can often be
managed nonoperatively. It should also be noted that chole-
cystocolonic fistulas, which have been associated with chol-
angitis rates as high as 60%, represent a distinct clinical entity
and should be evaluated separately.?]

In 1965, Berliner and Burson® reported that 15% of 57
patients with gallstone ileus and biliary-enteric fistulas de-
veloped gallbladder carcinoma during long-term follow-up.
These findings have not been reproduced in subsequent stud-
ies, although several case reports have described the develop-
ment of gallbladder carcinoma in patients who previously un-
derwent enterotomy and stone extraction alone for GSL.[24
Conversely, there are also reports of biliary-enteric fistulas
caused by underlying malignancies presenting as gallstone il-
eus.®?! Therefore, some cases of GS| associated with ma-
lignancy may represent fistulas secondary to cancer rather
than malignancies arising as a consequence of a persistent fis-
tula. Furthermore, numerous case series, including our own,
have not demonstrated an increased incidence of malignancy
following enterotomy and stone extraction alone.>' In our
view, the relationship between persistent fistulas and subse-
quent malignancy remains uncertain.

CONCLUSION

Gallstone ileus is a rare surgical emergency characterized by
distinctive but often subtle radiological findings, frequently
leading to delayed diagnosis. We believe that routine CT
evaluation of patients presenting with bowel obstruction im-
proves the diagnostic accuracy of GSI. Accurate diagnosis at
presentation is associated with reduced preoperative delay
and shorter hospital stay. Further improvements in diagnostic
accuracy may be achieved by refining the evaluation of CT
scans performed at presentation.

At present, there is insufficient evidence to support routine
cholecystectomy and fistula repair in all patients with GSI.
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The association between GSI and malignancy remains unclear,
and additional studies are needed to clarify this relationship.
Surgical management should be individualized. Cholecystec-
tomy and fistula repair should be considered in patients with
additional gallstones identified within the gallbladder.
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ORIJINAL CALISMA - 6Z

Safra tag1 ileusu: Tek merkez tecriibemiz

AMAC: Safra tagi ileusu yasl popllasyonu etkileyen, nadir bir cerrahi acildir. Nadir gérilmesi sebebiyle, preoperatif dogru tani koyulma orani di-
stiktlr ve tedavisi gecikmeli olmaktadir. Optimum tedavi stratejisi konusunda ise fikir birligi yoktur. Asil tartisma konusu ise kolesistektomi ve fistiil
onarimi acil veya elektif mi yapilmali veya hig yapilmamali mi sorularidir. Kolesistektomi ve fistiil onariminin morbidite ve mortaliteyi arttirdigi birgok
yazar tarafindan gosterilmistir, yapilmamasinin ise niiks safra tasi ileusu, safra kesesi kanseri ve asendan kolanjit ile iliskili olduguna dair yayinlar vardir.
Ancak bu verilerin neredeyse tamami onceki yiizyila ait yayinlardan koken almakta olup giincel verilerle desteklenmemektedir. Bu galismanin amaci
klinigimizin safra tasi ileusu tecriibesini paylasarak, safra tasi ileusu tanisi ve tedavi stratejilerini literatiir esliginde tartismaktir.

GEREC VE YONTEM: Kartal Dr. Liitfi Kirdar Hastanesi, Genel Cerrahi Kliniginde 2017-2022 yillari arasinda safra tasi ileusu sebebiyle ameliyat
olmus |3 hastanin verileri retrospektif olarak incelendi.

BULGULAR: Hastalarin %69’u safra tasi ileusu tanisi ile interne edildi, %30.7’si ge¢ tani aldi. Yatista dogru tani alanlarin median ameliyata alinma
sliresi 6 saat, median yatis stiresi 6.5 guin idi. Geg tani alanlarin ise median ameliyata alinma siiresi, 126 saat, yatis stiresi 14.5 gun idi. Yatista safra
tag ileusu tanisi koyulmamasi preoperatif gecikme ve daha uzun hastanesi yatisi ile iliskilendirildi (p<0.05). Retrospektif olarak incelendiginde tim
hastalarin, yatista, birden fazla safra tasi ileusu radyolojik bulgusu oldugu goriildi. || hasta sadece barsak obstriiksiyonuna yonelik opere edildi, iki
hastada safra kesesi veya koledokta tas izlenmesi sebebiyle kolesistektomi ve fistlil onarimi da yapildi. Ortalama 39.7 aylik takip siresince, | | hastada
kolesistoenterik fistiil onarimi yapiimamasina ragmen, higbir hastada niiks, safra kesesi kanseri veya kolanijit izlenmedi.

SONUC: Safra tagi ileusu, nadir olmasi sebebiyle tani ve tedavisinde gecikme olan bir hastaliktir. ik degerlendirmede dogru tani, preoperatif
gecikme ve hastane yatisini kisaltmaktadir. Rutin kolesistoenterik fistil onarimini savunan galismalarin sonuglari tartismali olup cerrahi yaklagimda
hasta bazli karar vermek gerekme gerekir. Safra kesesinde bakiye safra tasi bulunan safra tasi ileusu hastalarinda, kolesistektomi ve filstiil onarimi da
distiniilmelidir. Optimum tedavi stratejisinin olusturulabilmesi igin daha ¢ok tecriibe paylasimi ve ileri calismalar gerekmektedir.

Anahtar sozclikler: Barsak obstriiksiyonu; fistll onarimi; kolesistoenterik fistiil; safra tasi ileusu.
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ABSTRACT

BACKGROUND: In many contemporary studies, individuals aged 65 years and older are defined as older adults. Owing to popula-
tion aging, the number of older adults worldwide is steadily increasing. Age-related physical and cognitive decline, together with social
changes, may increase vulnerability to violence in this population. This study aimed to present and discuss data on older adults aged
65 years and over who were victims of violence and underwent medicolegal evaluation, to draw attention to measures that may help
prevent violence against older adults, and to propose potential strategies for prevention and intervention.

METHODS: A total of 275 case files and forensic reports pertaining to individuals aged 65 years and older who underwent medi-
colegal assessment at the Department of Forensic Medicine, Dokuz Eylul University Faculty of Medicine, between January |, 2016
and January |, 2025, were retrospectively reviewed. Sociodemographic characteristics, location of the violent incident, perpetrator
characteristics, type of violence, injury site, wound type, presence of a psychiatric diagnosis related to the incident, type of psychiatric
diagnosis, and the forensic medical severity of injuries were evaluated. Statistical analyses were performed using IBM SPSS version 29.0.

RESULTS: Among the 275 cases of violence, 97 (35.3%) involved women and 178 (64.7%) involved men. The mean age was 71.5316.2
years. The most common perpetrators were unknown or unrelated individuals (n=105, 38.2%), followed by friends or neighbors (n=90,
32.7%). Violence most frequently occurred in the home or its immediate surroundings (n=143, 52%), followed by streets, parks, and
other public outdoor areas (n=69, 25.1%). Domestic violence accounted for 21.5% of cases. Neglect was identified in 19 cases (6.9%).
Isolated physical violence was the most common form of violence (n=238, 86.5%). The injuries were life-threatening in 2| cases (7.6%),
while bone fractures were documented in 78 cases (28.4%).

CONCLUSION: Specific legal regulations should be implemented to better protect older adults and support their participation in
social life. Additionally, comprehensive strategies should be developed to address violence against older adults both within and outside
the family setting. A multilevel, integrated approach is needed to improve prevention and intervention efforts through the identification
of individuals at risk of perpetrating or experiencing violence.

Keywords: Domestic violence; elder abuse; forensic medicine; home and surroundings; unknown/unrelated individuals; violence against

older adults.

INTRODUCTION middle old age (75-84 years), and advanced old age (=85
years).['3]

In many developed countries, individuals aged 65 years and

older are generally classified as older adults. Old age is com- Declining fertility rates and increasing life expectancy have

monly divided into three stages: early old age (65-74 years), led to a rapid rise in the global older adult population. The
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worldwide population aged 65 years and older was estimated
to increase from approximately 550 million in 2000 to 973
million by 2030. Similarly, the number of individuals aged 80
years and older, estimated at approximately 9.3 million in
2000, is expected to reach 19.5 million by 2030. According to
United Nations projections, the proportion of older adults
in the global population is expected to increase from 10%
to 17% between 2021 and 2050.24 According to data from
the Turkish Statistical Institute (TURKSTAT), the number of
older adults in Tiirkiye reached 8,722,806 in 2023, and the
proportion of individuals aged 65 years and older increased
from 7.1% in 2007 to 10.6% in 2024. Population projections
indicate that this proportion will rise to 13.5% in 2030, 17.9%
in 2040, 27% in 2060, 33.4% in 2080, and 33.6% in 2100.5¢

Aging is associated with various physiological and functional
changes, including slower cognitive processing, impaired at-
tention and perception, declines in sensory functions such
as hearing and vision, reduced muscle strength, and delayed
reflex responses. In addition to these age-related changes,
socioeconomic challenges and social transformations may
increase vulnerability to violence among older adults. Insuffi-
cient social support further exacerbates this vulnerability and
may contribute to the occurrence of violence against older
individuals.l’-'4l

Available evidence indicates that violence against older adults
is increasing both globally and in Tiirkiye.['*'”? Consequently,
violence against older adults remains an important public
health concern. Therefore, the dissemination of current data
on this issue may contribute to raising awareness and inform-
ing the development of evidence-based strategies and inter-
ventions aimed at its prevention and management.

This study aimed to present and discuss data on individuals
aged 65 years and older who were victims of violence and un-
derwent forensic evaluation, to highlight measures that may
help prevent violence against older adults, and to propose
potential solutions for addressing this problem.

MATERIALS AND METHODS

This study examined the sociodemographic characteristics of
individuals aged 65 years and older who were victims of vio-
lence and underwent medicolegal evaluation at the Depart-
ment of Forensic Medicine, Dokuz Eylul University Faculty
of Medicine. The variables evaluated included the location
where the violent incident occurred, perpetrator character-
istics, type of violence, injury site, wound type, presence of
a psychiatric diagnosis related to the incident, psychiatric di-
agnoses established, and the forensic medical severity of the
injuries. For this purpose, a total of 275 case files and foren-
sic reports belonging to individuals aged 65 years and older
who were subjected to violence and underwent medicolegal
assessment between January |, 2016 and January I, 2025,
were retrospectively reviewed. This study was approved by
the Dokuz Eylul University Faculty of Medicine Ethics Com-
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mittee (Date: 12.03.2025, Decision No: 2025/09-18) and was
conducted in accordance with the principles of the Declara-
tion of Helsinki.

Statistical Analysis

Statistical analyses were performed using IBM SPSS version
29.0 (IBM; International Business Machines, New York, USA).
Continuous variables were summarized as mean * standard
deviation, whereas categorical variables were expressed as
percentages. Associations between categorical variables were
analyzed using Pearson's chi-square test or the Fisher—Free-
man—Halton exact test. A p value <0.05 was considered sta-
tistically significant.

RESULTS

Among the 275 cases of violence included in the study, 97
(35.3%) involved women and 178 (64.7%) involved men. The
mean age of the victims was 71.53£6.2 years (range, 65-90).
According to age-group analysis, 202 cases (73.5%) were
aged 65—74 years, 61 (22.2%) were aged 75—-84 years, and 12
(4.4%) were aged 85 years and older (Fig. I).

The most common perpetrators of violence were unknown
or unrelated individuals (n=105, 38.2%), followed by friends
or neighbors (n=90, 32.7%) (Table |). Among all perpetra-
tors, 232 (84.4%) were male and 43 (15.6%) were female.
Violence was perpetrated by a single individual in 240 cases
(87.3%) and by multiple individuals in 35 cases (12.7%).

The most common location where violence occurred was the
home and its immediate surroundings (n=143, 52%), followed
by streets, parks, and other open public areas (n=69, 25.1%).
In addition, 22 cases (8%) occurred in traffic-related settings,
whereas |2 cases (4.4%) occurred in nursing homes. Among
incidents occurring in the home and surrounding environ-
ment, the perpetrator was most frequently a friend or neigh-
bor (n=59, 41.3%), followed by a child (n=29, 20.3%), another
relative (n=21, 14.7%), and a spouse (n=17, 11.9%). Nearly
half of the incidents involving unknown or unrelated perpetra-
tors (n = 51, 48.6%) occurred in open public areas, whereas
2| cases (20%) occurred in traffic-related settings (Table 1).

Number of Cases
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Figure 1. Distribution of cases according to age group.
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Table I. Distribution of perpetrators of violence according to location of the incident
Perpetrator Home and Nursing home Traffic Open area  Workplace and Other Total

surroundings surroundings
Spouse 17 (11.9%) - - | (1.4%) - - 18 (6.5%)
Child 29 (20.3%) - - - - - 29 (10.5%)
Other relative 21 (14.7%) - - 3 (4.3%) - 1 (9.1%) 25 (9.1%)
Friend/neighbor 59 (41.3%) 5 (41.7%) | (4.5%) 13 (18.8%) 8 (44.4%) 4 (36.4%) 90 (32.7%)
Caregiver | (0.7%) 6 (50%) - - - - 7 (2.5%)
Unknown/unrelated
person 16 (11.2%) 1 (8.3%) 21 (95.5%) 51 (73.9%) 10 (55.6%) 6 (54.5%) 105 (38.2%)
Other - - - | (1.4%) - - 1 (0.4%)
Total 143 (100%) 12 (100%) 22 (100%) 69 (100%) 18 (100%) 11 (100%) 275 (100%)
*Percentages are calculated within each column.
Table 2. Distribution of domestic violence according to type of violence
Domestic violence Physical Physical/ Physical/ Physical/ Physical/ Total
status sexual psychological economic economic/

psychological

Absent 210 (97.2%) 2 (0.9%) 4 (1.9%) - - 216 (100%)
Present 28 (47.5%) I (1.7%) 15 (25.4%) 5 (8.5%) 10 (16.9%) 59 (100%)
Total 238 (100%) 3 (100%) 19 (100%) 5 (100%) 10 (100%) 275 (100%)

*Percentages are calculated within each row.

Domestic violence was identified in 59 cases (21.5%), where-
as 216 cases (78.5%) did not involve domestic violence. Elder
neglect was not identified in the majority of cases (n=256,
93.1%). Neglect was documented in only 19 cases (6.9%).

The most common form of violence was isolated physical
violence (n=238, 86.5%), followed by combined physical and
psychological violence (n=19, 6.9%). Among the three cases
involving sexual violence, one involved anal penetration and
two involved unwanted touching. With regard to the mech-
anism of injury, blunt-force trauma was the most common
cause (n=251, 91.3%), followed by injuries caused by sharp or
penetrating objects (n=15, 5.5%), and firearm-related injuries
(n=9, 3.3%).

Among cases of domestic violence, isolated physical violence
was the most common form (n=28, 47.5%), followed by com-
bined physical and psychological violence (n=15, 25.4%), and
combined physical, economic, and psychological violence
(n=10, 16.9%) (Table 2).

Most victims were injured by kicks, punches, or similar forms
of physical assault (n = 204, 74.2%), whereas 24 cases (8.7%)
involved objects such as sticks or iron rods. Injuries most
commonly involved the head, neck, and face region (n=114,
41.5%), followed by injuries affecting multiple body regions
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(n=70, 25.5%). Upper-extremity injuries were observed in 52
cases (18.9%). Regarding wound characteristics, ecchymosis
and edema were the most common findings (n=118, 42.9%),
followed by multiple wound types (n=82, 29.8%). Bone frac-
tures were not identified in the majority of cases (n=197,
71.6%). No medical treatment was required in 115 cases
(41.8%), whereas wound care or other medical treatment
was provided in 75 cases (27.3%). A summary of the charac-
teristics of elder abuse cases is presented in Table 3.

Psychiatric evaluation following exposure to violence was not
performed in most cases (n=247, 89.8%). Among the 28 cas-
es that underwent psychiatric assessment, 20 (7.3%) received
a psychiatric diagnosis and eight (2.9%) did not. The most
common psychiatric diagnoses were post-traumatic stress
disorder (n=9, 45%), adjustment disorder (n=7, 35%), and
acute stress disorder (n=4, 20%) (Table 4).

Among the 20 individuals diagnosed with a psychiatric disor-
der following violence exposure, 10 (50.0%) were male and
10 (50.0%) were female. No statistically significant associa-
tion was found between victim sex and the presence of a psy-
chiatric diagnosis following exposure to violence (p=0.227).

From a forensic medical perspective, injuries in 151 cases
(54.9%) were considered manageable with simple medical
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Table 3. Summary of violence-related characteristics among

older adult victims

Instrument used in the assault
Blunt object (stick, iron bar, etc.) (n=24, 8.7%)
Sharp object (knife, glass, etc.) (n=17, 6.2%)
Firearm (n=9, 3.3%)
Other (n=21, 7.6%)
No instrument used (n=204, 74.2%)
Injury site
Head, neck, and face (n=114, 41.5%)
Abdomen, chest, and back (n=29, 10.5%)
Upper extremity (n=52, 18.9%)
Lower extremity (n=10, 3.6%)
Multiple body regions (n=70, 25.5%)
Wound type
Ecchymosis/edema (n=118, 42.9%)
Abrasion (n=33, 12%)
Laceration/incision (n=23, 8.4%)
Sharp penetrating injury (n=8, 2.9%)
Gunshot wound (n=7, 2.5%)
Multiple wound types (n=82, 29.8%)
Other (n=4, 1.5%)
Bone fracture
Present (n=78, 28.4%)
Absent (n=197, 71.6%)
Treatment administered
Medical treatment/wound dressing (n=75, 27.3%)
Minimal intervention (n=47, 17.1%)
Surgical treatment (n=27, 9.8%)
Other (n=11, 4%)

No treatment required (n=115, 41.8%)

intervention, whereas injuries in 124 cases (45.1%) were con-
sidered not manageable with simple medical intervention.
The injuries were life-threatening in 21 cases (7.6%) and non-
life-threatening in 254 cases (92.4%) (Table 4).

Among the 232 cases involving male perpetrators, |15
(49.6%) resulted in injuries that were not manageable with
simple medical intervention. In contrast, among the 43 cases
involving female perpetrators, 34 (79.1%) resulted in injuries
that were manageable with simple medical intervention. A
statistically significant association was identified between per-
petrator sex and injury severity as assessed by the need for
simple medical intervention (p<0.05).

DISCUSSION

Preventing violence against older adults is essential not only
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Table 4. Psychiatric and forensic medical findings among

older adult victims of violence

Psychiatric evaluation
Psychiatric diagnosis established (n=20, 7.3%)
No psychiatric diagnosis established (n=8, 2.9%)
Not evaluated (n=247, 89.8%)
Psychiatric diagnosis
Post-traumatic stress disorder (n=9, 45%)
Adjustment disorder (n=7, 35%)
Acute stress disorder (n=4, 20%)
Forensic medical assessment
Injury manageable with simple medical intervention
(n=151, 54.9%)
Injury not manageable with simple medical intervention
(n=124, 45.1%)
Life-threatening condition
Present (n=21, 7.6%)
Absent (n=254, 92.4%)

for protecting individual health and well-being but also for
promoting a healthy social structure. Available data indicate
that violence against older adults is increasing in parallel with
the growing proportion of the older adult population. Al-
though growing awareness of the issue has led to an increase
in the number of studies conducted in this field, the available
literature remains limited. Therefore, the dissemination and
discussion of data from different institutions and regions are
crucial for raising awareness and developing effective preven-
tion and intervention strategies.

In the present study, men constituted the majority of victims
of violence (n=178, 64.7%). In this regard, our findings are
consistent with previous studies reporting that exposure to
violence is more common among men.!"'®!"I This pattern may
be explained by men's greater participation in occupational
and social activities, as well as gender-related behavioral dif-
ferences. However, some studies have reported that women

are more frequently victims of violence in older age groups.
[20-22]

Most victims in our study were aged 65-74 years (n=202,
73.5%), corresponding to the early stage of old age. This find-
ing is consistent with previous studies demonstrating that
violence is more frequently reported among individuals in the
younger segment of the older adult population.['82324]

Violence against older adults may be perpetrated by both
strangers and individuals known to the victim. Previous stud-
ies have indicated that approximately half of all victims experi-
ence abuse perpetrated by family members or acquaintances.
[252¢] Santos et al.*] reported that spouses or partners were

957



the most common perpetrators, followed by children and
grandchildren. Similarly, Paiva and Tavares found that partners
(29.1%) and caregivers (25%) were the most common per-
petrators of violence against older adults.””) In contrast, the
most common perpetrators in our study were unknown or
unrelated individuals (38.2%), followed by friends and neigh-
bors (32.7%).

Regarding perpetrator sex, 84.4% were male and 15.6% were
female. This finding is in agreement with previous studies re-
porting similar results.[2!222¢]

Violence against older adults may occur in a variety of set-
tings, including nursing homes, and assisted living facilities;
however, previous studies have reported that most incidents
occur in the home environment.? Consistent with these
findings, the most common location of violence in our study
was the home and its immediate surroundings (n=143, 52%),
followed by streets, parks, and other public outdoor areas
(n=69, 25.1%). Sivarajasingam et al.’% reported that most
older adults presenting to emergency departments after vio-
lent incidents had been assaulted in their homes.Likewise, a
report from the Canadian Centre for Justice and Public Safety
Statistics indicated that 71% of older adults who experienced
violence were victimized in residential settings, including pri-
vate residences (83%) and shared accommodations such as
nursing homes or care facilities (15%).B"

The same report noted that violence occurring in shared resi-
dential settings was most frequently perpetrated by acquain-
tances (40%), neighbors (19%), strangers (I 1%), roommates
(9%), or authority figures (7%).2" In the present study, friends
or neighbors were the most common perpetrators of vio-
lence occurring in the home environment (41.3%), followed
by children (20.3%). Nearly half of the incidents involving un-
known or unrelated perpetrators occurred in public outdoor
areas (48.6%), whereas one-fifth occurred in traffic-related
settings (20%).

Violence against older adults may take many forms, including
physical, psychological, sexual, and economic abuse. In addi-
tion, neglect refers to the failure to meet an older adult's
basic needs, such as adequate nutrition, shelter, personal
care, or medical treatment. Previous studies have reported
substantial variation in the prevalence and types of violence
experienced by older adults.

In a study of 729 cases, Paiva and Tavares reported that psy-
chological violence was the most common form of abuse
(20.9%), followed by physical violence.?” In a study conduct-
ed in the United States involving 5,777 older adults, |1.4%
of participants reported experiencing violence, including
psychological violence (4.6%) and physical violence (1.6%).
23] Other studies have similarly reported that psychological
violence is the most prevalent form of abuse among older
adults, with rates ranging from 11.6% to 33.4%.5*®! In con-
trast, another large-scale study conducted across 524 cities
found that 67.7% of older adults who experienced violence
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were victims of physical violence, whereas 29.1% were vic-
tims of psychological violence.’! Santos et al.?¥! reported
that physical violence was the most common form of abuse
among older adults (84.7%), followed by psychological vio-
lence manifested as verbal aggression, insults, and humilia-
tion (62%).Likewise, according to the Canadian Centre for
Justice and Public Safety Statistics, physical force was used
in more than half (60%) of police-reported cases of violence
against older adults, and weapons were involved in 19% of
these incidents.®'"! Consistent with these findings, isolated
physical violence was the most common form of violence ob-
served in our study (86.5%), followed by combined physical
and psychological violence (6.9%). Among physical assaults,
blunt-force trauma was the predominant injury mechanism
(91.3%), followed by injuries caused by sharp or penetrating
objects (5.5%) and firearm-related injuries (3.3%).

In our study, 21.5% of cases (n=59) were classified as domes-
tic violence. Among these cases, isolated physical violence
was the most common form of abuse (47.5%), followed by
combined physical and psychological violence (25.4%). Barros
et al.?] reported a domestic violence prevalence of 78.7%
among |69 older adults receiving primary healthcare services.
Duque et al.P*l and Aleissa et al.?”) reported corresponding
rates of 20.8% and 54.7%, respectively. Frazio et al.?? found
that isolated physical violence was the most common form
of domestic violence among older adults with disabilities
(86%). Barros et al.*! reported that 21.5% of older adults ex-
posed to domestic violence experienced psychological abuse,
whereas 3% experienced physical abuse. Similarly, Apratto
Janior reported prevalence rates of 10% for physical violence
and 43.2% for psychological violence among older adults ex-
posed to domestic violence.l

Neglect was identified in 19 cases (6.9%) in our series. preva-
lence was lower than those reported in previous studies, in

which rates of elder neglect ranged from 13.8% to 58.5%.
[35,37,39]

Among the 28 individuals who underwent psychiatric evalu-
ation following exposure to violence, 20 (7.3%) received a
psychiatric diagnosis, whereas eight (2.9%) did not. The most
common diagnosis was post-traumatic stress disorder (45%),
followed by adjustment disorder (35%). Choi et al.l*! re-
ported that post-traumatic stress disorder was identified in
62.2% of individuals exposed to violence. Similarly, Fadeeva et
al.,""in a study examining the relationship between violence
against older adults and mental health in the United Kingdom,
reported that 26.4% of victims had common mental disor-
ders, including anxiety and depressive disorders.

In our study, psychiatric diagnoses following exposure to
violence were equally distributed between men and women,
with each sex accounting for 50% of diagnosed cases. No
statistically significant association was found between victim
sex and the presence of a psychiatric diagnosis following ex-
posure to violence (p=0.227).
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De Sousa et al.l*? reported that, among elderly victims of
physical violence evaluated at a forensic medicine unit in Bra-
zil, 56.7% sustained injuries without the use of a weapon or
instrument, and 42.9% of injuries involved the jaw and facial
region. Similarly, Yildiz reported that 54.5% of older victims
sustained injuries without the use of any instrument and that
the head and neck region was the most frequently injured
anatomical site (55.8%).’! Consistent with these findings, our
study showed that 74.2% of victims sustained injuries without
the use of a weapon, most commonly as a result of kicking
or punching, and that the head, neck, and face region was the
most frequently affected anatomical site (41.5%).

Karbeyaz and Celikel reported that 68.4% of injuries among
older victims of violence were manageable with simple medi-
cal intervention.*! de Sousa et all*} found that 90.1% of
injuries were limited to soft-tissue damage. Similarly, Yildiz
reported that most injuries (71.2%) were manageable with
simple medical intervention, whereas 28.8% resulted in seri-
ous outcomes such as life-threatening conditions, permanent
disability, loss of function, or permanent facial scarring."?! In
our study, 54.9% of injuries were considered manageable with
simple medical intervention, and the vast majority (92.4%)
were not life-threatening. Among incidents perpetrated by
men, 49.6% resulted in injuries that were not manageable
with simple medical intervention, whereas 79.1% of incidents
perpetrated by women resulted in injuries that were manage-
able with simple medical intervention. A statistically signifi-
cant association was identified between perpetrator sex and
injury severity, as assessed by the need for simple medical
intervention (p<0.05).

