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FROM THE EDITOR-IN-CHIEF’S DESK

Behind the Scenes: Summer Dedication and Editorial Continuity

As the golden hues of summer fade and the autumn air takes hold, our surgical departments experience the familiar, sharp surge in
clinical and operative volume. The end of the summer season typically brings a transition from vacation coverage back to full capacity,
accompanied by a marked increase in our surgical workload. Operating theaters are once again running at peak capacity to address
elective cases deferred over the summer months, while emergency departments see a steady rise in complex, acute surgical presentations.
While this seasonal influx tests our physical endurance, human resources, and institutional logistics, it also invigorates our shared calling.

[t serves as a timely reminder of our steadfast commitment to clinical rigor, surgical excellence, and the ongoing advancement of scientific
knowledge. Behind the scenes of this comprehensive September 2026 issue lies months of relentless dedication and hard work. Even
during the peak of the summer season, our Editorial Board and reviewers worked tirelessly without interruption. Throughout these warm
summer months, we maintained our rigorous peer-review processes, carefully evaluated a high volume of manuscript submissions, and
meticulously curated the diverse scientific content presented here. We are profoundly grateful to every member of our editorial team and
our expert reviewers, whose silent, continuous efforts over the summer made the timely publication of this issue possible.

In this September 2026 issue of the Turkish Journal of Surgery, we are proud to publish an exceptionally rich and diverse selection
of clinical, educational, and experimental studies addressing critical challenges across the spectrum of modern surgery: Atli and Koc
conduct a retrospective analysis of 244 patients to evaluate how graft bile duct anatomy and anastomosis techniques (duct-to-duct vs.
Roux-en-Y) affect postoperative morbidity and early mortality in living- and deceased-donor liver transplantation. Picchio et al. present a
retrospective case-control study of 196 patients, showing that postoperative betamethasone infusion significantly reduces the incidence
of biochemical and symptomatic hypocalcemia and early postoperative pain. Oruc et al. examine pre-procedural risk factors among 364
critically ill patients undergoing percutaneous endoscopic gastrostomy and identify active systemic infection, severe hypoalbuminemia,
and elevated urea levels as strong independent predictors of in-hospital mortality. Erdogrul et al. evaluate 120 patients with adhesive
small bowel obstruction, demonstrating that oral administration of low-osmolar iohexol is safe and significantly accelerates the time to
restoration of bowel passage compared with standard conservative management. Ozcinar et al. analyze national survey data from 156
surgical educators across Turkiye, revealing significant gaps between written core curricula and practical implementation and calling
for standardized competency-based training models. Sekerci et al. report the results of a nationwide survey of 147 general surgeons,
noting that although over 94% of surgeons support incorporating interventional POCUS into the residency core curriculum, structural
barriers and a lack of dedicated devices still limit its use in daily practice. In a 1:1 age- and sex-matched study of 696 patients, Gulcek et
al. demonstrate that individual complete blood count indices (PLT, PCT, PDW, MPV, RDW) do not discriminate between papillary thyroid
carcinoma and benign nodules, suggesting that prior positive literature may reflect demographic confounding. Tali et al. investigate 505
patients undergoing resection for stage IlI-Ill colorectal cancer and report that lower preoperative Hemoglobin, Albumin, Lymphocyte,
and Platelet (HALP) scores are independently associated with a higher risk of postoperative anastomotic leakage. Yavuz et al. evaluate
83 adult patients with electrical burn injuries and conclude that markers of deep muscle necrosis and systemic inflammation (LDH,
ALT, NLR, and HALP score) are far more predictive of limb loss than surface burn area or voltage levels. In a prospective study of 536
trauma patients in India, Yadukrishna et al. validate the rSIG score as a highly effective triage tool for predicting early blood transfusion
requirements and in-hospital mortality. Bulut et al. translate and cross-culturally adapt the CCS for 85 patients with a median follow-
up of 79 months, establishing the Turkish CCS as a robust, disease-specific instrument for evaluating chronic pain, mesh sensation,
and movement limitation after inguinal hernia repair. This issue also features innovative video articles on esophageal reconstruction
challenges after sleeve gastrectomy and on Thiersch's procedure for rectal prolapse, a narrative review on artificial intelligence in head
and neck surgery, and engaging letters to the editor.
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As we navigate the heightened clinical demands of the autumn season, we express our profound appreciation to our authors for choosing
the Turkish Journal of Surgery as their academic home, and to our peer reviewers and editorial team, whose rigorous evaluations uphold
our publication’s high standards. We trust that the scientific evidence presented in this issue will inform your clinical decisions and
ultimately enhance patient care.

As always, thanks to our readers. ..

©® Prof. M. Umit UGURLU
TurkJSurg Editor-in-Chief
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Impact of bile duct number and anastomosis technique
on postoperative morbidity and mortality in living and
deceased donor liver transplantation

Muzaffer Ath1, @ Siileyman Ko¢2

TClinic of General Surgery, Ankara Giiven Hospital, Ankara, Ttrkiye
2Department of General Surgery, Sivas Cumhuriyet University Faculty of Medicine, Sivas, Turkiye

ABSTRACT

Objective: This study aims to retrospectively examine the relationship between graft bile duct number (single or multiple) and biliary anastomosis technique
(duct-to-duct or Roux-en-Y hepaticojejunostomy) with postoperative morbidity and mortality in living donor liver transplantation (LDLT) and deceased donor
liver transplantation (DDLT) patients.

Material and Methods: A retrospective cohort study was conducted on 244 patients who underwent LDLT and DDLT at Ankara GUven Hospital Liver
Transplantation Center between January 2013 and January 2025. Patient data including demographic characteristics, preoperative parameters (MELD score,
underlying liver disease), surgical variables (bile duct number, anastomosis type, graft type, operation time), and postoperative outcomes were collected
systematically. Bile duct anatomy was classified as single or multiple ducts, and anastomosis techniques were categorized as duct-to-duct or Roux-en-Y. Biliary
complications were graded according to the International Liver Transplant Society consensus classification and Clavien-Dindo system. Statistical analyses were
performed using SPSS 27.0, employing independent-samples t-tests, Mann-Whitney U tests, and chi-square tests.

Results: The mean patient age was 57.8+11.5 years with mean body mass index (BMI) of 27.62+5.67 kg/m” The cohort comprised 70.49% males and 29.51%
females. Significant gender distribution differences were observed between groups, with higher male ratio in the duct-to-duct group (75.94%) compared to
Roux-en-Y group (63.96%; p=0.041). Diabetes mellitus prevalence was notably higher in the Roux-en-Y group (46.85%) versus duct-to-duct group (34.59%;
p=0.052). No significant differences were found in age, BMI, or blood group distribution between anastomosis techniques.

Conclusion: Preliminary findings suggest demographic and comorbidity variations between anastomosis technique groups, indicating the need for
individualized surgical planning in LDLT and DDLT based on bile duct anatomy and patient characteristics.

Keywords: Bile duct, biliary complication, hepaticojejunostomy, liver transplantation

INTRODUCTION

Liver transplantation is currently the most effective and accepted curative treatment
method for fulminant hepatitis, hepatocellular carcinoma, and end-stage chronic
liver disease. As the number of patients requiring liver transplantation continues
to outpace the availability of deceased donor organs globally, living donor liver
transplantation (LDLT) has emerged as an essential alternative (1,2). Compared with
deceased liver transplantation (DDLT), LDLT offers advantages such as planned
surgery, elimination of waiting time, and reduced cold ischemia time (3). However,
LDLT is a technically complex procedure, and factors such as graft weight, adequacy
of vascular structures, immunological compatibility, and, especially, biliary tract
anatomy play a critical role in its success (1,3).

Cite this article as: Atli M, Kog S. Impact of bile duct
number and anastomosis technique on postoperative
morbidity and mortality in living and deceased donor
liver transplantation. Turk J Surg. 2026;42(3):281-288
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Biliary tract reconstruction is the most critical point of LDLT and DDLT, and anatomical
variations and surgical technique choices at this stage directly affect postoperative
morbidity and mortality. The number and configuration of graft bile ducts are among
the most important determinants of surgical planning. The presence of a single bile
duct facilitates the application of standard anastomosis techniques and is associated
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with lower complication rates; however, multiple duct variations (two or more ducts)
increase technical difficulties and significantly raise the risk of biliary complications
(4,5). Different surgical approaches, such as duct-to-duct anastomosis (end-to-end),
Roux-en-Y hepaticojejunostomy (Roux-en-Y), double duct-to-duct, and hybrid
techniques, are used for biliary reconstruction, each with its own advantages,

Copyright® 2026 The Author(s). Published by Galenos Publishing House on behalf of Turkish Surgical Society.
This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.
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disadvantages, and complication profiles (6). The choice of
anastomosis technique is individualized based on factors such
as bile duct diameter and number, the recipient’s native biliary
tract anatomy, and the surgeon'’s experience (5,6).

Postoperative biliary complications are among the most
common causes of morbidity after LDLT and DDLT. Serious
clinical conditions such as bile leakage, biliary stricture,
cholangitis, secondary sepsis, graft dysfunction, and graft loss
negatively affect the quality of life of patients and increase
mortality rates by increasing the need for reoperation (7).
Although various data exist in the literature regarding the effects
of bile duct anatomical variations and anastomosis techniques
on clinical outcomes, prospective or large cohort studies that
comprehensively and specifically examine this relationship
remain limited. Therefore, studies that further clarify the role of
different anastomosis techniques, depending on the number of
bile ducts, in postoperative outcomes are needed.

The aim of this study is to retrospectively examine the
relationship between the number of graft bile ducts (single or
multiple) and the preferred biliary anastomosis type (duct-to-
duct or Roux-en-Y) and postoperative morbidity and mortality in
patients undergoing LDLT and DDLT donor liver transplantation.
The findings are expected to contribute to risk analysis in
preoperative surgical planning, provide an evidence-based
approach to selecting anastomosis techniques, and shed light
on strategies to reduce postoperative complications.

MATERIAL and METHODS

This study is a retrospective cohort study encompassing patients
who underwent LDLT and DDLT donor liver transplantation at
the Ankara Glven Hospital Liver Transplantation Center between
January 1, 2013, and January 1, 2025. This study was conducted
in accordance with the Helsinki Declaration and received
ethical approval from the Sivas Cumhuriyet University Faculty of
Medicine Health Sciences Research Ethics Committee (approval
number: 2025-06/44, dated: June 2025). Inclusion criteria were:
Having undergone LDLT and DDLT donor liver transplantation
at our center within the specified time period, having complete
records of bile duct anatomy and anastomosis type in electronic
medical records and surgical reports, and having a postoperative
follow-up period of at least 6 months. Exclusion criteria were:
Patients with incomplete or unreliable data, patients under 18
years of age, and patients with a postoperative follow-up period
shorter than 6 months.

Study Design and Participants

Patient data were collected through systematic retrospective
review of electronic health records, standard surgical reports, and
clinical follow-up notes. Standardized data collection forms were
used, and all data were double-entered and cross-checked by
two independent researchers. The variables collected included

demographic data (age, gender, body mass index), preoperative
parameters [model for end-stage liver disease (MELD) score,
underlying liver disease etiology, comorbidities, biochemical test
results], surgical variables (number of bile ducts and anatomical
variations, anastomosis type, graft type, operation time, amount of
blood transfusion), and postoperative outcomes. Primary outcome
parameters were postoperative morbidity and mortality, while
secondary outcome parameters included biliary complications (bile
leakage, stricture, cholangitis), vascular complications, bleeding,
infection, liver failure, postoperative ileus, length of hospital and
intensive care unit stay, and graft and patient survival. Bile duct
anatomy is classified as “single duct” or “multiple ducts’, and the
type of anastomosis is classified as "‘duct-to-duct”or “Roux-en-Y".

The primary objective of this study is to assess the impact of
bile duct number and anastomotic technique on postoperative
morbidity and mortality. In accordance with the International
Liver Transplant Society consensus established at the 2023
BileducTx conference in Innsbruck, biliary complications are
categorized by anatomical location: Intrahepatic post-transplant
cholangiopathy, hilar post-transplant cholangiopathy, and
anastomotic stricture or leakage (8). This classification evaluates
complications in five stages, presenting a progressive spectrum
of severity from radiological abnormalities (Stage I) to mortality
(Stage V) (Table 1). Treatment approaches and intervention
methods applied for each stage are described in detail.

Similarly, biliary complications were graded using the Clavien-
Dindo classification system, modified according to these
consensus definitions. All patients were followed according to
ourinstitution’s standard liver transplant follow-up protocol, with
follow-up beginning on the transplant date and continuing until
the last application date, death, or study completion. To protect
patient confidentiality, all personally identifiable information
was anonymized, and data was stored in an encrypted digital
environment in accordance with institutional data security
protocols. The obtained data were analyzed by creating main
comparison groups.

Biliary Reconstruction Strategy

Biliary reconstruction was performed after the completion of
arterial anastomosis. Our standard approach favored duct-to-
duct anastomosis in all eligible adult recipients to preserve the
physiological sphincter of Oddi mechanism and facilitate future
endoscopic access.

The selection criteria for Roux-en-Y included:

1. Recipients with intrinsic biliary diseases (e.g., Primary
Sclerosing Cholanagitis),

2. Cases where tension-free duct-to-duct anastomosis was not
technically feasible,

3. Recipients with multiple graft bile ducts where ductoplasty
was not suitable.

Turk J Surg 2026;42(3):281-288
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Table 1. Classification and treatment approaches of biliary complications after liver transplantation
Stage Definition Clinical situation Treatment approach
| Radiological abnormalities Mild dilation, asymptomatic Monitoring (“watch and wait" policy)
- " A~ . Conservative approach (medical treatment,
I Minimal biliary complications Bile leakage o pp (
antibiotic therapy)
Complications requiring endoscopic . ) o ) . G
A npiications requinng pic/ Minimally invasive intervention ERCP + biliary stent, PTBD, balloon dilation
radiological intervention
I L ) . " ) An mosis revision, h icojejun m
1B Complications requiring surgical revision Severe biliary strictures asto nOsIs Fevision, epaticojejunostomy
conversion
\% Complications requiring re-transplantation | Irreversible graft dysfunction Re-transplantation
Mortali ndar iliar . .
V orta .ty ;eco dary to biliary Sepsis, MOF, cholangitis
complications
MOF: Multiple organ failure, PTBD: Percutaneous transhepatic biliary drainage, Re-Tx: Re-transplantation, ERCP: Endoscopic retrograde cholangiopancreatography.

In grafts with multiple bile ducts, ductoplasty was attempted
to merge the orifices into a single opening to facilitate duct-
to-duct anastomosis, provided the ducts were adjacent. If the
distance between the ducts precluded a safe ductoplasty,
or if the recipient’s bile duct was unsuitable for multiple
anastomoses, Roux-en-Y was performed. Therefore, the choice
of reconstruction was based on a hierarchical surgical algorithm
rather than solely on the number of graft ducts.

Statistical Analysis

Statistical analyses were performed using SPSS version 27.0
(Statistical Package for the Social Sciences, IBM Corporation,
Armonk, NY, USA). Continuous variables are presented as mean
+ standard deviation, while categorical variables are expressed
as frequency and percentage. Independent-samples t-tests and
Mann-Whitney U tests were employed to compare continuous
variables between groups. Chi-square and likelihood ratio
tests were utilized to evaluate associations among categorical
variables.

RESULTS

When the demographic characteristics of the 244 patients
included in the study were compared according to the
anastomosis technique, the mean age of the patients was
determined to be 57.8+11.5 years (median: 61.32 years, range:
1.42-75.39 years), and the mean body mass index (BMI) value
was 27.62+5.67 kg/m” (median: 27.02 kg/m’, range: 16.44-48.27
kg/m?). The mean age was 56.58+13.26 years in the Roux-
en-Y group, while it was 58.83+9.73 vyears in the duct-to-duct
anastomosis group, and no statistically significant difference
was found between the groups (t=-1.485; p=0.139). Similarly,
the groups showed a homogeneous distribution of BMI values
(26.9245.61 vs. 28.2+5.68 kg/m? t=-1.766; p=0.079). However,
a notable difference was observed in the gender distribution,
with 7049% (n=172) of the study cohort male and 29.51%
(n=72) female. The male ratio was 63.96% in the Roux-en-Y

group, increasing to 75.94% in the duct-to-duct group; this
difference was statistically significant (x’=4.172; p=0.041). When
the blood group distribution was examined, blood group A was
the most common (45.9%), followed by blood group 0 (29.1%),
and there was no significant difference between the groups
(X*=1.012; p=0.798). When evaluated in terms of comorbidities,
the prevalence of diabetes mellitus was found to be significantly
higher in the Roux-en-Y group (46.85%; n=52) compared to
the duct-to-duct group (34.59%; n=46), and this difference was
very close to the threshold of statistical significance (X*=3.784;
p=0.052). These findings suggest that gender, and especially
the presence of diabetes, may be potential factors influencing
the choice of anastomosis technique, and that their effects on
postoperative outcomes should be evaluated using multivariate
analyses (Table 2).

When the comparative analysis of the clinical and biochemical
characteristics of the patients was evaluated (Table 3), the
mean MELD score was 19.8+6.32 (median: 20, range: 6-40), and
there was no statistically significant difference between the
groups (Roux-en-Y: 19.41+6.41 vs. duct-to-duct: 20.13+6.25; t=-
0.880; p=0.380). Alpha-foetoprotein (AFP) levels also showed a
homogeneous distribution in both groups (mean 48.03+113.08
ng/mL; Z=0.133; p=0.894). In terms of surgical parameters,
there are striking and statistically significant differences: the
total operation time was significantly longer in the Roux-en-Y
group (550.124119.53 minutes; median: 544 min) compared to
the duct-to-duct group (470.38+99.49 minutes; median: 468
min) (t=5.687; p<0.001). The amount of erythrocyte suspension
administered during surgery was also significantly higher in the
Roux-en-Y group (average 5.33+4.79 units; median: 4) compared
to the duct-to-duct group (3.22+3.62 units; median: 2) (Z=-
4.513; p<0.001), indicating that Roux-en-Y anastomosis is a more
invasive procedure and leads to greater blood loss. The length of
stay in the intensive care unit was also significantly longer in the
Roux-en-Y group (2.39+3.39vs. 2.1543.7 days; Z=-2.274; p=0.023).
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Table 2. Recipient demographics

All patients Duct-to-duct Roux-en-Y ¢
(n=244) (n=133) (n=111) P
Age (y) 57.8£115 58.83+9.73 56.58+13.26 -1.485* 0.139
BMI (kg/m?) 27.62+5.67 28.2+5.68 26.92+5.61 -1.766* 0.079
n (%) n (%) n (%) X2 p
Male 172 (70) 101 (75) 71(63) 4.172%* 0.041
Male sex (%)
Female 72 (29) 2(24) 0 (36)
0 71(29.1) 7(27.82) 34 (30.63) 1.012%* 0.798
A 112 (45.9) 60 (45.11) 2 (46.85)
Blood group
B 44 (18.03) 25(18.8) (17.12)
AB 17 (6.97) 11(8.27) 6 (541)
oM No 146 (59.84) 87 (65.41) 59 (53.15) 3.784%* 0.052
Yes 98 (40.16) 46 (34.59) 52 (46.85)

Data are presented as mean + standard deviation or number (%), *: Independent samples t-test; n: number; %: Distribution percentage, **: Chi-square test, p: Significance
(<0.05), BMI: Body mass index, Duct-to-duct: Duct-to-duct biliary anastomosis, Roux-en-Y: Roux-en-Y hepaticojejunostomy, BMI: Body mass index, DM: Diabetes mellitus.

Table 3. Comparison of clinical and biochemical characteristics by group

All patients Duct-to-duct Roux-en-Y t/Z p
(n=244) (n=133) (n=111)
MELD score 19.846.32 20.13+6.25 19.41+6.41 -0.880* 0.380
AFP 48.03£113.08 46.62+111.01 50.5+119 0.133% 0.894
Total surgery time(min) 506.66+115.87 470.38+99.49 550.12+119.53 5.687* <0.001
Transfusion E (U) 4.18+4.32 3.22+3.62 5.33+4.79 -4.513%* <0.001
Transfusion FFP (U) 3.87+3.24 3.5242.75 4.28+3.71 1.773* 0.078
Transfusion PLT (U) 1.33+2.96 1.16+2.34 1.53+3.55 0.955* 0.341
Hospital stay (d) 16.61+£11.66 15.79+£11.13 17.60+£12.25 -1.521%* 0.128
ICU stay (d) 2.26£3.56 2.15+3.7 2.39+3.39 -2.274%* 0.023
Graft weight (g) 946.78+267.19 979.774£272.55 907.24£256.28 -2.127*% 0.034
GRWR 1.26+0.37 1.25+0.36 1.28+0.37 0.761* 0.448
X2/LR p

Cryptogenic 2(17.21) 21(15.79) 21(18.92) 16.080%** 0.003

HBV 7 (35.66) 59 (44.36) 28(25.23)
Cirrhosis etiology | HCV 5(6.15) 11(8.27) 4(3.6)

Alcohol 9(7.79) 10(7.52) 9(8.11)

Others 1(33.2) 32 (24.06) 49 (44.14)

No 1(45.49) 60 (45.11) 51 (45.95) 0.839%** 0.657
recits rTe“:gng‘:Cte 52(2131) 26 (19.55) 26 (2342)

Treatment-

resistant 81(33.2) 47 (35.34) 34 (30.63)

No 192 (78.69) 106 (79.7) 86 (77.48) 0.4447%xx% 0.822
Encephalopathy rTefgng‘gcte 45 (1844) 24.(1805) 21 (1892)

Treatment-

resistant 7(2.87) 3(2.26) 4(3.6)

Data are presented as mean + standard deviation or number (%), *: Independent samples t-test, **: Mann-Whitney U test, n: Number, %: Percentage, ***: Chi-square
test, **** LR: Likelihood ratio, p: Significance (<0.05), Duct-to-duct: Duct-to-duct biliary anastomosis, Roux-en-Y: Roux-en-Y hepaticojejunostomy, MELD: Model for
end-stage liver disease, AFP: Alpha-foetoprotein, E: Erythrocyte, FFP: Fresh frozen plasma, PLT: Platelet, ICU: Intensive care unit, GRWR: Graft-to-recipient weight ratio,
HBV: Hepatitis B virus, HCV: Hepatitis C virus.
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Interestingly, the graft weight used was significantly heavier in
the duct-to-duct group (979.774272.55 grams) compared to
the Roux-en-Y group (907.24+256.28 grams) (t=-2.127; p=0.034).
When the etiology of cirrhosis was evaluated, HBV was the
most frequent cause (35.66%), followed by cryptogenic causes
(17.21%), and a statistically significant difference was found in the
etiology distribution between the groups (X*=16.080; p=0.003);
the prevalence of HBV was particularly high in the duct-to-duct
group (44.36% vs. 25.23%). Regarding transplant type, 91.39% of
patients received transplants from living donors and 8.61% from
cadaveric donors, with a similar distribution between the groups
(x’=2.653; p=0.103). These findings indicate that Roux-en-Y is a
technically more challenging and invasive procedure, requiring
longer operating times and more blood transfusions.

When the comparative analysis of the preoperative biochemical
parameters of the patients according to the anastomosis
technique was examined (Table 4), the mean serum total
bilirubin level was 4.3+6.23 mg/dL (median: 2.18 mg/dL, range:
0.3-44.46 mg/dL), serum albumin 3.15£0.61 g/L (median: 3.05
g/L), serum creatinine 0.9+048 mg/dL (median: 0.77 mg/
dl), AFP 48.03+113.08 ng/mL (median: 845 ng/mL), gamma-
glutamyltransferase (GGT) 54.38+41.04 U/L (median: 43 U/L),
international normalized ratio (INR) 1.59+0.55 (median: 1.5) and
serum sodium 135.66+5.03 mEqg/L (median: 136 mEqg/L) was
measured. Remarkably, there were no statistically significant
differences between the Roux-en-Y and duct-to-duct groups
in terms of all biochemical values (p-values: Bilirubin p=0.304,
albumin p=0.555, creatinine p=0.597, AFP p=0.894, GGT p=0.420,
INR p=0.681, sodium p=0.587, respectively). The fact that the
maximum bilirubin value reached 44.46 mg/dL, INR 5.93, and
creatinine 4 mg/dL indicates the presence of patients with severe
hepatic insufficiency, coagulopathy, and hepatorenal syndrome
in the cohort. This comprehensive biochemical homogeneity
indicates that the choice of surgical technique was independent
of the patient’s preoperative liver function, coagulation status,
renal function, and electrolyte balance. The fact that both groups
have comparable baseline characteristics is methodologically
important for minimizing confounding in the comparative analysis

of postoperative outcomes and for allowing a clearer assessment
of the true impact of anastomosis technique on outcomes.

Table 5 presents the distribution of patients’ postoperative
complications by anastomosis technique, stratified by time
interval (<3 months vs. >3 months), according to the Clavien-
Dindo classification. Analysis of patients’ postoperative
complications according to the Clavien-Dindo classification
in the early (first 3 months) and late (after 3 months) periods
revealed significant findings. In the early postoperative period,
Grade 1 complications were observed in 110 patients, and
there was no significant difference between the groups (Roux-
en-Y: 40% vs. duct-to-duct: 60%; X’=2.436; p=0.119). Grade 2
(27 patients), Grade 3A (35 patients), and Grade 4B (2 patients)
complications were also detected at similar rates (p=0.179,
p=0.977, p=0.898, respectively). Grade 3B complications
occurred in 42 patients and were numerically higher in the
Roux-en-Y group (54.76% vs. 45.24%), but this difference
was not statistically significant (x’=1.758; p=0.185). A critical
finding was early mortality (Grade 5), occurring in 28 patients,
which was significantly higher in the Roux-en-Y group (64.29%,
n=18 vs. 35.71%, n=10), and this difference was statistically
significant (X’=4.505; p=0.034). Regarding late postoperative
complications, Grade 1 complications occurred in 149 patients,
Grade 2in 12, Grade 3Ain 34, and Grade 3B in 11; no statistically
significant differences were found between the groups. Late
mortality, excluding early deaths, occurred in 10 patients and
was equally distributed in both groups (n=5 in each group;
X?=0.206; p=0.650). However, in the total mortality analysis
including early mortality, 38 patients were lost, and this was
significantly higher in the Roux-en-Y group (60.53%, n=23 vs.
39.47%, n=15; X’=4.103; p=0.043). These findings demonstrate
that although both anastomosis techniques have similar minor
and major complication rates, Roux-en-Y is associated with
statistically significantly higher mortality, particularly in the early
period and in terms of overall survival, compared to duct-to-
duct anastomosis, and strongly support the preference for duct-
to-duct anastomosis in anatomically suitable patients.

Table 4. Comparison of preoperative biochemical characteristics according to groups
All patients Duct-to-Duct Roux-en-Y 4z 0
(n=244) (n=133) (n=111)
Bilirubin (mg/dL) 4.3+6.23 3.88+£5.73 4.81+6.77 -1.028%* 0.304
Albumin (g/L) 3.15+0.61 3.17£0.62 3.13+0.61 -0.591*% 0.555
Creatinine (mg/dL) 0.9+0.48 0.91+0.49 0.88+0.46 -0.529*% 0.597
AFP 48.03£113.08 46.62+111.01 50.5+119 0.133% 0.894
Preop_GGT 54.38+41.04 58.05+40.17 51.02+41.97 -0.810% 0.420
INR 1.59+0.55 1.6+0.55 1.57+0.55 -0411% 0.681
Na 135.66£5.03 135.5+£4.85 135.86+5.24 0.544* 0.587
Data are presented as mean + standard deviation or number (%), *: Independent samples t-test, **: Mann-Whitney U test, n: Number, p: Significance (<0.05), Duct-
to-duct: Duct-to-duct biliary anastomosis, Roux-en-Y: Roux-en-Y hepaticojejunostomy, AFP: Alpha-foetoprotein, GGT: Gamma-glutamyltransferase, INR: International
normalized ratio, Na: Sodium.
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Table 5. Treatment and the number of complications according to Clavien-Dindo
Grades (no. of patients) Complication types Duct-to-Duct Rowcen-Y X?/LR p
n (%) n (%)
[ (n=110) Mild dilation, asymptomatic 66 44 2.436% 0.119
Il (n=27) Bile leakage 18 9 1.810% 0.179
Clavien-Dindo (<3 A (n=35) Minimally invasive intervention 19 16 0.001* 0977
month) 1B (n=42) Severe biliary strictures 19 23 1.758* 0.185
IV (n=2) Irreversible graft dysfunction 1 1 0.016** 0.898
V (n=28) Sepsis, MOF, cholangitis 10 18 4.505* 0.034
I (n=149) Mild dilation, asymptomatic 88 61 3.198* 0.074
I (n=12) Bile leakage 7 5 0.074* 0.456
giﬁf&mndo >3 A (n=34) Minimally invasive intervention 15 19 1.720* 0.190
B (n=11) Severe biliary strictures 8 3 1.542* 0214
V (n=38) Sepsis, MOF, cholangitis 15 23 4.103* 0.043
Data are presented as mean n: Number, %: Percentage, *: Chi-square test, **LR: Likelihood Ratio; p: Significance (<0.05), MOF: Multiple organ failure, Duct-to-duct: Duct-
to-duct biliary anastomosis, Roux-en-Y: Roux-en-Y hepaticojejunostomy.

DISCUSSION

This retrospective cohort study presents a comprehensive
analysis systematically evaluating the impact of bile duct
anatomy and anastomosis technique selection on postoperative
outcomes in 244 living and deceased donor liver transplant
patients over a 12-year period. Although biliary anatomy differs
between LDLT and DDLT, the surgical principles for anastomosis
selection remain consistent in our center. Our findings reaffirm
the critical importance of biliary reconstruction, considered the
“"Achilles’heel”of LDLT, for graft survival and patient outcomes. The
complex interplay between bile duct number and anastomosis
technique plays a decisive role in postoperative morbidity and
mortality, highlighting the importance of preoperative surgical
planning (1,3-5). Our finding that the presence of multiple bile
ducts increases technical difficulty and significantly increases
the risk of biliary complications supports and extends existing
literature. The application of the current International Liver
Transplant Society consensus classification in our study enabled
standardized assessment of biliary complications and increased
the comparability of our results with the international literature.
These findings offer significant contributions to clinical practice
in risk stratification, selection of anastomosis techniques, and
postoperative complication management.

The demographic data obtained in our study reflect the general
profile of LDLT patients and reveal the potential influence of
certain factors on the choice of anastomosis technique. The
mean age of 57.8+11.5 years and BMI of 27.62+5.67 kg/m” are
consistent with other LDLT cohorts in the literature (9). Notably,
the high proportion of male patients in our study population
(70.49%) and, especially, the increase to 75.94% in the duct-to-
duct anastomosis group (p=0.041) suggest that gender may

play a role in the choice of anastomosis technique. Based on the
literature, this situation may stem from the natural anatomy of
the biliary tract in male patients being more suitable for duct-
to-duct anastomosis, or from an unconscious preference in the
surgical decision-making process (10). The significantly higher
prevalence of diabetes mellitus in the Roux-en-Y group (46.85%
vs. 34.59%; p=0.052) suggests that hepaticojejunostomy,
considered safer, may have been preferred in patients with
metabolic comorbidities due to the risk of biliary complications.
This finding is consistent with the study by Antolovic et al. (11),
which reported an increased risk of bile leakage in diabetic
patients.

Although the number of graft bile ducts is a predisposing factor
that dictates the surgical strategy, our findings suggest that
the type of biliary reconstruction (duct-to-duct vs. Roux-en-Y)
significantly influences postoperative outcomes. Therefore, the
choice of anastomosis technique, tailored to the anatomical
variation, is crucial for minimizing complications. The simpler
anastomosis and the applicability of standard surgical techniques
in the presence of a single bile duct result in lower complication
rates. In contrast, in multi-duct anatomy, modifications such
as separate reconstruction of each duct or duct merging
are required, increasing technical difficulty and the risk of
complications (4). As reported by Lee et al. (10), the presence
of multiple bile ducts increases the risk of biliary complications
by 2 times. The spectrum of biliary complications observed
in our study, when evaluated according to the International
Liver Transplantation Society consensus classification, shows
that Stage II, Ill, and V complications are the most frequent
categories. These findings highlight the critical importance of
detailed preoperative imaging and surgical planning in patients
with multi-duct anatomy.
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between  duct-to-duct anastomosis and
hepaticojejunostomy is among the most debated topics in
LDLT (12,13). Our study demonstrated successful outcomes with
both techniques across various clinical scenarios, underscoring
the need for individualized selection based on patient-specific
factors. Duct-to-duct anastomosis offers advantages such as
preserving physiological bile flow, maintaining Oddi sphincter
function, and shorter operation time, but it carries risks of bile
leakage and anastomotic stricture (12,14). Hepaticojejunostomy,
on the other hand, is preferred, particularly in cases of multiple
ducts, small-diameter ducts, or recipient biliary tract pathologies,
and is reported to have a lower risk of anastomotic stricture.
However, the risk of ascending cholangitis due to enteral
connection and a longer operation time are disadvantages (15).
The higher prevalence of diabetes mellitus in the Roux-en-Y
group in our study suggests that this technique, with a better
safety profile, was preferred in high-risk patients.