CONCLUSION

This study demonstrated that older adults are most frequent-
ly subjected to isolated physical violence perpetrated by un-
known or unrelated individuals and by friends or neighbors.
These incidents most commonly occur in the home and its
immediate surroundings, as well as in public areas such as
streets and parks. Although domestic violence accounted for
21.5% of all cases, this proportion remains substantial and
should not be overlooked. Furthermore, injuries resulting
from violence perpetrated by men were significantly more
severe than those resulting from violence perpetrated by
women. In light of these findings, legal measures aimed at
protecting older adults should be strengthened to promote
their safety and active participation in society. In addition, ag-
gravating legal provisions should be considered for offenses
involving violence against older adults. Because violence
against older adults occurs in diverse forms and contexts, a
single, generalized approach is unlikely to address the com-
plexity of the problem. Therefore, tailored strategies should
be developed to prevent and combat violence against older
adults both within and outside the family setting. A coordi-
nated, multilevel approach is needed to improve prevention
and intervention strategies by identifying individuals at risk of
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either perpetrating or being subjected to violence.
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ORIJINAL CALISMA - 6Z

Adli up bakis acistyla yaglilara yonelik siddet; Retrospektif analiz

AMAGC: Giiniimiizde yapilan pek cok calismada kronolojik olarak 65 yas ve {izeri bireyler “yasl” olarak tanimlanmaktadir. istatistiklere gére diin-
yada yasl nifusun sayisi glin gegtikge artmaktadir. Zihinsel, fiziksel faaliyetlerdeki gerileme ve sosyal degisimlerin bir sonucu olarak yaslilar siddete
karsi daha savunmasizdirlar. Bu calismada adli raporlari diizenlenen siddet magduru 65 yas ve Uzeri yasl olgularin verilerinin paylasilip tartisiimast ile
yaslilara yonelik siddet eylemlerinin dnlenmesi icin alinacak tedbirlere dikkat gekilmesi ve buna yonelik ¢dziim dnerilerinin sunulmasi amaglanmistir.
GEREGC VE YONTEM: 01.01.2016-01.01.2025 tarihleri arasinda Dokuz Eyliil Universitesi Tip Fakiiltesi Adli Tip Anabilim Dalimizca medikolegal de-
gerlendirmesi yapilan 65 yas ve lizeri yasli olgulara ait toplam 275 dosya ve rapor geriye doniik olarak incelenmistir. Sosyodemografik ozellikler, sid-
detin uygulandigl yer, siddeti uygulayan kisi, siddetin tiirdi, yaralanma bolgesi, yara tipi, olayla ilgili psikiyatrik tani konulup konulmadig, konulan psiki-
yatrik tani, adli tibbi agidan yaralanmanin niteligi vb. degerlendirilmistir. Verilerin istatistiksel analizi SPSS 29.0 paket programi kullanilarak yapilmistir.
BULGULAR: Siddete ugrayan toplam 275 olgunun 97’si (%35.3) kadin, 178'i (%64.7) erkekti. Yas ortalamasi 71.53 £ 6,2 yil olarak saptandi. Ol-
gularin en sik tanimadigi/diger 2. kisiler (n=105, %38.2), ikinci siklikta ise arkadas/komsulari (n=90, %32.7) tarafindan siddete ugradigi saptand..
Siddetin uygulandigi en sik yerin ev ve gevresi (n=143, %52), ikinci siklikta sokak, park vb. agik alanlar (n=69, %25.1) oldugu saptandi. Olgularin
%2 1.5’ aile ici siddet kapsaminda degerlendirildi. |9 (9%6.9) olguda ihmal tespit edildi. En sik izole fiziksel siddet (n=238, %86,5) goriilirken, siddete
maruz kalan olgularin 21’inde (%7.6) yaralanmanin yasamsal tehlikeye neden oldugu, 78’inde (%28,4) kemik kirigi meydana geldigi belirlendi.
SONUC: Yaslinin glinltik hayata sosyal katiiminin saglanmasinda yaslilar koruyucu 6zel yasal diizenlemeler yapilmali, aile iginde ve disinda yaslilara
yonelik siddetle miicadelede farkli yaklagimlar gelistirilmelidir. Siddet uygulamasi veya siddet magduru olmasi muhtemel kisiler arasinda tanimlama
yapilarak bu kapsamda miidahale ve &nlemeyi iyilestirici ok diizeyli entegre bir yaklasim sergilenmelidir.

Anahtar sozclikler: Adli tip; aile igi siddet; ev ve gevresi; tanimadik/diger 2. kisi; yash siddeti.
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Effect of extubation timing on prognosis in patients with
acute stroke undergoing mechanical thrombectomy under
general anesthesia: A retrospective study
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Department of Anesthesiology and Reanimation, University of Health Sciences Fatih Sultan Mehmet Health Research and Application
Center, Istanbul-Ttirkiye

ABSTRACT

BACKGROUND: The timing of extubation after general anesthesia (GA) in patients with acute ischemic stroke treated with me-
chanical thrombectomy (MT) is a significant issue. Prolonged duration of mechanical ventilation is considered to be an independent
risk factor that negatively affects functional survival in patients receiving neurocritical care. This study evaluated the effect of time to
extubation and the development of pneumonia on clinical prognosis after MT performed under GA.

METHODS: This retrospective, single-center, observational study included patients 218 years of age who underwent MT under GA
for acute ischemic stroke between January 2023 and May 2025. Patient data were retrospectively obtained from hospital records and
supplemented, when necessary, with information from patients’ relatives. Demographic data, lengths of intensive care unit and hospital
stay, additional complications, neurological functional status (modified Rankin Scale [mRS]) at discharge, and mortality were examined.
Patients were evaluated according to extubation timing, pneumonia, discharge mRS score (0-2, favorable; 3—6, unfavorable), and 30-day
mortality using multivariate logistic regression analysis.

RESULTS: Data from |19 patients (mean age, 70.3%13.6 years) were analyzed. Patients in whom time to extubation was >24 h were
older (p=0.003), exhibited a lower pre-procedural Glasgow Coma Scale (GCS) score (p<0.001), and higher pneumonia and mortality
rates (p<0.001). Logistic regression analyses revealed that time to extubation >24 h significantly increased the likelihood of an unfavor-
able mRS score and mortality (p<0.001). Lower pre-procedural GCS (odds ratio [OR] 0.64; p<0.001) and higher American Society
of Anesthesiologists Physical Status (ASA-PS) classification (OR 27.966; p<0.002) scores significantly affected time to extubation. A
high ASA-PS score was found to increase the probability of pneumonia by tenfold (95% confidence interval I.1-100.9). Patients with
pneumonia exhibited significantly higher mRS scores (p<0.001).

CONCLUSION: Although the time to extubation had a significant impact on poor neurological prognosis and mortality in patients
undergoing MT for acute stroke, the development of pneumonia appeared to be associated with unfavorable early neurological func-
tional outcomes.

Keywords: Acute ischemic stroke; general anesthesia; pneumonia; prognosis; thrombectomy.

INTRODUCTION occlusion of large cerebral vessels. In clinical practice, MT is
performed with patients under general anesthesia (GA), con-
Endovascular mechanical thrombectomy (MT) is a recom-  scious sedation, or local anesthesia.l' During GA, intubation

mended treatment for acute ischemic stroke caused by the and complete immobilization provide advantages, such as bet-
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ter angiographic imaging and shorter procedure time. Howev-
er, due to the anesthetic drugs used during GA, there is a risk
for hypotension, blood pressure fluctuations, and secondary
changes in cerebral perfusion, as well as complications, includ-
ing airway difficulties during intubation or aspiration.”!

The effect of anesthetic techniques used during MT for acute
ischemic stroke on clinical outcomes remains controversial.
Some studies have reported that GA is associated with unfa-
vorable neurological outcomes and an increased risk for com-
plications.'*! In contrast, some randomized studies reported
no difference between anesthetic techniques and suggested
that GA may be associated with better functional outcomes
than sedation.’® These differences suggest that both the an-
esthesia technique and post-anesthesia care may be decisive
factors affecting clinical prognosis.

The timing of extubation is an important clinical issue after
intubation under GA. Prolonged mechanical ventilation is as-
sociated with adverse outcomes, such as ventilator-associated
pneumonia and longer intensive care unit (ICU) and hospital
lengths of stay, and is considered to be an independent risk
factor that negatively affects functional survival in patients
receiving neurocritical care.’’ Although there are no clear
guidelines regarding optimal extubation timing in patients in-
tubated and mechanically ventilated for acute ischemic stroke,
mechanical ventilation lasting >24 h has been reported to be
associated with worse neurological recovery and functional
outcomes.['®!!]

As such, this retrospective study aimed to evaluate the impact
of extubation timing and development of secondary pneumo-
nia on mortality and neurological clinical prognosis (according
to the modified Rankin Scale [mRS]) in patients undergoing
MT under GA for acute ischemic stroke.

MATERIALS AND METHODS

The present investigation was a retrospective, single-center,
observational study approved by the ethics committee. Data
from patients 218 years of age with American Society of An-
esthesiologists Physical Status (ASA-PS) classifications 14,
who underwent MT under GA between January 2023 and
May 2025, were retrospectively reviewed. These patients ei-
ther presented to the authors’ hospital with acute ischemic
stroke or were referred to the authors’ stroke unit from
other centers.

Patients diagnosed with large-vessel occlusion in the ante-
rior cerebral circulation (middle cerebral artery MI-M2 seg-
ments and/or internal carotid artery) or posterior cerebral
circulation (basilar artery, vertebral artery, and/or posterior
cerebral artery) detected using computed tomography (CT)
angiography were included. Patients who developed aspira-
tion before the procedure or during intubation, those with
severe pre-procedural neurological sequelae (mRS score
3-6), radiologically confirmed intracranial hemorrhage before
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the procedure, pregnant women, pre-procedural ICU admis-
sion or need for mechanical ventilation, cases of intracranial
hemorrhage during the procedure, and patients for whom
data could not be accessed were excluded.

The medical records of 1012 patients, who underwent endo-
vascular MT for acute ischemic stroke at the authors’ center,
were retrospectively reviewed. After excluding 837 patients
treated under local anesthesia or conscious sedation, data
from 175 patients who underwent MT under GA with en-
dotracheal intubation were evaluated. Of these, 52 were ex-
cluded due to missing data and refusal of the patient/relative
to provide information for participation, 2 due to aspiration
before the procedure, and 2 due to hemorrhagic transforma-
tion during the procedure. Ultimately, therefore, data from
I 19 patients who underwent MT under GA were analyzed.

In all patients, GA was administered under standard moni-
toring, including electrocardiography, heart rate, non-invasive
blood pressure, peripheral oxygen saturation, and end-tidal
carbon dioxide, using inhalational anesthesia and remifentanil
infusion.

Data were obtained through the hospital’s electronic records
system and telephone interviews with patients/relatives. Re-
corded demographic and clinical variables included age, sex,
pre-procedural Glasgow Coma Scale (GCS), comorbidities,
ASA-PS score, occlusion location, time of procedure, time
from hospital admission to procedure (<6 h or >6 h), time
to extubation (<24 h or >24 h), ICU admission and length of
stay, total hospital length of stay, post-procedural pneumonia,
intracranial hemorrhage, and severe cerebral ischemia/cere-
bral edema. The procedure time was categorized as daytime
(regular working hours) and off-hours (nighttime, weekends,
or holidays).

To evaluate prognosis, neurological status at discharge was
determined using the mRS, and 30-day mortality was ex-
amined. mRS scores of 0-2 and 3—6 were considered to be
favorable and unfavorable neurological functional outcomes,
respectively. Pneumonia was defined as the presence of a
new or progressive lung infiltration on chest radiography or
thoracic CT within the first 7 days after the procedure, ac-
companied by 22 clinical findings, such as fever (>38°C), leu-
kocytosis or leukopenia (leukocyte count >12 x 103 /mL or
<4 x 10%mL), purulent respiratory secretions, or increased
oxygen requirement(s).l'? Due to the retrospective design of
this study, it was not possible to differentiate between consis-
tent microbiological culture results and ventilator-associated
pneumonia; as such, pneumonia was evaluated based on clini-
cal and radiological findings and considered within the con-
text of pneumonia associated with early stroke.

Standardized stroke severity scores, such as the National In-
stitutes of Health Stroke Scale (NIHSS), were not consistent-
ly available in the retrospective records; therefore, the GCS
was used as a neurological assessment parameter.

The primary endpoints included discharge mRS score and 30-
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day mortality; the secondary endpoint was the development
of pneumonia. Patients were grouped and compared accord-
ing to time to extubation, presence of pneumonia, mRS out-
comes, and mortality status.

The present study was approved by the Kartal Kosuyolu Spe-
cialized Training and Research Hospital Ethics Committee
(Decision No: Kosuyolu-YIEAH-BAEK-2025/07/1118-1295).
This study was conducted in accordance with the principles
of the Declaration of Helsinki.

Statistical Analyses

Descriptive statistics are expressed as numbers and percent-
ages for categorical variables, meantstandard deviation for
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normally distributed numerical variables, and median (inter-
quartile range [IQR], i.e., 25th percentile-75th percentile)
for non-normally distributed numerical variables. Differences
in the distributions of time to extubation, pneumonia, mRS
group, and survival status according to categorical variables
were assessed using the chi-squared test. Differences be-
tween continuous variables were assessed using Student’s
t-test for normally distributed parameters and the Mann—
Whitney U test for non-normally distributed parameters.
Factors affecting dependent variables were identified using
binary logistic regression analysis. Analyses were performed
using the Statistical Package for the Social Sciences version
26.0 (IBM Corporation, Armonk, NY, USA). Differences with
p<0.05 were considered to be statistically significant.

Table |I. Descriptive characteristics of patients, comorbidities, ICU admission, hospital and ICU length of stay, complications, mRS,
and mortality rates

Variable n=119 (100.0)

Age (mean+SD) 70.3+13.6

Gender: Female/Male n (%)
ASA 2/ASA 3/ASA 4 n (%)
Time of procedure: Daytime/Off-hours n (%)
Pre-procedural GCS (mean+SD)
Occlusion site n (%)
Posterior circulation
Anterior circulation
Time to intervention n (%)
<6 h
>6 h
Procedure duration (min) (meantSD)
Anesthesia duration (min) (meantSD)
Extubation time n (%)
<24 h
>24 h
Presence of ICU admission n (%), days
Length of ICU stay median (IQR), days
Length of hospital stay median (IQR), days
Complications
Post-procedural pneumonia n (%)
Post-procedural intracranial hemorrhage n (%)
Severe cerebral ischemia/cerebral edema n (%)
mRS median (IQR)
mRS <2 (favorable) n (%)
mRS 3-6 (unfavorable) n (%)
Mortality (30 days) n (%)

50 (42.0)/69 (58.0)
2 (1.7)/34 (28.6)/83 (69.7)
41 (34.5)/78 (65.5)
112438

50 (42.0)
69 (58.0)

74 (62.2)
45 (37.8)
53.8+28.0
7024302

53 (44.5)
66 (55.5)
94 (79.0)
4(1-12.5)
8 (2-23)

36 (30.3)
15 (12.6)
12 (10.1)
5 (1-6)

46 (38.65)

73 (61.34)
37 31.1)

SD: Standard deviation; IQR: Indicates interquartile range; ASA: American Society of Anesthesiologists physical status classification system; GCS: Glasgow

Coma Scale; ICU: Intensive care unit; mRS: Modified Rankin Score.
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Table 2. Patients’ comorbid diseases

Comorbid diseases n (%)
DM 40 (33.6)
Hypertension 88 (73.9)
CAD 36 (30.3)
Arrhythmia 10 (8.4)
Congestive heart failure 17 (14.3)
Asthma -COPD 11 (9.2)
Previous cerebrovascular disease 28 (23.5)
Hypothyroidism 8 (6.7)
CKD 4 (3.4)
Malignancy 9 (7.6)

DM: Diabetes mellitus; CAD: Coronary artery disease; COPD: Chronic
obstructive pulmonary disease; CKD: Chronic kidney disease.

RESULTS

This study included data from |19 patients (mean age,
70.3+13.6 years; 58% male) who underwent MT under GA.
ASA-PS class 4 accounted for 69.7% of the patients, and
65.5% of the procedures were performed off-hours, whereas
the remaining procedures were performed during the day-
time.

The pre-procedural GCS score was >8 in 64.7% and <8 in
35.3% of patients. The time to extubation was >24 h in 55.5%
of patients (n=66). The ICU admission rate was 79%, the me-
dian ICU length of stay was 4 days (IQR 1-12.5 days), and
the median total hospital stay was 8 days (IQR 2-23 days).
Post-procedural pneumonia occurred in 30.3% of patients, in-
tracranial hemorrhage in 12.6%, and severe cerebral ischemia/
cerebral edema in 10.1%. The median discharge mRS score
was 5 (IQR 1-6); 38.7% (n=46) had favorable (i.e., mRS score
0-2) outcomes and 61.3% (n=73) had unfavorable (i.e., mRS
score 3—6) outcomes. The 30-day mortality rate was 31.1%
(Table I).

The most common comorbidities were hypertension (73.9%),
diabetes mellitus (33.6%), coronary artery disease (30.3%),
and cerebrovascular disease (23.5%) (Table 2).

Comparisons according to time to extubation

Patients with extubation time >24 h were older than those
extubated <24 h (p=0.003). In this group, female sex, ASA-PS
class 4, procedures performed during off-hours, lower pre-
procedural GCS score, and anterior circulation occlusion
were significantly more prevalent (all p<0.05).

The prevalence of pneumonia was markedly higher in patients
with an extubation time >24 h (86.1% vs. 13.9%; p<0.001).
In the same group, the rates of intracranial hemorrhage and
severe cerebral ischemia/cerebral edema were significantly
higher (p<0.05).
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ICU and hospital lengths of stay were significantly longer in
patients with extubation times >24 h (p<0.001). In addition,
the 30-day mortality rate was significantly higher in this group
(p<0.001). There was no significant difference in the distri-
bution of comorbid diseases between the groups (p>0.05)
(Table 3).

Comparison according to the development of pneumo-
nia

Patients who developed pneumonia were older than those
who did not (81.5 [IQR 67-87]) versus 68 [61-77] years;
p=0.002). There were no significant differences in sex dis-
tribution (p>0.05). Pneumonia occurred significantly more
frequently in patients with ASA class 4 and in those who un-
derwent procedures during off-hours (P<0.001). The median
pre-procedural GCS score was significantly higher in patients
without pneumonia (15 [8—15] vs. 8 [6—10.75]); p<0.001).

The frequency of pneumonia was markedly higher in patients
with an extubation time >24 h (47% vs. 9.4%; p<0.001). ICU
and hospital stays were significantly longer in patients who
developed pneumonia (p<0.001). These patients also exhib-
ited higher mRS scores (p<0.001). However, there was no
significant relationship between the development of pneumo-
nia and 30-day mortality (p=0.226).

Functional outcome and mortality

An unfavorable mRS score was significantly more frequent in
older patients, those with ASA class 4, procedures performed
during off-hours, anterior circulation occlusion, and interven-
tion time <6 h (all p<0.001). An unfavorable mRS score was
markedly higher in patients with an extubation time >24 h
(p<0.001). In these patients, the ICU admission rate, ICU and
hospital lengths of stay, and frequencies of pneumonia, in-
tracranial hemorrhage, and severe cerebral ischemia/cerebral
edema were significantly higher (Table 4).

Thirty-day mortality was significantly higher among females,
those with ASA class 4, procedures performed off-hours,
lower pre-procedural GCS scores, and prolonged time to
extubation (all p<0.001). Anterior circulation location, intra-
cranial hemorrhage, and severe cerebral ischemia/cerebral
edema were also associated with mortality. While pneumo-
nia was not associated with mortality, the hospital stay was
longer among survivors (Table 4).

Logistic regression analyses

Logistic regression analyses revealed that patients with extu-
bation time >24 h had a 41-fold higher likelihood of an un-
favorable mRS score (odds ratio [OR] 41.6; 95% confidence
interval [CI]: 13.7-127.2) and a 26-fold higher likelihood of
30-day mortality (OR 26.8; 95% Cl: 5.9-123.2).

Prolonged time to extubation was independently associated
with a low pre-procedural GCS score (OR 0.68; p<0.001)
and high ASA-PS score (OR 27.96; p=0.002). Each I-point
increase in pre-procedural GCS score reduced the likelihood
of extubation time >24 h by approximately 31% (95% ClI:
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Table 3. Patient comparisons according to time to extubation
Variable Extubation time P
<24 h (n=53) >24 h (n=66)
Age med (IQR) 66 (61-74.5) 76 (65-85) 0.003'
Gender F/M n (%) 16 (32.0)/37 (53.6) 34 (68.0)/32 (46.4) 0.0192
ASA score n (%) <0.0012
ASA 2-3 35(97.2) 1 (2.8)
ASA 4 18 (21.7) 65 (78.3)
Time of procedure n (%) <0.0012
Daytime 34 (82.9) 7(17.1)
Off-hours 19 24.4) 59 (75.6)
Pre-procedural GCS med (IQR) 15 (15-15) 8 (6-11) <0.0012
Occlusion site n (%) 0.0322
Posterior circulation 28 (56.0) 22 (44.0)
Anterior circulation 25 (36.2) 44 (63.8)
Intervention time n (%) <0.0012
<6 h 18 (24.3) 56 (75.7)
>6 h 35 (77.8) 10 (22.2)
Procedure duration (min) (IQR) 50 (35-67.5) 50 (30-70) 0.976'
Anesthesia duration (min) (IQR) 70 (55-90) 67.5 (45-80) 0.474'
ICU admission n (%) 28 (29.8) 66 (70.2) <0.0012
ICU length of stay med (IQR) | (0-1.5) 9 (4-36.5) <0.001'
Hospital length of stay med (IQR) 4 (2-9.5) 15 (5—40) <0.001'
Complications n (%)
Post-procedural pneumonia 5(13.9) 31 (86.1) <0.0012
Post-procedural intracranial hemorrhage 3 (20.0) 12 (80.0) 0.0412
Post-procedural severe cerebral ischemia/edema 2 (16.7) 10 (83.3) 0.040?
mRS med (IQR) 1 (0-2) 6 (5-6) <0.001'
Mortality (30 days) n (%) 2 (5.4) 35 (94.6) <0.0012

'Mann-Whitney U test, 2Chi-square test. SD: Standard deviation; IQR: Indicates interquartile range; F: Female, M: Male; ASA: American Society of Anesthesi-
ologists physical status classification system; GCS: Glasgow Coma Scale; ICU: Intensive care unit; mRS: Modified Rankin Score.

0.571-0.828). In patients with ASA-PS class 4, the likelihood
of extubation >24 h increased by approximately 28-fold (95%
Cl: 3.3-240.5), and the likelihood of pneumonia increased 10-
fold (95% CI: 1.1-100.9) (Table 5).

The goodness-of-fit of the logistic regression model was as-
sessed using the Hosmer—Lemeshow test, which revealed no
evidence of poor model fit (p>0.05).

DISCUSSION

Results of this retrospective study revealed that a time to
extubation exceeding 24 h was an independent risk factor
for unfavorable neurological functional outcomes and 30-
day mortality in patients undergoing MT under GA for acute
stroke. In addition, the development of pneumonia was asso-
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ciated with prolonged time to extubation and poor functional
outcomes but did not affect mortality. These findings indicate
that the timing of post-procedural extubation is an important
determinant of neurological prognosis, mortality, and respira-
tory complications.

However, patients with delayed extubation (>24 h) also had
lower pre-procedural GCS scores, higher ASA-PS classifica-
tions, and a higher incidence of pneumonia, suggesting that
extubation timing may reflect baseline clinical status and
overall disease severity. Although these variables were includ-
ed in the multivariate model, the relatively small sample size
and predominance of unfavorable outcomes in the delayed
extubation group may have contributed to the overestima-
tion of effect size and wide Cls observed. Time to extubation
may also be a surrogate marker of neurological severity rath-
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Table 4. Patient comparisons according to mRS score and 30-day mortality rate

Variable mRS P Mortality P
Favorable Unfavorable Alive Deceased
(n=46) (n=73) (n=82) (n=37)
Age med (IQR) (mean+SD) 66 (60.75-74.25) 76 (64.5-85) 0.001'  687+132  740%137 0053
Sex (n)% 0.0422 <0.0012
Female 14 (28.0) 36 (72.0)  25(50.0)  25(50.0)
Male 32 (46.4) 37 (53.6) 57(82.6) 12(17.4)
ASA class (n) % <0.0012 <0.0012
ASA 2-3 29 (80.6) 7 (19.4) 34 (94.4) 2 (5.6)
ASA 4 17 (20.5) 66 (79.5) 48 (57.8) 35 (42.2)
Time of procedure n (%) <0.0012 <0.0012
Daytime 30 (73.2) Il (26.8) 37 (90.2) 4(9.8)
Off-hours 16 (20.5) 62 (79.5) 45(57.7) 33 (423)
Pre-procedural GCS med (IQR) 15 (15-15) 8 (6.5-11) <0.0012 15 (8-15) 8 (7-11) <0.0012
Occlusion site (n)% 0.0112 0.009?
Posterior Circ 26 (52.0) 24 (48.0) 41 (82.0) 9 (18.0)
Anterior Circ 20 (29.0) 49 (71.0) 41 (59.4) 28 (40.6)
Intervention time (n) % <0.0012 <0.0012
<6 h 15 (20.3) 59 (79.7) 42 (56.8) 32 (43.2)
>6 h 31 (68.9) 14 31.1) 40 (88.9) 5(11.1)
Procedure duration (min) med (IQR) 45 (30-60) 55(30-70)  0.346' 50 (30-70) 50 (30-65)  0.899'
Anesthesia duration (min) med (IQR) 62.5 (48.75-81.25) 70 (45-87.5)  0.820' 70 (45-90) 70 (45-80) 0.542!
Extubation time (n)% <0.0012 <0.0012
<24 h 41 (77.4) 12 (22.6) 51 (96.2) 2 (3.8)
>24 h 5(7.6) 61 (92.4) 31 (47.0) 35 (53.0)
ICU admission (n) % 23 (24.5) 71 (75.5) <0.0012 58 (61.7) 2 36 (38.3) 0.0012
ICU length of stay med (IQR) 0.5 (0-2) 7.5(3-35.75) <0.001' 3(0-215) 5(2-875  0.I78'
Hospital length of stay med (IQR) 3.5 (2-12) 12 (5-37) <0.001' 12 (3-32.25) 5 (2-8.75) 0.005'
Complications n (%)
Post-procedural pneumonia 6 (16.7) 30 (83.3) 0.0012 22 (61.1) 14 (38.9) 0.2262
Post-procedural intracranial hemorrhage 1 (6.7) 14 (93.3) 0.0062 5(33.3) 10 (66.7) 0.003*2
Post-procedural severe cerebral ischemia/ledema 0 (0.0) 12 (100.0) 0.003*2 2 (16.7) 10 (83.3) <0.001#2
*Fisher’s exact test was used. 'Mann—Whitney U test, 2Chi-square test; *Student’s t-test.
er than a directly modifiable causal determinant. Therefore, man et al.l'% showed that prolonged mechanical ventilation
these findings should be interpreted as associations rather (>24 h) was associated with unfavorable functional outcomes
than causal relationships. and 90-day mortality, but reported no additional difference

Adverse effects of prolonged time to extubation on clinical
prognosis have also been demonstrated in previous studies.

in clinical outcomes between early (<6 h) and delayed (624
h) extubation. Raming et al.l'Z reported that late extubation

Fandler-Héfler et al.l'! reported that the time to extubation ~ reduced the likelihood of 90-day functional independence

>24 h was associated with higher 90-day mRS scores in pa- and survival after stroke, and demonstrated that extubation
tients with anterior circulation acute stroke undergoing MT  as soon as possible after the procedure was associated with
under GA, and that early extubation (<6 h) was strongly asso- ~ more favorable prognostic outcomes. These reports support
ciated with better functional outcomes. Similarly, Nikoubash- the findings of the present study. However, our study pre-
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Table 5. Results of multivariable logistic regression analyses

a. Factors affecting the mRS

Variable B coefficient S.E. Wald p OR %95 CI
Constant 0.636 0.285 4.998 0.025 1.890
Time to extubation (ref: <24 h) 3.730 0.569 42.928 <0.001 41.683 13.657-127.222

Age, sex, ASA score, pneumonia, pre-procedural GCS, occlusion site, and time of procedure were included in the model but were not statistically significant.

b. Factors affecting mortality

Variable B coefficient S.E. Wald P OR %95 CI
Constant -1.532 0.388 15.568 <0.001 0.216

Sex (ref: male) 1.448 0.496 8513 0.004 4.254 1.608-11.250
Time to extubation (ref: < 24 h) 3.291 0.777 17.957 <0.001 26.883 5.866—123.209

Age, sex, ASA score, pneumonia, pre-procedural GCS, occlusion site, and time of procedure were included in the model but did not reach statistical signifi-
cance.

c. Factors affecting pneumonia development

Variable B coefficient S.E. Wald p OR %95 CI
Constant -1.853 0.521 12.651 <0.001 0.157

ASA group (ref: ASA 2-3) 2.381 1.139 4.367 0.037 10.817 1.159-100.924
Time to extubation (ref: <24 h) 1.131 0.608 3461 0.063 3.098 0.941-10.199

Age, sex, pneumonia, pre-procedural GCS, occlusion site, and time of procedure were included in the model but did not reach statistical significance.

d. Factors affecting extubation timing

Variable B coefficient S.E. Wald P OR %95 CI
Constant 2.000 1.728 1.339 0.247 7.388

Pre-procedural GCS -0.375 0.095 15.649 <0.001 0.687 0.571-0.828
ASA group (ref: ASA 2-3) 3.331 1.098 9.207 0.002 27.966 3.252-240.472

Age, sex, pneumonia, occlusion site, and time of procedure were included in the model but did not reach statistical significance. S.E: Standard error; OR: Odds

ratio; Cl: Confidence interval; ASA: American Society of Anesthesiologists; GCS: Glasgow Coma Scale.

cludes commentary regarding the effects of different extu-
bation timing within the first 24 h. Unlike previous studies,
this study evaluated anterior and posterior circulation stroke
cases together to enable the assessment of a broader patient

group.