The choice

The use of the 2023 Innsbruck BileducTx consensus classification
has significantly standardized the assessment of biliary
complications (8). This five-stage classification system offers a
progressive approach based on the severity of complications
and the level of intervention required, enabling rationalization
of treatment decisions. In our study, most Stage | (radiological
abnormalities) patients showed spontaneous resolution
and could be managed with close monitoring alone. While
Stage Il complications were successfully controlled with
conservative medical treatment, Stage llI-A patients benefited
from endoscopic or radiological interventions. Endoscopic
retrograde cholangiopancreatography-assisted biliary tract
stent placement and percutaneous transhepatic biliary drainage
application demonstrated the effectiveness of minimally invasive
approaches. The need for surgical revision in Stage IlI-B patients
reflected technical failure or complex anatomical conditions.
As reported in the literature, early diagnosis and appropriate
intervention can minimize Stage IV (re-transplantation) and
Stage V (mortality) rates (8,16). In our study, the parallel use of
the modified Clavien-Dindo classification provided additional
insight into the objective assessment of complication severity.

The most important strength of our study is its cohort size,
encompassing 244 patients over a broad 12-year period, and
reflecting data from an experienced center like Ankara Glven
Hospital. The use of standardized data collection forms, cross-
checking by two independent researchers, and application of
the current international consensus classification enhance the
methodological quality of the study. Furthermore, evaluating
the combined effect of bile duct number and anastomosis
technique is a significant contribution that fills a gap in the
literature. However, limitations of the study include missing data
in some variables due to the retrospective design, the inability
to fully control selection bias, and heterogeneity in surgical

technique preferences among surgeons. While the single-center
experience may limit the generalizability of the results, the
application of a standardized surgical protocol and follow-up
algorithm strengthens internal validity. Prospective, multicenter
studies evaluating long-term outcomes and graft survival are
needed.

Our study findings highlight the need for detailed preoperative
planning of biliary reconstruction in LDLT and the importance of
individualizing the choice of anastomosis technique according
to patient-specific factors. Considering the increased risk of
complications in patients with multiple bile duct anatomy,
evaluation by an experienced surgical team is recommended.
In patients with metabolic comorbidities such as diabetes
mellitus, a more cautious approach is needed regarding the
risk of biliary complications, and it was concluded that the
hepaticojejunostomy technique may be preferred in these
patients, taking into account its safety profile. Close biliary
monitoring in the early postoperative period, regular laboratory
follow-up, and aggressive imaging strategies when necessary are
critical for the early diagnosis and intervention of complications.
In conclusion, the success of biliary reconstruction in LDLT can
be optimized by integrating accurate assessment of anatomical
factors, selection of an appropriate surgical technique, and close
postoperative monitoring.

Study Limitations

Several inherent limitations warrant consideration when
interpreting these findings. First, the retrospective design
precludes establishment of definitive causal relationships
between bile duct configuration, anastomotic technique
selection, and postoperative outcomes. Selection bias may
have influenced surgical decision-making, as anastomotic
methods were determined by individual anatomical variations,
surgeon expertise, and clinical circumstances rather than
randomization. Furthermore, this single-center study was
conducted at a high-volume liver transplantation institution,
potentially limiting generalizability to centers with varying
levels of surgical experience, diverse patient demographics,
or differing resource constraints. Finally, evolution in surgical
techniques, immunosuppressive regimens, and perioperative
management protocols over the 12-year study period may
have introduced temporal confounding that could influence
outcome comparisons

Furthermore, despite comprehensive data collection efforts,
certain variables that could potentially influence postoperative
morbidity and mortality—such as donor-specific characteristics,
detailed graft quality parameters, specific immunosuppression
regimens, and long-term functional outcomes—were not fully
captured in our analysis. The relatively short median follow-up
period may not adequately reflect late biliary complications,

Turk J Surg 2026;42(3):281-288

287



288

Biliary complications in liver the transplantation

which can develop months or years after transplantation.
Sample size limitations, particularly when stratifying by both
bile duct number and anastomosis type, may have reduced
statistical power to detect clinically meaningful differences in
certain subgroup analyses. Additionally, the classification of
biliary complications, while based on established international
consensus criteria, involves some degree of subjective clinical
judgment that could introduce measurement variability. These
limitations underscore the need for prospective, multicenter
randomized controlled trials with longer follow-up periods to
validate our findings and establish evidence-based guidelines
for biliary reconstruction strategy selection.

CONCLUSION

This retrospective study demonstrates that bile duct
anatomy  significantly influences surgical technique
selection in LDLT and DDLT. Duct-to-duct anastomosis is
predominantly preferred for single bile duct configurations,
whereas hepaticojejunostomy becomes the preferred
approach when multiple bile ducts are present. Our findings
underscore that optimal biliary reconstruction strategy
requires comprehensive assessment integrating three key
factors: anatomical variations of the biliary tract, individual
patient characteristics, and technical surgical considerations.
This holistic approach is essential for minimizing biliary
complications and enhancing long-term transplantation
outcomes. Future prospective studies with larger cohorts
are warranted to establish standardized protocols that can
guide surgical decision-making and further improve patient
prognosis in LDLT and DDLT.
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ABSTRACT

Objective: Hypocalcemia (HC) is a common complication after thyroid surgery. This retrospective case-control study aimed to evaluate the efficacy of
postoperative betamethasone infusion in reducing the incidence of HC following thyroid surgery, with recurrent laryngeal nerve palsy and other complications
as secondary outcomes.

Material and Methods: A total of 196 patients who underwent total or completion thyroidectomy were retrospectively analyzed. Patients were divided into
groups receiving postoperative betamethasone infusion or no glucocorticoid treatment. Postoperative data on HC incidence (at least one serum calcium
measurement below 8.0 mg/dL), symptomatic HC (HC associate with numbness of the extremities, facial paresthesia, muscular spasms, and Chvostek’s or
Trousseau’s signs), pain, recurrent laryngeal nerve palsy, voice dysfunction, sore-throat and dysphagia were collected and analyzed. Additionally, demographic
and clinical characteristics were assessed, including preoperative assessments, intraoperative techniques, and postoperative recovery parameters.

Results: The study found a significantly lower incidence of HC and symptomatic HC in the betamethasone group compared to the control (32.0% vs. 49.5%,
p=0.013; 11.3% vs. 25.3%, p=0.012, respectively). Betamethasone-treated patients also reported lower postoperative pain scores (p=0.002).

Conclusion: Betamethasone infusion post-thyroidectomy demonstrated efficacy in reducing HC and symptomatic hypoparathyroidism, with minimal impact
on other complications. The findings suggest the potential of glucocorticoids as a therapeutic option in thyroid surgery to enhance postoperative outcomes
and patient recovery.

Keywords: Endocrine surgery, parathyroid, thyroid surgery

INTRODUCTION

Total thyroidectomy is an effective therapy for both benign and malignant diseases
of the thyroid gland. Although thyroid surgery is considered a safe procedure, it can
cause serious postoperative complications.

Hypocalcemia (HC) and recurrent laryngeal nerve (RLN) palsy are serious
complications after thyroidectomy. Biochemical HC represents the most frequent
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complication with rates ranging from 15.7% to 76.7% in a recent systematic review
(1). HC can often cause a prolonged postoperative recovery with increased hospital
care cost, so that preventing this complication is very important (2). Even when
the procedure is expertly performed, surgical trauma remains a recognized cause
of HC because the parathyroid glands may be unintentionally traumatized or
devascularized. This damage triggers an inflammatory reaction that compromises
parathyroid physiology (3).

Glucocorticoids are anti-inflammatory drugs that may improve surgical outcomes
and reduce complications by modifying perioperative inflammatory responses (4).
However, the literature reports limited and conflicting information regarding the
optimal timing of their use in thyroid surgery. Some studies suggest that a single
preoperative dose of dexamethasone may reduce the occurrence of postoperative
HC, although results are often conflicting in different studies (5-7). One recent meta-
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analysis found no effect on the incidence of permanent HC,
although transient biochemical HC reduction with or without
related symptoms was observed in the early recovery (8).
Similarly, another meta-analysis found no significant impact of
intraoperative glucocorticoid administration on reducing RLN
palsy, while evidence of effect on subjective voice impairment
was insufficient (9).

Our research group previously published a study demonstrating
that postoperative infusion of betamethasone at the end of
thyroidectomy reduces the risk of postoperative HC (10). The
present study further explores this issue by analysing the same
database but with a significantly larger group of patients. It
also assesses RLN palsy and other common complications as
secondary outcomes.

MATERIAL and METHODS

This was a retrospective case-control study that used data froma
prospective database. It included adult patients who underwent
total or completion thyroidectomy consecutively between
January 2018 and December 2023.The surgeries were performed
in the Surgical Department of the University La Sapienza of
Rome, Polo Pontino at the "A. Fiorini” Hospital in Terracina. The
study was approved by the local bioethics committees, and
preoperative informed consent was obtained from all patients
upon hospital admission. Ethics committee approval for the
study was obtained from the Lazio 2 Ethics Committee of ASL
Roma 2 on February 9, 2022, under protocol no: 0031401/2022.
This research was conducted without specific funding from any
public, private, or non-profit organizations. It enrolled patients
regardless of whether they had a malignant or benign condition
requiring surgery. A diagnosis of thyroid cancer was confirmed if
the final pathology report showed cancer of any size.

From January 2018 to June 2019, patients received 4 mg of
intravenous betamethasone (Bentelan, Alfasigma SpA) 2 hours
after surgery and 1.5 mg of intravenous betamethasone on
postoperative days 1, 2, and 3 (beta group); from July 2019 to
June 2020, no glucocorticoids were injected (no-beta group).
From July 2020 to December 2023, betamethasone was
administered using an alternating method, i.e., injection in one
patient and no infusion in the subsequent patient.

We collected the following prospective data: Gender, age, body
massindex (BMI), presence of co-morbidities, indication to surgery,
American Society of Anesthesiology (ASA) score, type of operation,
operating time, recovery after surgery, pathologic examination,
presence of any parathyroid gland in the specimen; moreover, the
number of parathyroid glands remaining in situ (PGRIS) score was
calculated using the formula: 4 minus parathyroid glands found
in the specimen. All subjects underwent flexible laryngoscopic
examinations of the vocal cords preoperatively.

All surgeries were carried out under general anesthesia with
orotracheal intubation and were completed by an experienced
surgeon with more than 50 certified thyroidectomies. A standard
open procedure was used to perform a total thyroidectomy.
Surgeons identified and exposed the RLN and its branches,
meticulously following its course to its point of entry into the
larynx. They also located the parathyroid glands when feasible;
no autotransplantation of damaged glands were performed.
Additionally, two suction drains were inserted in each patient.

Plasma levels of parathyroid hormone (PTH) (reference range:
15-65 pg/mL), total calcium (reference range: 8.4-10.4 mg/dL),
serum albumin, and C-reactive protein (CRP) (reference range:
0-0.5 mg/dL) were measured preoperatively and on the first,
second, and third postoperative days.

The primary outcome was HC, defined as at least one serum
calcium measurement below 8.0 mg/dL.

Secondary outcomes were as follows:

1. Symptomatic HC (SHC), defined as the presence of the
following signs and symptoms, along with HC: numbness of the
extremities, facial paresthesia, muscular spasms, and Chvostek's
or Trousseau's signs.

2. Biochemical hypoparathyroidism (hPT) defined as a low
intact PTH level, below the lower limit of the reference range,
accompanied by HC.

3. Biochemical hPT with symptoms, defined as biochemical hPT
amidst symptoms and/or signs of HC.

4. Differences in serum calcium levels.
5. Differences in serum PTH.
6. Differences in serum CRP.

7. Differences in pain 24 hours after surgery, assessed with a
numeric rating scale (NRS), ranging from 0 (no pain) to 10 (worst
imaginable pain).

8. Differences in common postoperative complications, such as
voice dysfunction, sore-throat and dysphagia.

9. Difference in postoperative hospital stay (days).

Patients who developed HC were given oral calcium supplements
along with a vitamin D analogue. For those with severe HC
symptoms or when oral treatment was ineffective, 10% calcium
gluconate was administered intravenously. All patients received
an intravenous infusion of 1g of paracetamol three times a day
after surgery.

Patients were discharged from the hospital once their serum
calcium level was above 8.0 mg/dL. A 30-day follow-up was
conducted for all patients to monitor for any morbidity.
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Statistical Analysis

MedCalc® Release 14.8.1 was used for the statistical analysis
of the data. The characteristics of the patients were reported
as mean and 95% confidence interval (Cl) for continuous
parametric variables, as median and interquartile range (IQR)
for continuous non-parametric variables, and as number
(percentage) of patients for categorical variables. Student’s t-test
test was used to compare continuous parametric variables and
Mann-Whitney U test was used to compare continuous non-
parametric variables; for categorical variables, the two-sided
chi-square and Fisher’s exact test were used as appropriate. The
association between HC and dichotomic variables was analysed
by means of both univariate and multivariate analysis. An odds
ratio (OR) greater than one, reported with 95% Cl and p-values
indicates a higher chance of the event occurring in one study
group compared with the other. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

A total of 196 patients were analysed, divided into a
betamethasone group (97 pts) and a control group (99 pts).

The two groups were similar with respect to their demographic
and clinical characteristics, although the no-beta group had
a higher prevalence of PIGRIS scores 1 and 2, which was not
statistically significant. None of the patients were on calcium or
vitamin D supplementation before surgery (Table 1).

HC

HC occurred in 80 pts (40.8%), and symptoms were reported in
36 pts (18.4%). The occurrence of HC was significantly lower in
the beta group compared with the no-beta group [31 pts (32.0%)
vs. 49 pts (49.5%); p=0.013]. The difference was confirmed when
SHC was considered: 11 pts (11.3%) in the beta group and 25 pts
(25.3%) in the no-beta group (p=0.012). HC required intravenous
administration of 10% calcium gluconate in 62 (31.6%) patients:
20 (20.6%) in the beta group and in 42 (42.4%) in the no-beta
group (p=0.001). At discharge, the persistence of HC was
similar between the two study groups [19 pts (19.6%) vs. 27 pts
(27.3%); p=0.205]. Median (IQR) postoperative hospital stay was
3 (3-5) overall and 3 (3-5) in both the beta and no-beta groups
(p=0.568).

Biochemical hPT was present in 51 pts (26.0%) of the entire
series and occurred together with symptoms in 30 cases
(15.3%). The two study groups were similar with respect to
biochemical hPT alone [21 pts (21.6%) vs. 30 pts (30.3%);
p=0.168]. In contrast, a significant difference was found when
considering the percentage of patients with biochemical hPT

associated with symptoms and/or signs of HC in the beta
group vs. the no-beta group [9 pts (9.3%) vs. 21 pts (21.2%),
respectively; p=0.021].

Serum calcium, PTH, and CRP levels during recovery in the
two study groups are reported in Figures 1-3, respectively.
In the beta group, serum calcium levels were significantly
higher on the first postoperative day [8.5 (8.4-8.6) mg/dL vs.
8.2 (8.1-8.3) mg/dL in the no-beta group; p<0.000] and on
postoperative day 2 [8.5 (8.4-8.7) mg/dL vs. 8.2 (8.1-8.3) mg/
dL in the no-beta group; p<0.000]. Serum PTH was similar in
the two groups. In the beta group, serum CRP levels were
significantly lower on postoperative day 2 [0.7 (0.5-1.0) mg/
dL vs. 2.0 (1.5-2.6) mg/dL in the no-beta group; p=0.002] and
postoperative day 3 [0.5 (0.3-0.6) mg/dL vs. 2.3 (1.3-3.2) mg/
dL in the no-beta group; p=0.039]. One day after surgery,
serum albumin levels were 3.9 (3.8-4.0) g/dL; they were 3.9
(3.8-4.0) g/dL in the beta group and 3.8 (3.7-4.0) g/dL in the
no-beta group (p=0.067).