In our study, advanced age, high ASA-PS class, low pre-pro-
cedural GCS scores, procedures performed during off-hours,
post-procedural hemorrhage, and progressive ischemia
were significantly associated with unfavorable neurologi-
cal outcomes and mortality. Beuker et al.l'l demonstrated
a strong association between advanced age and prolonged
mechanical ventilation and prognosis in their study evaluat-
ing long-term outcomes after thrombectomy. Nikoubashman
et al.l' showed that clinical factors, such as age, infarct size,
and pneumonia, were associated with ventilation duration
and had the greatest impact on functional outcome. Popat

et al.l'" reported that the strongest predictors of mortality

968

in patients with acute stroke were age and stroke volume
calculated from radiographic imaging.

In our study, limiting mortality to 30 days and the relatively
small sample size may explain why the association between
age and mortality was not statistically evident. In addition,
due to data limitations potentially related to the frequent
performance of procedures during off-hours, pre-procedural
neurological status was assessed only using the GCS, which
may have limited the evaluation of the relationship between
stroke severity and prognosis. However, in multivariate re-
gression analyses, time to extubation emerged as the stron-
gest determinant of both poor functional outcomes and mor-
tality, independent of these factors.

In addition to time to extubation, female sex was a significant
factor associated with mortality. This finding is consistent with
those of previous studies. Appelros et al.l'""! reported that,
although stroke is more common among men worldwide, it
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tends to be more severe in women, and higher 30-day mortal-
ity rates have been observed among females (24.7% in wom-
en vs. 19.7% in men). Similarly, Reeves et al.l'®! reported that
women experience worse functional outcomes and a lower
quality of life than men after stroke. Previous studies have
also suggested that stroke occurs at an older age in women
and is associated with a higher burden of age-related comor-
bidities, which may contribute to worse outcomes. Although
our study did not include sex-based subgroup analyses, the
number of males was higher. Mortality and adverse functional
outcomes were more frequently associated with female sex.

We found that the frequency of pneumonia was significantly
higher in patients with time to extubation >24 h. However,
in the multivariate analyses, the time to extubation was not
identified as an independent risk factor for pneumonia. Al-
though advanced age, high ASA-PS score, and low pre-pro-
cedural GCS score were associated with the development
of pneumonia, only high ASA score was an independent risk
factor. This suggests that the development of pneumonia may
be more closely related to underlying patient characteristics
than to extubation timing.

Lin et al.l'l reported that a high stroke score was an im-
portant risk factor for early pneumonia (<7 days) in patients
with acute stroke. Several studies have reported that pneu-
monia is strongly related to stroke severity and overall clinical
condition.l'®'”] Teh et al.?! reported that stroke-associated
pneumonia was associated with prolonged hospital stay, poor
functional outcomes at discharge, and increased mortality for
up to | year. In contrast, we observed longer ICU and hos-
pital stays and more frequent unfavorable neurological func-
tional outcomes (MRS score 23) in patients who developed
pneumonia; however, pneumonia was not directly associated
with 30-day mortality. Nevertheless, these findings should be
interpreted with caution. The relatively short follow-up pe-
riod and the limited sample size may have reduced the ability
to detect an association between pneumonia and short-term
mortality. In addition, early mortality in this patient popu-
lation may be more strongly influenced by factors, such as
stroke severity, lower GCS scores, hemorrhagic complica-
tions, cerebral edema, and prolonged mechanical ventilation,
rather than pneumonia itself. Therefore, the absence of a sta-
tistically significant association between pneumonia and 30-
day mortality should not be interpreted as evidence of lack of
prognostic significance.

When factors affecting extubation timing were evaluated,
low pre-procedural GCS and high ASA-PS scores were inde-
pendent determinants of late extubation. This indicates that
delayed extubation may be an expected outcome in patients
with substantial systemic comorbidities and severe neuro-
logical status. Similarly, Lioutas et al.?'! reported significantly
higher rates of extubation failure in patients with severe
stroke. These results suggest that extubation decisions in pa-
tients with acute stroke should consider neurological status,
systemic conditions, and respiratory parameters.
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The present study had several limitations, the first of which
was its retrospective design, which limits causal inferences.
Second, the relatively small sample size may have reduced the
statistical power. In addition, patients with missing baseline
clinical or outcome data were excluded, which may have in-
troduced selection bias and reduced statistical power because
the missing data may not have been randomly distributed.
Third, neurological assessment was limited to the GCS be-
cause standardized stroke severity scores, such as the NIHSS,
were not consistently available in the retrospective records,
likely due to the urgent nature of stroke management and fre-
quent off-hour presentations with limited staffing. Therefore,
GCS, which is the most consistently documented neurologi-
cal assessment parameter; was used.

Finally, due to the difficulty in obtaining long-term follow-up
data in this retrospective study, prognosis was assessed using
the mRS at discharge; as such, our findings should be inter-
preted with caution. However, the results suggest that the
timing of extubation in patients with acute stroke undergoing
MT under GA may be associated with early clinical outcomes.

CONCLUSION

Prolonged time to extubation was associated with unfa-
vorable neurological outcomes and increased mortality in
patients with acute stroke who underwent MT under GA.
However, this relationship should be interpreted with cau-
tion due to potential residual confounding factors related to
stroke severity and overall clinical condition. Nevertheless,
further prospective studies are required to confirm this as-
sociation.
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ORIJINAL CALISMA - 0Z

Genel anestezi alunda mekanik trombektomi uygulanan akut inme hastalarinda
ekstiibasyon zamanlamasinin prognoz iizerindeki etkisi: Retrospektif ¢aligma

AMAC: Akut iskemik inme gegiren ve mekanik trombektomi (MT) ile tedavi edilen hastalarda genel anestezi (GA) sonrasi ekstlibasyon zamanlamasi
onemli bir konudur. Mekanik ventilasyonun uzun siiresi, norokritik bakim alan hastalarda fonksiyonel sagkalimi olumsuz etkileyen bagimsiz bir risk
faktorl olarak kabul edilmektedir. Bu galisma, GA altinda yapilan MT sonrasi ekstiibasyon zamaninin ve pnémoni gelisiminin klinik prognoz tizerin-
deki etkisini degerlendirmistir.

GEREGC VE YONTEM: Bu retrospektif, tek merkezli, gzlemsel calisma, Ocak 2023 ile Mayis 2025 tarihleri arasinda akut iskemik inme nedeniyle
GA altinda MT uygulanan 2 |8 yas hastalari icermistir. Hasta verileri, hastane kayitlarindan retrospek-tif olarak elde edilmis ve gerektiginde hastalarin
yakinlarindan alinan bilgilerle desteklenmistir. Demografik ver-iler, yogun bakim Unitesi ve hastane yatis sireleri, ek komplikasyonlar, taburculukta
nérolojik fonksiyonel du-rum (modifiye Rankin Olgegi [mRS]) ve mortalite incelenmistir. Hastalar, ekstiibasyon zamanlamasi, pnémoni, taburculuk
mRS skoru (0-2, olumly; 36, olumsuz) ve 30 giinliik mortaliteye gore cok degiskenli lojistik re-gresyon analizi kullanilarak degerlendirilmistir.
BULGULAR: Yiz on dokuz hastadan (ortalama yas, 70.3%13.6 yil) elde edilen veriler analiz edildi. Ekstlibasyon siiresi >24 saat olan hastalar
daha yasliydi (p=0.003), islem 6ncesi Glasgow Koma Olgegi (GCS) skorlari daha diisiiktii (p<0.001) ve pnémoni ve 6liim oranlari daha yiiksekti
(p<0.001). Lojistik regresyon analizleri, ekstiibasyon sii-resinin >24 saat olmasinin, olumsuz mRS skoru ve 6lim olasiligini 5nemli dl¢lide artirdigini
ortaya koydu (p<0.001). islem 6ncesi daha diisiik GCS (OR 0.64; p<0.001) ve daha yiiksek Amerikan Anesteziyologlar Dernegi Fiziksel Durum
(ASA-PS) siniflandirmasi (OR 27.966; p<0.002) skorlari, ekstiibasyon siiresini 6nemli dlglide etkiledi. Yiiksek ASA-PS skorunun pnémoni olasiligini
on kat artirdigi bulundu (95% CI 1.1-100.9). Pnémonili hastalarda anlamli derecede daha yiiksek mRS skorlari gézlendi (p<0.001).

SONUC: Akut inme nedeniyle mekanik trombektomi uygulanan hastalarda ekstiibasyon stiresinin norolojik prognozun bozulmasi ve mortalite
tizerinde Gnemli bir etkisi olmasina ragmen, pnémoni gelisimi de olumsuz erken nérolojik fonksiyonel sonuglarla iliskili goriinmektedir.

Anahtar sozclikler: Akut iskemik inme; trombektomi; pnémoni; genel anestezi; prognoz.
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ORIGINAL ARTICLE

Predictors of prolonged hospitalization and inflammation
severity in acute appendicitis: a retrospective cohort study

Ugur Duman, ©® Ulag Karabay, ©® Ahmed Taha

Department of General Surgery, University of Health Sciences, Bursa Yuksek Ihtisas Training and Research Hospital, Bursa- Tiirkiye

ABSTRACT

BACKGROUND: Acute appendicitis remains one of the most common causes of acute abdomen and the leading indication for
emergency abdominal surgery worldwide. Despite advances in imaging and clinical scoring systems, predicting disease severity and
postoperative outcomes at the time of admission remains challenging. Early identification of patients at risk for complicated appendici-
tis or prolonged hospitalization may improve treatment planning and optimize resource utilization. This study evaluated the predictive
value of routinely available inflammatory markers for complicated appendicitis and prolonged hospital length of stay.

METHODS: This retrospective study included adult patients who underwent emergency appendectomy for acute appendicitis be-
tween May 2024 and April 2025. Demographic characteristics, hospital length of stay, surgical and pathological findings, and admission
laboratory parameters were analyzed. Total white blood cell count (WBC-T), C-reactive protein (CRP), neutrophil-to-lymphocyte
ratio (NLR), and left shift (LS) were assessed. Disease severity was classified according to the American Association for the Surgery
of Trauma (AAST) grading system and categorized as uncomplicated or complicated. Hospital stay was classified as regular (<2 days)
or prolonged (>2 days). Independent predictors were identified using univariate and multivariate logistic regression analyses. Receiver
operating characteristic (ROC) analysis and the Youden index were used to determine optimal cut-off values.

RESULTS: A total of 387 patients were included; 24.8% experienced a prolonged hospital stay, and 15.0% had complicated appen-
dicitis. CRP, NLR, and LS were significantly higher in patients with prolonged hospitalization, whereas WBC-T was not. Multivariate
analysis identified elevated CRP as the only independent predictor of prolonged hospital stay (odds ratio [OR]: 1.014, 95% confidence
interval [CI]: 1.010-1.019; p<0.001). A CRP cut-off value of 43.05 mg/L predicted prolonged hospitalization with 59.4% sensitivity and
79.4% specificity (area under the curve [AUC]: 0.728). For complicated appendicitis, elevated CRP (OR: 1.008, 95% CI: 1.005—1.012;
p<0.001) and increased LS (OR: 1.049, 95% CI: 1.012—-1.087; p=0.008) were independent predictors. A CRP cut-off of 27.46 mg/L pre-
dicted complicated appendicitis with 69% sensitivity and 67% specificity (AUC: 0.74), whereas an LS cut-off of 77.61% demonstrated
high sensitivity but limited specificity.

CONCLUSION: Admission CRP is a practical and reliable biomarker for predicting both prolonged hospitalization and complicated
appendicitis. Combined assessment of CRP and left shift may further improve preoperative risk stratification and support clinical
decision-making.

Keywords: Acute appendicitis; appendectomy; C-reactive protein; inflammation; length of stay.

INTRODUCTION is among the most frequently performed emergency surgical
procedures. Acute appendicitis represents a substantial public

Acute appendicitis is one of the most common causes of acute  health burden at both the global and national levels. In 2021,
abdomen and remains the leading indication for emergency the global incidence of acute appendicitis was estimated at
abdominal surgery worldwide. Consequently, appendectomy 214 (174-274) cases per 100,000 population,!"! corresponding
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to |7 million new cases worldwide. In Tiirkiye, the cumulative
incidence has been reported as 123 per 100,000 population
in Istanbul, the country's most populous city, reflecting the
considerable national disease burden./?!

Despite its high prevalence, the diagnosis of acute appendicitis
remains challenging. In particular, the variability and atypical
presentation of symptoms and clinical findings across differ-
ent age groups and patient populations make the decision to
perform an appendectomy challenging.?¥ These diagnostic
challenges contribute to negative appendectomy rates.’! Al-
though several clinical and laboratory-based scoring systems
have been developed to aid diagnosis, their overall accuracy
remains suboptimal.l’! Although numerous diagnostic scoring
systems remain in use, incorporating objective laboratory pa-
rameters has improved their diagnostic performance.’® Ad-
vances in imaging have substantially improved the diagnosis
of acute appendicitis, and computed tomography is now con-
sidered the reference standard for most patients, except in
selected patient populations.!”

An equally important clinical challenge is distinguishing compli-
cated from uncomplicated appendicitis.l'” Accurate prediction
of disease severity at the time of hospital admission based
on clinical findings and imaging can guide treatment planning
and optimize resource utilization. This has become increas-
ingly relevant with the growing adoption of outpatient and
same-day discharge protocols for patients with uncomplicated
appendicitis undergoing appendectomy.l'":'2

This study aimed to evaluate the predictive value of routinely
measured inflammatory markers at hospital admission for
complicated appendicitis and prolonged hospital stay.

Duman et al. Inflammatory markers in acute appendicitis

MATERIALS AND METHODS

This study was approved by the Medical Sciences Ethics Com-
mittee of Bursa Yuksek lhtisas Training and Research Hospi-
tal (Approval Date: 21/05/2025; Approval No. 2024 — TBEK
2025/05-05) and was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

Medical records of patients who presented to the emergency
department of Bursa Yuksek Ihtisas Training and Research
Hospital with abdominal pain and underwent surgery for
acute appendicitis between May |, 2024 and April 30, 2025
were retrospectively reviewed. Patients aged 218 years who
underwent appendectomy on the day of admission following
diagnostic evaluation were included. Patients who were im-
munocompromised, had concomitant infectious conditions
other than appendicitis, or had incomplete medical records
were excluded (Fig. I).

Demographic characteristics, length of hospital stay, opera-
tive findings, pathological findings, admission complete blood
count results, and serum C-reactive protein (CRP) levels
were collected. The total white blood cell count (WBCQC),
neutrophil-to-lymphocyte ratio (NLR), and left shift (LS)
were calculated from the admission complete blood count.

Hospital stays of <2 days were defined as regular, whereas
stays of >2 days were considered prolonged. Disease sever-
ity was classified according to the American Association for
the Surgery of Trauma (AAST) grading system (Table 1).['
Negative appendectomies and AAST grades |-l were catego-
rized as uncomplicated appendicitis, whereas AAST grades
-V were classified as complicated appendicitis. Admission

Patients who underwent appendectomy
for acute appendicitis between May 1
2024, and April 30t, 2025.

(n=425)

>l

Excluded Patients (n =38)
Immunocompromised patients

Patients with infectious diagnoses other than appendicitis

Patients with mcomplete data

(n=2)

n=13)

n=23)

A 4

Patients included in the
retrospective analysis
(n = 387)

Figure 1. Flowchart illustrating patient recruitment.
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Table |I. American Association for the Surgery of Trauma (AAST) grading system for acute appendicitis (source: https://www.aast.
org/trauma-acs-resources/trauma-tools/emergency-general-surgery-anatomic-severity-tables.html)

AAST Description Operative findings Histopathological findings

grade

| Acutely inflamed appendix, intact Acutely inflamed appendix, intact Neutrophilic infiltration at the base of the
crypts and submucosa, with or without

extension into the muscular wall

] Gangrenous appendix, intact Gangrenous appendix, intact Mucosal and muscular wall necrosis;

tissue architecture is not identifiable on
hematoxylin and eosin (H&E) staining
1] Perforated appendix with Perforated appendix with Gross perforation or focal disruption
localized contamination localized contamination of the muscular wall
1\ Perforated appendix with Perforated appendix with periappendiceal Gross perforation
periappendiceal phlegmon or abscess abscess or phlegmon
\ Perforated appendix Perforated appendix with Gross perforation

with generalized peritonitis

generalized purulent contamination

beyond the periappendiceal region

WBC-T, CRP, NLR, and LS values were compared accord-
ing to hospital stay (regular vs. prolonged) and disease se-
verity (uncomplicated vs. complicated). Variables identified
in the univariate analyses were subsequently included in the
multivariable analysis. Independent predictors of prolonged
hospital stay and complicated appendicitis were identified us-
ing logistic regression analysis. Optimal cut-off values for the
independent predictors were determined using receiver op-
erating characteristic (ROC) curve analysis.

Statistical Analysis

Statistical analyses were performed using Statistical Package
for the Social Sciences (SPSS) version 26 (IBM, Chicago, IL,
USA). The normality of continuous variables was assessed
using the Kolmogorov-Smirnov test. Normally distributed
variables are presented as mean * standard deviation. Nor-
mally distributed continuous variables were compared using
the independent-samples t-test. Non-normally distributed
variables were presented as median (minimum—maximum).
Between-group comparisons of non-normally distributed
variables were performed using the Mann—Whitney U test.
Categorical variables were summarized using cross-tabula-
tions. Fisher's exact test was used to calculate p values when
expected cell counts were small. Variables identified in the
univariate analyses were subsequently included in the mul-
tivariable logistic regression models. Results of the logistic
regression analyses are reported as odds ratios (ORs) with
95% confidence intervals (Cls). A p value <0.05 was consid-
ered statistically significant. Optimal cut-off values were de-
termined using ROC curve analysis and the Youden index.

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

RESULTS

A total of 425 patients underwent emergency appendectomy
for acute appendicitis at the Department of General Surgery,
Bursa Yuksek Ihtisas Training and Research Hospital, between
May I, 2024 and April 30, 2025. Thirty-eight patients were
excluded because of immunocompromising conditions (n=2),
concomitant infections other than appendicitis (n=13), or in-
complete medical records (n=23). The remaining 387 patients
were included in the analysis (Fig. 1).

Of the study population, 150 patients (38.76%) were female
and 237 (61.24%) were male. Age distribution did not dif-
fer significantly between the sexes (p=0.282). The length of
hospital stay after appendectomy differed between females
(2 [1-12] days) and males (2 [I-14] days), although the me-
dian length of stay was the same in both groups (p=0.023)
(Table 2). To further investigate this finding, cross-tabulation
and chi-square analyses were performed to evaluate potential
sex-related differences in hospital stay and appendicitis se-
verity. No significant association was observed between sex
and hospital stay duration (p=0.07). Likewise, appendicitis se-
verity did not differ significantly between females and males
(p=0.77) (Table 3).

Patients were categorized according to hospital stay as either
regular (2 days) or prolonged (>2 days). The regular-stay
group included 291 patients (75.19%), whereas 96 patients
(24.81%) had prolonged hospital stays. WBC-T counts did
not differ significantly between the two groups (p=0.303)
(Table 3). However, CRP levels (p<0.001), NLR (p=0.003),
and LS (p=0.006) were significantly higher in patients with
prolonged hospital stays (Table 4).
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Table 2. Patient age and postoperative hospital stay according to gender

n (%) Age (years) p Hospital stay (days) p
Female 150 (38.76) 33 (18-80) 0.282 2 (1-12) 0.02
Male 237 (61.24) 30 (18-81) 2 (1-14)

Age (years) and hospital stay (days) are presented as median (minimum—maximum). Statistical significance was defined as p<0.05.

Table 3. Association of gender with hospital stay duration and appendicitis severity
Hospital stay P Appendicitis severity P
Regular Prolonged Uncomplicated Complicated
(s2 days) (>2 days)
Female
n 105 45 0.07 129 21 0.77
% 70% 30% 86% 14%
Male
n 186 51 200 37
% 78.50% 21.50% 84.40% 15.60%

Chi-square test.

Table 4.

Inflammatory markers according to postoperative hospital stay

Hospital stay

Regular
(s 2 days)

WBC-T (/mm?3) 13,930 (4,270-24,970)

CRP (mg/L) 11.7 (0.11-323)
NLR 5.38 (1.34-30.53)
LS (%) 79.1 (50.69-96.1)

Prolonged P
(>2 days)

13,855 (3,990-29,380) 0.303
67.55 (3.13-541) <0.001
7.39 (0.84-34.79) 0.003

82.68 (41.47-94.62) 0.006

WABC-T: Total white blood cell count; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; LS: Left shift. Data are presented as median (minimum-

maximum). Statistical significance was defined as p<0.05.

Based on pathology reports and appendicitis severity grading,
I3 patients (3.4%) underwent negative appendectomy. Fol-
lowing review of operative findings and pathology reports,
I79 patients (46.3%) were classified as AAST Grade I, 137
(35.4%) as Grade Il, 52 (13.4%) as Grade lll, five (1.3%) as
Grade IV, and one (0.3%) as Grade V. The uncomplicated ap-
pendicitis group consisted of 329 patients (85.01%) including
those with negative appendectomy and AAST Grades | and
Il. The complicated appendicitis group comprised 58 patients
(14.99%) with AAST Grades Il, IV, and V (Table 5).

Patients with complicated appendicitis had significantly higher
WBC-T counts than those with uncomplicated appendicitis
(15341+£4402 vs. 13878+4126/mm3, respectively; p=0.014).
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Similarly, CRP (71.55 [3.13—408.97] vs. 12 [0.11-541] mg/L),
NLR (8.56 [1.48-23.61] vs. 5.56 [0.84—-34.79]), and LS (84.4%
[56%—92.2%] vs. 79.5% [41.47%—-96.1%]) were all significantly
higher in the complicated appendicitis group (p<0.001) (Table
6).

Elevated CRP was identified as an independent predictor of
prolonged hospital stay (OR: 1.014, 95% CI: 1.010-1.019;
p<0.001). The predictive performance of CRP for prolonged
hospital stay was evaluated using ROC curve analysis. The
area under the curve (AUC) was 0.728 (p<0.001). Based on
the Youden index, the optimal cutoff value was 43.05 mg/L,
yielding a sensitivity of 59.4% and a specificity of 79.4% (Fig. 2).
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Table 5. Distribution of patients according to the AAST grading system for acute appendicitis (source: https://www.aast.org/trauma-

acs-resources/trauma-tools/emergency-general-surgery-anatomic-severity-tables.html)

Pathology n (%) n (%)

Negative appendectomy 13 (3.4) 329 (85.01) Uncomplicated
AAST Grade | 179 (46.3)

AAST Grade Il 137 (35.4)

AAST Grade Il 52 (13.4) 58 (14.99) Complicated
AAST Grade IV 5(1.3)

AAST Grade V | (0.3)

Negative appendectomies and AAST Grades |-Il were classified as uncomplicated appendicitis, whereas AAST Grades IlI-V were classified as complicated
appendicitis.

Table 6. Association of inflammatory markers with appendicitis severity
Severity
Uncomplicated Complicated P
WBC-T (/mm?3) 13.878+4.126* 15.341+4402* 0.014
CRP (mg/L) 12 (0.11-541) 71.55 (3.13-408.97) <0.001
NLR 5.56 (0.84-34.79) 8.56 (1.48-23.61) <0.001
LS (%) 79.5 (41.47-96.1) 84.4 (56-92.2) <0.001

WABC-T: Total white blood cell count; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; LS: Left shift. Data are presented as median (range) or
*meantstandard deviation (SD), as appropriate according to the data distribution. Statistical significance was defined as p<0.05.
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Figure 2. Receiver operating characteristic (ROC) curve for pre-
dicting prolonged hospital stay using C-reactive protein (CRP)
levels (AUC: 0.724). The optimal CRP cut-off value for predict-
ing prolonged hospital stay was 43.05 mg/L, with a sensitivity of
59.4% and a specificity of 79.4%, as determined by the Youden
index (J: 0.388). CRP was identified as an independent predictor of
prolonged hospital stay after appendectomy (OR: 1.014, 95% CI:
1.010-1.019; p<0.001).
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Figure 3. Receiver operating characteristic (ROC) curve for pre-
dicting complicated appendicitis using C-reactive protein (CRP)
levels. (AUC: 0.740). The optimal CRP cut-off value for predicting
complicated appendicitis was 27.46 mg/L, with a sensitivity of 69%
and a specificity of 67%, as determined by the Youden index (J:
0.358). CRP was identified as an independent predictor of com-
plicated appendicitis (OR: 1.008, 95% CI: 1.005-1.012; p<0.001).
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Figure 4. Receiver operating characteristic (ROC) curve for pre-
dicting complicated appendicitis using the left shift (LS) ratio.
(AUC: 0.649). The optimal LS cut-off value for predicting compli-
cated appendicitis was 77.61%, with a sensitivity of 82.8% and a
specificity of 45%, as determined by the Youden index (J: 0.277).
Left shift ratio was identified as an independent predictor of com-
plicated appendicitis (OR: 1.049, 95% CI: 1.012-1.087; p=0.008).

Elevated CRP (OR: 1.008, 95% CI: 1.005-1.012; p<0.001)
and increased LS (OR: 1.049, 95% ClI: 1.012-1.087; p=0.008)
were identified as independent predictors of complicated ap-
pendicitis. ROC analysis showed that CRP predicted compli-
cated appendicitis with an AUC of 0.74 (p<0.001). The op-
timal cut-off value was 27.46 mg/L, with a sensitivity of 69%
and a specificity of 67% (Fig. 3). The predictive performance
of LS was also evaluated by ROC analysis, yielding an AUC
of 0.649 (p<0.001). The optimal cut-off value was 77.61%,
corresponding to a sensitivity of 82.8% and a specificity of
45% (Fig. 4).

DISCUSSION

Acute appendicitis remains one of the most common sur-
gical emergencies and the leading indication for emergency
abdominal surgery.l'"¥ In particular, challenges in preoperative
diagnosis'®! and the unpredictability of the clinical course
remain important clinical concerns.l'!! Therefore, this study
aimed to determine whether simple laboratory parameters
available at hospital admission could predict disease severity
and postoperative outcomes in patients with acute appendi-
citis.

In our cohort, males accounted for 61.24% of patients, con-
sistent with previous epidemiological studies reporting a
higher incidence of acute appendicitis in men.['”'8] This sex
difference has been shown to be particularly pronounced
among young adults.l'”) Our findings are therefore consistent
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with the existing literature Diagnosis of appendicitis in wom-
en may be more challenging because gynecologic conditions
often mimic appendicitis, increasing diagnostic complexity
and potentially delaying diagnosis.[*”!

When hospital stay was analyzed as a continuous variable,
the distributions differed between females and males despite
identical median values. When hospital stay was analyzed as
a categorical variable, no significant difference was observed
between females and males. A possible explanation for this
finding is that a portion of the sample clustered in the tail of
the distribution, resulting in outliers. Therefore, the observed
difference in hospital stay duration between sexes should be
interpreted with caution. Overall, the results suggest that
there is no meaningful difference in the length of hospital stay
between the two sexes.?'1 It has been hypothesized that bio-
logical differences between sexes may influence the course
of appendicitis and contribute to prolonged hospital stays.
(221 Similarly, we found no difference in the severity of appen-
dicitis between sexes. Previous studies have suggested that
anatomical and physiological differences, overlapping gyne-
cologic conditions, and delayed diagnosis may contribute to
more severe appendicitis in women.?>2! However, our find-
ings are consistent with reports demonstrating no associa-
tion between sex and appendicitis severity.*]

Comparison of postoperative hospital stay revealed no sig-
nificant difference in WBC-T counts between patients with
regular and prolonged hospitalization. Current evidence
regarding the predictive value of leukocytosis, a well-estab-
lished marker of the immune response to infection, is het-
erogeneous. While some studies suggest that leukocytosis is
not a reliable predictor of hospital stay duration, others have
identified it as an independent risk factor for prolonged hos-
pitalization.[>?¢] These conflicting findings may be explained
by the rapid fluctuations in leukocyte counts®?” and their
susceptibility to various influences, including medication use.
(28 |n contrast, CRP levels (p<0.001), NLR (p=0.003), and LS
(p=0.006) were significantly higher in patients with prolonged
hospital stays, consistent with previous reports. Acute-phase
reactants such as CRP and inflammatory indices such as NLR
are more consistent, albeit non-specific, markers of the in-
flammatory response.! Similarly, complete blood count—de-
rived indices, including the left shift®® and NLR," provide
more stable and objective measures of inflammation than
leukocytosis alone. Elevated levels of these markers likely re-
flect greater inflammatory severity, which may contribute to
prolonged hospital stay.??

Analysis of inflammatory markers for predicting complicated
appendicitis showed that WBC-T, CRP, NLR, and LS were sig-
nificantly higher in patients with complicated appendicitis. Al-
though WBC-T was not a significant predictor of prolonged
hospital stay, its higher levels in complicated appendicitis
suggest that it may indirectly influence hospitalization dura-
tion. However, as discussed previously, the current evidence
regarding its prognostic value remains conflicting, indicating
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that WBC-T is not a sufficiently reliable predictor when used
alone.B¥ Given the greater inflammatory burden associated
with complicated appendicitis, elevated levels of CRP, NLR,
and LS are expected despite their non-specific nature. Al-
though some studies have reported conflicting findings,*
the current evidence largely supports an association between
complicated appendicitis and increased WBC-T,?® CRPE
NLR,?71 and LS.B8

One of the primary aims of this retrospective study was to
identify predictors of prolonged hospital stay. Although sev-
eral inflammatory markers were associated with prolonged
hospitalization, statistical analysis identified only CRP as an
independent predictor (OR: 1.014, 95% CI: 1.010-1.019;
p<0.001). While some studies have suggested that CRP alone
is insufficient to predict hospital stay duration,®! the major-
ity of available evidence supports a positive association be-
tween elevated CRP levels and prolonged hospitalization.?¢32
Therefore, we consider CRP to be an important prognostic
marker. We subsequently evaluated its ability to predict pro-
longed hospital stay and identified an optimal cut-off value
of 43.05 mg/L, with a sensitivity of 59.4% and a specificity of
79.4%. A CRP level above this threshold at hospital admission
may therefore predict prolonged hospitalization, consistent
with previous reports. Similar cut-off values and odds ratios
have been reported across different studies and patient popu-
lations. k041

The second aim of this study was to evaluate the association
between inflammatory markers and complicated appendicitis.
Statistical analysis identified elevated CRP (OR: 1.008, 95%
ClI: 1.005—-1.012; p<0.001) and increased LS (OR: 1.049, 95%
ClI: 1.012-1.087; p=0.008) as independent predictors of com-
plicated appendicitis. The diagnostic value of CRP has been
consistently reported in previous studies,[**! in agreement
with our findings. For CRP, the optimal cut-off value was
27.46 mg/L, with a sensitivity of 69% and a specificity of 67%.
Although higher CRP cut-off values have been reported,!**!
this variability may reflect differences in patient populations
and in the classification criteria used to define complicated
appendicitis. In our study, complicated appendicitis was clas-
sified according to the AAST clinicopathological criteria. Al-
though the identified cut-off value does not provide definitive
diagnostic certainty, it demonstrated moderate diagnostic
accuracy for predicting complicated appendicitis. These find-
ings further support the clinical value of preoperative CRP
measurement at presentation. Similarly, the diagnostic per-
formance of LS in our study was comparable to that report-
ed previously, although the available evidence remains less
extensive than for CRPM The optimal LS cut-off value for
predicting complicated appendicitis was 77.61%, with a sen-
sitivity of 82.8% and a specificity of 45%, indicating moderate
diagnostic performance. Although LS has limited predictive
value when used alone, combining it with CRP may improve
diagnostic accuracy.
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CONCLUSION

Our findings demonstrate that simple inflammatory markers
obtained from routine blood tests at hospital admission, par-
ticularly CRP, provide valuable prognostic information in pa-
tients with acute appendicitis. Elevated CRP was the only in-
dependent predictor of prolonged hospital stay and, together
with LS, independently predicted complicated appendicitis.
The identification of clinically relevant CRP cut-off values
for prolonged hospitalization and complicated appendicitis
further supports its role in preoperative risk stratification.
Although NLR and LS provide additional information, their
predictive value appears limited when used in isolation. In-
corporating preoperative CRP assessment into routine clini-
cal evaluation may facilitate early identification of patients at
increased risk of complications, optimize perioperative man-
agement, and improve clinical outcomes. Prospective multi-
center studies are needed to validate these findings and refine
predictive models.
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ORIJINAL CALISMA - 0Z

Akut appendisitte uzamig hastane yatis1 ve inflamasyon siddetinin gostergeleri:
Retrospektif bir kohort ¢calismasi

AMAC: Akut appendisit, akut karin durumunun en yaygin nedenlerinden birisidir ve diinya ¢apinda acil abdominal cerrahi girisimler igin 6nde
gelen endikasyon olmaya devam etmektedir. Goriintiileme ve klinik skorlama sistemlerindeki ilerlemelere ragmen, hastaneye yatis sirasinda
hastalik sid-detini ve ameliyat sonrasi sonuglari tahmin etmek zor olmaya devam etmektedir. Komplike appendisit veya uzun hastane yatis siiresi
riski taglyan hastalarin erken taninmasi, tedavi planlamasini ve kaynak kullanimini iyilestirebilir. Bu galisma, kolay ulasilabilen gesitli enflamatuvar
belirteglerin komplike appendisit ve uzun hastane yatis siiresi igin prediktif degerini degerlendirmeyi amaglamistir.

GEREC VE YONTEM: Bu retrospektif calisma, Mayis 2024 ile Nisan 2025 tarihleri arasinda akut appendisit nedeniyle acil appendektomi gegiren
yetiskin hastalari verilerini degerlendirmektedir. Demografik veriler; hastanede kalis stiresi, cerrahi ve patolojik bulgular ve yatis sirasindaki laboratu-
var parametreleri analize dahil edilmistir. Toplam I6kosit sayisi (WBC-T), C-reaktif protein (CRP), notrofil-lenfosit orani (NLR) ve sola kayma (LS)
degerlendirilmistir. Appendisit siddeti, American Association for the Surgery of Trauma (AAST) derecelendirme sistemi kullanilarak siniflandirilmig
ve komplike olmayan veya komplike olarak gruplandiriimistir. Hastanede kalis stiresi normal (<2 giin) veya uzun sireli (>2 glin) olarak kategorize
edilmistir. Tek degiskenli ve gok degiskenli lojistik regresyon analizleri ile bagimsiz prediktorleri belirlenmistir. Optimal kestirim degerlerini belirlemek
icin ROC analizi ve Youden indeksi kullanilmistir.

BULGULAR: Analize toplam 387 hasta dahil edildi; %24.8'inde hastanede kalis stiresi uzadi ve %15.0'inde komplike appendisit gorildi. CRP, NLR
ve LS degerleri, hastanede kalis sliresi uzamis hastalarda anlamli derecede daha yiiksekti, WBC-T'de anlamli bir farkliik yoktu. Cok degiskenli analiz,
ylksek CRP'yi hastanede kalis sliresinin uzamasinin tek bagimsiz belirleyicisi olarak tanimladi (OR 1.014, %95 CI 1.010-1.019; p<0.001). 43.05
mg/L'lik bir CRP esik degeri, hastanede kalig stiresinin uzamasini %59.4 duyarlilik ve %79.4 &zgiillikle tahmin etti (AUC 0.728). Komplike appendisit
igin, yliksek CRP (OR 1.008, %95 CI 1.005—-1.012; p<0.001) ve artmug LS (OR 1.049, %95 CI 1.012—1.087; p=0.008) bagimsiz prediktorlerdi. CRP
227.46 mg/L, %69 duyarlilik ve %67 6zgiilliikle (AUC 0.74) komplike appendisiti tahmin ederken, LS 29%77.6| yliksek duyarlilik ancak sinirli 6zgiilltik
gosterdi.

SONUC: Hastaneye yatis sirasinda 6lglilen CRP degeri, hem uzun hastane yatis siiresini hem de komplike appendisit olgularini 5ngérmede degerli
ve pratik bir biyobelirtectir. CRP ve sola kayma degerlerinin birlikte degerlendirilmesi, ameliyat dncesi risk siniflandirmasini iyilestirebilir ve klinik
karar verme siireglerine rehberlik edebilir.

Anahtar sozclikler: Akut appendisit; appendektomi; C-reaktif protein; enflamasyon; hastanede kalis stresi.
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Evaluation of cases admitted to the Pediatric Surgery
Department of the Karadeniz Technical University Faculty

of Medicine Hospital due to abdominal trauma between
2019 and 2022 in terms of child abuse

Haci Seyit Boliikbagi,' © Giiven Seckin Kirci,2 © Erdal Ozer?

"Tunceli Provincial Health Directorate, Tunceli-Ttirkiye
2Department of Forensic Medicine, Karadeniz Technical University Faculty of Medicine, Trabzon- Tiirkiye

ABSTRACT

BACKGROUND: Trauma poses a high risk of mortality and morbidity in the pediatric age group. The preventable nature of a consid-
erable portion of trauma cases in this age group highlights a significant issue. In our study, we aimed to raise awareness about abdominal
injuries resulting from trauma, focusing on the period from 2019 to 2022 and the cases admitted to the Pediatric Surgery Department
at Karadeniz University. We examined cases based on various factors, such as gender, age, origin, injured organ, presence of multiple
traumas, duration of hospital admission, month and year of occurrence, length of hospital stay, physical abuse indicators, presence of
genital injuries, psychiatric history, whether the incident was an accident or a preventable situation, the presumed responsible party,
case type, indicators suggesting neglect, trauma history, vital threat, the presence of bone fractures, and whether simple medical inter-
ventions could address the injuries. Across this examination, we aimed to shed light on the extent and forensic aspects of abdominal
injuries resulting from trauma, fostering awareness regarding child abuse issues.

METHODS: The research has a cross-sectional descriptive study design and was conducted by retrospectively examining the files of
cases that presented with abdominal trauma to the Pediatric Surgery Department of Karadeniz Technical University Faculty of Medi-
cine Hospital between 2019 and 2022. The examination involved both electronic and physical records.

RESULTS: Out of the 64 cases presenting with abdominal trauma, 47 (73.4%) were male, and 17 (26.6%) were female. When exam-
ining the origin distribution, falls from a height were the most common cause, accounting for 25 cases (39.1%); followed by 18 cases
(28.1%) involving bicycle falls. Regarding the distribution of injured organs, it was found that |5 cases (23.4%) had injuries to multiple
abdominal organs, |5 cases (23.4%) had liver injuries, and 12 cases (18.8%) had intra-abdominal free fluid. It was found that 35 cases
(54.7%) were forensic cases. Neglect-indicating signs were identified in 41 cases (64%).

CONCLUSION: Pediatric trauma, including the mechanisms of trauma occurrence and child abuse, is a subject that needs to be
addressed from a forensic medical perspective. Preventive measures for trauma in the pediatric age group should be organized and
reviewed, and healthcare professionals should not forget their legal reporting obligations in cases of forensic traumatic injuries.

Keywords: Child abuse; forensic medicine; traumatic injury.

INTRODUCTION threat to child health, continues to be an important problem
despite advances in preventive measures and emergency and
A significant proportion of trauma cases across all age groups  intensive care services. Childhood trauma remains a critical

consists of childhood trauma. Trauma, which poses a major public health issue, particularly because it is largely preventable.
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Pediatric trauma is currently the leading cause of mortality
among children. Each year; more than 1.5 million children are
injured, and approximately 500,000 of them require hospital-
ization. These injuries result in severe trauma in nearly 25%
of patients under 18 years of age, and an estimated 15,000—
20,000 children die annually due to trauma.l"

In cases of severe pediatric trauma, multisystem injuries occur
in approximately half of the patients, resulting in multi-organ
injury. Blunt trauma in pediatric patients frequently leads to
intra-abdominal organ injuries. Approximately 10% of trauma-
related deaths in children are attributed to abdominal trauma.
Following head and thoracic injuries, abdominal trauma ranks
third among the causes of trauma-related mortality.'! Child-
hood trauma, being largely preventable, constitutes a major
public health concern. A 2008 study conducted by United Na-
tions International Children’s Emergency Fund and the Social
Services and Child Protection Agency revealed that among
children aged 7-18 years in Tiirkiye, 45% were exposed to
physical abuse, 51% to emotional abuse, and 25% to neglect
within the family environment.

In our study, we aimed to raise awareness regarding child
abuse by examining the cases admitted with abdominal trau-
ma to the Pediatric Surgery Department of Karadeniz Tech-
nical University Faculty of Medicine Hospital , between 2019
and 2022.

MATERIALS AND METHODS

The study is a retrospective, cross-sectional, descriptive re-
search. The electronic medical records of 64 patients who
were admitted to the Pediatric Surgery Department of
Karadeniz Technical University Faculty of Medicine Hospital
due to abdominal trauma between 2019 and 2022 (January
01, 2019-December 31, 2022) were reviewed. These 64 cas-
es constituted the study population.

From the patient records, the following variables were ex-
tracted and entered into the data collection form designed
for the study: Sex, age, origin, injured organ, presence of mul-
titrauma, time from injury to hospital admission, month and
year of the incident, length of hospital stay, findings suggestive
of physical abuse, presence of genital injury, psychiatric his-
tory, whether the event was accidental or preventable, the
person believed to be responsible, case type, indicators of
possible neglect, trauma history, presence of life-threatening
injury, bone fractures, and whether the condition could be
managed with simple medical intervention. Descriptive sta-
tistics for the age variable were presented using frequency (n)
and percentage (%). Chi-square analysis was used to compare
variables, such as origin with age, sex, multitrauma, and find-
ings indicative of neglect. Statistical analyses and calculations
were performed using IBM Statistical Package for the Social
Sciences (SPSS) Statistics 26.0 (IBM Corp. Released 2019. The
IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY:
IBM Corp.). Ethical approval for the study was obtained from

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

the Scientific Research Ethics Committee of Karadeniz Tech-
nical University Faculty of Medicine on 24 February 2023,
with decision number 24237859-139. Permission for physical
and electronic archive review was obtained from the Chief
Physician’s Office of Karadeniz Technical University Faculty of
Medicine Hospital.

RESULTS

Of the individuals included in the study, 73.4% were male and
26.6% were female; 14.1% were aged 0-3 years, 17.1% were
4-6 years, 39.1% were 7—11 years, and 29.7% were 12-18
years. Evaluation of the causes of the incidents revealed that
10.9% were due to in-vehicle traffic accidents, 7.8% to non-
vehicle traffic accidents, 39.1% to falls from height, 4.7% to
assault, 4.7% to firearm injuries, 28.1% to bicycle falls, 1.6% to
being trapped under an object, and 3.1% to animal-related in-
juries; no cases involved injuries caused by sharp, penetrating,
or crushing instruments. Regarding organ involvement, 23.4%
of the injuries affected the liver, 14.1% the spleen, 4.7% the
kidney, 1.6% the jejunum, 1.6% the bladder, and 23.4% con-
stituted multiple-organ injuries. Free intraperitoneal fluid was
detected in 18.8% of cases, and 3.1% presented with labora-
tory abnormalities; additionally, 9.4% had no identifiable or-
gan injury. No isolated colon, pancreas, stomach, duodenum,
ileum, or retroperitoneal hematoma injuries were identified.
All cases were assessed for findings suggestive of physical
abuse — including bruises of varying ages, oral injury findings
(frenulum and upper-lip lacerations due to facial trauma, den-
tal avulsions, pulp necrosis, and fractures of teeth, jaw, and
facial bones), burns and fractures suspicious for abuse — and
none of the individuals (n=64, 100%) exhibited any signs of
physical abuse or genital injury. Of the cases, 15.6% were clas-
sified as accidental, 67.2% as preventable, and 17.2% lacked
sufficient information. In the assessment of unsafe in-vehicle
travel, the evaluation focused on whether age-appropriate
safety measures were taken, including child-seat use and the
child’s seating position. Unsafe out-of-vehicle travel consid-
ered whether necessary precautions were taken during pe-
destrian movement. Situations involving unsecured house-
hold items were evaluated based on the presence of objects
that could fall due to child interaction and lead to trauma.
Unsafe play environments included settings, such as balconies,
stair gaps, and large vehicle beds that could cause fall-related
injuries. Failure to restrict access to sharp instruments or
firearms was noted in cases where preventive measures were
lacking. Insufficient supervision during peer interactions was
assessed in situations where the child was in environments or
with individuals that could pose a risk for trauma.

In the category of medical neglect, situations, such as failure
to comply with healthcare professionals’ recommendations
and delays by parents in seeking timely medical care for their
children were taken into consideration. When examining the
distribution of findings suggestive of neglect, 7.8% were re-
lated to unsafe in-vehicle travel, 6.3% to unsafe out-of-vehicle
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Table I. Distribution of findings suggestive of neglect

n %
Unsafe in-vehicle travel 5 7.8
Unsafe travel outside the vehicle 4 6.3
Failure to secure household items | 1.6
Unsafe play environment 26 40.6

Lack of restriction to access sharp objects

and firearms 2 3.1
Inadequate supervision in peer interactions 2 3.1
Medical neglect I 1.6
None 12 18.8
Unknown I 17.2
Total 64 100.0

travel, and 40.6% to unsafe play environments. In 18.8% of the
cases, no findings suggestive of neglect were identified, while
data were unavailable for 17.2% of cases (Table I).

According to Table 2, a statistically significant association was
identified between the origin of the incident and findings sug-
gestive of neglect (p<0.001). Among individuals involved in
in-vehicle traffic accidents, 71.4% had findings indicative of
unsafe in-vehicle travel; 80.0% of those involved in out-of-
vehicle traffic accidents had findings consistent with unsafe
pedestrian travel; 76.0% of individuals who sustained injuries
due to falls from height had findings suggestive of unsafe play
environments; 66.7% of assault victims had no findings in-
dicative of neglect; and 66.7% of firearm-related injury cases
demonstrated failure to restrict access to sharp instruments
or firearms.

Table 3 presents the distribution between age groups and
findings suggestive of neglect. Among individuals aged 0-3
years, 22.2% were involved in unsafe in-vehicle travel, while
44.4% of those aged 0-3 years, 63.6% of those aged 4-6
years, and 52.0% of those aged 7—1 | years were found to be
in unsafe play environments. Among individuals aged 12—-18
years, 42.1% had no findings suggestive of neglect. A statisti-
cally significant association was found between age and find-
ings indicative of neglect (p=0.009).

A statistically significant relationship was also identified be-
tween the origin of the incident and the individual considered
responsible or at fault (p=0.003). In in-vehicle (71.4%) and
out-of-vehicle (80.0%) traffic accidents, as well as in cases of
firearm injury (66.7%), bicycle-related falls (38.9%), entrap-
ment under an object (100.0%), and animal-related injuries
(50.0%), the person suspected or considered responsible was
predominantly a parent. In all assault cases (100.0%), the sus-
pected or responsible individual was determined to be a peer
(Table 4).
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« DISCUSSION
3
o S . . ) o
S Trauma constitutes a major concern in the pediatric age
© group due to its high associated mortality and morbidity. In
o) ) the United States, traumatic injuries in children older than
4 | year result in over 20,000 deaths annually. Following head
c trauma, abdominal injury represents the leading cause of
é g = o—':‘ 2 § mortality.’] The fact that a substantial proportion of trauma
< c = = I o cases in this population is an important issue that warrants
D attention. Due to the insufficient development of awareness,
9 ~ s~ &8 = increased vulnerability to injury, and inadequate parental su-
H o2 S o g [\l .. d . hild . hi
o S < = = pervision and attentiveness, children in this age group are
” @ placed at heightened risk for traumatic events.
§8 < =388 9
T 5 - S o o In our study, among the cases (n=64), 14.1% were between 0
0 =S e
2 45 — © o o and 3 years of age, 17.1% between 4 and 6 years, 39.1% be-

tween 7 and || years, and 29.7% between 12 and |18 years. A
thesis conducted in Ankara that evaluated abdominal trauma
in children, 9.4% of the cases were between 0 and 2 years,
18.3% between 3 and 6 years, 24.9% between 7 and | | years,
and 47.3% between 12 and 18 years.'! In the study by Yasak
et al,P! which examined children who developed solid or-
gan injury following abdominal trauma and presented to the
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s and 23 (41.1%) were between 10 and 15 years. In a thesis

> g study conducted in Erzurum evaluating pediatric trauma

= g —_ TS a cases undergoing forensic assessment, among 1,663 cases,

£ 5 g $88¢ 4.4% (n=74) were in the infancy period (0-2 years), 7.3%

g 2 = +~ 2« (n=121) in the play age group (3—6 years), 13.4% (n=223) in
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the school-age group (711 years), and 74.9% (n=1,245) in
the adolescence period (12—18 years).”? When the age distri-
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9 = — . : . : .
58 g < = s s & bution of our cases is compared with those in the literature,
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g § g 87 = % g % several differences become apparent. These disparities may
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80 D and 26.6% were female, indicating that male patients were ad-
5| % mitted to the Pediatric Surgery ward for abdominal trauma at
S g a rate three times higher than females. In a thesis conducted
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ISHRG ¥ in Ankara evaluating abdominal trauma in children (n=2413),
o o )
E| 8 8 66.7% of the cases were male and 33.3% were female, with
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bl 8w 3 In the study by Durak et al.,’! which examined 58 pediatric
= . . .
ol 83 o | £ patients who presented to the Pediatric Surgery Department
= ™ - - [ . . . .
E = §° go Z i T & 5 with blunt abdominal trauma and had corresponding medico-
legal files, 67% of the cases were male and 33% were female.
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Table 4. Comparison of origin and the accused or allegedly responsible person

Accused or allegedly Parent n (%) Friend n (%) None n (%) Unknown n (%) x2 P
responsible person

Origin

In-vehicle traffic accident 5(71.4) 0 (0.0 0 (0.0 2 (28.6)

Out-of-vehicle traffic accident 4 (80.0) 0 (0.0 0 (0.0) 1 (20.0)

Fall from height 19 (76.0) 0 (0.0) 3 (12.0) 3 (12.0)

Assault 0 (0.0 3 (100.0) 0 (0.0) 0 (0.0)

Firearm injury 2 (66.7) 1 (33.3) 0 (0.0) 0 (0.0) 33.857 0.003*
Fall from bicycle 7 (38.9) 0 (0.0) 6 (33.3) 5(27.8)

Being trapped un-der an object | (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

Animal-related in-jury 1 (50.0) 0 (0.0) | (50.0) 0 (0.0)

*Fisher-Freeman Halton test

Similarly, in Giinal’sl'? study of 304 pediatric patients admit-
ted for blunt trauma, 62% were male and 38% were female.
Akay et al.l''l also reported in their assessment of 328 pedi-
atric trauma cases that 73% were male and 27% were female,
demonstrating a threefold predominance of males.Overall,
research conducted in our country consistently shows that
males in the pediatric age group are more frequently exposed
to trauma. When evaluated in the context of similar studies
in the literature, our findings regarding sex distribution are
consistent and support this predominance of male involve-
ment in traumatic injuries.

When the etiological causes of the cases in our study were
evaluated, it was determined that among the 64 patients, 25
(39.1%) sustained injuries due to falls from height, 18 (28.1%)
due to bicycle falls, 12 (18.7%) due to traffic accidents, and
3 (4.7%) as a result of assault; moreover, 95% of all cases
involved blunt trauma as the underlying mechanism. In a the-
sis study conducted in Ankara evaluating abdominal trauma
in children, the mechanism of trauma in 2,413 cases was
reported as follows: 51.9% traffic accidents, 22.5% assault,
14% falls, and 1.5% bicycle-related falls. It was also found that
93.7% of the cases resulted from blunt trauma.l! In another
thesis study conducted in Erzurum at the Department of Fo-
rensic Medicine, which evaluated pediatric trauma cases sub-
jected to medicolegal assessment, 1,663 cases were analyzed
in terms of origin, revealing that 52.8% were due to assault,
18.4% were traffic accidents, and 3.5% were falls. Regarding
the mechanism of injury, 75.5% of the cases were caused by
blunt trauma.l”! In the study by Yasak et al.! which exam-
ined 70 pediatric patients who developed solid organ injury
following blunt abdominal trauma, the mechanisms were re-
ported as 41.4% falls from height, 35.7% traffic accidents, and
8.5% bicycle accidents. According to the literature, 90-91%
of pediatric trauma cases are attributed to blunt mechanisms,
whereas only 9—10% result from penetrating trauma,!' dem-
onstrating that the trauma mechanisms in our study are con-
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sistent with previously published data. Studies conducted on
medicolegal case archives have shown that the most common
types of forensic cases are assault and traffic accidents.”!¥] In
contrast, in our study, falls from height and bicycle accidents
were identified as the most frequent etiological factors.

In our study, the distribution of injured organs revealed that
23.4% of injuries involved the liver, 14.1% the spleen, 4.7% the
kidney, 1.6% the jejunum, 1.6% the bladder, and 23.4% consti-
tuted multiple organ injuries. In addition, 18.8% of the cases
demonstrated free intra-abdominal fluid, and 3.1% showed
abnormalities in hematologic parameters, while 9.4% of the
patients exhibited no identifiable organ injury. According to
the literature, approximately 95% of abdominal traumas in
children are blunt in nature, most commonly involving the
liver, spleen, kidneys, and small intestine, whereas only about
5% are penetrating injuries, in which the small intestine, liver,
major vessels, and kidneys are most frequently affected.l'’] In
a thesis study conducted in Diyarbakir evaluating childhood
physical trauma cases with medicolegal reports, among 51 pa-
tients with intra-abdominal organ injuries, 37.3% had splenic
injuries and 19.6% had hepatic injuries, indicating that the
spleen and liver were the most commonly affected organs.
[l When assessed in terms of injured organ distribution, the
findings of our study are consistent with those reported in
the literature.