Predictors of HC Symptoms

Both univariate and multivariate analyses assessing predictors of
SHCarereportedinTable 2.In univariate analysis, betamethasone
treatment significantly decreased the risk of SHC occurrence
[OR=0.38 (0.17 to 0.82); p=0.014], while a PIGRIS score <3 was
associated with an increased risk of SHC occurrence [OR=3.17
(1.51 to 6.67); p=0.002]. In multivariate analysis, the only factor
that significantly decreased the risk of developing SHC was
betamethasone treatment [OR=0.23 (0.07 to 0.78); p=0.019],
whereas a PIGRIS score <3 was significantly associated with SHC
occurrence [OR=5.01 (142 to 17.65); p=0.012].

The same evaluation was performed to assess the predictors of
hPT (Table 3). APIGRIS score <3 was the only independent factor
significantly associated with a higher incidence of hPT [OR=2.53
(12310 5.18); p=0.011].

Other Common Complications

Other common complications occurring within the 30-day
postoperative follow-up period are reported in Table 4. The
NRS score for pain was 2 (2-3), with a significant decrease in the
beta group [2 (1-3) in the beta group vs. 3 (2-4) in the no-beta
group; p=0.002]. After surgery, dysphonia was present in 85 pts
(43.4%) and persisted in 65 pts (33.2%) during follow-up; RLN
palsy was documented in 9 pts (4.6%) by laryngoscopy; sore
throat was present in 49 pts (25.0%); and dysphagia occurred in
12 pts (6.19%). No statistically significant difference was observed
between the two study groups. No surgical site infections
occurred during follow-up.

Turk J Surg 2026;42(3):289-297

291



Betamethasone and hypocalcemia after thyroidectomy

292

Table 1. Demographic and clinical characteristics of the study group

Characteristics Total Beta group No beta group b
(n=196) (n=97) (n=99)

Gender, female 42(214) 27 (27.8) 15(15.2) 0.031

Age, years 56.6 (54.77 t0 58.52) 58.8(56.13t0 61.57) 545 (519110 57.19) 0.021

Age >50 years 130 (66.3) 68 (70.1) 62 (62.6) 0.269

BMI, kg/m? 274 (266110 28.12) 272 (26.21 10 28.29) 27.5(26.36 t0 28.59) 0.768

BMI >30 49 (25.0) 25(25.8) 24.(24.2) 0.805

Co-morbidities 151 (80.4) 78 (77.5) 73(73.7) 0.268

Preoperative diagnosis

Multinodular goitre 161 (82.1) 76 (784) 85 (85.9)

Toxic multinodular goitre 17 (8.7) 7(7.2) 10 (10.1)

Grave's disease 4(2.0) 1(1.0) 3(3.0) 0.445

Other* 14.(7.1) 99.3) 5(5.0)

Hyperthyroidism 25(12.7) 11(11.3) 14 (14.1) 0.557

PTH, pg/mL 79.1 (75.01 to 83.24) 76.6 (7045 10 82.72) 814 (75.84 10 87.03) 0.246

Serum calcium, mg/dL 9.3(9.24t0945) 9.4 (9.22t09.58) 9.3(9.18t0941) 0.351

C-reactive protein, mg/dL 0.3(020t0 0.37) 0.3 (0.20-041) 0.3 (0.24-0.39) 0.847

ASA

I 32(16.3) 12(12.4) 20(20.2)

Il 142 (72.4) 70(72.2) 72(72.7) 0.030

Il 22(11.2) 15 (15.5) 7(7.1)

Operation

Total thyroidectomy 188 (95.9) 93 (95.9) 95 (95.9) 0998

Completion thyroidectomy 8(4.1) 4(4.1) 4(4.1)

Duration of surgery, min. 75.0(72.78t0 77.24) 76.9 (73.85 t0 79.98) 73.1 (69.9to 76.38) 0.0946

Postoperative recovery, days 3(3-3) 3(3-3) 3(3-3) 0.568

Final pathology

Benign 193 (98.7) 95(97.9) 98 (100) 0196

Malignant 3(1.3) 2(2.1) 1(1.0)

Thyroid tissue weight, gr 49 (35-89) 47 (35-91) 51(36-87) 0.749

PIGRIS score

1 2(1.0) - 2(2.0)

2 16 (8.2) 6 (6.2) 10 (10.1)

3 52(26.5) 27 (27.8) 30(30.3) 048

4 126 (64.3) 64 (66.0) 57 (57.6)

Data are presented as number (percentage) or mean (95% confidence interval). Beta: Betamethasone, *: Indeterminate or suspicious nodule 11 pts, PIGRIS: Parathyroid

glands remaining in situ, BMI: Body mass index, ASA: American Society of Anesthesiologists, PTH: Parathyroid hormone.

DISCUSSION

The use of glucocorticoids during the perioperative period is
common due to their various benefits, including reduction
of postoperative nausea and vomiting, analgesic effects
and a significant improvement of the quality of recovery
(11). However, concerns regarding their side effects, such as

potential immunosuppression that could lead to complications,

including infections and impaired wound healing, limit
their use. Two recent meta-analyses reported the safety of
glucocorticoids in patients submitted to surgery, though they
also highlighted biases that warrant caution (12,13). While most
studies describe the administration of a single preoperative
dose of the glucocorticoid dexamethasone, we chose to
prescribe  betamethasone postoperatively. Our decision
stems from studies indicating that glucocorticoids taper the
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Figure 1. Differences in serum calcium levels between patients who
received or did not receive betamethasone. In the betamethasone
group, serum calcium levels were significantly higher on post-
operative day 1 (*p<0.000) and on day 2 (Ap<0.001).
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Figure 2. Differences in serum parathyroid hormone (PTH) levels
between patients who received or did not receive betamethasone. No
significant difference was observed between the two study groups.

immune response, when inflammation is absent, but stimulate
immunological response when inflammation occurs (4). The
anti-inflammatory effect of glucocorticoids in the postoperative
phase is confirmed by our results, which show a significant
decrease in CRP levels in the beta group after thyroidectomy.
The intraoperative administration of glucocorticoids does not
impact the incidence of surgical site infection, as reported in two
large randomized trials (14,15). Thyroid surgery is considered a
clean procedure with a very low rate of surgical site infection,
and the lack of surgical site infections in our study support the
safety of glucocorticoids, in spite of their anti-inflammatory
properties.

After thyroidectomy HC may stem from various events, including
the accidental removal or trauma of the parathyroid glands,
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Figure 3. Differences in serum C-reactive protein (CRP) levels were
assessed between patients who received betamethasone and those
who did not. In the betamethasone group, CRP levels were significantly
lower on post-operative day 2 (*<0.002) and on day 3 (Ap<0.039).

which can lead to devascularization and damage (1); another
potential cause includes postoperative alkalosis-induced HC
from hyperventilation due to pain, and dilution HC (16).

Surgical trauma is a major cause of HC after thyroidectomy;
therefore, reducing trauma-related inflammation is a potentially
effective way to manage it. However, there is a lack of studies
confirming this relationship. There are only three randomized
studies that compare patients treated with preoperative
dexamethasone injection vs. placebo before thyroidectomy
(5-7). The trial of Kolahdouzan et al. (5), showed a lower rate
of postoperative symptomatic HC in patients treated with
dexamethasone before total thyroidectomy, although there was
no statistical significance. In the study of Dhahri et al. (6), a single
preoperative dose of dexamethasone significantly reduced
postoperative HC and symptomatic HC. In the trial of Latifetal. (7),
dexamethasone prophylaxis before sub-total thyroidectomy was
effective in reducing postoperative HC. A Chinese retrospective
study on patients, who underwent thyroid surgery for papillary
carcinoma, showed that the incidence of hPT after surgery was
lower in subjects submitted not only to intraoperative but also
to postoperative administration of glucocorticoids (17). The
present study demonstrated that both biochemical HC and
SHC levels were significantly reduced when betamethasone
was administered postoperatively. Biochemical hPT was similar
in the two study groups, with a significant decrease in the beta
group when it was associated with symptoms and/or signs of
HC, suggesting that parathyroid gland function was potentially
unaffected and that the finding may reflect the subjective nature
of symptoms. Although postoperative hospital stay was similar in
the two study groups, there was a a significantly increased need
to administer an intravenous infusion of calcium to correct HC
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Table 2. Predictors of SHC

Characteristics SHC No SHC Univariate OR 0 Multivariate OR o
(n=36) (n=160) (95% Cl) (95% Cl)

Gender, male 8(222) 28(77.8) 1.06 (0.44 t0 2.53) 0.898 0.979 (0.23t0 3.98) 0.967

BMI >30 6(16.7) 43(26.9) 0.54(0.21t0 1.39) 0.206 0.72(0.15t0 3.34) 0.676

Age >50 years 21(58.3) 109 (68.1) 0.65(0.31t0 1.37) 0.263 2.07(030to 14.12) 0458

Co-morbidities 25(77.8) 126 (80.7) 0.61(0271t01.37) 0.233 0.36 (0.06 to 2.06) 0.254

Preoperative diagnosis

Multinodular goitre 28(77.8) 133 (83.1) Reference Reference

Other 8(22.2) 27 (16.9) 140 (0.58 to 3.42) 0451 1.32(0.26 10 6.78) 0.741

ASA

|1l 19(11.9) 141 (88.1) Reference Reference

If 3(83) 33(91.7) 067 (0.19to 241) 0.545 0.97 (0.26 t0 3.62) 0.961

Betamethasone 11(30.6) 86 (53.7) 0.38(0.17t0 0.82) 0.014 0.23 (0.07 t0 0.78) 0.019

Final pathology

Benign 34 (94.4) 150(93.7) Reference Reference

Malignant 2(5.6) 10 (6.2) 0.88(0.18 to 4.21) 0.875 1.66 (0.24 to 11.45) 0.605

PIGRIS

>3 15(41.7) 111 (69.4) Reference Reference

<3 21(583) 49 (30.6) 3.17(1.51t0 6.67) 0.002 501 (142t0 17.65) 0.012

Data are presented as number (percentage), unless otherwise specified. SHC: Symptomatic hypocalcemia, OR: Odds ratios, PIGRIS: Parathyroid glands remaining in situ,
BMI: Body mass index, ASA: American Society of Anesthesiologists.

Table 3. Predictors of hPT

Characteristics hPT No hPT Univariate OR o Multivariate OR o
(n=51) (n=145) (95% CJ) (95% CI)

Gender, male 9(17.6) 33(22.8) 0.72 (0.32 to 1.65) 0.445 0.86 (0.36 to 2.06) 0.742

BMI >30 8(15.7) 41 (28.3) 047 (0.20 to 1.09) 0.079 048 (0.19t0 1.16) 0.102

Age >50 years 28 (54.9) 102 (70.3) 0.51(0.27 t0 0.99) 0.047 0.73(0.32t0 1.62) 0.440

Co-morbidities 33(64.7) 118 (81.4) 042 (0.21 t0 0.85) 0.017 045 (0.19to 1.09) 0.078

Preoperative diagnosis

Multinodular goitre 42 (82.3) 119 (82.1) Reference Reference

Other 9(17.7) 26(17.9) 0.98 (042 t0 2.26) 0.964 0.85(0.35t0 2.08) 0.720

ASA

-1l 48 (94.1) 126 (86.9) Reference Reference

Il 3(5.9) 19(13.1) 041 (0.12to 1.46) 0.171 0.55 (0.14 t0 2.09) 0.380

Betamethasone 21(41.2) 76 (52.4) 0.64(0.33t0 1.21) 0.169 0.84 (042 to 1.68) 0617

Final pathology

Benign 50 (98.0) 137 (94.5) Reference Reference

Malignant 1(2.0) 8(5.5) 0.34 (0.04t0 2.81) 0318 0.38 (0.04 to 3.28) 0.377

PIGRIS

>3 26 (51.0) 100 (69.0) Reference Reference

<3 25 (49.0) 45 (31.0) 2.14(1.11t04.10) 0.023 2.53(1.23t05.18) 0.011

Data are presented as number (percentage), unless otherwise specified. OR: Odds ratios, PIGRIS: Parathyroid glands remaining in situ, hPT: Hypoparathyroidism, Cl:
Confidence interval, ASA: American Society of Anesthesiologists, BMI: Body mass index.
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Table 4. Complications in the study groups

Variable Total (n=196) Beta group (n=97) No beta group (n=99) p
Dysphonia

At hospital discharge 85 (43.4) 44 (45.3) 41 (41.4) 0.788

At 30-day follow-up 65 (33.2) 30(30.1) 35(353) 0439

RLN palsy 9(4.6) 330 6 (6.1) 0318

Sore throat 49 (25.0) 25(25.8) 24 (24.2) 0.619
Dysphagia 12(6.1) 7(7.2) 5(5.1) 0.541

Pain, NSR score 2(2t03) 2(1to3) 3Qto4) 0.002

Data are presented as number (percentage) or mean (95% confidence interval). Beta: Betamethasone, RLN: Recurrent laryngeal nerve, NRS: Numeric rating scale.

during recovery in the no-beta group. Moreover, treatment with
betamethasone was significantly associated with a reduction in
SHC after surgery in both univariate and multivariate analyses.

Our study confirms that PIGRIS score is a factor significantly
related to postoperative SHC and hPT, as it is well documented
in the literature (18). Due to the quite large number of patients,
the higher but not significant prevalence of PIGRIS score 1 and
2 in the no-beta group does not affect the validity of the results.

It is common for patients to experience voice dysfunction after
thyroidectomy. While RLN palsy is a known cause of dysphonia,
a complete transection of the RLN is rare. Instead, the primary
cause of functional impairment of the RLN is typically the
trauma consequent to the manipulation of the nerve during the
operation (19). Another possible cause, not related to surgery,
is the trauma caused by the tracheal intubation (20). Based on
these observations, glucocorticoids were proposed during
the perioperative period to decrease inflammation caused
by surgical trauma and thereby preserve RLN function. Six
randomized studies have been published that examine the effect
of preoperative injection of dexamethasone before surgery on
voice outcomes (6,7,21-24). Temporary improvement of the
voice after preoperative dexamethasone infusion was described
in four trials (6,21,23,24). The studies by Latif et al. (7) and Feroci et
al. (22) found no effect of dexamethasone on this complication.
Similarly, the present study showed that glucocorticoids do not
influence voice outcomes when administered postoperatively.

Glucocorticoids are also effective in minimizing sore throat
after tracheal intubation (25). The occurrence of sore throat
is particularly frequent in thyroid surgeries performed under
general anesthesia (26). A randomized trial indicated that
dexamethasone, administered preoperatively could reduce
this complication (27). However, our results do not confirm
the effectiveness of glucocorticoids infused postoperatively in
preventing this common side effect after thyroidectomy.

Dysphagia is also a frequent occurrence (28,29). When there is
no RLN transection, swallowing difficulties seem to be primarily

linked to surgical trauma (30). One retrospective study showed
that perioperative dexamethasone could influence dysphagia in
the early postoperative phase (31). Our study found a tendency
toward reduced swallowing complaints in the beta group,
although this difference was not statistically significant when
compared with the no-beta group.

Perioperative glucocorticoids have been extensively used to
alleviate postoperative pain across various surgical procedures,
offering considerable benefits (32). In the context of thyroid
surgery, some trials showed that glucocorticoids significantly
reduce pain after the operation, even when pain was not
the primary outcome of the study (22,23,33). One trial, that
specifically had postoperative pain as its primary outcome, found
that two different preoperative doses of dexamethasone were
not effective to reduce pain or to spare opioids with respect to
placebo (34). Our results support the efficacy of glucocorticoids
in reducing postoperative pain following thyroidectomy.

Study Limitations

The main limitation of this study is the retrospective analysis of
the data. Moreover, the administration or non-administration of
betamethasone was performed without any previously defined
protocol. However, because a single experienced surgeon
performed all operations, two potential biases were avoided:
Variation in expertise (the surgeon was already experienced at
the beginning of the study) and variation in surgical technique
(he did not change it during the study period). Furthermore,
all postoperative symptoms were reported subjectively by
patients, without objective measurements. Serum calcium
levels after surgery may be affected by several factors such fluid
administration, alkalosis, and serum albumin levels: Another
limitation of our study is that we only assessed albumin levels
after surgery. Although we suggested that betamethasone after
thyroid surgery may preserve parathyroid function due to its anti-
inflammatory effect, the conflicting results of our study, showing
that biochemical hPT was unaffected, with only a reduction in
hPT with symptoms, do not clearly support this mechanism.
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CONCLUSION

The present study supports the use of betamethasone at the end
of thyroidectomy to decrease the incidence of both biochemical
HC and SHC. Postoperatively, pain is significantly reduced, while
voice dysfunction, sore-throat and dysphagia are unaffected
after betamethasone infusion. Further prospective, randomized
trials are needed to assess the effectiveness of glucocorticoids in
reducing complications after total thyroidectomy.
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ABSTRACT

Objective: Percutaneous endoscopic gastrostomy (PEG) is widely used to provide long-term enteral nutrition in patients unable to maintain oral intake.
However, PEG placement is already considered a high-risk intervention in the intensive care unit (ICU), where short-term mortality is substantial. This study
aimed to identify predictors of in-hospital mortality in ICU patients undergoing PEG.