In our study, when the association between trauma origin
and findings suggestive of neglect was examined, it was de-
termined that |9 of the 25 cases involving falls from height
(76%) could potentially be attributed to neglect due to un-
safe play environments (Table 2). In a study conducted among
185 mothers in the province of Kilis, 32.4% reported leaving
their children alone at home, 9.7% reported confining their
children to a room, and emotional abuse/neglect behaviors
were identified in 79.5% of participants. Among the 25 cases
of falls from height in our study, |1 cases (44%) were clas-
sified as medicolegal incidents, whereas 8 cases presenting
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findings suggestive of neglect were not evaluated as medicole-
gal cases.I'""! The World Health Organization (WHO) defines
an accident as “an unexpected event that occurs suddenly
and outside human intent, causing physical or psychological
harm.” Injuries resulting from accidents, particularly those
involving children, constitute a significant public health prob-
lem.l'! In our study, the assessment was based on findings
suggestive of neglect; however, establishing definitive neglect
requires comprehensive social and medicolegal investigations,
after which an informed conclusion can be reached.

When the cases in our study were evaluated in terms of
mechanism of origin and sex, it was found that among the 25
fall-from-height cases, 18 (72%) were male and 7 (28%) were
female. In a study conducted by Fidanci et al.l'’! on individu-
als aged 018 years, 60% of the 210 pediatric fall cases were
reported to be male. Similarly, in the study by Rajagopal et
al.,l'® which evaluated patients presenting to the emergency
department due to falls, 63.7% of the 102 cases were identi-
fied as male. The sex distribution of fall-from-height cases in
our study appears consistent with the findings reported in
the literature.

In our study, findings suggestive of neglect were identified in
41 cases (64%) (Table 1), and no evidence of physical abuse
or genital injury was detected in any case. In a thesis evaluat-
ing blunt trauma cases in the pediatric age group presenting
to the Emergency Department, 8 of the 1,524 cases were
assessed for abuse; among these, | case was diagnosed with
physical abuse, neglect was suspected in | case, 5 cases were
classified as suspected abuse, and abuse was ruled out in |
case.® In a study by Taitz et al.l'”! evaluating long-bone frac-
tures in 100 children under the age of three presenting to the
emergency department, the most common mechanism of in-
jury was falls (79%), and 31 cases were considered suspicious
for abuse; however, only | of these children was referred to
a child protection unit. In the study by Chang et al.,?” among
11,919 pediatric trauma service admissions, child abuse was
identified in 171 cases (1.4%). Given that our study relied
on available medical records to retrospectively assess patient
history and physical examination findings — which may be in-
complete — and considering that most studies on child abuse
in Tirkiye consist of case reports rather than comprehensive
data reflecting the national population, a robust comparison
with the existing literature could not be achieved.

CONCLUSION

Deficiencies in educational environments, insufficient pa-
rental supervision, socioeconomic challenges, ongoing con-
flicts, and migration are factors that increase the likelihood
of children being exposed to traumatic events. Within both
the family environment and the educational setting, parents
and teachers should implement training programs aimed at
enhancing awareness of circumstances and environments in
which children may encounter traumatic situations. For chil-
dren living apart from their families or those without parental

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

care, the level of social support and monitoring should be
strengthened, and necessary preventive measures should be
implemented within the scope of preventive health services.

Although trauma in children does not typically result in death,
it may lead to significant injuries and potentially cause long-
term sequelae. Preventive measures can be implemented par-
ticularly in home and school environments to reduce the risk
of accidental injuries. Such measures include installing protec-
tive covers on sharp-edged household items; storing cutting
and piercing instruments out of children’s reach; placing frag-
ile decorative objects in inaccessible areas; keeping hot food
and beverages away from children; installing safety covers on
electrical outlets; securing cabinets and drawers with locks;
using child safety locks on stairs, windows, balconies, and
doors; anchoring furniture, such as televisions and cabinets
to the wall; securing carpets to prevent slipping; and ensuring
that floors are not left wet. These precautions play a critical
role in minimizing preventable childhood trauma.

In bicycle-related accidents, which children frequently engage
in, the use of protective equipment should be encouraged
to prevent injuries or minimize their severity. Children who
are pedestrians in traffic should receive age-appropriate traf-
fic education beginning as early as possible, and the use of
child safety seats in vehicles should be strictly monitored and
enforced.

The reporting of cases in which child maltreatment is sus-
pected constitutes an ethical, humanitarian, and legal obliga-
tion for all healthcare professionals. Awareness of relevant
risk factors, warning signs, and differential diagnostic consid-
erations can provide a more informed basis for clinical sus-
picion and improve the accuracy of evaluations. Knowledge
of national legal regulations is essential to prevent secondary
victimization and further exposure to abuse; when necessary,
suspected victims may be monitored and protected until an
authorized judicial decision is issued.
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ORIJINAL CALISMA - 0Z

Karadeniz Teknik Universitesi T1p Fakiiltesi Hastanesi Cocuk Cerrahisi Servisine 2019-
2022 yillar1 arasinda batin travmasi nedeniyle kabul edilen olgularin ¢ocuk istismar1
acisindan degerlendirilmesi

AMAC: Travma, pediatrik yas grubunda yliksek 6lim ve hastalik riskine yol agmaktadir. Bu yas grubundaki travma vakalarinin biiyiik bir kisminin
nlenebilir olmasi, dikkate deger bir durumu ortaya koymaktadir. Calismamizda; Karadeniz Teknik Universitesi Tip Fakiiltesi Hastanesi Cocuk
Cerrahi Servisi'ne 2019-2022 yillar arasinda batin travmasi nedeniyle bagvuru yapmis olgularin, cinsiyet, yas, orijin, yaralanan organ, multitravma
varligi, hastaneye gelis siiresi, gerceklestigi ay ve yll, yatis sresi, fiziksel istismar bulgulari, genital yaralanma varligi, psikiyatrik 6zgegmis, olayin kaza
mi onlenebilir bir durum olup olmadigi, sorumlu oldugu dustinilen kisi, vaka tiiri, ihmal disiindiiren bulgular; travma 6zgegmisi, yasamsal tehlike,
kemik kirigi ve basit tibbi miidahale ile giderilip giderilemeyecegi bakimindan inceleyerek, batin travmasi sonucu yaralanmalarin diizeyleri, adli boyutu
ile gocuk istismari konularinda farkindalik yaratmak amaglanmistir.

GEREC VE YONTEM: Arastirmanin yapisi kesitsel tanimlayici bir calisma niteliginde olup, Karadeniz Teknik Universitesi Tip Fakiiltesi Hastanesi
Cocuk Cerrahi Servisi'ne 2019-2022 yillar arasinda batin travmasi nedeniyle basvuru yapmis olgularin dosyalarinin elektronik ve fiziki ortamda
geriye doniik olarak incelenmesi ile yapilmistir.

BULGULAR: Batin travmasi nedeniyle basvuran 64 olgudan 47’sinin (%73.4) erkek, 17’sinin (%26.6) kiz oldugu gorildi. Orijin dagilimlari incelendi-
ginde; 25 (%39.1) olgu ile yliksekten diisme ilk sirada gelirken, 18 (%28.1) olgu ile bisikletten diisme ikinci sirada yer almaktadir. Yaralanan organ da-
giimlarina bakildiginda; 15 (%23.4) olguda birden fazla batin bélgesi organin yaralandigy, 15 (%23.4) olguda karaciger yaralanmasi oldugu, 12 (%18.8)
olguda batinda serbest mayi oldugu saptanmistir. 35 olgunun (54.7) adli vaka oldugu gorildi. 41 olguda (%64) ihmal distindiren bulgu saptandi.
SONUC: Pediatrik travmanin travma olus mekanizmalari ve gocuk istismari, adli tibbi agidan ele alinmasi gereken bir konudur. Pediatrik yas grubu
icin travmayi nleyici tedbirler diizenlenmeli ve gézden gecirilmeli, adli travmatik yaralanmalarda saglik personeli adli bildirim yiikimlGligint unut-
mamalidir.

Anahtar sézcikler: Adli tip; gocuk istismart; travmatik yaralanma.
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From fracture-related injury to surgically modifiable risk: a
trauma-focused bibliometric analysis of craniofacial nerve
injuries

Burak Karip,"? ©® Fatma Ok,"' ® Fulya Temizsoy Korkmaz'

Department of Anatomy, Hamidiye Faculty of Medicine, University of Health Sciences, Istanbul-Tiirkiye
2Council of Forensic Medicine, Ministry of Justice, Istanbul-Tiirkiye

ABSTRACT

BACKGROUND: Craniofacial nerve injuries are a major source of long-term morbidity following maxillofacial trauma, often result-
ing in substantial functional impairment and psychosocial burden. This study aimed to perform a trauma-focused bibliometric analysis
of the evolving research landscape on craniofacial nerve injuries and to determine whether the literature reflects a shift from trauma-
related injury mechanisms toward surgically modifiable risk factors.

METHODS: A bibliometric analysis was conducted using publications indexed in the Web of Science (WoS) Core Collection and
Scopus databases. Articles and reviews were retrieved using predefined trauma-related search terms. The search identified |19 records
in WoS and 449 records in Scopus. Following database integration, duplicate removal, and PRISMA-guided (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) screening, |18 publications were included in the final analysis. Bibliographic data were
evaluated to characterize thematic distribution, temporal trends, and comparative patterns among facial, inferior alveolar, and lingual
nerve injuries. Keyword-based thematic clustering was used to identify major research domains.

RESULTS: Three principal trauma-related anatomical clusters were identified: facial nerve, inferior alveolar nerve, and lingual nerve
injuries. Facial nerve injury emerged as the dominant research theme and was primarily associated with risks related to surgical ap-
proaches and operative management. Inferior alveolar nerve injury was more commonly linked to mandibular fracture patterns and
fixation-related complications, whereas lingual nerve injury, although less frequently studied, demonstrated a disproportionately high
functional impact. Temporal analysis revealed a gradual shift in research emphasis from fracture-driven inferior alveolar nerve injury
toward facial nerve injury as a surgically modifiable risk factor.

CONCLUSION: The findings demonstrate a clear evolution in craniofacial nerve injury research, highlighting the growing impor-
tance of anatomical knowledge and surgical decision-making in optimizing long-term neurological and functional outcomes following
maxillofacial trauma.

Keywords: Bibliometrics; cranial nerve injuries; facial nerve injuries; maxillofacial trauma.

INTRODUCTION resulting damage manifests as somatosensory changes that

profoundly impair functional capacity.'! These changes, rang-
Craniofacial nerve injuries are a significant source of long-  jng from decreased touch sensitivity to chronic neuropathic
term morbidity in patients who sustain maxillofacial trauma.  pain, significantly reduce patients' quality of life and result in

These injuries frequently involve the trigeminal nerve, and the substantial societal costs.*?! The craniofacial nerve network,
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which includes the trigeminal and facial nerves, is particularly
susceptible to injury from various etiologies, including trau-
ma, infection, inflammation, tumors, and iatrogenic factors.[*’]
Although these injuries rarely threaten life in the acute phase,
they can lead to permanent functional loss, aesthetic impair-
ment, and significant psychosocial burden. Because of their
potential for delayed complications and chronic sequelae,
these injuries often require long-term follow-up and manage-
ment by experienced multidisciplinary teams.!!

Injuries involving the facial, inferior alveolar, and lingual nerves,
in particular, have profound effects on facial expression, sen-
sation, speech, and quality of life, underscoring the critical
yet often underemphasized importance of preserving these
nerves in trauma care. Given the complex anatomy of the
trigeminal nerve, injuries to this nerve can cause severe and
frequently debilitating pain; the incidence of post-traumatic
trigeminal neuropathic pain involving the inferior alveolar and
lingual nerves has been reported to range from 0.45% to 70%.
1] Despite this variability, these injuries often result in perma-
nent neurosensory deficits, creating a substantial psychoso-
cial and emotional burden by complicating daily activities such
as eating, drinking, and oral hygiene.

Traditionally, craniofacial nerve injuries in the context of
trauma have been viewed primarily as a direct consequence
of injury severity, fracture pattern, or impact mechanism.
Consequently, neurological deficits have often been regarded
as inevitable sequelae of high-energy trauma associated with
disruption of skeletal integrity. However, given the complex
anatomy of the cranial nerves and surrounding soft tissues,
increasing attention has been directed toward the decisive
role of early and meticulous surgical intervention on func-
tional recovery.l®!

In recent years, the influence of surgical decision-making pro-
cesses—particularly approach selection and understanding
of anatomical risk—on neurological outcomes has become
increasingly evident. For example, the coronal approach has
been shown to preserve nerve integrity by minimizing the
risk of postoperative neural impairment commonly associat-
ed with conventional fracture treatment methods, while also
providing improved access for precise anatomical reduction in
complex facial fractures.[”

Despite this evolving clinical understanding, the trauma litera-
ture addressing craniofacial nerve injuries remains fragment-
ed. This highlights the need for a comprehensive analysis to
identify research trends related to post-traumatic craniofacial
nerve injuries and to reveal critical gaps in the literature.l'
Such an analysis can identify emerging areas of interest by
mapping the knowledge structure of the field and can provide
valuable insights into future research directions and improve-
ments in publication quality.!'"'?

Bibliometric analysis offers a valuable approach for systemati-
cally evaluating research trends, thematic development, and
conceptual priorities. By analyzing objective indicators such as
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publications, citations, and keyword frequencies, bibliometric
methods can elucidate the structure of scientific knowledge
and its evolution over time.['®! This rigorous quantitative ap-
proach enables the analysis of large volumes of literature and
the synthesis of unstructured information within a consistent
framework applicable to both established and emerging fields.
14151 Bibliometric techniques also provide insights into how
a field defines its core problems, directs scientific attention,
and responds to emerging clinical challenges.

In the context of maxillofacial trauma, bibliometric analysis
may help clarify whether craniofacial nerve injury is increas-
ingly perceived as an inevitable consequence of trauma or as
a potentially modifiable condition influenced by surgical strat-
egy. Furthermore, this analytical approach can identify leading
authors, major research themes, and the relationships among
them through a systematic evaluation of the literature.!'

Accordingly, the aim of this study was to perform a trauma-
focused bibliometric analysis of the literature on craniofacial
nerve injuries using data from the Web of Science and Sco-
pus databases. By analyzing thematic distributions, temporal
trends, and comparative patterns among facial, inferior alveo-
lar, and lingual nerve injuries, we sought to characterize the
evolution of the conceptual framework surrounding nerve in-
jury in maxillofacial trauma. Additionally, we assessed wheth-
er the contemporary literature reflects increasing recognition
of surgically modifiable risk factors.

MATERIALS AND METHODS

This study was designed as a trauma-focused bibliometric
analysis aimed at characterizing the anatomical and clinical
evolution of research on craniofacial nerve injuries in the
context of acute maxillofacial trauma. Within this analytical
framework, facial nerve injuries constituted the primary fo-
cus, whereas injuries involving the inferior alveolar and lingual
nerves were examined comparatively to provide additional
context regarding clinical decision-making and functional
outcomes. The analysis aimed to identify clinically relevant
patterns, particularly those related to surgical approach se-
lection, fracture management, and preventable mechanisms
of nerve injury, rather than merely providing a descriptive
overview of the literature.

A comprehensive literature search was conducted using the
Web of Science Core Collection and Scopus databases. The
following search strategy was applied in the Web of Science
Core Collection:

TS = ((“maxillofacial trauma” OR “mandibular fracture”)
AND (“lingual nerve” OR “inferior alveolar nerve” OR “facial
nerve”))

To ensure conceptual consistency, an equivalent search strat-
egy was performed using the TITLE-ABS-KEY field in Scopus.
Both searches were limited to articles and reviews published
in English, with no restrictions on publication year.
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Figure 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram of study selection.

The database search retrieved |19 records from Web of
Science and 449 records from Scopus. Records from both
databases were merged into a single dataset. Duplicate pub-
lications were identified primarily through Digital Object
Identifier (DOI) matching and, when DOI information was
unavailable, through title-based comparison. A total of 71 du-
plicate records were removed during this process.

Study selection was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines adapted for bibliometric research (Fig.
1). During title and abstract screening, publications unrelat-
ed to acute trauma, non-human studies, and records lacking

anatomical relevance were excluded. Publications describing
iatrogenic or implant-related mandibular fractures were re-
tained and explicitly labeled to demonstrate the relationship
between traumatic and procedure-related mechanisms of
nerve injury. Following eligibility assessment, |18 publications
were included in the final bibliometric analysis.

Inclusion criteria comprised peer-reviewed articles and re-
views focusing on craniofacial nerve injuries associated with
maxillofacial trauma. Exclusion criteria included non-human
studies, publications unrelated to trauma-associated nerve
injury, and records lacking anatomical relevance to the cra-
niofacial nerve structures evaluated in this study.

Bibliographic data, including publication year, journal informa-
tion, abstracts, keywords, and cited references, were extract-
ed for each included publication. Bibliometric analyses were
conducted using the combined Web of Science-Scopus data-
set. Additionally, database-specific trends were evaluated to
assess the consistency of thematic patterns across sources.

To strengthen the methodological depth of the study, ad-
ditional bibliometric performance indicators and science-
mapping procedures were applied to the merged dataset.
Citation analysis, source productivity, author productivity,
and country distribution were evaluated descriptively. Net-
work visualization analyses were used to identify keyword
co-occurrence patterns, country collaboration structures,
and co-authorship relationships. For records with complete
metadata available after matching and deduplication, citation-
based indicators, including total citation count and dataset
h-index, were also calculated. These complementary analyses
were performed to enhance the methodological rigor of the
bibliometric evaluation. Network visualizations were gen-
erated using bibliometric mapping techniques implemented
through established tools, including VOSviewer and spread-
sheet-based bibliometric analysis.

Duplicate records were identified primarily through DOI
matching and secondarily through title-based comparison.
Following record harmonization, the final dataset was used
for descriptive bibliometric analysis. Author productivity,
source productivity, and publication-year trends were evalu-
ated across the complete corpus, whereas citation- and
affiliation-based analyses were performed on the metadata-
complete matched subset where appropriate.

Table I. Major themes in trauma-related craniofacial nerve injury research
Nerve Trauma context Clinical focus
Facial nerve Mandibular angle/condylar fractures Surgical approach-related risk

Inferior alveolar nerve

Lingual nerve

Mandibular body fractures

Penetrating trauma/angle injuries

Sensory deficits, fixation-related injury

Functional impairment, neuropathic pain

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8
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Comparative characteristics of facial and inferior alveolar nerve injuries

Feature

Facial nerve injury

Inferior alveolar nerve injury

Predominant association
Relationship to trauma
Typical clinical manifestation

latrogenic contribution Moderate

Surgical approach
Secondary

Motor dysfunction

Mandibular fracture pattern
Primary
Sensory deficit/paresthesia

High (implant-related/fixation-related)

RESULTS

After duplicate removal and eligibility screening, |18 pub-
lications were included in the bibliometric analysis. Across
both databases, studies on trauma-related craniofacial nerve
injuries demonstrated a heterogeneous yet thematically or-
ganized distribution reflecting distinct anatomical and clinical
priorities (Tables | and 2).

Citation analysis of the metadata-complete matched subset
identified a total of 1,366 citations and a dataset h-index of
22. The most highly cited publications primarily focused on
trigeminal nerve injury, post-traumatic neurosensory dys-
function, and mandibular fracture-related nerve deficits (Ta-
ble 3). Source analysis further demonstrated that the Journal
of Craniofacial Surgery was the most productive journal in
the dataset, whereas the Journal of Oral and Maxillofacial
Surgery exhibited the highest citation impact among the lead-
ing sources (Table 4).

Author productivity analysis showed that publication output
was concentrated among a limited number of contributors,
reflecting the presence of a relatively small but active re-
search community in this field (Table 5). Co-authorship map-
ping indicated clustered patterns of collaboration rather than
a broadly interconnected author network, suggesting that
the literature has evolved through several focused research
groups (Fig. 2).

Country distribution analysis indicated that research output
was concentrated in a relatively small number of countries
(Table 6). The country collaboration network demonstrated
the existence of international cooperation, although it was
largely driven by a limited number of recurring collaborative
partnerships (Fig. 3).

Keyword co-occurrence analysis supported the thematic
structure identified in the descriptive review and demon-
strated that the field is organized around three major con-
ceptual domains: facial nerve injury associated with surgical
approach-related risk; inferior alveolar nerve injury associ-
ated with mandibular fractures and fixation-related sensory
disturbances; and lingual nerve injury associated with func-
tional impairment and neuropathic symptoms (Fig. 4).

Thematic analysis identified three principal anatomical cat-
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Figure 2. Co-authorship network of researchers contributing to
the literature on craniofacial nerve injuries associated with maxil-
lofacial trauma. Links represent collaborative relationships among
authors.

Figure 3. Country collaboration network in craniofacial nerve injury
research. Node size represents publication output, whereas link
thickness indicates the strength of collaboration between countries.
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Table 4. Leading journals in the bibliometric dataset ranked by publication output and citation impact

Journal Publications Citations
Journal of Oral and Maxillofacial Surgery 8 360
International Journal of Oral and Maxillofacial Surgery 6 209
Journal of Cranio-Maxillofacial Surgery 6 189
Journal of Craniofacial Surgery 6 112
International Journal of Oral & Maxillofacial Implants 4 92
Quintessence International 3 18
British Journal of Oral & Maxillofacial Surgery 2 40
Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology 2 35
International Journal of Surgery Case Reports 2 13
Oral and Maxillofacial Surgery-Heidelberg 2 13
Journal of Stomatology, Oral, and Maxillofacial Sur-gery 2 9
Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 2 4

Table 5. Leading authors in the bibliometric dataset ranked Table 6. Geographic distribution of publications included in
by publication output the bibliometric analysis
Author Publications Country Publications
Anehosur, V 2 Brazil |
Bagheri, SC 2 United States 10
Brinkmann, |CB 2 India 8
Callahan, N 2 United Kingdom 7
Dhupar, V 2 Iran 5
Haardt, H 2 Japan 4
Hochuli-Vieira, E 2 China 3
Kwok, | 2 France 3
Leps, A 2 Saudi Arabia 3
Luna, AHB 2 Austria 2
Martens, A 2 Germany 2
Martinez-Gonzalez, |M 2 Israel 2

egories related to trauma. Facial nerve injuries represented
the most prevalent topic (Fig. 5), followed by injuries involving
the inferior alveolar and lingual nerves. Publications concern-
ing facial nerve injury predominantly emphasized risks associ-
ated with surgical approaches (Fig. 6). In contrast, inferior
alveolar nerve injuries were more frequently linked to man-
dibular fracture patterns and fixation-related complications.
Although less commonly reported, lingual nerve injuries were
associated with a disproportionately high functional burden.

Comparative analysis showed clear distinctions between fa-
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cial nerve and inferior alveolar nerve injuries. Facial nerve in-
juries were most commonly associated with transbuccal, ex-
traoral, or retromandibular approaches. In contrast, inferior
alveolar nerve injuries were typically related to mandibular
fractures, with sensory disturbance representing the primary
clinical manifestation. Many studies focusing on inferior alveo-
lar nerve injury also addressed iatrogenic and implant-related
fractures.

Temporal trend analysis revealed a gradual shift in research
focus over time. Earlier publications primarily emphasized

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8
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Figure 5. Major thematic categories of trauma-related craniofacial
nerve injury research.

Figure 6. The two curves illustrate a shift from fracture-driven in-
ferior alveolar nerve injury research toward facial nerve injury as a
surgically modifiable risk factor in the maxillofacial trauma litera-
ture.

fracture-related inferior alveolar nerve injuries, whereas
more recent studies increasingly focused on facial nerve in-
juries as a surgically modifiable risk factor. This pattern was
consistently observed across both the Web of Science and
Scopus datasets. Keyword co-occurrence and collaboration
analyses further supported this trend, demonstrating that
contemporary research increasingly clusters around surgically
influenced facial nerve risk and anatomically guided operative
planning (Figs. 2—4).

Keyword-based thematic clustering identified three clinical-
ly meaningful groups: one related to facial nerve injury and
surgical risk; another associated with inferior alveolar nerve
injury and fracture-related sensory deficits; and a third as-
sociated with lingual nerve injury, functional impairment, and
neuropathic pain (Fig. 7).

Cluster 1: Facial Nerve

Surgical approach-related risk Nerve

= facial nerve
= surgical approach

+ transbuccal / extraoral

Cluster 2: Inferior Alveolar

Fracture-driven injury

» inferior alveolar nerve

= mandibular fracture

Cluster 3: Lingual Nerve
High functional impact

=+ lingual nerve

= functional impairment

* neuropathic pain

« iatrogenic injury

+ postoperative complication

« fixation / plating
= paresthesia

= sensory deficit

+ penetrating trauma

= sensory dysfunction

Figure 7. Keyword-based thematic clustering of trauma-related craniofacial nerve injury research.
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DISCUSSION

This bibliometric analysis examined the evolution of research
on craniofacial nerve injuries from a trauma-oriented per-
spective, highlighting a clear shift in both anatomical focus
and clinical interpretation. While facial and trigeminal nerve
injuries have long attracted considerable attention because of
their functional and aesthetic consequences, recent trends in-
dicate increasing interest in other craniofacial nerves, such as
the infraorbital nerve, particularly in the setting of complex
cranio-maxillofacial trauma.l'”'®]

These findings extend beyond publication patterns and reflect
a broader transformation in how nerve injury is conceptual-
ized within maxillofacial trauma care. The analysis suggests
an increasing interdisciplinary focus that moves beyond iso-
lated nerve classifications and considers the broader effects

of nerve injury on patient morbidity and functional recovery.
[10,19]

The additional bibliometric indicators further support this
interpretation. Citation analysis demonstrated that the most
influential publications predominantly addressed trigeminal
nerve dysfunction, post-traumatic sensory deficits, and man-
dibular fracture-related neurosensory outcomes, indicating
that sensory nerve injury has historically shaped the intel-
lectual foundation of the field. At the same time, keyword
and collaboration mapping revealed that contemporary
conceptual organization increasingly emphasizes facial nerve
vulnerability, surgical approach selection, and modifiable op-
erative risk. Collectively, these findings suggest that the field
has evolved from predominantly descriptive injury-focused
research toward a more strategy-sensitive and outcome-ori-
ented framework.

The concentration of publications within a relatively limited
number of journals, countries, and author groups suggests
that craniofacial nerve injury research remains a specialized
niche within the broader maxillofacial trauma literature. This
pattern may partly explain the fragmented structure previ-
ously observed in the field and underscores the need for
broader multicenter and international collaboration in future
research.

One of the most notable observations is the growing recogni-
tion of facial nerve injury within the trauma literature. While
earlier studies largely viewed craniofacial nerve damage as
an unavoidable consequence of fracture severity and injury
mechanism, more recent research highlights facial nerve inju-
ry as a distinct and clinically important complication with sub-
stantial effects on patient morbidity and quality of life.?® This
shift in perspective underscores the importance of accurate
assessment and timely management of facial nerve paralysis in
patients who survive head trauma, particularly because of its
profound influence on self-image, facial appearance, and func-
tional ability.2"! In parallel, recent publications increasingly as-
sociate facial nerve injury with surgical approach selection,
reframing it as a potentially modifiable condition rather than
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an inevitable consequence of trauma. This evolution reflects
a growing appreciation of how awareness of anatomical risk
zones and operative decision-making influence neurological
outcomes. Careful planning of surgical corridors and strategic
use of intraoperative nerve-monitoring systems are increas-
ingly emphasized as measured to preserve facial nerve integ-
rity.?2 This shift also has important implications for clinical
practice. Although facial nerve injury rarely threatens life
during the acute phase of trauma, it is associated with sub-
stantial long-term functional, psychosocial, and medicolegal
consequences. Facial nerve paralysis, in particular, can mark-
edly diminish quality of life due through impaired self-image,
cosmetic deformity, and functional limitations.?'?!

The increasing emphasis on approach-related risks, including
transbuccal and extraoral approaches, further demonstrates
that contemporary trauma care increasingly recognizes the
role of surgical exposure and fixation strategies in nerve pres-
ervation. Within this framework, nerve injury is viewed not
only as an indicator of injury severity but also as a complica-
tion influenced by modifiable operative factors. This evolving
understanding necessitates careful assessment of facial nerve
function following both trauma and intervention to optimize
patient outcomes and minimize potential medicolegal conse-
quences.? Given the complex physiological functions of the
facial nerve, including motor control, lacrimation, salivation,
and taste, the House—Brackmann grading system remains a
widely accepted and reliable method for standardized assess-
ment of facial nerve function.?

In contrast, inferior alveolar nerve injury continues to be
viewed primarily as a fracture-related phenomenon closely
associated with mandibular fracture patterns and fixation-re-
lated factors. However, the frequent occurrence of iatrogenic
and implant-related mandibular fractures within the literature
underscores the persistent overlap between traumatic and
procedure-related mechanisms of nerve injury. Rather than
representing a limitation, this overlap highlights the challenge
of distinguishing trauma from intervention in real-world clini-
cal practice. It further highlights the importance of a compre-
hensive understanding of nerve injury mechanisms. The re-
ported prevalence of inferior alveolar nerve deficits following
mandibular fractures ranges from 5.7% to 58.5%, encompass-
ing both traumatic and iatrogenic causes.?? This broad range
is largely attributable to inconsistencies in diagnostic criteria,
subjective patient reports, and differences in the timing of
neurosensory deficit assessments.**?] For example, postop-
erative neurosensory dysfunction rates ranging from 77.0%
to 91.3% have been reported, whereas permanent deficits
have been observed in 0.9%—45.0% of cases.[*!

The temporal trends identified in this analysis further support
this emerging paradigm. While earlier publications focused on
sensory deficits associated with mandibular fractures, more
recent studies increasingly emphasize the risk of surgically re-
lated facial nerve injury. This shift reflects growing recognition
of iatrogenic factors contributing to neurosensory impair-
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ment, particularly in procedures involving open reduction and
internal fixation.”® These developments parallel advances in
surgical techniques and increasing expectations for functional
preservation, indicating that contemporary trauma manage-
ment is shaped not only by the nature of the injury but also
by the manner in which it is treated. Further complicating this
issue, reported recovery outcomes vary substantially across
studies. Although neurosensory recovery has been reported
in approximately 73.23% of patients, abnormal inferior al-
veolar nerve function persists in up to 23.3% of patients at
one-year follow-up.®?! This variability is compounded by the
absence of standardized methods for assessing inferior alveo-
lar nerve injury and by the use of diverse evaluation method-
ologies.?”)

Finally, the implications of these findings extend beyond aca-
demic mapping and directly influence daily trauma practice.
The increasing focus on surgically modifiable craniofacial
nerve injury risk highlights the importance of anatomical
awareness during acute fracture management. This perspec-
tive is particularly relevant given evidence suggesting that
surgical interventions performed closer to the time of injury
can result in functional sensory improvement in a significant
proportion of patients.l'? From the perspective of trauma
teams, these findings demonstrate that nerve preservation
is not determined solely by injury severity but is also influ-
enced by operative choices made during surgical exposure
and fixation. Consequently, early intervention and meticulous
surgical technique are essential for minimizing post-traumatic
neurosensory deficits and facilitating recovery.®!

Consideration of facial nerve vulnerability during early op-
erative planning may improve long-term functional outcomes
without compromising the priorities or urgency of acute
trauma care. In this context, bibliometric trends reflect a
broader transition toward anatomy-based and outcome-fo-
cused decision-making in contemporary maxillofacial trauma
management. Nevertheless, the lack of consensus regarding
the optimal timing and method of intervention for trigeminal
nerve injuries remains a significant obstacle to the develop-
ment of effective treatment strategies.['”]

Limitations

This study has several limitations. First, the analysis was re-
stricted to publications indexed in the Web of Science Core
Collection and Scopus databases. Although these databases
provide comprehensive coverage and are widely used in bib-
liometric research, relevant studies indexed elsewhere may
not have been captured. Second, bibliometric analyses depend
on the quality and consistency of indexed metadata, includ-
ing keywords and abstracts, which may vary across journals.
Third, the study prioritized clinically meaningful thematic in-
terpretation over detailed quantitative network analysis. Al-
though collaboration networks and keyword co-occurrence
structures were visualized, advanced network metrics such as
citation centrality and cluster modularity were not calculated.
Fourth, iatrogenic and implant-related mandibular fractures
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were retained and explicitly labeled rather than excluded.
Although this approach may have introduced heterogeneity
into the dataset, it reflects the clinical overlap observed in
real-world practice. Finally, bibliometric findings reflect pat-
terns of scientific attention rather than true epidemiological
incidence and should therefore be interpreted accordingly.

An additional limitation is that some advanced bibliometric
indicators depended on metadata completeness after data-
base matching and deduplication. Consequently, citation-,
affiliation-, and keyword-based network analyses were con-
ducted using the metadata-complete matched subset, where-
as publication productivity analyses were based on the entire
final corpus. Although this approach may have influenced the
absolute values of certain bibliometric indicators, it is unlikely
to have affected the overall thematic or interpretive conclu-
sions of the study.

CONCLUSION

This bibliometric analysis demonstrates a clear shift in cra-
niofacial nerve injury research from viewing nerve damage as
an inevitable consequence of trauma toward recognizing it as
a surgically modifiable risk influenced by operative strategy.
In particular, the growing emphasis on facial nerve vulner-
ability highlights the critical role of anatomical awareness and
surgical decision-making in improving long-term functional
outcomes following maxillofacial trauma.

The expanded bibliometric analyses further support the view
that contemporary research increasingly frames craniofacial
nerve injury not only as a consequence of trauma but also
as a clinically relevant and partially modifiable risk shaped by
operative decision-making.
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ORIJINAL CALISMA - 6Z

Kiriga bagli hasardan cerrahi olarak degistirilebilir riski odagina: Kraniyofasiyal sinir
yaralanmalarinin travma odakli bibliyometrik analizi

AMAC: Kraniyofasiyal sinir yaralanmalari, maksillofasiyal travma sonrasinda uzun dénem morbiditenin baslica nedenlerinden biri olup, nemli fonk-
siyonel ve psikososyal sonuglara yol agmaktadir. Bu galismanin amaci, kraniyofasiyal sinir yaralanmalarina iligkin arastirma alaninin zaman igindeki
gelisimini degerlendirmek ve mevcut literatlirde travmaya bagli hasardan cerrahi olarak degistirilebilir riske dogru bir yonelim olup olmadigini ortaya
koymak lzere travma odakli bir bibliyometrik analiz gergeklestirmektir.

GEREGC VE YONTEM: Web of Science [WoS] Core Collection ve Scopus veri tabanlarinda indekslenen yayinlar kullanilarak bir bibliyometrik analiz
yapilmistir. Onceden belirlenmis travma ile iliskili arama terimleri kullanilarak makaleler ve derlemeler taranmistir. Tarama sonucunda WoS'ta | 19,
Scopus’ta 449 yayin elde edilmistir. Veri tabanlarinin birlestiriimesi, tekrar eden kayitlarin ¢ikarilmasi ve PRISMA rehberli tarama stirecinin ardindan
toplam | 18 yayin analize dahil edilmistir. Bibliyografik veriler; tematik dagilim, zamansal egilimler ve fasiyal sinir, inferior alveolar sinir ve lingual sinir
yaralanmalari arasindaki karsilagtirmali riintiileri degerlendirmek amaciyla, anahtar kelime temelli tematik kiimelendirme destegiyle analiz edilmistir.
BULGULAR: Travma ile iligkili ti¢ ana anatomik kiime tanimlanmistir: fasiyal sinir, inferior alveolar sinir ve lingual sinir yaralanmalari. Fasiyal sinir
yaralanmalari baskin tema olarak 6ne gikmis ve agirlikli olarak cerrahi yaklasima bagli risklerle iliskilendirilmistir. Inferior alveolar sinir yaralanmalari
daha gok mandibula kirik paternleri ve fiksasyona bagli komplikasyonlarla baglantili bulunmustur. Lingual sinir yaralanmalari ise daha az siklikla rapor
edilmesine ragmen orantisiz derecede yiiksek fonksiyonel etki gostermistir. Zamansal analiz, kiriga bagl inferior alveolar sinir yaralanmalarindan,
cerrahi olarak degistirilebilir bir risk olarak degerlendirilen fasiyal sinir yaralanmalarina dogru kademeli bir yonelim oldugunu ortaya koymustur.
SONUC: Bulgular, kraniyofasiyal sinir yaralanmalari arastirmalarinda belirgin bir evrimi gostermekte olup, maksillofasiyal travma sonrasi uzun dénem
norolojik ve fonksiyonel sonuglarin iyilestirilmesinde anatomik bilginin ve cerrahi karar verme siireglerinin giderek artan 6nemini vurgulamaktadir.

Anahtar sozclikler: Bibliyometri, fasiyal sinir yaralanmalari, kraniyal sinir yaralanmalari, maksillofasiyal travma.

Ulus Travma Acil Cerrahi Derg 2026;32(8):987-997 DOI: 10.14744/1jtes.2026.46993
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Red cell distribution width and modified 5-item frailty
index to predict short-term mortality in patients
undergoing surgery for hip fracture
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'Department of Emergency Medicine, Bilecik Seyh Edebali University Faculty of Medicine, Bilecik-Ttirkiye
2Department of Orthopedics and Traumatology, Bilecik Training and Research Hospital, Bilecik- Ttirkiye

ABSTRACT

BACKGROUND: Hip fractures (HFs), which are common in the geriatric population and have a high mortality rate, are among the
pathologies frequently encountered in emergency departments (EDs). The aim of this study was to investigate the prognostic value
of red cell distribution width (RDW) and modified 5-item frailty index (mFI-5) scores in the prediction of short-term mortality and
intensive care unit (ICU) admission in patients with HFs.

METHODS: Patients who presented to the ED due to HF between January 01, 2019, and December 31, 2023, were evaluated. Pa-
tients who underwent surgery for femoral neck, intertrochanteric, or subtrochanteric fractures were included in the study. Baseline
demographics (age and sex), comorbidities, ICU admission status, and in-hospital and 30-day mortality rates were recorded. Univariate
and multivariable logistic regression analyses were performed to identify independent predictors of ICU admission and 30-day mortality.

RESULTS: A total of 413 patients undergoing surgical treatment for HFs were included. The mean age of the patients was 801 |
years, and 271 (65.6%) were female. ICU admission was required for 43 patients (10%), while in-hospital and 30-day mortality rates
were 7% (n=30) and 9.9% (n=41), respectively. Multivariable logistic regression analysis identified RDWV as an independent predictor of
both ICU admission (odds ratio [OR] 1.22, 95% confidence interval [CI] 1.05-1.41; p=0.009) and 30-day mortality (OR 1.20, 95% ClI
1.03—1.39; p=0.016). Atrial fibrillation (AF) and Alzheimer’s disease were also identified as independent predictors of ICU admission,
while AF and age independently predicted 30-day mortality. The mFI-5 score did not reach statistical significance in univariate analysis
for either outcome. A predictive model incorporating RDW and other covariates achieved area under the curve values of 0.74 for ICU
admission and 0.70 for 30-day mortality.

CONCLUSION: RDW emerged as an independent predictor of ICU admission and 30-day mortality in surgically managed HF pa-
tients, with improved discriminatory performance when integrated into a multiparametric model. Advanced age, Alzheimer’s disease,
and AF further contribute to increased risk and should be closely monitored in clinical management. These findings support the incor-
poration of RDW into routine emergency risk stratification for this vulnerable population.

Keywords: 30-day mortality; comorbidities; intensive care unit admission; monocyte-lymphocyte ratio; neutrophil-lymphocyte ratio;
systemic immune—inflammation index; systemic inflammation response index.

INTRODUCTION I-month mortality rate of 8% (6.5-9.6%) in HF patients.["

This high early mortality rate is due to major surgical inter-
Hip fractures (HFs) are among the most common causes of & y Y l g

mortality and morbidity following trauma, particularly in geri-
atric individuals. A meta-analysis reported a median (Q1-Q3) in geriatric patients rather than the severity of the trauma.l”

ventions, comorbidities, and diminished physiological reserves
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Such high risk levels emphasize the necessity of biomarkers
and scoring systems that can optimize patient care by identify-
ing intensive care unit (ICU) requirements and mortality risk
at an early stage.

Numerous studies have evaluated various biomarkers and
indices aimed at predicting mortality and morbidity in pa-
tients with HEE*! Among these, red cell distribution width
(RDW), a standardized component of the complete blood
count (CBC), reflects the variability in erythrocyte volume.
RDW levels tend to rise under conditions of inflammation
and oxidative stress, and have been established as prognos-
tic markers in many conditions, such as sepsis, congestive
heart failure (CHF), chronic obstructive pulmonary disease
(COPD), stroke, and oncological diseases. Beyond RDWY, the
literature extensively discusses the neutrophil/lymphocyte
ratio (NLR), monocyte/lymphocyte ratio (MLR), systemic
immuno-inflammation index (SII), and systemic inflammatory
response index (SIRI), all of which are derived from platelet,
neutrophil, lymphocyte, and monocyte values.[**!

Frailty is defined as a state of increased vulnerability resulting
from reduced physiological reserve and an impaired ability to
adapt to stressors with advancing age. The 5-factor modified
frailty index (mFI-5) is a simplified scoring tool derived from
a patient’s comorbidities, developed to predict post-operative
complications and mortality across various surgical popula-
tions.”! Despite its simplicity, its high predictive utility has led
to its widespread adoption in clinical and research settings.

This study aimed to evaluate the prognostic value of RDW,
CBC-derived inflammatory indices, and the mFI-5 score in
predicting short-term mortality and ICU admission require-
ments in patients who presented to the emergency depart-
ment (ED) and underwent surgery for HF.

MATERIALS AND METHODS

In this single-center; retrospective observational study, pa-
tients presenting to the ED with HF and undergoing surgery
between January 0l, 2019, and December 31, 2023, were
evaluated. A total of 413 patients aged 18 years and older
who underwent surgery for femoral neck, intertrochanteric,
or subtrochanteric fractures, and for whom complete medi-
cal records were available, were included in the study. The
exclusion criteria were as follows: Hematological malignancy,
active infection, or known inflammatory disorders. The pa-
tient selection process is summarized in Figure |.

During the data collection process, patient demographics,
such as age and sex, comorbidities, ICU admission status, and
in-hospital and 30-day mortality rates, were recorded. ICU
admission decisions were made by attending anesthesiologists
based on standard clinical criteria, independent of RDW or
mFI-5 values, which were not utilized as ICU admission indica-
tors at our institution. Admission to the ICU was based on
the patient’s clinical status and could occur either pre-opera-
tively or post-operatively. Intertrochanteric femoral fractures

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

for eligibili
1 January 2019 - 31 December 2023
n=434

Excluded (n =21)

Incomplete medical/radiological records ~ (n=7)
N
Active infection or inflammatory disease (0 =8)

Known hematological malignancy (n=6)

Final Analysis Cohort
n=413

Figure 1. Flow diagram of patient selection. Of 434 patients as-
sessed for eligibility, 21 were excluded due to incomplete medi-
cal or radiological records (n=7), active infection or inflammatory
disease (n=8), or known hematological malignancy (n=6). A total of
413 patients were included in the final analysis.

were categorized as either stable or unstable according to the
Evans classification.®! For analytical purposes, surgical tech-
niques were grouped into three categories: intramedullary
nailing (intramedullary nailing, including proximal femoral nail-
ing [PFN]), open reduction and internal fixation (including
cannulated screw fixation and plate fixation), and arthroplasty
(including partial and total hip arthroplasty). Laboratory pa-
rameters were obtained from blood samples collected during
initial ED presentation. As this was a retrospective study, the
precise timing of sampling could not be systematically verified;
all values were derived from the first recorded CBC at admis-
sion. All CBC analyses were performed using the Mindray BC-
760 automated hematology analyzer (Mindray, Shenzhen, Chi-
na) with an institutional reference range for RDWV of | |-16%.

This study received ethical approval from the Non-Inter-
ventional Clinical Research Ethics Committee of the Bilecik
Seyh Edebali University Faculty of Medicine (approval no. 9/4,
dated November 06, 2024).

Calculation of Indices

Laboratory parameters

The patient’s white blood cell, RDW, platelet, neutrophil,
lymphocyte, and monocyte values were obtained from the

CBC. Using these values, the NLR, MLR, SlI, and SIRI were
calculated as follows:

_ Neutrophil
Lymphocyte

MLR = Monocyte
Lymphocyte

Neutrophil x Platelet
Lymphocyte

Sl =

Neutrophil x Monocyte
Lymphocyte

SIRI=

999
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Table I. Baseline demographic and clinical characteristics of the study population by sex

Female (n=271) Male (n=142) Total (n=413) p
Age 8110 78%12 80! | NS
Age 265 years 261 (96) 123 (87) 384 (93) 0.001
Fracture side
Left 135 (50) 73 (51) 208 (50.4) NS
Right 136 (50) 69 (49) 205 (49.6)
Fracture type
Femoral neck 88 (32) 44 (31) 132 (32) NS
Unstable intertrochanteric 107 (40) 50 (35) 157 (38)
Stable intertrochanteric 62 (23) 39 (27) 101 (24.5)
Subtrochanteric Il (4) 8 (6) 19 (4.5)
Reverse obliquity intertro-chanteric 3(I) I (1) 4 (1)
Surgery
Intramedullary nailing | (0.4) 2(1) 3(0.7) NS
Cannulated screw fixation 3(I) 3(2) 6 (1.4)
Partial hip arthroplasty 100 (37) 48 (34) 148 (36)
Proximal femoral nailing 162 (60) 85 (60) 247 (60)
Plate fixation 1 (0.4) - 1 (0.2)
Total hip arthroplasty 4 (1.2) 4 (3) 8 (1.9
ASA score*
| 10 (3.7) 5(3.5) 15 (3.6) NS
2 55 (20.4) 27 (19) 82 (19.9)
3 180 (66.7) 90 (63.4) 270 (65.5)
4 25 (9.3) 20 (14.1) 45 (10.9)
mFI-5 score
0 38 (14) 27 (19) 65 (15.7) NS
| 85 (31.4) 51 (36) 136 (32.9)
2 102 (37.6) 47 (33) 149 (36.1)
3 39 (14.4) 14 (10) 53 (12.8)
4 7 (2.6) 3(2) 10 (2.4)
5 0 (0) 0 (0) 0 (0)
Admission status
Ward 243 (90) 127 (89) 370 (90) NS
ICU 28 (10) I5 (1) 43 (10)
In-hospital mortality
Discharged 253 (93) 130 (92) 383 (93) NS
Deceased 18 (7) 12 (8) 30 (7)
7-day mortality
Alive 267(98.5) 130 (91.5) 397 (96.1 0.001
Deceased 4 (1.5) 12 (8.5) 16 (3.9)
30-day mortality
Alive 249 (91.9) 123 (86.6) 372 (90.1) NS
Deceased 22 (8.1) 19 (13.4) 41 (9.9)

Data reported as number (%) or meanzstandard deviation. Statistical significance was defined as p<0.05. *ASA score was not available for one patient. mFl-5:
Modified 5-item frailty index,. ICU: Intensive care unit, ASA: American society of anesthesiologists, NS: Not significant (p>0.05)
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mFI-5

The mFI-5 score was calculated by assigning one point for
each of the following five comorbidities: Hypertension re-
quiring pharmacological treatment, diabetes mellitus, COPD,
CHF, and non-independent (partially or completely depen-
dent) functional status.”) These points were summed to
obtain a total mFl-5 score ranging from 0 to 5, with higher
scores indicating greater frailty.

Statistical Analysis

Patient characteristics were summarized using descriptive
statistics. Differences in categorical variables (such as frac-
ture side, fracture type, mFl-5 score group, admission status,
mortality variables presented in Table I, and comorbidities
in Table 2) between groups were assessed using Chi-square
tests, and reported as counts (percentages). The normality
of distribution for continuous variables (such as age and labo-
ratory test measurements) was evaluated using the Shapiro—
Wilk test. The Wilcoxon rank-sum test was used for non-
normally distributed variables, while the student t-test was
used to compare continuous variables with a normal distribu-
tion. Continuous numerical variables were expressed as the
meanststandard deviations for normally distributed data, and
as medians (interquartile range) for non-normally distributed
data. Univariate and multivariable logistic regression analyses
were performed to identify independent factors associated
with ICU admission and 30-day mortality. Variables that did
not reach statistical significance in univariate analysis were not
entered into multivariable modeling. Odds ratios (OR) and
corresponding 95% confidence intervals were presented. Re-
ceiver operating characteristic (ROC) analyses derived from
the logistic regression models were performed using the

pROC package.P! Statistical significance was set at P<0.05. Sta-
tistical analyses were conducted with the IBM Statistical Pack-
age for the Social Sciences Statistics for Windows, Version
22.0 (IBM Corp., Armonk, NY, USA), and R version 3.6.1.['

RESULTS

In this study, of the 434 patients undergoing surgery for HF
over a 5-year period, 413 met the inclusion criteria and were
included in the final analysis. The mean age of the patients
was 80x 1| | years, 384 (93%) were aged 65 years or older, and
271 (65.6%) were female. The most common fracture type
was intertrochanteric fracture (n=258, 62.5%), comprising
157 (38%) unstable and 101 (24.5%) stable patterns. Femoral
neck fractures accounted for 32% (n=132) of the total cases.

Regarding surgical procedures, PFN was the most frequently
performed technique (n=247, 60%), followed by partial hip
replacement in 148 patients (36%). A total of 43 patients
(10%) required ICU admission, either pre-operatively or
post-operatively. The mortality rates were as follows: 3.9%
(n=16) within the first 7 days, 7% (n=30) during hospitaliza-
tion, and 9.9% (n=41) at the 30-day follow-up (Table ).

Analysis of comorbidities in relation to ICU admission and
30-day mortality revealed that all patients admitted to the
ICU, and 95% of those who died within 30 days had at least
one comorbidity. When evaluating the prognostic impact of
specific conditions, significantly higher rates of ICU admission
and 30-day mortality were observed in patients with atrial
fibrillation (AF) (Table 2).

Among the clinical and perioperative variables assessed, in-
cluding fracture type, surgical technique, American Society

Table 2. Associations between comorbidities and ICU admission and 30-day mortality

Total ICU admission P 30-day mortality P
n (%) Ward (n=370) ICU Alive Deceased (n=41)
(n=43) (n=372)

Presence of comorbidity 376 (91) 333 (90) 43 (100) 0.02 337 (91) 39 (95) NS
Hypertension 265 (64) 240 (65) 25 (58) NS 242 (65) 23 (56) NS
Diabetes melli-tus 117 (28) 107 (29) 10 (23) NS 106 (29) 11 (27) NS
Congestive heart failure 46 (11) 37 (10) 9 (21) 0.04 42 (1) 4 (10) NS
COPD 75 (18) 62 (17) 13 (30) 0.03 63 (17) 12 (29) NS
Alzheimer’s disease 90 (22) 75 (20) 15 (35) 0.03 78 (21) 12 (29) NS
History of stroke 45 (1) 40 (11) 5(12) NS 38 (10) 7(17) NS
Chronic kid-ney disease 29 (7) 23 (6) 6 (14) NS 24 (7) 5(12) NS
Atrial fibrilla-tion 55 (13) 42 (11) 13 (30) 0.001 43 (12) 12 (29) 0.002
Coronary ar-tery disease 81 (20) 71 (19) 10 (23) NS 70 (19) Il (27) NS

Data reported as number (%). Statistical significance was defined as p<0.05. ICU: Inten-sive care unit, COPD: Chronic obstructive pulmonary disease, NS:

Not significant (p>0.05).
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Table 3. Age, fracture type, surgical technique, ASA score, anesthesia, and laboratory findings in relation to ICU admission and 30-
day mortality
ICU admission p 30-day mortality P
Ward ICU Alive Deceased
(n=370) (n=43) (n=372) (n=41)

Age 7911 839 NS 7911 84+7 0.003

Fracture type (%)
Femoral neck 120 (32) 12 (28) NS 120 (32) 12 (29) NS
Unstable intertro-chanteric 141 (38) 16 (37) 139 (37) 18 (44)
Stable intertrochan-teric 88 (24) 13 (30) 94 (25) 7(17)
Subtrochanteric 18 (5) I (2) 16 (4) 3(7)
Reverse obliquity intertrochanteric 3(I) I (2) 3(I) 1 (2)

Surgery (%)
IMN 222 (60) 28 (65) NS 228 (61) 22 (54) NS
ORIF 7(2) 0 (0) 7(2) 0 (0)
Arthroplasty 141 (38) I5 (35) 137 (37) 19 (46)

ASA score* (%)
| 14 (4) 1(2) NS 13 (4) 2 (5) NS
2 77(21) 5(12) 76 (20) 6 (15)
3 242(66) 28 (65) 243 (65) 27 (66)
4 36(10) 9 (21) 39 (1) 6 (15)

Anesthesia (%)
Femoral block 2 (1) 1 (2) NS 2 (1) 1 (2) NS
General anesthesia 26(7) 4 (9) 27 (7) 3(7)
Spinal anesthesia 342 (92) 38 (88) 343 (92) 37 (90)

Laboratory tests
WBC (x10°/L) 11£3.8 11£4.2 NS 11£3.7 11.1£4.5 NS
Plt (x10°/L) 232476 237+97 NS 233176 233496 NS
RDW (%) 14.5+1.8 15.6+2.4 0.003 14.5+1.8 15.5+£2.7 0.03
Lymphocyte count 1.3+0.7 1.3+0.9 NS 1.3+0.7 4% NS
Neutrophil count 9+3.7 9+4.2 NS 9+3.7 9+4.4 NS
Monocyte count 0.57+0.22 0.6210.36 NS 0.57+0.24 0.60+0.26 NS
NLR 9.2+7.7 9.6£9 NS 9.3+7.9 9+7.5 NS
MLR 0.54+0.37 0.59+0.43 NS 0.55+0.38 0.57+0.39 NS
Sl 218542120 228042211 NS 2216+2171 2004+ 1684 NS
SIRI 5.6+6.2 6x5.7 NS 5.6+6.2 5.8+6 NS

Data reported as number (%) or meanzstandard deviation. Statistical significance was defined as p<0.05. *ASA score was not available for one patient. ICU:
Intensive care unit, IMN: Intramedullary nailing, ORIF: Open reduction and internal fixation, ASA: American society of anesthesiologists, WBC: White blood
cell, Plt: Platelet, RDWV: Red cell distribution width, NLR: Neutrophil/lymphocyte ratio, MLR: Mono-cyte/lymphocyte ratio, Sll: Systemic immuno-inflammation
index, SIRI: Systemic inflammatory response index, NS: Not significant (p>0.05)

of Anesthesiologists score, and anesthesia type, none were
significantly associated with ICU admission or 30-day mor-
tality. Age was significantly associated with 30-day mortality
(84£7 vs. 79x1 1 years; p=0.003) but not with ICU admission.
Of the laboratory parameters evaluated, RDW was the only
parameter to reach statistical significance, with higher values
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observed in patients requiring ICU admission (15.6£2.4 vs.
14.5£1.8; p=0.003) and in non-survivors at 30 days (15.5+2.7
vs. 14.5+1.8; p=0.03). No other blood values or derived in-
flammatory indices reached statistical significance for either
outcome (Table 3).