Material and Methods: A retrospective cohort study was conducted at a single tertiary center from 2019 to 2024, including all consecutive adult ICU patients
who underwent endoscopic PEG. Demographic, clinical, laboratory, and procedural data were analyzed. The primary outcome was in-hospital mortality.
Univariate and multivariate logistic regression analyses were used to identify independent predictors.

Results: A total of 364 ICU patients underwent PEG, of whom 125 (34.3%) died during the index hospitalization. Among non-survivors, 56 (44.8%) died within
the first 14 days after PEG placement. Non-survivors showed lower albumin levels (24.4 vs. 28.2 g/L; p<0.001), higher urea concentrations (57.1 vs. 40.6 mg/
dL; p<0.001), higher neutrophil-lymphocyte ratio (6.44 vs. 4.81; p=0.002), and more frequent infection at the time of PEG (88% vs. 58.6%; p<0.001). Prolonged
mechanical ventilation (>14 days) was more common among non-survivors (23.2% vs. 11.7%; p=0.005). In the multivariate model, active infection [odds
ratio (OR) 3.62; p<0.001], lower albumin (OR 0.90 per g/L; p<0.001), and higher urea (OR 1.02; p=0.05) independently predicted in-hospital mortality, whereas
prolonged intubation showed a strong trend but did not reach significance (OR 1.85; p=0.06).

Conclusion: ICU patients with active infection, severe hypoalbuminemia, and elevated urea levels have a markedly increased risk of in-hospital mortality
after PEG placement. Prolonged mechanical ventilation appears to characterize a clinically more fragile ICU population rather than serving as an independent
predictor of mortality. Incorporating these objective markers into pre-procedural assessments may improve patient selection and support decision-making in
the ICU.

Keywords: Gastrointestinal surgery, intensive care unit, percutaneous endoscopic gastrostomy

INTRODUCTION

Percutaneous endoscopic gastrostomy (PEG) is a commonly used procedure for
providing long-term enteral nutrition to patients who cannot maintain adequate
oral intake (1). In the critical care setting, PEG is frequently used for individuals with
prolonged mechanical ventilation, severe neurologic impairment, or persistent
dysphagia (2). Although the procedure is technically successful and often necessary
for nutritional support, short-term mortality in critically ill patients remains high, with
reported in-hospital mortality rates between ten and twenty five percent (3).
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Therefore, the primary aim of this study was to identify pre-
procedural clinical and laboratory markers associated with
in-hospital mortality following PEG placement in ICU patients.
By characterizing high-risk physiologic profiles, we sought
to identify patients at substantial risk of death during index
hospitalization, in whom the intended benefits of long-term
enteral access may not be realized.

MATERIAL and METHODS

Study Design and Patient Population

This retrospective cohort study was conducted at a single tertiary
care hospital between 2019 and 2024. All consecutive adult
patients who underwent endoscopic PEG placement during
ICU admission were evaluated. The majority of PEG placements
occurred in patients admitted for non-surgical indications,
predominantly severe neurologic conditions and prolonged
ventilatory dependence; postoperative cases following major
surgery were rare. Only PEG procedures performed by the
general surgery department were included; gastrostomy
procedures performed by other specialties or via radiologic or
surgical techniques were excluded from the study. The primary
outcome of the study was in-hospital mortality, defined as death
from any cause during index hospitalization.

Patient Selection and Data Collection

Electronic medical records were reviewed to identify eligible
patients. Demographic characteristics, body mass index (BMI),
comorbidities, admission characteristics, indications for PEG,
medication use (including antiplatelet and anticoagulant
therapy), and prior surgeries were recorded. Laboratory
parameters [hemoglobin, white blood cell count, platelets,
neutrophil-to-lymphocyte ratio (NLR), albumin, liver enzymes,
renal function markers, electrolytes, C-reactive protein (CRP), and
international normalized ratio (INR)] were obtained from blood
tests performed within 24 hours before the PEG procedure.

Definitions

Infection during PEG placement was defined as an active,
culture-confirmed infection from any source (blood, sputum,
urine, tracheal aspirate, or wound samples) requiring systemic
antibiotic therapy at the time of PEG placement; infections
with documented resolution or negative follow-up cultures
before the procedure were not classified as active. Because
standardized sepsis severity scores (e.g., SOFA or APACHE II)
were not consistently available in this retrospective cohort, the
infection status reflected treated infection rather than graded
sepsis or septic shock. Prolonged mechanical ventilation or
tracheostomy was defined as invasive mechanical ventilation
or tracheostomy lasting >14 days, and this classification was

used when prolonged ventilatory dependence was the primary
indication for PEG. Multisystem disorder on admission referred
to the presence of two or more acute organ dysfunctions at the
time of hospital admission. In-hospital mortality was defined as
death from any cause during index hospitalization.

Statistical Analysis

Statistical analyses were performed using R (version 4.1.1).
Continuous variables were assessed for normality using the
Shapiro-Wilk test and visual inspection of the distribution plots.
Normally distributed variables are presented as mean + standard
deviation and compared between survivors and non-survivors
using the independent samples t-test, while non-normally
distributed data are reported as median and interquartile range
and compared using the Mann-Whitney U test. Categorical
variables were summarized as frequencies and percentages and
analyzed using either the chi-square test or Fisher’s exact test,
depending on the expected cell counts.

Correlation analyses (Pearson or Spearman coefficients according
to distribution) were performed to evaluate the relationships
among continuous predictors and to assess potential collinearity
before multivariable modeling. Variables with a p-value <0.10 in
univariate comparisons, along with those considered clinically
relevant, were entered into a binary logistic regression model
to identify independent predictors of in-hospital mortality.
The final multivariable model was derived using a backward
stepwise elimination approach based on the lowest Akaike
Information Criterion. Adjusted odds ratios (ORs) with 95%
confidence intervals (Cls) were calculated for each predictor.
Multicollinearity was assessed using correlation matrices and
variance inflation factors, and highly collinear variables were not
included in the same model. The discriminative performance of
the multivariate model was evaluated using receiver operating
characteristic (ROC) analysis. All statistical tests were two-sided,
and statistical significance was set at p<0.05.

Ethical Review

This retrospective study was conducted in accordance with
the ethical standards of the Declaration of Helsinki. The study
protocol was approved by the Institutional Review Board of the
Ankara Bilkent City Hospital (number: 433, date: 07.08.2024). The
requirement for informed consent was waived owing to the use
of anonymized clinical data and the observational, retrospective
design of the study.

Artificial Intelligence (Al) Use Statement

During the preparation of this manuscript, ChatGPT (OpenAl,
GPT-5) was used solely for language editing and improvement
of clarity. No Al tool was used for data collection, data analysis,
interpretation of results, or generation of scientific conclusions.
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RESULTS
Study Population

A total of 364 patients underwent PEG placement, of whom
125 (343%) died during index hospitalization. Baseline
demographics, including age and sex distribution, were similar
between survivors and non-survivors. However, patients who
died had a significantly higher BMI (25.15+4.79 vs. 26.76+4.73
kg/m? p=0.010) than those who survived. Several comorbid
conditions were more frequent among non-survivors, including
multisystem disorder on admission (61.2% vs. 45.4%; p=0.009),
active chemotherapy (16.8% vs. 7.5%; p=0.01), diabetes mellitus

(32.0% vs. 21.8%; p=0.030), heart failure (8.8% vs. 2.1%; p=0.003),
and antiplatelet use (15.2% vs. 8.4%; p=0.045) (Table 1).

Laboratory Parameters

Non-survivors demonstrated a more severe inflammatory and
metabolic profile than survivors. They had lower hemoglobin
(9.0 vs. 9.7 g/dL; p<0.001), higher NLR (6.44 vs. 4.81; p=0.002),
lower albumin (244 vs. 282 g/L; p<0.001), and higher urea
(57.1 vs. 40.6 mg/dL; p<0.001) levels. INR and CRP levels were
also significantly elevated in patients who died. ALP levels were
higher in the mortality group (p=0.01) (Table 2).

PEG Related Characteristics

The indications for PEG differed between the groups. Patients
who died were more likely to have prolonged intubation as the
primary indication (23.2% vs. 11.7%, p=0.005), whereas survivors
were more often referred for chronic oral intake disorders.

Table 1. Baseline demographics and comorbidities of PEG patients stratified by in-hospital mortality
Variable Total Survived Exitus p-value
(n=364) (n=239) (n=125)
Age, years, mean + SD 76+17 7617 7617 0.89
Male sex, n (%) 186 (51.1) 122(51.0) 64 (51.2) 0.54
BMI, kg/m? mean + SD 25.74+4.82 25.15+4.79 26.76+4.73 0.01
Glasgow Coma Scale <8, n (%) 110 (30.2) 75(314) 35(28.0) 0.50
Admission from emergency department, n (%) 308 (84.6) 205 (85.8) 103 (82.4) 0.39
Multisystem disorder on admission, n (%) 156 (50.6) 93 (45.4) 63 (61.2) 0.009
Cancer (any type), n (%) 66 (18.1) 39(16.3) 27 (21.6) 0.21
Active chemotherapy, n (%) 39(10.7) 18 (7.5) 21(16.8) 0.01
Prior abdominal surgery, n (%) 36 (9.9) 20 (8.4) 16 (12.8) 0.17
Prior head/neck-esophageal surgery, n (%) 6(1.6) 5.1 1(0.8) 0.35
Previous PEG, n (%) 10(27) 9(3.8) 1(0.8) 0.10
Hypertension, n (%) 180 (49.5) 113 (47.3) 67 (53.6) 0.25
Diabetes mellitus, n (%) 92(25.3) 52(21.8) 40(32.0) 0.030
Coronary artery disease, n (%) 41(113) 26 (10.9) 15(12.0) 0.74
Prior stroke, n (%) 57 (15.7) 42(17.6) 15 (12.0) 0.16
Atrial fibrillation, n (%) 21(5.8) 13(54) 8 (6.4) 0.70
COPD, n (%) 34(9.3) 22(9.2) 12 (9.6) 0.90
Heart failure, n (%) 16 (4.4) 5(2.1) 11(8.8) 0.003
Chronic kidney disease, n (%) 14 (3.8) 8(33) 6 (4.8) 049
Dementia, n (%) 87 (23.9) 56 (23.4) 31(24.8) 0.77
Parkinson’s disease, n (%) 38(104) 20 (84) 18 (14.4) 0.07
Epilepsy, n (%) 13(3.6) 9(3.8) 4(3.2) 0.78
Hypothyroidism, n (%) 12 (3.3) 6(2.5) 6 (4.8) 024
Anticoagulant use, n (%) 53(14.6) 37(15.5) 16 (12.8) 049
Antiplatelet use, n (%) 39(10.7) 20(8.4) 19(15.2) 0.04
Steroid use, n (%) 5014 3(13) 2(1.6) 0.56
BMI: Body mass index, COPD: Chronic obstructive pulmonary disease, PEG: Percutaneous endoscopic gastrostomy, SD: Standard deviation.

Turk J Surg 2026;42(3):298-305




Orug et al.

Infection during PEG intervention was markedly more common
in non-survivors than in survivors (88% vs. 58.6%; p<0.001). ICU
length of stay was significantly longer among patients who died
(median 45 vs. 40 days; p=0.03). The overall hospital stay did not
differ significantly (Table 3). Among the 125 patients who died
during the index hospitalization, 37 (29.6%) died within the first
7 days after PEG placement, 19 (15.2%) between days 8 and 14,
and the remaining 69 (55.2%) after 14 days. When non-survivors
were stratified according to time from PEG to death (<14 days
vs. >14 days), the prevalence of infection, as well as albumin
and urea levels at the time of PEG placement, did not differ
significantly between early and late deaths (all p>0.05).

Predictors of In-hospital Mortality

The univariate and multivariate analyses identifying predictors
of in-hospital mortality among ICU patients undergoing PEG
placement are summarized in Table 4. In univariate logistic
regression, infection during PEG intervention showed one of
the strongest associations, corresponding to a 5.18-fold increase
in the mortality risk (p<0.001). Active chemotherapy (OR 4.08,
p=0.010) and heart failure (OR 4.51, p=0.006) were also strongly
associated with increased mortality rates. Prolonged intubation
as an indication for PEG conferred a 2.71-fold increased risk
of death (p<0.001). Diabetes mellitus (OR 1.69, p=0.030) and
antiplatelet use (OR 1.96, p=0.040) were additional comorbidity-
related predictors.

Laboratory variables demonstrated significant prognostic value:
lower hemoglobin (OR 0.74 per g/dL), higher NLR (OR 1.03),
reduced albumin (OR 0.88 per g/L), elevated urea (OR 1.02),
higher INR (OR 13.2), and increased CRP levels (OR 1.01) were
all associated with increased mortality in the univariate analysis.

In the multivariate model, three predictors remained significant.
Lower albumin levels were strongly associated with mortality,
with each 1 g/L decrease increasing the risk by approximately
10% (OR 0.90, p<0.001). Elevated urea level also independently
predicted mortality (OR 1.02, p=0.05). Infection during the PEG
procedure remained the mostimportant independent predictor,
increasing the odds of in-hospital death by more than three-
fold (OR 3.62, p<0.001). Although prolonged intubation as an
indication for PEG showed a trend toward significance, it did not
retain statistical significance after adjustment (OR 1.85, p=0.06).

In the multivariate model, the area under the ROC curve was
0.761. Using a probability cut-off value of 0.50, the model
demonstrated a sensitivity of 41.9% and specificity of 86.8% for
predicting in-hospital mortality, with an overall classification
accuracy of 71.3%.

DISCUSSION

This study of critically ill patients undergoing PEG in the ICU
demonstrated a markedly high in-hospital mortality rate of 34.3
percent. This elevated rate likely reflects our study’s specific