Univariate and multivariable logistic regression analyses were
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Table 4.  Univariate and multivariable logistic regression models examining the relationship between demographic and clinical vari-
ables, ICU admission and 30-day mortality

ICU admission 30-day mortality

OR (95%) P OR_,; (95%) P OR (95%) P OR_, (95%) P
Age 1.05 (1.01-1.09) 0.02 1.03 (0.99-1.07) 0.16 1.06 (1.02—1.11)  0.004 1.06 (1.02—1.11)  0.009
Sex, Male 1.02 (0.52-1.96) 0.94 = = 1.74 (0.90-3.35) 0.09 = =
Comorbidi-ties
CHF 2.39 (1.01-5.18)  0.04 1.20 (0.43-3.10) 0.72  0.85 (0.25-2.25) 0.77 = =
COPD 2.15(1.03—4.28) 0.03 1.93 (0.874.11) 0.09  2.02 (0.954.10) 0.06 = =
Alzheimer’s disease  2.I1 (1.05—4.10)  0.03 243 (1.13-5.14) 0.03 1.56 (0.74-3.12) 0.23 = -
AF 3.38 (1.60-6.88) 0.001  2.82 (1.14-6.70) 0.02 3.16 (1.46-6.54) 0.002  2.62 (1.19-5.53) 0.0l
RDW 1.27 (1.19—1.45)  0.001 1.22 (1.05-1.41) 0.009 1.23 (1.07-1.42) 0.003 1.20(1.03—-1.39) 0.016
mFI-5 score 1.34 (0.98-1.85) 0.07 = = 1.15 (0.83-1.60) 0.39 = =

OR and P report results of univariate models. ORadj and Padj report results of multivariable models that include variables that were significant in univariate
model analyses. ICU: Intensive care unit, CHF: Congestive heart failure, COPD: Chronic obstructive pulmonary disease, AF: Atrial fibrillation, RDW: Red cell
distribution width, mFI-5: Modified 5-item frailty index. Age, RDW, and mFI-5 are modelled as numeric, whereas comorbidities are modelled as categorical
variables.

&
Patients assessed for eligibility
1 January 2019 — 31 December 2023

n=434

'd ™y
Excluded (n = 21)
Incomplete medical/radiological records (n=7)
Active infection or inflammatory disease (n=8)
Known hematological malignancy (n=6)
- /

Figure 2. Receiver operating characteristic analysis for admission red cell distribution width values in predicting clinical outcomes. (a) In-
tensive care unit admission: Area under the curve (AUC) = 0.640, standard error (SE) = 0.048, 95% confidence interval [Cl]: 0.546-0.733,
p=0.003. (b) 30-day mortality: AUC = 0.606, SE = 0.046, 95% CI: 0.515-0.696, p=0.03

performed to evaluate the clinical and laboratory predictors RDW in the predictive model for ICU admission increased
of outcomes. In the multivariable models, RDW, AF, and Al-  the AUC to 0.74. Similarly, incorporating age and AF along-
zheimer’s disease emerged as independent risk factors for  side RDW in the 30-day mortality model improved the AUC
ICU admission, while RDVY, age, and AF were independently  to 0.70 (Fig. 3).

associated with 30-day mortality (Table 4).

ROC curve analysis revealed that RDW achieved area un- DISCUSSION

der the curve (AUC) values of 0.640 (p=0.003) and 0.606  This study evaluated the predictive value of RDW and mFl-
(p=0.03) for ICU admission and 30-day mortality, respectively 5 for ICU admission and short-term mortality in patients
(Fig. 2). The integration of AF and Alzheimer’s disease with undergoing surgery for HF. Multivariable logistic regression
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ICU admission ROC curve

Sonsi

AUC: 74%

Senstvity

30-day mortality ROC curve

AUC: 70%

Figure 3. Receiver operating characteristic (ROC) analysis for the combined predictive models. (a) Intensive care unit admission model
(red cell distribution width [RDW] + atrial fibrillation [AF] + Alzheimer’s disease): Area under the curve (AUC) = 0.74, 95% confidence inter-
val [Cl]: 0.65-0.81, p<0.001. (b) 30-day mortality model (RDW + AF + age): AUC = 0.70, 95% CI: 0.62-0.79, p<0.001.

analysis demonstrated that RDW independently predicts
both ICU admission and 30-day mortality after adjusting for
age, sex, and relevant comorbidities. The mFl-5 score did
not reach statistical significance in univariate analysis for ei-
ther ICU admission or 30-day mortality, and was therefore
excluded from multivariable modeling. When considered in
isolation, RDW demonstrated modest discriminatory per-
formance, with AUC values of 0.640 for ICU admission and
0.606 for 30-day mortality. However, when combined with
other independent clinical variables — AF and Alzheimer’s
disease for ICU admission, and AF and age for 30-day mor-
tality — the combined models achieved AUC values of 0.74
and 0.70, respectively, representing a clinically meaningful im-
provement in risk stratification. These findings suggest that
RDW is best utilized not as a standalone screening tool, but
as a valuable adjunct marker within a broader multifactorial
risk assessment framework.

Intertrochanteric fractures are among the most prevalent
HF types in elderly and osteoporotic populations,''l a pat-
tern reflected in our cohort (62.5%), consistent with previ-
ously reported rates.' The 30-day mortality rate of 9.9%
in our study falls within the range reported in the literature
(6—15.4%).1'*'¢1 A consistent sex-based disparity in mortality
has been documented across studies, with men facing dis-
proportionately higher early mortality despite lower fracture
incidence.'2!%!71 Although male sex did not emerge as an
independent predictor in our multivariable analysis, the con-
sistently higher observed mortality rates in men suggest that
sex-based differences in outcomes warrant further investiga-
tion.
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Comorbidity burden is well established as a key determi-
nant of post-operative outcomes in HF patients. In a study
conducted by Hamdan et al.l'? cardiovascular disease was
identified as the only comorbidity independently associated
with mortality, whereas Orhan et al.l'®l demonstrated that AF
was specifically linked to higher long-term mortality follow-
ing HF surgery. Our findings corroborate and extend these
observations: In our multivariable analysis, AF emerged as an
independent predictor of both ICU admission (OR 2.82, 95%
ClI 1.14-6.70; p=0.02) and 30-day mortality (OR 2.62, 95% ClI
1.19-5.53; p=0.01), confirming its role as a robust periopera-
tive risk factor. In addition, Alzheimer’s disease was identified
as an independent predictor of ICU admission (OR 2.43, 95%
Cl 1.13-5.14; p=0.03). This finding likely reflects the com-
pounded vulnerability of cognitively impaired patients in the
post-operative period, stemming from impaired physiological
reserve, limited capacity for rehabilitation, and increased sus-
ceptibility to delirium and respiratory complications.

Several CBC-derived inflammatory indices, including NLR,
MLR, SlI, and SIRI, have been proposed as prognostic mark-
ers in HF patients. A study examining HF in patients over 65
years of age demonstrated that NLR and MLR values were
significantly higher among those who died at 30 days and |
year compared with survivors.®! In contrast, none of these
indices — including SII and SIRI — reached statistical signifi-
cance in predicting ICU admission or 30-day mortality in our
cohort, either in univariate comparisons or in multivariable
regression modeling. This discrepancy may be attributable to
the chronic low-grade inflammation (often termed “inflam-
maging”) characteristic of the geriatric population, which can
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reduce the discriminatory capacity of inflammation-based
markers by diminishing the margin between high- and low-
risk individuals. Furthermore, the dynamic and fluctuating
nature of these indices renders single-point measurements at
admission susceptible to confounding by acute physiological
perturbations, such as the surgical stress response, pain, and
fluid shifts occurring in the perioperative setting.

The association between RDW and adverse clinical outcomes
reflects the broader role of this parameter as an integrative
marker of systemic physiological dysregulation. Elevated
RDW is mechanistically linked to chronic low-grade inflam-
mation, oxidative stress, ineffective erythropoiesis, and nutri-
tional deficiencies — pathways that are not only interrelated
but also independently associated with increased mortality
risk, particularly in geriatric populations with a high comor-
bidity burden. Several studies have investigated this relation-
ship specifically in HF patients. Garbharran et al.l'! demon-
strated that RDW independently predicted both 4-month
and |-year mortality, while higher pre-operative RDVV values
were significantly associated with increased 30-day mortality
in surgically managed HF patients.I'*! Diilgeroglu et al.l'¥! ob-
served higher RDW values in non-survivors compared with
survivors, and Hamdan et al.,l'” reported that elevated RDW
was associated with increased 6-month mortality risk, even
in the absence of a statistically significant intergroup differ-
ence.l'? In a cohort restricted to patients over 70 years of
age, RDW was reported as a significant predictor of mortal-
ity, suggesting that its prognostic utility may be particularly
pronounced in the oldest patient subgroups.? Our findings
are consistent with this body of evidence: RDW remained
an independent predictor of both ICU admission (OR 1.22,
95% Cl 1.05-1.41; p=0.009) and 30-day mortality (OR 1.20,
95% CI 1.03—1.39; p=0.016) in multivariable analysis. While
RDW alone demonstrated modest discriminatory perfor-
mance (AUC 0.640 and 0.606, respectively), its integration
into combined clinical models substantially improved predic-
tive accuracy, underscoring its value as an adjunct rather than
a standalone risk marker.

The mFI-5 is a practical comorbidity-based scoring tool that
has been associated with post-operative complications and
prolonged length of stay, though its ability to independently
predict mortality has yielded conflicting results across the
literature. In patients undergoing surgical fixation for thora-
columbar fractures, mFI-5 scores of 2 or higher were associ-
ated with increased 30-day mortality risk, whereas a score
of | conferred no significant excess risk.?'! In HF patients
over 65 years of age, both 30-day and |-year mortality rates
increased progressively with rising mFI-5 scores,!®! a pattern
also observed by Traven et al.”? who reported an overall
mortality rate of 6.6% with a notably lower rate of 3.6% in
patients with an mFI-5 score of 0. In our cohort, mFI-5 did
not reach statistical significance in univariate analysis for ei-
ther ICU admission (OR 1.34, 95% CI 0.98-1.85; p=0.07) or
30-day mortality (OR 1.15, 95% CI 0.83-1.60; p=0.39), and
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was therefore not entered into multivariable modeling. This
is likely attributable to the limited number of patients at the
higher end of the score distribution — only 10 patients had an
mFI-5 score of 24 — which substantially constrains statistical
power for detecting an independent effect.

These findings have practical implications for patient man-
agement and clinical follow-up. RDWV can be integrated with
clinical risk factors, such as AF, Alzheimer’s disease, and age
to identify high-risk patients early and support timely multi-
disciplinary intervention.

This study has several strengths worth acknowledging. The
relatively large patient cohort accumulated over a 5-year pe-
riod enhances the robustness of the findings, while the use of
multivariable logistic regression analysis strengthens the va-
lidity of RDW and comorbidities as independent predictors.
Nevertheless, several limitations should be considered when
interpreting these results. The retrospective single-center de-
sign may introduce heterogeneity in data quality and limits the
generalizability of the results to broader patient populations.
In addition, the inability to determine specific causes of death
precludes a definitive analysis of the underlying pathophysi-
ological mechanisms, particularly for early mortality. Further-
more, the limited number of patients in the higher mFI-5
score categories may have constrained statistical power to
detect an independent predictive effect of this index. These
limitations underscore the need for prospective, multicenter
studies with standardized outcome definitions to validate and
extend the present findings.

CONCLUSION

Early identification of patients at elevated risk for adverse
outcomes remains a critical challenge in the perioperative
management of HF This study demonstrated that RDW,
measured at ED admission, independently predicts both ICU
admission and 30-day mortality in surgically managed HF pa-
tients, and that its predictive performance improves substan-
tially when integrated with other clinical variables, including
AF, Alzheimer’s disease, and age. Advanced age, Alzheimer’s
disease, and AF further contribute to increased risk and
should be closely monitored in clinical management. While
mFI-5 did not reach statistical significance as a predictor in
this cohort, its potential value in larger prospective studies
cannot be excluded. Given its routine availability and ease of
calculation, RDW represents a practical adjunct marker for
rapid risk stratification in the emergency setting. Future mul-
ticenter, prospective studies are warranted to validate and
further define the clinical utility of these parameters.

Ethics Committee Approval: This study received ethical
approval from the Non-Interventional Clinical Research Eth-
ics Committee of the Bilecik Seyh Edebali University Faculty
of Medicine (Date: 06.11.2025, Decision No: 9/4).

Peer-review: Externally peer-reviewed.

1005



Authorship Contributions: Concept: S.D., H.T,; Design:
E.A., K.A,; Supervision: E.A,, K.A_; Resource: S.D., H.T.; Mate-
rials: S.D., E.A., H.T;; Data collection and/or processing: S.D.,
H.T, E.A., K.A,; Analysis and/or interpretation: S.D.; Litera-
ture review: K.A.; Writing: S.D., E.A; Ciritical review: H.T,

K.A.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study

has received no financial support.

REFERENCES

10.

11.

Bui M, Nijmeijer WS, Hegeman JH, Witteveen A, Groothuis-Oud-
shoorn CGM. Systematic review and meta-analysis of preoperative pre-
dictors for early mortality following hip fracture surgery. Osteoporos Int
2024;35:561-74. [CrossRef]

Forget P, Moreau N, Engel H, Cornu O, Boland B, De Kock M, et al.
The neutrophil-to-lymphocyte ratio (NLR) after surgery for hip frac-
ture (HF). Arch Gerontol Geriatr 2015;60:366—71. [CrossRef ]

Zhu XF, Weng HY, Huang SF. Red cell distribution width as a predic-
tor of mortality after hip fracture: a systematic review and meta-analysis.
Eur Rev Med Pharmacol Sci 2023;27:6996-7004.

Pan WG, Chou YC, Wu JL, Yeh TT. Impact of hematologic inflam-
matory markers on the prognosis of geriatric hip fracture: a systematic
review and meta-analysis. Eur ] Med Res 2024;29:609. [CrossRef ]

Fang Z, Gao B, Wang Z, Chen X, Liu M. Association of systemic in-
flammation response index with mortality risk in older patients with hip
fracture: a 10-year retrospective cohort study. Front Med (Lausanne)
2024;11:1401443. [CrossRef ]

Bingol O, Ozdemir G, Kulakoglu B, Keskin OH, Korkmaz I, Kilic E.
Admission neutrophil-to-lymphocyte ratio and monocyte-to-lympho-
cyte ratio to predict 30-day and 1-year mortality in geriatric hip frac-
tures. Injury 2020;51:2663—7. [CrossRef |

Subramaniam S, Aalberg JJ, Soriano RP, Divino CM. New 5-factor
modified frailty index using american college of surgeons NSQIP data.
J Am Coll Surg 2018;226:173-81.¢8. [CrossRef]

Evans EM. The treatment of trochanteric fractures of the femur. | Bone
Joint Surg Br 1949;31B:190-203.

Robin X, Turck N, Hainard A, Tiberti N, Lisacek E Sanchez JC, et al.
pROC: an open-source package for R and S+ to analyze and compare
ROC curves. BMC Bioinformatics 2011;12:77. [CrossRef]

R Core Team. R: A Language and environment for statistical comput-
ing. Vienna, Austria: R Foundation for Statistical Computing; 2019.
Auvailable at: https:/ /www.r-project.org/ Accessed 02 July, 2026.

Adeyemi A, Delhougne G. Incidence and economic burden of intertro-

1006

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Degirmenci, et al. RDW and mFI-5 after hip fracture

chanteric fracture: a medicare claims database analysis. JB JS Open Ac-
cess 2019;4:e0045. [CrossRef]

Hamdan M, Haddad B, Jabaiti M, Alryalat SA, Abdulelah AA, Alabed
SH, et al. Does red cell distribution width predict hip fracture mortality
among the arab population? A single-center retrospective cohort study.
Int ] Gen Med 2021;14:10195-202. [CrossRef ]

Wei-Hsiang H, Zhu Y, Zhang ], Zhang Y. Pretreatment red blood cell
distribution width as an efficient predictor of survival in older patients
undergoing hip fracture surgery. Int J Clin Pract 2021;75:e14791.
[CrossRef]

Diilgeroglu TC, Kurt M, Uziimcigil AO, Yilmaz S, Karaaslan F. Multi-
variate analysis of blood parameters for predicting mortality in patients
with hip fractures. Exp Ther Med 2024;28:414. [CrossRef |

Blanco JE da Casa C, Pablos-Hernindez C, Gonzilez-Ramirez
A, Julidn-Enriquez JM, Diaz-Alvarez A. 30-day mortality after
hip fracture surgery: Influence of postoperative factors. PLoS One
2021;16:e0246963. [CrossRef ]

Khan MA, Hossain FS, Ahmed I, Muthukumar N, Mohsen A. Pre-
dictors of early mortality after hip fracture surgery. Int Orthop
2013;37:2119-24. [CrossRef]

Bajracharya R, Guralnik JM, Shardell MD, Rathbun AM, Yamashita
T, Hochberg MC, et al. Long-term sex differences in all-cause and
infection-specific mortality post hip fracture. ] Am Geriatr Soc
2022;70:2107-14. [CrossRef ]

Orhan AL, Cmar T, Hayiroglu M1, Cigek V, Selcuk M, Dogan S, Asal
S, Yavuz S, Orhan S, Keser N. Atrial fibrillation as a preoperative risk
factor predicts long-term mortality in elderly patients without heart fail-
ure and undergoing hip fracture surgery. Rev Assoc Med Bras (1992)
2021;67:1633-8. [CrossRef]

Garbharran U, Chinthapalli S, Hopper I, George M, Back DL, Dockery
E. Red cell distribution width is an independent predictor of mortality
in hip fracture. Age Ageing 2013;42:258—61. [CrossRef]

Karadeniz S, Yurtbay A. Predicting mortality rate in elderly patients
operated for hip fracture using red blood cell distribution width, neutro-
phil-to-lymphocyte ratio, and Nottingham Hip Fracture Score. Jt Dis
Relat Surg 2022;33:538-46. [CrossRef]

Taghlabi KM, Quaddoura AA, Nisar A, Gupta P, Bhenderu LS, Guer-
rero JR, et al. Modified 5-1tem frailty index: a useful tool for assessing
the impact of frailty on postoperative morbidity and mortality follow-
ing surgical fixation of thoracolumbar fractures. World Neurosurg
2024;187:¢1062-e71. [CrossRef]

Traven SA, Reeves RA, Althoft AD, Slone HS, Walton ZJ. New five-
factor modified frailty index predicts morbidity and mortality in geriat-
ric hip fractures. ] Orthop Trauma 2019;33:319-23. [CrossRef]

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8


https://doi.org/10.1007/s00198-023-06942-0
https://doi.org/10.1016/j.archger.2014.11.008
https://doi.org/10.1186/s40001-024-02211-w
https://doi.org/10.3389/fmed.2024.1401443
https://doi.org/10.1016/j.injury.2020.07.048
https://doi.org/10.1016/j.jamcollsurg.2017.11.005
https://doi.org/10.1186/1471-2105-12-77
https://www.r-project.org/
https://doi.org/10.2106/JBJS.OA.18.00045
https://doi.org/10.2147/IJGM.S343538
https://doi.org/10.1111/ijcp.14791
https://doi.org/10.3892/etm.2024.12703
https://doi.org/10.1371/journal.pone.0246963
https://doi.org/10.1007/s00264-013-2068-1
https://doi.org/10.1111/jgs.17800
https://doi.org/10.1590/1806-9282.20210686
https://doi.org/10.1093/ageing/afs176
https://doi.org/10.52312/jdrs.2022.683
https://doi.org/10.1016/j.wneu.2024.05.045
https://doi.org/10.1097/BOT.0000000000001455

Degirmenci, et al. RDW and mFI-5 after hip fracture

ORIJINAL CALISMA - 6Z

Kalca kir1g1 nedeniyle ameliyat edilen hastalarda kisa vadeli mortaliteyi tahmin etmede
eritrosit dagilim genisligi ve modifiye 5-maddelik kirilganlik indeksi

AMAC: Yasl bireylerde yaygin olarak goriilen ve yiiksek mortaliteye sahip kalca kiriklari, acil servislerde siklikla karsilagilan patolojiler arasindadir. Bu
caligmanin amaci, kalga kingi olan hastalarda kisa dénem mortalite ve yogun bakim tinitesine (YBU) yatis gereksinimlerini tahmin etmede eritrosit
dagiim genisligi (RDW) ve modifiye 5-maddelik kirilganlik indeksi (mFI-5) skorlarinin prognostik degerini arastirmaktir.

GEREGC VE YONTEM: | Ocak 2019 ile 31 Aralik 2023 tarihleri arasinda kalga kirigi nedeniyle acil servise bagvuran hastalar degerlendirildi. Femur
boyun, intertrokanterik veya subtrokanterik kiriklar nedeniyle ameliyat geciren hastalar calismaya dahil edildi. Temel demografik veriler (yas ve
cinsiyet), eslik eden hastaliklar, YBU’ye yatis durumu, hastane-ici ve 30 giinliik mortalite oranlari kaydedildi. YBU'ye yatis ve 30-giinliik mortalitenin
bagimsiz belirleyicilerini tespit etmek igin tek degiskenli ve cok degiskenli lojistik regresyon analizleri yapildi.

BULGULAR: Kalga kirigi nedeniyle ameliyat yapilan toplam 413 hasta incelenmistir. Hastalarin ortalama yasi 801 | yil olup, 271'i (%65.6) kadind.
Kirk tig hasta (%10) YBU'ye yatirilirken, hastane-ici ve 30-giinliik mortalite oranlari sirasiyla %7 (n=30) ve %9.9 (n=41) idi. Cok degiskenli lojistik
regresyon analizi sonucunda RDW hem YBU'ye yatis (OR 1.22, %95 Cl 1.05-1.41; p=0.009) hem de 30-giinliik mortalite orani (OR .20, %95
Cl 1.03-1.39; p=0.016) icin bagimsiz bir 6ngdriicii olarak belirlendi. Atriyal fibrilasyon ve Alzheimer hastaligi YBU’ye yatisin bagimsiz éngoriiciileri
olarak belirlenirken, atriyal fibrilasyon ve yas ise 30-gtinliik mortaliteyi bagimsiz olarak 6ngérdi. mFI-5 skoru, tek degiskenli analizde her iki sonug
icin de istatistiksel olarak anlamliliga ulasmadi. RDW ve diger kovaryatlari igeren bir tahmin modeli, YBU'ye yatis icin 0.74 ve 30 giinliik mortalite
icin 0,70 AUC degerlerine ulasti.

SONUGC: RDW cerrahi olarak tedavi edilen kalga king hastalarinda YBU'ye yatis ve 30 giinlik mortalitenin bagimsiz olarak éngériiclisii olarak
belirlendi ve ¢ok parametreli bir modele entegre edildiginde ayirt edici performansi iyilesti. ileri yas, Alzheimer hastaligi ve atriyal fibrilasyon risk
artisina daha fazla katkida bulunur ve klinik yonetim siirecinde yakindan takip edilmelidir. Bu bulgular, bu hasta grubu icin RDW'nin rutin acil risk
siniflandirmasina dahil edilmesini desteklemektedir.

Anahtar sézciikler: 30 giinlik mortalite; eslik eden hastaliklar; monosit-lenfosit orani; nétrofil-lenfosit orani; sistemik immiin-enflamasyon indeksi; sistemik
inflamasyon yanit indeksi; yogun bakim yatisi.
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CASE REPORT

Retroperitoneal ectopic spleen identified during
emergency laparotomy
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ABSTRACT

An ectopic spleen refers to splenic tissue or lobules located outside the normal anatomical position of the spleen and is most com-
monly found near the splenic hilum. Ectopic splenic tissue is typically found in characteristic anatomical locations but may rarely occur
in atypical sites. Owing to its unusual localization, it can be radiologically mistaken for a variety of tumors. This case is notable because
a large retroperitoneal mass requiring emergency laparotomy was ultimately diagnosed as ectopic splenic tissue. A 44-year-old man
underwent emergency diagnostic laparotomy for acute abdominal symptoms. Preoperative imaging revealed a heterogeneous lesion
medial to the left psoas muscle that was radiologically suggestive of a soft tissue tumor. Intraoperative frozen section examination
demonstrated lymphoid tissue suggestive of splenic origin, and the diagnosis was subsequently confirmed on paraffin sections. His-
topathological evaluation revealed a well-circumscribed nodular lesion composed of follicle-like lymphoid structures and sinusoidal
vascular channels, consistent with ectopic splenic tissue. Unlike most reported cases, which typically occur in women aged 2040 years
and involve lesions measuring 1-3 cm, our patient was male and presented with a retroperitoneal lesion measuring 6.5%3%2.5 cm, an
uncommon presentation. The unusual location and relatively large size of the lesion led to its initial radiological interpretation as a
soft tissue tumor, highlighting the importance of comprehensive radiologic evaluation and histopathological examination for accurate
diagnosis.

Keywords: Ectopic; retroperitoneum; spleen.

INTRODUCTION splenic lobules located outside the normal anatomical posi-

- ) o o tion of the spleen and is most commonly detected incidentally
The spleen may exhibit a variety of anomalies involving its ) o . o
in asymptomatic individuals.”! Ectopic splenic tissue has been

shape, location, size, and number. Although some of these ab-
normalities may be acquired, most are congenital in originll  reported in approximately 10%-30% of the population and

An ectopic or accessory spleen is defined as splenic tissue or may occasionally present with acute abdominal symptoms.F!
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CASE REPORT

A 44-year-old man presented to the emergency department
with left-sided abdominal pain. His medical history was sig-
nificant only for polycythemia. Physical examination revealed
tenderness on deep palpation extending into the left lumbar
region. Laboratory evaluation demonstrated a white blood
cell count (WBC) of 15,000/uL and a hemoglobin level of
19.2 g/dL, while all other biochemical parameters were within
normal limits. Computed tomography (CT) of the abdomen
revealed a 90 x 51 mm lesion adjacent to the left psoas mus-
cle, and further evaluation with magnetic resonance imaging
was recommended (Fig. 1).

The patient was admitted to the general surgery department
for further evaluation and management. Contrast-enhanced
magnetic resonance imaging (MRI) of the upper abdomen
demonstrated a heterogeneous lesion located medial to the
left psoas muscle, measuring 86%x49 mm. The lesion con-
tained macroscopic fat and peripheral fatty components,
exhibited mild hyperintensity on pre-contrast T |-weighted
images, and showed marked contrast enhancement. The dif-
ferential diagnosis included hematoma, abscess, and sarcoma
(Fig. 2). The interventional radiology team was consulted re-
garding ultrasound-guided drainage; however, the procedure
was considered inappropriate.

During hospitalization, the patient's fever and left flank pain
worsened, prompting urgent diagnostic laparotomy. Surgi-
cal exploration revealed a lesion compressing the left psoas
muscle and lumbar plexus. The mass was excised using a com-
bination of sharp and blunt dissection. Given the suspicion of
a malignant mesenchymal tumor or sarcoma, the specimen
was submitted for frozen section examination. Macroscopic
examination of the specimen, measuring 9x7x4 cm, revealed
a well-circumscribed nodular lesion measuring 6.5%3%2.5 cm
that was sharply demarcated from the surrounding adipose tis-
sue. Intraoperative frozen section examination was performed
because of a preliminary diagnosis of sarcoma. The cut surface
of the lesion was pink-tan and soft in consistency (Fig. 3).

Frozen section analysis demonstrated lymphoid tissue sug-
gestive of splenic origin; however, distinction between benign
and malignant processes and definitive diagnosis required
evaluation of paraffin sections.