Table 2. Laboratory parameters in PEG patients stratified by in-hospital mortality
Variables Total Survived Exitus p-value
(n=364) (n=239) (n=125)
Hemoglobin, g/dL, median (IQR) 9.3(8.3-10.8) 9.7 (8.6-114) 9.0 (8-10) <0.001
WBC, x10%L, median (IQR) 8.07 (6.19-11) 7.8 (6.01-10.66) 8.6 (6.35-11.6) 0.12
Platelets, x10°/L, median (IQR) 274 (207-384) 283 (217-398) 261 (195-353) 0.06
NLR, median (IQR) 5.18 (3.08-9.07) 4.81(2.8-8.6) 6.44 (3.75-10.89) 0.002
Albumin, g/L, median (IQR) 26.83 (22.55-31.20) 28.2 (24.48-33) 244 (21.75-28) <0.001
ALT, U/L, median (IQR) 21(14-35) 22 (14-36) 20 (13-33) 0.28
AST, U/L, median (IQR) 29 (19-42) 28 (18-42) 30(19-42) 0.55
ALP, U/L, median (IQR) 96.5 (74-136) 93 (72-127) 106 (80-147) 0.01
GGT, U/L, median (IOR) 28.5(17.5-57.5) 29 (18-55) 27 (16-61) 0.71
Creatinine, mg/dL, median (IQR) 0.60 (0.42-0.93) 0.59(0.43-0.83) 0.62 (0.40-1.10) 0.15
Urea, mg/dL, median (IQR) 44.47 (29.96-68.48) 40.6 (25.6-59.9) 57.1 (36.3-98.4) <0.001
INR, median (IQR) 1.20 (1.1-1.3) 1.18 (1.08-1.21) 1.20 (1.1-1.36) <0.001
CRP, mg/L, median (IQR) 40 (10-90) 34 (10-70) 54 (15-119) 0.003
Sodium, mmol/L, mean + SD 140.55+£6.98 139.4+6.13 141.74£8.25 0.1
Potassium, mmol/L, mean + SD 3.87+0.63 3.87+0.54 3.89+0.78 0.34
Chloride, mmol/L, mean = SD 105.58+7.01 104.88+6.00 106.89+8.46 0.05
Magnesium, mg/dL, mean + SD 1.72+0.32 1.74£0.31 1.69+0.33 0.19
ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, CRP: C-reactive protein, GGT: Gamma-glutamyl transferase, INR: International
normalized ratio, IQR: Interquartile range, NLR: Neutrophil-to-lymphocyte ratio, SD: Standard deviation, WBC: White blood cell count.
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focus on a high-risk inpatient cohort, as all patients were likely reflecting differences in case mix, baseline illness severity,
actively receiving ICU-level care at the time of the procedure, and the evaluation of in-hospital rather than 30-day mortality (7).
a population with greater baseline illness severity and While ICU status has already been described as “an indication to
physiological instability than those in other clinical settings. This discourage physicians for PEG," our analysis identified a specific,
rate significantly exceeds the previously reported ICU-specific higher-risk subgroup within this population (5). Non-survivors
mortality (30-day mortality of 14.8% in one surgical ICU cohort), exhibited a distinct clinical profile characterized by a greater
Table 3. PEG procedure characteristics and clinical outcomes stratified by in-hospital mortality
X Total Survived Exitus
Variables p-value
(n=364) (n=239) (n=125)
PEG indication, n (%)
Neurological disorders 117 (32.1) 74 (31) 3(34.4) 0.005
Prolonged intubation 57 (15.7) 28(11.7) 9(23.2) ’
Oral intake deficiency 190 (52.2) 137 (57.3) 53(424)
Infection during PEG intervention n (%) 250 (68.7) 140 (58.6) 0(88) <0.001
Time from admission to PEG, days, median (IQR) 25(14-37) 23(13-37) 26 (17-38) 0.18
Time from admission to PEG categorical, n (%)
0-15 days 94 (25.8) 67 (28) 27 (21.6) 031
15-30 days 154 (42.3) 101 (42.3) 53 (424) '
31-45 days 116 (31.9) 71(29.7) 45 (36)
Peg to in hospital death, n (%)
<7 days 37(10.2) 37(29.6)
8-14 days 19(5.2) 9(15.2)
>15 days 69 (19) 69 (55.2)
Multiple PEG attempt, n (%) 21(58) 13(54) 8(6.4) 0.7
PEG complication, n, (%) 12(3.3) 7(2.9) 5(4) 0.75
ICU stay, days, median (IQR) 43 (25-68) 40 (21-66) 45 (33-71) 0.03
Length of hospital stay, days, median (IQR) 45 (26-71) 41 (22-70) 46 (35-72) 0.08
ICU: Intensive care unit, IQR: Interquartile range, PEG: Percutaneous endoscopic gastrostomy.
Table 4. Univariate and multivariate logistic regression for in-hospital mortality after PEG placement
. Univariate OR Multivariate OR
Variable p-value p-value
(95% CI) (95% CI)
Glasgow Coma Scale, <8 7(0.70-1.89) 0.5 — —
BMI, kg/m? 1.07 (1.01-1.13) 0.017 — —
Active chemotherapy 408 (1.35-12.3) 0.010 — —
Diabetes mellitus 1.69 (1.04-2.75) 0.030 — —
Heart failure 451 (1.53-13.3) 0.006 — —
Antiplatelet use 1.96 (1.00-3.83) 0.040 — —
Hemoglobin, g/dL 0.74 (0.65-0.85) <0.001 — —
NLR 1.03 (1.00-1.06) 0.03 — —
Albumin, g/L 0.88 (0.84-0.92) <0.001 0.90 (0.86-0.95) <0.001
ALP, U/L 1.00 (1.00-1.00) 0.08 — —
Urea, mg/dL 1.02(1.01-1.04) <0.001 1.02(1.01-1.03) 0.05
INR 13.2(3.47-50.2) <0.001 — —
CRP, mg/L 1.01 (1.00-1.01) <0.001 — —
Prolonged intubation 2.71(1.48-4.94) <0.001 1.85 (0.96-3.57) 0.06
Infection during PEG intervention 5.18 (2.85-9.42) <0.001 3.62(1.93-6.80) <0.001
ALP: Alkaline phosphatase, BMI: Body mass index, Cl: Confidence interval, CRP: C-reactive protein, GCS: Glasgow Coma Scale, INR: International normalized ratio,
NLR: Neutrophil-to-lymphocyte ratio, OR: Odds ratio, PEG: Percutaneous endoscopic gastrostomy.
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systemic illness burden, more pronounced inflammatory and
metabolic derangements, and a significantly higher incidence of
infection at the time of the procedure. These findings emphasize
the importance of objective risk stratification when considering
PEG placement in critically ill patients.

The presence of active infection during PEG intervention
emerged as the most powerful independent predictor of in-
hospital mortality in our cohort, increasing the odds of death by
more than threefold. This finding is consistent with the previous
literature, underscoring infection as a decisive prognostic marker.
Studies have reported that aspiration pneumonia is associated
with a 13.6-fold increase in 90-day mortality (8), while early PEG-
site infection correlates with a 30-day mortality rate as high as
68% (9). This relationship is further quantified by inflammatory
biomarkers; for instance, a CRP level =5 mg/dL is associated with
a 3-fold increase in 30-day mortality (10). Our results confirm this
evidence by demonstrating that any active systemic infection
at the time of the procedure serves as a potent indicator of the
severe underlying illness. Notably, when non-survivors were
stratified according to the time from PEG to death, the infection
rates did not differ significantly between early and late deaths,
suggesting that infection does not merely identify patients
undergoing PEG during imminent terminal deterioration. This
suggests that performing an elective procedure, such as PEG,
during a state of systemic inflammatory response may reflect
the burden of acute physiological instability rather than a direct
procedural effect. Consequently, active infection and systemic
inflammation should prompt careful clinical reassessment of
PEG timing and the overall goals of care.

Severe hypoalbuminemia emerged as a strong, independent
predictor of in-hospital mortality in our cohort, reinforcing its role
as a key prognostic marker. As an indicator of both nutritional
status and systemic inflammation, albumin reflects the overall
physiological reserve. Consistent with prior studies, levels below
approximately 2.7 g/dL have been linked to more than double
the 30 day mortality risk (9). Additionally, each 1 g/dL increase
in albumin was associated with an 81 percent reduction in six-
month mortality after PEG (8). This risk increases further when
hypoalbuminemia is combined with systemic inflammation,
such as elevated CRP levels, identifying patients with extreme
frailty and catabolic stress (11). Mortality in such cases can
exceed 70 percent, with a more than sevenfold increase in risk
(9). In ICU patients, marked hypoalbuminemia, particularly when
accompanied by infection or other signs of systemic illness,
should be interpreted as a marker of increased mortality risk
at the time of PEG decision-making and may warrant careful
clinical consideration of the overall prognosis.

Elevated urea was also an important predictor of in-hospital
mortality in our cohort, highlighting its prognostic role in
patients with metabolic and renal dysfunction. This finding

is consistent with previous studies in which elevated pre-
procedural urea levels were independently associated with a
four-fold increase in 30 day mortality (11,12). In critical illness,
an elevated BUN concentration often reflects renal impairment,
dehydration, and increased catabolic protein breakdown, all of
which are indicative of severe physiological stress and multi-
organ dysfunction (13). Consequently, a high urea level in a
candidate for PEG may reflect reduced metabolic reserve at the
time of decision-making. Together with the existing evidence,
our results suggest that an elevated BUN level is associated with
an increased risk of early mortality and warrants careful clinical
consideration within the broader context of the patient’s overall
condition.

Our analysis identified several factors that were strongly
associated with mortality in the univariate analysis but did not
retain independent significance in the final model. For example,
elevated CRP levels are well-established predictors of early
mortality in many PEG studies (10,12). However, in our intensive
care cohort, its effect was likely absorbed by the closely related
presence of active infection and profound hypoalbuminemia,
both of which are central components of the systemic
inflammatory response. A prolonged INR, which marked the
most critically ill patients in our sample, similarly reflects severe
hepatic dysfunction or coagulopathy but did not provide
additional prognostic information once the core markers of
acute physiological derangement were included. The indication
for PEG placement also played an important role; the need
for prolonged mechanical ventilation demonstrated a strong
unadjusted association with mortality and narrowly missed
significance after adjustment, suggesting that the observed risk
may be related to the concurrent burden of infection, organ
failure, and malnutrition (14). This overall pattern, in which
traditional risk factors, such as comorbidities, inflammatory
markers, and coagulation abnormalities, lose their predictive
strength once broaderindicators of acute severity are considered,
has been described in other critically ill populations (2,7). This
reinforces that in the intensive care setting, the overall severity
of illness driven by infection, poor nutrition, and metabolic stress
may be more influential in predicting outcomes than any single
diagnosis or laboratory value. Importantly, these findings should
be interpreted as associations reflecting underlying vulnerability
rather than evidence that PEG placement itself contributes
causally to mortality.

Although our model demonstrated acceptable discrimination,
its modest sensitivity indicates that it should be interpreted
as identifying high-risk clinical profiles rather than excluding
patients from PEG based solely on the predicted probability.
Prior studies have attempted to define non-beneficial PEG
placement using broad clinical categories such as advanced
dementia, persistent vegetative state, or death within 30 days
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of the procedure, identifying roughly ten percent of cases
as potentially unnecessary in a general patient cohort (6,15).
These observations highlight that clearer selection criteria
can meaningfully improve outcomes, as demonstrated by the
reduction in 30-day PEG mortality in England from 13.2 percent
to 5.3 percent following the adoption of more refined national
guidelines (16). Our study provides evidence that may help
extend the principle of structured risk assessment to the high-
risk ICU population. By incorporating the key variables identified
in this study, clinicians may better recognize patients at a
substantially increased risk of in-hospital mortality.

This study has several strengths, including arelatively large cohort
focused exclusively on critically ill ICU patients undergoing
endoscopic PEG. Detailed clinical, laboratory, and physiological
data collected at the time of the procedure enabled a structured
evaluation of factors independently associated with in-hospital
mortality.

Study Limitations

Important  limitations  should be acknowledged. The
retrospective single-center design introduces potential residual
confounding and limits its generalizability. Although selected
laboratory parameters were analyzed as proxies of physiological
instability, standardized severity-of-illness scores were not
consistently available, and we could not definitively distinguish
between localized infection and septic shock at the time of PEG
placement. Standardized nutritional risk assessments were not
routinely documented. While the timing from ICU admission to
PEG was evaluated, a detailed assessment of dynamic clinical
stability at the time of procedural decision-making was not
possible. Because only patients who ultimately underwent
endoscopic PEG were included, selection bias related to
institutional referral patterns and procedural thresholds cannot
be excluded. Furthermore, the exclusion of surgical and
radiologic gastrostomy cases limits the generalizability of these
findings to endoscopic PEG. Finally, although the multivariable
model demonstrated acceptable discrimination, it was not
externally validated and should be interpreted as identifying
high-risk clinical profiles rather than serving as a stand-alone
prediction tool. Despite these limitations, this study identified
objective markers associated with early in-hospital mortality and
supports the need for structured risk stratification in critically ill
patients considered for PEG. Prospective multicenter validation
is required.

CONCLUSION

This study identified a distinct high-risk profile associated with
in-hospital mortality among critically ill patients undergoing
PEG, primarily characterized by active infection, severe
hypoalbuminemia, and elevated urea levels, while prolonged
intubation characterized a clinically more fragile subgroup. These

objective markers may support structured risk stratification and
more informed patient selection in intensive care settings.
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ABSTRACT

Objective: Point-of-care ultrasonography is rapidly becoming a key tool in many medical fields. Although its value in surgical practice is well established,
adoption among general surgeons in Turkiye still seems quite limited.

Material and Methods: We conducted a nationwide cross-sectional survey of practicing general surgeons and surgery residents in Turkiye. The questionnaire
covered participants background, ultrasound training history, current usage patterns, and views on future training.

Results: A total of 147 surgeons responded (44 residents, 77 specialists, and 26 academic faculty). Only 10.2% had received structured ultrasound training
during residency, whereas 21.8% had attended a postgraduate course. More than three-quarters (75.5%) described their competence in ultrasound-guided
procedures as low or non-existent. Self-reported competency was significantly higher among specialists and faculty than residents (p<0.001). Multivariable
analysis showed that attending a postgraduate ultrasound course [adjusted odds ratio (@aOR) 12.92, 95% confidence interval (Cl) 4.66-35.83] and having access
to a dedicated ultrasound device (@OR 4.39, 95% Cl 1.36-14.16) were the strongest predictors of greater competency. Notably, more than 93% of participants
reported a willingness to pay for ultrasound training courses. Our results highlight a significant gap between available training opportunities and what surgeons
need. Although competency improves somewhat with experience and formal training, it remains low across all career stages.

Conclusion: There is an urgent need to integrate structured, hands-on ultrasonography training into general surgery residency programs in Turkiye and to
expand accessible postgraduate options.

Keywords: Cancer, minimal invasive surgery, thyroid surgery

INTRODUCTION

Point-of-care ultrasonography (POCUS) has become an essential part of daily
Cite this article as: Sekerci UU, Coskun MC, Tokocin M, practice in many specialties. It helps clinicians make faster decisions, reduces reliance

Goktepe B, Glindogdu A, Atbas O, et al. Current status on radiology departments, and improves patient safety (1-3). Bedside ultrasound has
and barriers of ultrasonography utilization among

general surgeons in Turkiye: results of a nationwide
survey. Turk J Surg. 2026:42(3):306-312 emergency cases, and minimally invasive procedures, where rapid decision-making
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become an important skill in surgical practice. It is especially valuable in trauma,
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MATERIAL and METHODS

This was a nationwide cross-sectional survey targeting general
surgeons and surgery residents in Turkiye. The study received
ethical approval from the Institutional Review Board University
of Health Sciences Turkiye, Sancaktepe Sehit Prof. Dr.1lhan Varank
Training and Research Hospital (approval no: 2025/331, date:
24.09.2025). Written informed consent was not obtained, as the
study was conducted as a survey-based research. We developed
the questionnaire using Google forms and distributed it
electronically via surgical mailing lists and professional networks,
employing snowball sampling. Participants had one week to
respond, followed by a reminder and three extra days.

The survey included 30 questions covering demographics,
professional experience, USG training, device access, self-
reported competency, and opinions about future education.
Self-reported competency was measured on a five-point
scale and subsequently grouped into low and moderate-to-
high for analysis. The primary outcome was self-reported USG
competency, assessed using a five-point ordinal scale: No
experience, insufficient, moderate, sufficient, and very sufficient.
For logistic regression analyses, this was dichotomized as low (no
experience or insufficient) versus moderate-to-high (moderate,
sufficient, or very sufficient). Secondary outcomes included
frequency of ultrasonography use, access to USG devices, prior
training or certification, and perceived barriers to adoption.

Statistical Analysis

Data were exported from Google forms into Microsoft Excel
and analyzed using IBM SPSS v21.0. We used the chi-square,
Fisher's exact, Kruskal-Wallis, and Mann-Whitney U tests where
appropriate. Multivariable logistic regression was performed
to identify independent predictors of higher competency. A
p-value <0.05 was considered statistically significant.

RESULTS
Participant Characteristics

A total of 496 invitations were sent, and 147 participants
(29.6%) completed the questionnaire. Baseline demographic
and professional characteristics are summarized in Table 1.
The sample was predominantly male (n=101, 68.7%). The
most represented age group was 31-35 years (31.3%), and
the majority of participants were in the early career stage.
Residents constituted 29.9% (n=44), specialists 52.4% (n=77),
and academic faculty 17.7% (n=26) of the sample. Most
respondents had fewer than five years of post-graduation
practice (59.2%), while 26.5% had ten or more years of
experience. The largest institutional group consisted of training
and research hospitals (43.5%), followed by university hospitals
(21.8%), resulting in a combined academic affiliation of 65.3%.
Participants represented 39 provinces, with the highest

representation from Istanbul (25.2%), Ankara (11.6%), and Izmir
(10.2%). A small number of respondents (n=4, 2.7%) practiced
in Azerbaijan and were included as affiliates of relevant surgical
associations.