The patient's left flank pain improved during postoperative
follow-up, and he was discharged without complications on
postoperative day 4.

Following routine fixation in 10% formaldehyde, histopatho-
logical examination of hematoxylin and eosin (H&E)-stained
sections revealed a well-circumscribed, nodular lesion em-
bedded within adipose tissue. The lesion consisted of lym-
phocytes arranged in follicle-like structures together with

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

Figure 1. Computed tomography (CT) image demonstrating the
identified lesion.

vascular channels exhibiting sinusoidal architecture (Fig. 4).

Immunohistochemical staining was performed using antibod-
ies against cluster of differentiation 20 (CD20), CD3, CDI5,
CDI0, CD23, CD30, CD5, CD19, CD79A, paired box pro-
tein 5 (PAX5), B-cell lymphoma 2 (BCL-2), BCL-6, CD34,
CD31, and Ki-67 (Fig. 5). Based on the overall histopatho-

logical findings, a diagnosis of ectopic spleen was established.
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Figure 2. Magnetic resonance imaging (MRI) showing the lesion in question.
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Figure 3. Gross examination showing a soft nodular lesion sharply demarcated from the surrounding adipose tissue.

DISCUSSION dominal symptoms was ultimately diagnosed as ectopic splen-

ic tissue. Retroperitoneal tumors constitute a relatively small
The present case is noteworthy because a retroperitoneal  proportion of abdominal neoplasms but present significant
mass discovered during emergency laparotomy for acute ab- diagnostic and therapeutic challenges owing to their anatomi-
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Figure 4. (a) Splenic tissue composed of follicles of varying sizes
with intervening sinusoidal vascular channels (hematoxylin and eo-
sin [H&E], x40). (b) Splenic tissue showing sinusoidal spaces and
follicles beneath the capsule (H&E, x100).

cal location, size at presentation, and frequently delayed di-
agnosis.[¥! Approximately 75% of retroperitoneal masses are
malignant, with sarcomas representing the most common
histological subtype.’! These lesions often remain clinically
silent until they become large enough to compress adjacent
organs or vascular structures.’)’ Common clinical manifesta-
tions include abdominal pain, distension, and, less frequently,
bowel obstruction. Emergency laparotomy is indicated when
life-threatening complications occur. In patients with retro-
peritoneal tumors, this may be necessary in the setting of
hemodynamic instability, rupture, infection, or significant di-
agnostic uncertainty.

In the present case, we believe that the patient's acute ab-

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8
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Figure 5. Immunohistochemical findings. (a) CD20, (x100). (b)
CD3, (x40). (c) CD23, (x100). (d) CD31, (x100).
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dominal symptoms were caused by compression of the lum-
bar plexus by the retroperitoneal mass, which was initially
suspected to be a sarcoma. This interpretation is supported
by the absence of intra-abdominal pathology at laparotomy
and the lack of evidence of hemorrhage or infection within
the lesion.

The spleen plays a critical role in both hematologic and im-
munologic function. Ectopic splenic tissue results from con-
genital developmental anomalies or ligamentous laxity.[”? Ac-
cessory spleens are most commonly located near the splenic
hilum (approximately 75%), followed by the pancreatic tail
(approximately 20%), with less frequent locations including
the renal and gonadal regions.”®! In cases of wandering spleen,
ligamentous laxity may allow migration of splenic tissue into
the lower abdomen or pelvis.l”) Splenosis implants are often
distributed throughout the peritoneal cavity, including the
abdominal and pelvic peritoneal surfaces.['”? Retroperitoneal
localization of ectopic splenic tissue is exceedingly rare. Al-
though splenosis may theoretically occur in any anatomical
compartment, most reported cases involve intraperitoneal
surfaces. Consequently, reports of retroperitoneal ectopic
spleen or splenosis are limited to isolated case reports.!'®'!]
Therefore, retroperitoneal ectopic splenic tissue should be
considered a rare but important differential diagnosis when
evaluating retroperitoneal masses. Potential complications in-
clude pedicle torsion resulting in ischemia and necrosis, spon-
taneous or traumatic rupture, and splenomegaly.l'” When
such complications occur, patients may present with acute
abdominal symptoms and, in severe cases, hemodynamic in-
stability.l'3]

In our case, since the patient presented with an acute abdo-
men secondary to retroperitoneal sarcoma, we anticipated a
sarcoma-related complication. Further imaging studies were
not obtained because of financial limitations. The patient's
clinical symptoms were attributed to compression of the
lumbar plexus, and the pain resolved within 3—4 weeks post-
operatively.

A review of the literature suggests that reports of ectopic
splenic tissue initially diagnosed as retroperitoneal sarcoma
are exceedingly rare. Ectopic splenic tissue results from con-
genital developmental anomalies or ligamentous laxity.”? Al-
though ectopic spleen is often asymptomatic, it may lead to
life-threatening complications when torsion or rupture oc-
curs.l'" Furthermore, most reported cases involve female
patients and relatively small lesions, whereas our patient was
male and presented with a comparatively large lesion.['>!®]

Radiologically, ectopic splenic tissue may closely mimic soft
tissue tumors. One reported case described a 4.9%3 cm ecto-
pic spleen located within the parietal peritoneum of the right
lower quadrant that was initially interpreted as an abdominal
fibroma on CT imaging.'”! Similarly, the lesion in our patient
was initially interpreted as a sarcoma on radiological imag-
ing. Because of their atypical location, ectopic spleens may
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be mistaken for soft tissue tumors. Therefore, in addition
to ultrasonography and CT, 99mTc-nanocolloid scintigraphy,
which is more specific for detecting accessory splenic tissue,
may be considered as part of the diagnostic work-up.”?

In the literature, intraoperative frozen section examination
has been performed in cases in which an abdominal fibroma
of the parietal peritoneum or a solid pseudopapillary tumor
of the pancreatic tail was suspected. In both cases, the pres-
ence of sinusoidal channels and lymphoid tissue on histo-
morphological examination led to the diagnosis of ectopic
splenic tissue.l'”'® Similarly, intraoperative frozen section ex-
amination in our case revealed lymphoid tissue suggestive of
splenic origin. The characteristic encapsulated architecture,
lymphoid follicles, and splenic sinusoids are often identifiable
on frozen sections, aiding intraoperative diagnosis.

CONCLUSION

Although the retroperitoneum is a common site for sar-
comas, ectopic splenic tissue should also be considered in
the differential diagnosis of retroperitoneal masses. Because
ectopic spleen may closely mimic mesenchymal tumors on
imaging studies, diagnostic modalities capable of demonstrat-
ing splenic tissue characteristics may improve preoperative
identification. Histomorphologically, recognition of splenic
sinusoids is an important clue to the diagnosis of ectopic
splenic tissue.
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OLGU SUNUMU - 0Z

Acil laparotomi sirasinda retroperitoneal bolgede saptanan ektopik dalak

Ektopik dalak, normal dalagin disinda bulunan ve genellikle dalak hilusuna yakin konumda yer alan dalak dokusu veya lobiillerini ifade eder. Ekto-
pik dalak genellikle karakteristik anatomik bolgelerde gozlenmekle birlikte, nadiren atipik lokalizasyonlarda da goriilebilir. Bu olagandisi yerlesim
nedeniyle radyolojik olarak gesitli timérlerle karistirilabilmektedir. Bu olgu, biiylk bir retroperitoneal kitle nedeniyle acil laparotomi gerektirmesi
ve sonugta ektopik dalak tanisi almasi nedeniyle dikkat gekicidir. Bu olgu sunumunda, akut karin agrisi nedeniyle acil tanisal laparotomi uygulanan
44 yasindaki bir erkek hasta sunulmaktadir. Ameliyat 6ncesi goriintiileme, sol psoas kasinin medialinde, radyolojik olarak yumusak doku timaoriini
diistinduiren heterojen bir lezyon ortaya koymustur. Ameliyat sirasinda degerlendirilen frozen kesit, dalak kokenini diistindiiren lenfoid dokuyu gos-
termis, kesin tani ise daha sonra parafin kesitlerde dogrulanmistir. Histopatolojik degerlendirmede, ektopik dalak dokusuyla uyumlu, folikiil benzeri
lenfoid yapilar ve sinlizoidal vaskdler kanallardan olusan, iyi sinirli nodller bir lezyon saptanmistir. Literatirde bildirilen gogu olgudan farkli olarak,
genellikle 20-40 yas arasi kadinlarda goriilen ve |-3 cm boyutlarinda olan lezyonlarin aksine, bu olgu 6.5%X3%2.5 cm boyutlarinda retroperitoneal
lezyona sahip erkek bir hastada goriilmustir. Ektopik dalak dokusunun atipik lokalizasyonu ve alisiimadik derecede blyiik boyutu, baslangicta yu-
musak doku timori olarak degerlendiriimesine neden olmus ve dogru tani igin kapsamli radyolojik inceleme ile histopatolojik degerlendirmenin
Snemini ortaya koymustur.

Anahtar sézclikler: Dalak; ektopik; retroperiton.
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CASE REPORT

A rare cause of late benign biliary stricture after laparoscopic
cholecystectomy: gossypiboma

Alperen Dalkiran, © Necdet Giiler, ® Yamag¢ Erhan

Department of General Surgery, Manisa Celal Bayar University Faculty of Medicine, Manisa- Tiirkiye

ABSTRACT

Gossypiboma refers to a retained cotton-based, non-absorbable foreign body left in the operative field after surgery. Its detection
is often difficult and may lead to significant morbidity and mortality. In this case report, we present a case of biliary stricture caused
by gossypiboma in a patient who had undergone laparoscopic cholecystectomy 9 months earlier and presented with jaundice. A
64-year-old male had previously undergone laparoscopic cholecystectomy for cholelithiasis. Postoperatively, he experienced recurrent
abdominal pain, nausea, and vomiting. In the 9th post-operative month, jaundice and pruritus developed, and laboratory tests revealed
cholestasis (total bilirubin: 11.66 mg/dL; gamma-glutamyl transferase: 930 U/L). Magnetic resonance imaging demonstrated intrahepatic
bile duct dilatation and a stricture adjacent to a metallic clip. Endoscopic retrograde cholangiopancreatography and percutaneous chol-
angiography confirmed the obstruction. During laparotomy, a retained surgical sponge (gossypiboma) was identified and removed, and
a Roux-en-Y hepaticojejunostomy was performed. The patient recovered uneventfully and was discharged on post-operative day |3.
In accordance with surgical safety protocols, performing a final count at the end of the operation, using radio-opaque materials, and
maintaining effective team communication are critical measures for preventing such errors. Delayed diagnosis may result in prolonged
asymptomatic periods or misdiagnosis due to non-specific clinical findings. In patients with a history of surgery who present with symp-
toms such as infection, pain, fistula, or a mass, gossypiboma should be considered, and computed tomography should be the preferred
imaging modality. Multidisciplinary awareness and meticulous perioperative protocols may significantly reduce this risk. In conclusion,
gossypiboma is a complication that is far easier to prevent than to treat.

Keywords: Biliary stricture, gossypiboma, pseudotumor.

INTRODUCTION reported to range from 0.01% to 0.001%, and approximately

80% of these cases are gossypibomas. It may remain asymp-
Gossypiboma refers to a retained cotton-based, non-absorb-

able foreign body left in the operative field after surgery."
The term derives from the gossypium (cotton) and the boma
(enclosure or protected place). Due to its rarity and diffi-
culty of detection through imaging methods, gossypiboma can
lead to serious morbidity and mortality.["! The exact incidence For diagnosis, imaging modalities such as plain radiography, ul-

tomatic or present with various clinical findings such as ileus,
hollow-organ perforation, abscess, peritonitis, intra-abdomi-
nal adhesions, or fistula formation. Patients may present with
abdominal pain, weight loss, anorexia, nausea, or vomiting.ll

remains uncertain because surgeons are often reluctant tore-  trasonography (USG), computed tomography (CT), and mag-
port such cases for medicolegal reasons. netic resonance imaging (MRI) may be utilized, with CT being
Gossypiboma may occur following any surgical procedure but considered the most effective tool among them. However,
is more frequently encountered in intra-abdominal surgeries.  the absence of radio-opaque markers in surgical sponges may

Bl The incidence of retained surgical items after operations is complicate the detection of gossypiboma.F!
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In cases of gossypiboma, plain radiographs may demonstrate
curvilinear or band-like radio-opaque lines.’! On USG, it may
appear as a cystic or solid lesion with posterior acoustic shad-
owing; however, due to its rarity, it is frequently misinterpret-
ed. On CT, internal air bubbles within cotton-like structures,
wall calcifications, and contrast enhancement may be ob-
served. If the surgical sponges used during the operation con-
tain radio-opaque markers, these can be visualized on CT."

On contrast-enhanced MRI, gossypiboma typically appears as
a well-circumscribed mass with a defined capsule. Following
intravenous contrast administration, an external capsule and a
heterogeneous signal pattern may be observed on T|-weight-
ed images, depending on the fluid and protein content.

However, in thoracic textilomas, the spongiform appearance
may be lost due to the absorptive capacity of the pleura, re-
sulting in the disappearance of internal air bubbles. In such
cases, radiological imaging may reveal only a non-specific solid
mass. Despite these imaging characteristics, gossypiboma re-
mains difficult to diagnose even with modern imaging modali-
ties due to its rarity. Therefore, in patients presenting with
abdominal symptoms, a detailed medical history should be
obtained, and a prior surgical history must always be thor-
oughly investigated. The onset of symptoms should be clearly
established. Definitive treatment consists of complete surgical
removal of the retained foreign body.”

In this report, we present a rare complication of gossypiboma
that was referred to our clinic.

CASE REPORT

A 64-year-old male patient underwent laparoscopic cholecys-
tectomy for cholelithiasis at an external center 9 months ear-
lier and was discharged in good condition. The pathological
examination revealed chronic cholecystitis. Beginning in the
Ist post-operative month, the patient presented 3 times to
the same center with intermittent complaints of abdominal
pain, nausea, and vomiting. No significant findings were de-
tected on radiological or biochemical evaluations at that time.

In the 9th post-operative month, the patient was admitted to
the gastroenterology department of our hospital with com-
plaints of generalized pruritus, jaundice, and dark-colored
urine and was hospitalized for further evaluation and treat-
ment.

Initial laboratory investigations revealed a total bilirubin level
of 11.66 mg/dL, direct bilirubin of 5.95 mg/dL, gamma-glu-
tamyl transferase of 930 U/L, alanine aminotransferase (ALT)
of 79 U/L, and aspartate aminotransferase of 68 U/L. MRI
demonstrated intrahepatic bile duct dilatation and a 32x25
mm lesion in the operative area with high T| signal intensity,
heterogeneous internal structure, and no contrast enhance-
ment (Fig. I). Adjacent to this lesion, an abrupt narrowing
was observed in the common hepatic duct, with a metallic
clip at the same level.

Endoscopic retrograde cholangiopancreatography (ERCP)
revealed an inability to advance the guidewire beyond the
proximal portion of the common hepatic duct, suggesting an

Figure 1. T2-weighted coronal (a) and axial (b) magnetic resonance images showing a 32x25 mm pseudotumoral lesion in the inferior part
of the liver and dilatation of the intrahepatic bile ducts.
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Figure 2. (a) Intraoperative view showing a lesion consistent with a retained surgical sponge (gossypiboma) in the previous operative site
after adhesiolysis and (b) bile contamination observed after removal of the gossypiboma.

external biliary stricture related to the laparoscopic metallic
clip. Subsequently, percutaneous transhepatic cholangiogra-
phy under fluoroscopic guidance demonstrated an obstruc-
tion at the level of the common bile duct. The obstructed
segment could not be traversed, and an external biliary
drainage catheter was inserted for decompression. Following
these procedures, the patient was referred to our surgical
clinic and was prepared for the operation.

The patient underwent surgery following anesthetic prepa-
ration. During laparotomy, the omentum and surrounding
adipose tissues were found to be adherent to the previous
operative site. A firm, fixed mass measuring approximately
5%5 c¢cm was observed in the gallbladder bed. After careful
dissection of the adhesions, the lesion was identified as a re-
tained surgical sponge (gossypiboma) from the previous op-
eration (Fig. 2).

After removal of the foreign body, contrast material was
administered through the previously placed biliary drainage
catheter, and fluoroscopy was performed (Fig. 3). The con-
trast agent was observed not to pass into the duodenum.
A Roux-en-Y hepaticojejunostomy was then performed, and
the operation was completed. The patient was monitored in
the intensive care unit postoperatively and transferred to the
ward on the 2nd post-operative day. On post-operative day 5,
fluoroscopic imaging showed that the contrast agent passed
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into the duodenum without any leakage (Fig. 4). The post-
operative course was uneventful, biochemical parameters
returned to normal levels, and the patient was discharged in

Figure 3. Fluoroscopic image showing dilatation of the biliary tree
and metallic clips remaining from the previous operation.
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Figure 4. Fluoroscopic image obtained after Roux-en-Y hepatico-
jejunostomy showing passage of contrast material from the drain-
age catheter into the jejunum.

good condition on post-operative day |3. Written consent
was obtained from the patient for publication of this case
report and its images.

DISCUSSION

Gossypiboma may cause an exudative or fibrinous inflamma-
tory response in the body. The exudative response resulting
from local inflammation generally occurs in the early post-
operative period, whereas the fibrinous reaction develops
in the late period due to encapsulation of the foreign body
within scar tissue over time. This condition has become a se-
rious problem for clinics because of the diagnostic difficulties
it presents and the medicolegal issues it may cause.

The first case was reported in 1884, and cases in which the
foreign body remained in the body for up to 52 years af-
ter surgery have also been documented, demonstrating that
gossypiboma may present with symptoms even after a long
latency period.l'” Therefore, it should be considered during
the diagnostic process in patients with a history of surgery
who present with a mass.['!

In a systematic review, the most frequently affected regions
were reported to be the abdomen (56%), pelvis (18%), and
thorax (I1%). Gossypibomas related to abdominal surgery
are usually associated with gastrointestinal findings such as
intestinal obstruction, nausea, vomiting, and diarrhea. In
some cases, multiple symptoms may occur simultaneously. In
the present case, skin jaundice, dark-colored urine, and pale
stools developed approximately 9 months after surgery. This
finding highlights the variable clinical course of gossypiboma
and the diagnostic challenges it presents.'? The most com-
mon signs and symptoms include pain (42%), a palpable mass
(27%), and fever (12%). Multiple symptoms are observed in
48% of cases, whereas 6% of patients are completely asymp-

Ulus Travma Acil Cerrahi Derg, August 2026, Vol. 32, No. 8

tomatic and are diagnosed incidentall. Common complica-
tions of gossypiboma include adhesions (31%), abscess for-
mation (24%), and fistula formation (20%).l'>'1 A retained
foreign body may cause intestinal obstruction and gastroin-
testinal bleeding due to vascular injury. Perforation may oc-
cur as a result of intestinal erosion, which can persist for
years and present with abdominal pain, anemia, diarrhea, and
anorexia.l'"¥l Particularly in patients presenting with jaundice
and cholestatic findings, this represents an important clinical
condition requiring early diagnosis and urgent management.
When investigating the etiology of biliary obstruction, the
anatomical level of obstruction should be carefully evaluated.
The most common causes of cholestasis include choledo-
cholithiasis, choledochal cysts, primary sclerosing cholangi-
tis, cholangiocarcinoma, parasitic cholangiopathies, and, less
frequently, obstruction secondary to retained foreign bodies.
Therefore, a comprehensive physical examination and de-
tailed medical history are of great importance. In all patients
with obstructive jaundice, a history of prior abdominal sur-
gery should be carefully investigated, and the onset of symp-
toms should be thoroughly assessed, as treatment strategies
largely depend on the clinical condition and underlying etiol-
ogy.l'""] A review of the literature indicates that cases of biliary
stricture secondary to gossypiboma are extremely rare. In
one reported case, a biliary stricture developed due to a bile
stone formed around a retained fragment left during a previ-
ous ERCP procedure.l' In another study, biliary stricture was
attributed to migration of a metal clip following laparoscopic
cholecystectomy, and resolution of symptoms was observed
after endoscopic removal of the clip during ERCP!'! In our
case, the patient presented with persistent post-operative
abdominal pain and jaundice. The pseudotumoral lesion, due
to its location, caused a biliary stricture secondary to sur-
rounding inflammatory reaction and fibrosis. This condition
is among the rarely reported cases in the scientific literature.

In the literature, the interval between the initial surgical pro-
cedure and the diagnosis or removal of gossypiboma has been
reported to vary widely.'® In some cases, the diagnosis is
made within a few months, whereas in others, it may take
several years or even decades. In a large series, this interval
ranged from | to 120 months, with a mean duration of 30.6
months, while another review reported an average detection
time of 6.9 years and noted that 38% of cases were diagnosed
within the Ist year.'?!¥ In our case, gossypiboma was identi-
fied approximately 9 months after surgery. This duration is
consistent with the broad time range reported in the litera-
ture and further emphasizes the variable clinical presentation
of gossypiboma.

Due to the highly variable clinical presentation of gossypi-
boma and the frequent delay in diagnosis, imaging modalities
play a critical role in achieving accurate and early detection.
In the literature, CT is reported as the most commonly used
diagnostic method. Typical CT findings include a whorled or
spongiform appearance, a mass with variable wall thickness,
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and internal gas bubbles. Over time, lesions may appear as
single, dense-centered structures or as multiple concentric
rings with varying attenuation patterns. However, in some
cases, gossypiboma may be mistaken for an echinococcal cyst
or an intracavitary fungal mass. These pseudotumoral lesions
may create significant diagnostic challenges, leading to unsuc-
cessful biopsy attempts and unnecessary investigations.®! This
highlights the importance of careful differential diagnosis giv-
en the heterogeneous radiological features of gossypiboma.l'Z

In the present case, radiological examinations were not diag-
nostic because the surgical sponges used in the previous op-
eration lacked radio-opaque markers. Consequently, gossypi-
boma could not be identified preoperatively, and the lesion
was incidentally discovered during intraoperative exploration.
Although gossypiboma can occur in any type of surgical pro-
cedure, its incidence increases significantly in the presence of
certain risk factors. Various factors associated with its devel-
opment have been identified in the literature.l'? Commonly
reported risk factors include case-specific circumstances
such as emergency surgical procedures and unexpected in-
traoperative complications, as well as operating room-related
issues such as poor team communication, counting errors,
inadequate supervision, prolonged operations, team fatigue,
changes in the surgical team, obesity, and complex surgical
planning.l'*2'1 The coexistence of these factors increases the
likelihood of retained surgical materials in the post-operative
period and may lead to delayed diagnosis.

Accurate counting of all sponges and compresses before initi-
ating surgery and the use of radio-opaque materials whenever
possible constitute fundamental safety practices. In accor-
dance with the standards of the Association of Perioperative
Registered Nurses, performing a final verification before sur-
gical closure, independently confirming counts by two indi-
viduals, and using exclusively radio-opaque surgical materials
are recommended safety measures.’! Effective communica-
tion during staff changes and re-verification of counts is of
paramount importance. Before wound closure, the surgeon
should systematically inspect the operative field, ensure that
all materials have been removed, and request a final count. In
suspicious situations, the surgical field should be reassessed,
and intraoperative direct radiography should be performed if
necessary.”! In the present case, a counting error related to
the surgical sponge used during the procedure was consid-
ered the most likely contributing factor.

Although rare, gossypiboma is a preventable surgical compli-
cation that can lead to serious morbidity, mortality, and legal
consequences. When diagnosis is delayed, patients may re-
main asymptomatic for years or may be misdiagnosed due to
non-specific findings. Therefore, in patients with a history of
surgery who present with signs such as infection, pain, fistula,
or a mass, the possibility of gossypiboma should always be
considered. A high level of clinical suspicion should be main-
tained during the diagnostic process, and appropriate imaging
modalities — particularly CT — should be preferred.
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Surgical intervention remains the primary treatment modal-
ity in cases of gossypiboma. Although the complete elimina-
tion of this complication may appear challenging given the
complexity of surgical procedures, it should be emphasized
that gossypiboma is largely preventable. Therefore, the main
focus should be on the meticulous and systematic implemen-
tation of preventive strategies. Multidisciplinary awareness,
effective team communication, technology-assisted control
mechanisms, and strictly applied perioperative protocols can
significantly reduce this risk. Accurate counting of all sponges
and compresses before surgery, the use of radio-opaque ma-
terials, and re-verification of counts during staff changes con-
stitute fundamental safety measures. Before wound closure,
the surgical field should be systematically inspected, a final
count must be performed, and intraoperative imaging should
be considered in suspicious situations.

CONCLUSION

In conclusion, gossypiboma is a complication that is far easier
to prevent than to treat and is directly related to patient safe-
ty. Therefore, every surgical procedure should be evaluated
not only in terms of technical success but also with respect
to adherence to safety protocols and collective team respon-
sibility.
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OLGU SUNUMU - 0Z

Laparoskopik kolesistektomi sonras1 ge¢ donem benign biliyer darlik gelisimi i¢in nadir bir
neden: Gossipiboma

Gossipiboma, cerrahi islem sonrasi operasyon sahasinda unutulan pamuk kokenli, emilemeyen yabanci cisim olarak tanimlanir. Tanisinin konulmasi
genellikle zordur ve bu durum ciddi morbidite ve mortaliteye yol agabilir. Bu olgu sunumunda, dokuz ay énce laparoskopik kolesistektomi gegirmis
ve sarilik sikayeti ile basvuran bir hastada gossipibomaya bagli gelisen biliyer darlik olgusu sunulmustur. 64 yasindaki erkek hasta daha once kolelithia-
zis nedeniyle laparoskopik kolesistektomi gegirmistir. Ameliyat sonrasinda tekrarlayan karin agrisi, bulanti ve kusma sikayetleri olmustur. Dokuzuncu
ayda sarilik ve kasinti gelismis, laboratuvar testlerinde kolestaz saptanmustir (total bilirubin: | [.66 mg/dL; gama-glutamil transferaz: 930 U/L).
Manyetik rezonans gorintlilemede intrahepatik safra yollarinda dilatasyon ve metal klips komsulugunda darlik goriilmistiir. Endoskopik retrograd
kolanjiyopankreatografi ve perkiitan kolanjiografi ile obstriiksiyon dogrulanmistir. Laparotomi sirasinda unutulmus cerrahi spang (gossipiboma) sap-
tanmig ve gikarilmis, ardindan Roux-en-Y hepatikojejunostomi yapilmistir. Hasta sorunsuz iyilesmis ve ameliyat sonrasi |3. glinde taburcu edilmistir.
Gossipiboma, nadir gorilen ancak ciddi morbidite, mortalite ve hukuki sonuglara yol agabilen, buyiik olglide onlenebilir bir cerrahi komplikasyon-
dur. Cerrahi giivenlik protokollerine uygun olarak ameliyat sonunda yapilan son sayim, radyo-opak materyal kullanimi ve ekip igi etkili iletisim bu
hatalarin 6nlenmesinde kritik 5neme sahiptir. Taninin gecikmesi, hastalarin uzun siire asemptomatik kalmasina veya nonspesifik klinik bulgulara bagl
olarak yanlis tani almasina neden olabilir. Cerrahi 6ykisl olan hastalarda enfeksiyon, agri, fistll veya kitle gibi bulgular gorildigiinde gossipiboma
akilda tutulmali ve goriintilemede &zellikle bilgisayarll tomografi tercih edilmelidir. Multidisipliner farkindalik ve titiz perioperatif protokoller bu
riskin azaltilmasini saglar. Sonug olarak, gossipiboma tedavisinden ¢ok 6nlenmesi daha kolay olan bir komplikasyondur.

Anahtar sozclikler: Biliyer darlik; gossipiboma, psédotimér.
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