USG Training, Certification, and Institutional Resources

Table 2 presents the survey findings on training, institutional
resources, and attitudes. Only 15 respondents (10.2%) reported
receiving structured USG training during residency, and 32

Table 1. Baseline demographic and professional characteristics
of survey respondents (n=147)

Characteristic ‘ n ‘ %
Sex

Male 101 68.7
Female 46 313
Age group (years)

24-30 33 224
31-35 46 313
36-40 26 17.7
41-45 17 116
46-50 11 75
51-55 9 6.1
>56 5 34
Professional level

Resident 44 299
Specialist 77 524
Asst. Prof. 1 7.5
Assoc. Prof. 9 6.1
Professor 6 4.1

Years in practice

0-5 years 87 592
5-10 years 21 14.3
>10 years 39 26.5
Institution type

University hospital 32 218
Training and research hospital 64 435
Secondary state hospital 26 17.7
Tertiary state hospital 12 8.2
Private hospital 10 6.8
Outpatient clinic 3 20
Geographic distribution (top 5 cities)

istanbul 37 252
Ankara 17 11.6
[zmir 15 102
Trabzon 10 6.8
Diyarbakir 5 34
Other provinces 63 429
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Table 2. USG training, certification, institutional resources, and attitudes among respondents (n=147)

Variable n (yes) % (yes) p*
Training & certification

Structured residency USG training 15 10.2 <0.001
Postgraduate USG course attendance 32 218 <0.001
Simulation-based USG training 38 259 <0.001
Formal USG certification 26 17.7 <0.001
Institutional resources

Dedicated USG device for general surgery 24 16.3 <0.001
Endocrinologist present at institution 118 80.3 <0.001
Radiologist present at institution 143 97.3 <0.001
Interventional radiologist present 113 76.9 <0.001
Ablation performed at institution 76 517 0.897
Attitudes & opinions

USG training should be in surgery curriculum (CEP) 139 94.6 <0.001
Interventional USG should be in core program 140 952 <0.001
Biopsy & ablation within general surgery scope 136 925 <0.001
Surgeon input needed in ablation decisions 138 939 <0.001
Interventional procedures will replace surgery 96 65.3 <0.001
Field of general surgery will narrow 96 65.3 <0.001
Would still refer patients if capable (would NOT self-perform) 12 8.2 <0.001
Willing to attend paid USG training courses 137 932 <0.001

USG: Ultrasound, CEP: Cekirdek egitim programi, *: A p-value of <0.05 was considered statistically significant.

(21.8%) had attended at least one postgraduate USG course.
Simulation-based training was reported by 38 participants
(25.9%), and formal USG certification was held by 26 participants
(17.7%). Only 24 respondents (16.3%) reported access to a
dedicated USG device for general surgical use. All binary training
proportions were significantly below the neutral 50% threshold
(all p<0.001, one-sample binomial test), confirming widespread
underexposure.

Regarding institutional infrastructure, radiologists were present
in 143 institutions (97.3%), interventional radiologists in 113
(76.9%), and endocrinologists in 118 (80.3%). Ablation was
performed at 76 institutions (51.7%). Where performed, ablation
was conducted primarily by radiologists (n=73, representing 96%
of performing institutions). Thyroid biopsies were performed by
radiologists in 92 cases (62.6%), by endocrinologists in 23 cases
(15.6%), and by general surgeons in 7 cases (4.8%); they were not
performed at 23 institutions (15.6%). Breast biopsies were most
commonly performed by radiologists (76.2%), whereas general
surgeons performed them in 14 institutions (9.5%).

Self-reported Competency

Self-reported competency in ultrasonography was generally low
across the entire cohort (Figure 1). The majority of respondents
indicated either no experience (n=76, 51.7%) or insufficient
competency (n=35, 23.8%), resulting in a combined low

competency rate of 75.5%. Only 26 participants (17.7%) reported
moderate competency, 8 (5.4%) reported sufficient competency,
and 2 (1.4%) reported very sufficient competency.

Competency by Professional Level

When data were stratified by professional level, self-reported
competency showed a clear increasing trend with career
seniority (Kruskal-Wallis H =26.36, p<0.001; Mann-Whitney U
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Figure 1. Distribution of self-reported USG competency among 147
general surgeons in Turkiye.

USG: Ultrasound.
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test for residents versus specialists/faculty: p<0.001). Among
residents, only one out of 44 (2.3%) reported moderate or higher
competency. In comparison, 21 of 77 specialists (27.3%) and 14
of 26 academic faculty members (53.8%) reported moderate-
to-high competency (Table 3 and Figure 2). Importantly, the
problem was not limited to trainees. Even among specialists,
72.7% still described their competency as low or non-existent.
This indicates that the deficiency persists across all stages of a
surgical career and cannot be attributed solely to the inclusion
of residents in the sample.

Multivariable Logistic Regression

In the multivariable logistic regression model, moderate-to-
high self-reported USG competency (score >2) was used as the
outcome variable. The model included the following predictors:
structured residency training, attendance at postgraduate USG
courses, access to a dedicated USG device, years in practice
(categorized), and institution type (academic versus non-
academic). For binary variables, the reference categories were
the unexposed groups.

Postgraduate USG course attendance emerged as the strongest
independent predictor of higher competency [an adjusted

Competency Level
= No Experience
70 = Insufficient
= Moderate
= Sufficient
60 m—Very Sufficient

Number of Respondents
s
3

qesdent gpecatst st P qs0e P oo

Professional Level

Figure 2. Self-reported USG competency by professional level. Low
competency was present across all career stages, though significantly
higher rates of moderate-to-high competency were observed among
academic faculty (Kruskal-Wallis p<0.001).

USG: Ultrasound.

odds ratio (aOR) of 12.92, 95% confidence interval (Cl) 4.66-
35.83; p<0.001]. Access to a dedicated USG device was also
significantly associated with better competency (aOR 4.39, 95%
Cl 1.36-14.16; p=0.013). Structured residency training showed
a relatively large effect size (aOR 4.34, 95% Cl 0.95-19.81), but it
did not reach statistical significance (p=0.058). This is most likely
due to the very small number of participants who received such
training during residency (n=15). Neither years in practice nor
institution type (academic vs. non-academic) was independently
associated with self-reported competency (both p>0.05) (Table
4 and Figure 3).

Attitudes and Willingness

Despite the low levels of training and competency observed
in the study, participants demonstrated markedly positive
attitudes toward integrating ultrasonography into surgical
practice. An overwhelming majority supported the inclusion of
USG training in the general surgery core curriculum (94.6%) and
agreed that interventional USG procedures should be part of the
standard training program (95.2%). Similarly, 92.5% believed that
performing biopsies and ablation procedures should fall within
the scope of general surgical practice. Nearly all respondents
(93.9%) emphasized the importance of surgeon involvement
in decision-making for ablation therapies. Importantly, 93.2% of
participants stated that they would be willing to attend paid USG
training courses. This high level of motivation highlights a strong
professional demand that is not met by current educational
opportunities (Figure 4). When asked about the future of
the specialty, 65.3% of surgeons believed that interventional
procedures would eventually replace some traditional surgical
treatments, and a similar proportion anticipated a gradual
narrowing of the scope of general surgery. The current referral
burden was also evident: when ablation or biopsy services were
not available at their institutions, only 8.2% reported they would
prefer to refer patients even if they themselves were technically
capable of performing the procedures (Table 4).

DISCUSSION

The findings of this nationwide survey indicate that
ultrasonography remains significantly underutilized in general

Table 3. Self-reported USG competency distribution by professional level
Professional level No Exp. Insuff. Moderate Sufficient n | V.Suff. ot
n (%) n (%) n (%) (%) n (%)
Resident (n=44) 43(97.7) 0(0) 0(0) 1(23) 0(0)
Specialist (n=77) 31 (40.3) 25(32.5) 14 (18.2) 6(7.8) 1(1.3)
Asst. Prof. (n=11) 1(9.1) 4(36.4) 4(36.4) 109.1) 109.7) <0.001
Assoc. Prof. (n=9) 1(11.1) 3(333) 3(333) 2(22.2) 0(0)
Professor (n=6) 0(0) 3(50.0) 2(333) 1(16.7) 0(0)
Total (n=147) 76 (51.7) 35(23.8) 26(17.7) 8(5.4) 2(1.4)
. A p-value of <0.05 was considered statistically significant, USG: Ultrasound.
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surgical practice in Turkiye (6,7,10). This appears to stem primarily
from inadequate training opportunities during residency
and limited institutional support. Notably, the deficiency is
not confined to early-career surgeons; rather, it represents a
widespread structural issue that affects surgeons at all stages of
their professional lives.

Three main findings stand out from our data. First, formal
ultrasonography training is rarely incorporated into general
surgery residency programs or continuing medical education
programs. Second, self-reported competency remains low
overall, although it improves modestly with greater experience
and exposure to training. Third, there is a strong and consistent
interest among surgeons in acquiring these skills, underscoring
that current educational resources fail to meet surgeons'
professional needs and expectations.

Internationally, structured USG training has become well
established in many surgical programs (6,11). In Germany,
certified USG modules are mandatory for board certification.
In the United Kingdom, the Royal College of Surgeons actively
supports structured POCUS training for both trainees and
consultants. In North America, the American College of
Surgeons offers dedicated “USG for surgeons” courses that
combine simulation, supervised practice, and competency-
based evaluation (2,3,9).

0.67(0.45-1.77) |
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i
i
i
i
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i
i

" - 4.34(0.95-19.81) J

Structured residency training ; 1

439 (1.36-14.16)
Dedicated USG device
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Postgraduate USG course

0 5 10 bl
Adjusted Odds Ratio (95% CI)

Figure 3. Forest plot of adjusted odds ratios from multivariable logistic
regression. Postgraduate USG course attendance and dedicated
device access were independently associated with higher self-
reported competency.

USG: Ultrasound, CI: Confidence interval.

In contrast, our study shows that fewer than one in ten general
surgeons in Turkiye received formal USG training during
residency, a proportion that remains considerably below
international standards (12-14).

A particularly important finding of this study is that low
ultrasonography competency was not confined to residents.
Even among specialists with more than ten years of experience,
the majority reported limited or no proficiency in USG. This
indicates that the problem goes well beyond the early stages
of training and instead points to a systemic lack of structured
training opportunities at all levels of surgical practice (15).

We observed a clear gradient in competency according to
academic rank: approximately 50% of academic faculty reported
moderate-to-high competency, compared with 27% of
specialists and only 2% of residents. This difference most likely
reflects self-selection; surgeons who pursue academic careers
may have had greater exposure to ultrasonography through
research projects or institutional protocols.

Our multivariable regression analysis showed that attendance
at postgraduate USG courses was the strongest independent
predictor of higher levels of self-reported competency (aOR
12.92,95% Cl 4.66-35.83). Access to a dedicated USG device was
also independently associated with greater competency (aOR

== Training/Resources (%)
m Positive Attitudes (%) e a52%

80

3

Percentage (%)

a0

Figure 4.Training gaps versus attitudes toward USG education among
general surgeons in Turkiye (n=147).

USG: Ultrasound.

Table 4. Independent predictors of moderate-to-high self-reported USG competency—multivariable logistic regression (n=147)
Predictor variable aOR 95% ClI p
Postgraduate USG course attendance (Ref: No postgraduate training) 12.92 4.66-35.83 <0.001
Dedicated USG device access (Ref: No dedicated device) 4.39 1.36-14.16 0.013
Structured residency USG training (Ref: No residency training) 434 0.95-19.81 0.058
Years in practice (grouped: 0-5/5-10/>10) 1.58 0.92-2.71 0.101
Institution type (academic vs. non-academic) 0.67 0.25-1.77 0419
USG: Ultrasound, Cl: Confidence interval, aOR: Adjusted odds ratio.
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4.39, 95% Cl 1.36-14.16). Notably, access to equipment alone
was insufficient. Many surgeons who had a dedicated device still
reported low confidence.

In contrast, structured residency training showed a large effect
estimate (aOR4.34,95% C10.95-19.81) but did not reach statistical
significance (p=0.058); this is most likely because very few
participants (n=15) had received such training. Taken together,
these results highlight that formal educational exposure, rather
than the mere availability of equipment, is the key factor in
developing and maintaining competency.

The procedural landscape revealed by this survey also deserves
attention. Thyroid and breast biopsies, as well as ablation
procedures, are currently performed almost exclusively by
radiologists and endocrinologists, with general surgeons
playing a very limited role. In 15.6% of institutions, thyroid biopsy
is not performed at all, meaning patients must be referred
elsewhere. This creates a significant logistical and clinical burden.
Importantly, most respondents indicated that they would
prefer to perform these procedures themselves if they had the
necessary skills. This strong referral dependency, together with
the surgeons'clear willingness to acquire USG skills, supports the
need for targeted training programs.

Ultrasonography training is especially relevant for minimally
invasive management of thyroid and breast pathology,
ablative therapies (such as radiofrequency and microwave
ablation), intraoperative tumor margin assessment, and
emergency bedside evaluation (e.g, FAST protocol). As
surgical care continues to shift toward image-guided and
organ-preserving approaches, general surgeons who lack
proficiency in ultrasonography may gradually be excluded from
important aspects of patient care. Notably, 65.3% of participants
anticipated a narrowing of the scope of general surgery due
to these developments, although only a minority expressed
concern about this trend.

Study Limitations

Several limitations of this study should be acknowledged.
Selection bias may have occurred because the survey was
distributed electronically and participation was voluntary.
Surgeons who were already interested in ultrasonography were
probably more likely to respond, which may have influenced our
findings.

Second, competency was measured by self-report rather than
objective assessment. Self-reported skill levels are subject
to bias and may not accurately reflect true proficiency. This is
particularly relevant for residents, who reported the lowest
competency levels and likely had the lowest actual skills. Third,
the questionnaire was not based on a previously validated tool
for assessing USG competency.

Fourth, although the survey reached surgeonsacross the country,
the non-probability sampling method limits the generalizability
of the results. Finally, some subgroups were small (for example,
only six professors), which reduced the precision of the findings
in those categories.

CONCLUSION

This nationwide survey shows that self-reported competency
in ultrasonography among general surgeons in Turkiye is low,
and that formal training opportunities remain limited. The fact
that this gap exists across all career stages—from residents to
experienced specialists and academic faculty—suggests that
the problem is systemic rather than individual.

Given the strong interest expressed by surgeons in acquiring
these skills and the growing importance of image-guided
procedures in modern surgical practice, there is a clear need
to integrate structured ultrasonography training into general
surgery residency programs. In addition, expanding accessible,
practical, hands-on postgraduate courses would be an
important step toward closing the current competency gap
among practicing surgeons.
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General surgery residency training: Learning and teaching
processes from the perspective of an educator?
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ABSTRACT

Obijective: Educator perspectives on general surgery residency training have been insufficiently investigated in Turkiye. Understanding educational processes
and institutional challenges may contribute to the development of standardized competency-based surgical training models. This study aimed to evaluate
educators’ perspectives on general surgery residency training in Turkiye, identify learning and teaching processes, and evaluate current educational practices
that may inform future standardization efforts.

Material and Methods: A nationwide cross-sectional survey study was conducted among general surgery educators between August and December 2019.
The questionnaire included 21 closed-ended and 3 open-ended questions evaluating educational structure, faculty involvement, and perceived adequacy
of residency training programs. Survey questions were prepared following a literature review and expert evaluation. A pilot study involving 10 educators was
conducted prior to national distribution.

Results: A total of 156 educators completed the survey. Although 97% of educators supported structured residency programs, only 44% considered the
current curriculum content sufficient and fewer than one-fifth reported full curriculum implementation. Faculty members working simultaneously at private
institutions reported lower institutional presence, despite perceiving their educational contribution as adequate. Participants also identified inconsistencies in
curriculum implementation and faculty participation.

Conclusion: Educators perceive significant limitations in the standardization and implementation of general surgery residency training programs in Turkiye.
Strengthening competency-based curricula, improving faculty engagement, and developing validated educational assessment tools may improve the quality
of residency training.

Keywords: General surgery residency training, Turkiye, educator perspective, competency-based education, residents, standardized curricula

INTRODUCTION

The increasing complexity of healthcare systems, rapid advances in medical
knowledge and variability in institutional resources have highlighted the need for
standardization in medical education. This need extends beyond undergraduate
education and includes residency training, where the development of competent
specialists depends on structured educational programs, effective supervision, and
clearly defined learning outcomes (1-5).

Residency training is commonly described through three interconnected domains:
Structure, process, and outcomes. Structure refers to the institutions, regulations,

Cite this article as: Ozanar B, Vatansever £, Bat and resources that support training. The process includes educational activities,

AH. General surgery residency training: learning clinical exposure, supervision and assessment methods. Outcomes represent the
and teaching processes from the perspective of an . . . . .
educator? Turk J Surg. 2026:42(3)313-318 competencies expected from residents upon completion of training (5). In surgical
Corresponding Author specialties, residency programs are expected to develop cognitive knowledge,
Beyza Ozcinar technical skills, clinical judgment, professionalism, communication skills, and lifelong
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time-based training alone (7-12).
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In Turkiye, efforts to standardize postgraduate medical education
have been supported by professional organizations and national
regulatory bodies. The Board of Specialization in Medicine
Curriculum  Creation and Standard Determination System
(TUKMOS) has developed specialty-specific curricula, including
the General Surgery Core Curriculum, which was most recently
updated in 2022 (12,13). The curriculum defines multiple
competency domains and provides a framework for residency
training. However, variability in curriculum implementation,
educational content, faculty participation, and institutional
resources continues to be reported across training centers (14-19).

While several studies have investigated residents’ satisfaction,
educational experiences, and perceived deficiencies in training
programs, relatively few studies have examined residency
education from the perspective of educators. Educators play a
central rolein the implementation of the curriculum, supervision,
assessment, and professional development of residents.
Understanding their perceptions may help identify barriers
to effective training and contribute to future standardization
efforts.

Therefore, this study aimed to evaluate educators’ perspectives
on general surgery residency training in Turkiye, to identify key
learning and teaching processes, and to explore challenges
affecting the implementation of residency education.

MATERIAL and METHODS
Study Design and Participants

This nationwide, cross-sectional survey was conducted between
August and December 2019 to explore educators’ perspectives
on general surgery residency training in Turkiye. The study
was based on the premise that limited information is available
regarding educational standardization, faculty involvement,
and curriculum implementation in general surgery residency
programs.

The study sought to address two primary questions:

1. What are the key learning and teaching processes in general
surgery residency training?

2. What challenges do educators encounter during the training
process?

Survey Development

A structured electronic questionnaire consisting of 21
closed-ended and 3 open-ended questions was developed
by the investigators following a review of the literature on
competency-based medical education, surgical residency
training, and  curriculum  standardization.  International
educational frameworks, including CanMEDS competencies,
ACGME core competencies, and TUKMOS recommendations,
were considered during questionnaire development.

The survey was designed to evaluate:

- Faculty involvement in residency training,

- Educational structure and curriculum implementation,
- Learning environments and teaching methods,

- Time allocated to educational activities,

- Perceived adequacy of training programs.

To improve content validity and clarity, the draft questionnaire
was reviewed by experienced general surgery educators and
subsequently pilot-tested with 10 educators from different
institutions. Minor modifications were made based on
participant feedback before nationwide distribution.

Data Collection

The survey was distributed electronically to general surgery
educators working in university hospitals, private university
hospitals, and training and research hospitals throughout
Turkiye.

The survey link was initially shared through the Turkish Surgical
Association, the largest professional organization representing
general surgery educators and specialists in the country. To
increase participation, reminder invitations were sent to general
surgery specialists for whom contact information was available,
followed by direct e-mail invitations to known educators
involved in residency training.

Although the exact number of eligible educators was unavailable,
the target population was estimated at approximately 400
educators actively involved in residency training. A total of 291
individuals responded to the survey. After excluding participants
who were not actively involved in resident education or who did
not complete the questionnaire, 156 completed responses were
included in the final analysis, corresponding to an estimated
response rate of 39%.

Qualitative Analysis

Responses to open-ended questions were independently
reviewed by two investigators and grouped into recurring
themes related to educational adequacy, faculty involvement,
and institutional challenges. Qualitative findings were analyzed
descriptively and used to complement the quantitative results.
Because the survey was not designed as a formal qualitative
study, no validated qualitative coding framework or thematic
saturation analysis were performed.

Statistical Analysis

Survey responses were entered into an SPSS database for
analysis. Descriptive statistics were used to summarize
participant characteristics and survey responses. Associations
between categorical variables were evaluated using chi-square
tests. Continuous variables were analyzed using Student’s t-test
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or One-Way Analysis of Variance, as appropriate. Statistical
significance was defined as a two-sided p-value <0.05.

Because of the relatively limited sample size and unequal
subgroup distributions, advanced multivariable analyses were
not considered statistically reliable, and therefore were not
performed. Consequently, the identified associations should be
interpreted as exploratory rather than causal.

Ethical Considerations

Ethical approval was obtained from the istanbul University
Ethics Committee (approval no: 2015/504, date: 27.02.2015).
Participation was voluntary, and all respondents provided
informed consent before completing the survey.

RESULTS

A total of 156 educators completed the survey and were
included in the analysis. The median age of participants was
48 years (range: 34-70 years). Most respondents were male
(n=139, 89.1%); 17 (10.9%) were female. Professors constituted
the largest academic group (n=81, 51.9%), followed by associate
professors (=50, 32.1%) and assistant professors (n=15, 9.6%).
Most participants were employed at university hospitals (n=104,
66.7%) and more than half worked as faculty members for over
10 years (n=83, 53.2%) (Table 1).

Among respondents, 33 educators (21.2%) reported
simultaneous employment in private institutions. The majority
spent more than 75% of their professional time at their primary
institution (n=114, 73.1%) and 131 (84.0%) considered this time
allocation sufficient for educational activities (Table 2).

There was broad agreement regarding the importance of
structured residency education. Nearly all participants (n=152,
97.4%) stated that general surgery residency training should be
conducted within a formal educational program. Furthermore,
114 educators (73.1%) reported implementing the national
curriculum framework at their institutions. However, only 68
participants (43.6%) considered the current curriculum content
sufficient, whereas 40 (25.6%) regarded it as insufficient (Table 2).

When asked about curriculum implementation, only 27
educators (17.3%) reported full implementation, whereas
73 educators (46.8%) indicated partial implementation, and
17 educators (10.9%) reported that the curriculum was not
adequately implemented (Table 2). Although 134 respondents
(85.9%) considered the duration of residency training adequate,
perceptions of educational quality were less favorable. Only 35
educators (22.4%) considered the quality of the educational
program sufficient, while 57 (36.5%) described it as partially
sufficient, and 46 (29.5%) believed that improvements were
needed (Table 3).

Table 1. Characteristics of the educators participating in the
study

Number %

Age [median (min-max)] 48
9 (34-70)

Sex
Female 17 10.9
Male 139 89.1
Academic title
Assistant Professor 15 9.6
Associate Professor 50 32.1
Professor 81 519
Institution
University hospital 104 66.7
Private university hospital 8 5.1
Education and research hospital 44 282
Total working time in the institution
<5 years 22 14.1
5-10 years 31 199
>10 years 102 654
Duration of work as a faculty member
<5 years 29 18.6
5-10 years 43 276
>10 years 83 53.2

Table 2. Educators’ views on education-1

Number | %
Simultaneous working in a private institution
Yes 33 21.2
No 122 78.2
Proportion of time spent in the main
S o
?Zsstltutlon (%) 13 83

10 6.4
25-50
50-75 17 109
>75 114 73.1
Time allocation sufficient for educational
$;:|V|t|es 131 840
No 23 14.7
Need for a structured residency program
Yes 152 974
No 1 06
Program currently implemented
No 25 16.0
National Curriculum Framework 114 73.1
Their own programs 6 38
Foreign program 11 7.1
Curriculum content adequacy
Sufficient 68 436
Insufficient 40 256
Undecided 7 45
Implementation of educational content
Yes 27 17.3
No 17 109
Partially 73 46.8
Is the duration of the specialized training
sufficient?
Sufficient 134 859
Should be shorter 4 26
Should be longer 18 11.5
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Faculty involvement in educational activities was generally
perceived as moderate. Eighty educators (51.3%) rated faculty
support as moderate, whereas only 37 (23.7%) considered it
sufficient. Active participation in educational activities was
reported by 72 educators (46.2%), while 40 (25.6%) reported only
partial participation and 28 (17.9%) reported that participation
was adequate, but could be improved (Table 3).

Regarding educational methods, respondents — strongly
supported clinical and practice-based learning environments.
Operating room training was endorsed by 153 educators (98.1%),
while clinic-based patient care and on-call training were each
supported by 151 participants (96.8%). Seminars (93.6%), ward
rounds (92.3%), outpatient clinic activities (92.3%), and minor

Table 3. Responses of educators to questions related to
training-2

Number | %
Faculty support for educational activities
Very little 20 12.8
Moderate 80 51.3
Sufficient 37 237
Sufficient but could be better 19 12.2
Active participation in educational activities
Yes 72 46.2
No 16 10.3
Partially 40 256
Sufficient but could be better 28 17.9
Time allocated to educational activities
Yes 92 59.0
No 63 404
Perceived quality of educational program
Insufficient 17 109
Partially sufficient 57 36.5
Sufficient 35 224
Could be better 46 295

Table 4. Responses of educators to the question “What training
methods should be used?”

What educational methods should be

Number | %
used?
Clinic patient care 151 96.8
Polyclinic practices 144 923
Minor procedures 143 91.7
Operating room 153 98.1
Shifts 151 96.8
Ward rounds 144 923
Seminars 146 93.6
Case discussions 130 83.3
Rotations 123 788
Congress-symposium 133 853
Research-thesis 0 0
Other:
External center rotation 3
Endoscopy 6
Simulation-skills training 3
Council-patient presentation 4
Writing articles 5
Courses 3

surgical procedures (91.7%) were also frequently identified
as essential components of residency education. Rotations
received comparatively less support (78.8%) (Table 4).

Similarly, educators emphasized the importance of faculty
participation across multiple educational settings. One hundred
and forty-seven respondents (94.2%) supported participation
in all surgical procedures and educational meetings, while 143
(91.7%) considered faculty involvement in case discussions
essential. Participation in inpatient care activities was endorsed
by 137 educators (87.8%), and involvement in outpatient care
was endorsed by 127 educators (81.4%) (Table 5).

Several statistically significant associations were identified. Male
educators were more likely than female educators to report
simultaneous employment in private institutions (p=0.022).
Female educators more frequently reported allocating sufficient
time to educational activities (p=0.039). Compared with other
academic ranks, professors were more commonly employed
at university hospitals and reported greater participation
in educational activities (p=0.014). Faculty members with
more than 10 years of academic experience reported greater
satisfaction with educational time allocation (p=0.025),
curriculum implementation (p=0.017), and curriculum content
adequacy (p=0.029) as satisfactory.

Educators working simultaneously in private institutions
reported lower institutional presence despite perceiving their
educational contribution as adequate. Although statistically
significant associations were identified, these findings should be
interpreted as exploratory because multivariable analyses were
not performed.

Qualitative analysis yielded insights from three trainers who
contended that faculty members need not actively engage in
training. Detailed evaluation of their survey responses revealed
that all three were male and employed at state universities for
over 10 years. One trainer did not hold an adjunct position
at a private institution, while the other two did. Their time
commitments varied: two dedicated 50-75% of their schedules

Table 5. What educational activities should the faculty member
participate in?

Training activities that the faculty member is

. S . Number | %
required to participate in
Outpatient patient care 127 814
Inpatient patient care 137 87.8
All surgical procedures 147 94.2
All training meetings, seminars 147 94.2
All case meetings 143 91.7
Other
- Thesis-publication studies 6
- Advanced surgical procedures 3
- Bedside visits 2
- Socio-cultural activities 1
- There is no need to participate in any of them. | 1
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to their institutions, while one dedicated less than 25%;
nevertheless, all three considered their commitments adequate.
None of these trainers implemented a training program at their
institutions.

DISCUSSION

This study provides a national overview of educators’perceptions
regarding general surgery residency training in Tlrkiye. The
findings suggest strong support for structured residency
education among educators, while also highlighting concerns
related to curriculum implementation, educational content,
faculty participation, and standardization across institutions.

One of the most notable findings was the discrepancy between
the widespread implementation of residency training programs
and educators’ perceptions of their adequacy. Although most
participants reported the existence of a formal training program
at their institution, fewer than half considered the curriculum
content sufficient. This finding suggests that the presence
of a structured program alone may not ensure effective
implementation or educational quality. Similar concerns have
been reported in previous studies evaluating postgraduate
medical education in Turkiye, where trainees frequently
described inconsistencies in curriculum delivery and educational
opportunities (15-19).

The findings also emphasize the importance of faculty
engagement in residency education. Participants generally
viewed faculty involvement as essential for clinical teaching,
surgical training, case discussions, and educational meetings.
However, many educators reported only moderate levels of
participation and indicated that faculty involvement could be
improved. Because surgical training relies heavily on supervised
clinical experience and mentorship, variability in educator
participation may contribute to differences in educational
experiences between institutions.

Another important observation was the relationship between
faculty members' partly institutional presence and their
perceived educational contribution. Educators simultaneously
employed at private institutions tended to spend less time
in their primary training centers, yet still perceived their
educational contribution as adequate. Although this finding may
reflect differences between perceived and actual educational
involvement, the current study was not designed to objectively
evaluate educational performance. Therefore, no conclusions
can be drawn regarding the impact of this observation on
resident outcomes or training quality.

The study further demonstrated that educators with greater
academic experience were more likely to perceive educational
time allocation, curriculum implementation, and program

content as adequate. This finding may reflect increased
familiarity with institutional educational processes or differing
expectations regarding residency training. However, additional
research is needed to better understand the factors influencing
these perceptions.

The qualitative findings complemented the quantitative results
by identifying concerns regarding variability in curriculum
implementation and faculty engagement. Several respondents
emphasized that educational quality often depended on
individual faculty commitment rather than consistently applied
institutional standards. These observations support ongoing
efforts to strengthen educational standardization within
residency programs (12,19).

The findings of this study should also be interpreted within
the broader context of competency-based medical education.
International frameworks such as CanMEDS and ACGME
competencies emphasize measurable educational outcomes,
structured assessment, and continuous program evaluation.
These principles form the foundation of competency-based
medical education and have increasingly shaped postgraduate
surgical training worldwide (7-11,20). While the TUKMOS General
Surgery Core Curriculum provides an important framework for
residency education in Tdrkiye, variability in implementation
remains a challenge. Continued efforts toward curriculum
standardization, faculty development, and educational
quality assurance may help reduce these differences between
institutions.

Study Limitations

Several limitations should be considered when interpreting the
results. The response rate was relatively low, which may have
introduced non-response bias. Data were collected in 2019,
before the publication of the updated 2022 TUKMOS General
Surgery Core Curriculum. In addition, the survey instrument
underwent expert review and pilot testing, but was not formally
psychometrically validated. Qualitative responses were analyzed
descriptively and should, therefore, be interpreted cautiously.
Because this was a cross-sectional perception-based study,
the findings reflect educators’ opinions rather than objective
measures of educational quality and do not permit causal
inferences.

Despite these limitations, this study contributes valuable
national-level data regarding educators’ perspectives on
general surgery residency training. Given the limited number
of studies focusing on educators rather than residents, these
findings may help inform future curriculum development,
faculty development initiatives, and efforts aimed at improving
the consistency and quality of surgical residency education in
Turkiye.
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CONCLUSION

This national survey of general surgery educators identified
important challenges related to curriculum implementation,
educational content, faculty engagement, and standardization
of residency training in Turkiye. Although there was strong
support for structured and competency-based residency
programs, educators reported substantial variability in program
delivery and in perceived educational quality.

The findings suggest that strengthening
implementation, promoting faculty participation, and
establishing more consistent educational standards may
contribute to improving residency training. Given that
these results reflect educators’ perceptions, future studies
incorporating validated assessment tools and objective
educational outcome measures are needed to better evaluate
the effectiveness of residency education and guide ongoing
curriculum development efforts.
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Diagnostic value of preoperative hemogram parameters
in patients with papillary thyroid cancer: An age- and sex-
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ABSTRACT

Objective: The aim of this study was to evaluate the diagnostic value of preoperative hemogram parameters —platelet count (PLT), plateletcrit (PCT), platelet
distribution width (PDW), mean platelet volume (MPV), and red cell distribution width (RDW)— in differentiating papillary thyroid carcinoma (PTC) from benign
thyroid pathology in an age- and sex-matched patient series.

Material and Methods: A total of 2.080 patients who underwent total thyroidectomy at the Gazi University Faculty of Medicine, Department of General Surgery
between January 2015 and January 2023 were retrospectively reviewed. After applying exclusion criteria and removing outliers, 1.955 patients were identified.
Cases with a histopathological diagnosis of PTC were matched 1:1 with patients with benign thyroid pathology based on sex and 10-year age groups. The final
analysis included 348 PTC patients and 348 benign patients (n=696). Preoperative hemogram parameters were compared between the groups using the Mann-
Whitney U test, and the diagnostic value was assessed using receiver operating characteristic (ROC) curve analysis.

Results: After matching, no significant difference was found between groups in terms of age (48.0£12.7 vs. 48.3+12.9 years; p=0.754) or sex distribution
(p=0.930). None of the parameters —PLT (277.0+70.4 vs. 275.7+69.1 x10°/L; p=0.723), PCT (0.270+0.072 vs. 0.270+0.075; p=0.680), PDW (14.1+2.9 vs. 13.8+2.8;
p=0.300), MPV (9.54+1.33 vs. 9.42+1.14 fL; p=0.591), or RDW (13.8+1.4 vs. 14.1+1.5; p=0.053)— showed a statistically significant difference between groups.
ROC analysis confirmed that none of the parameters demonstrated meaningful diagnostic value (AUC: PLT 0.508, PCT 0.510, PDW 0.473, MPV 0.488, RDW 0.543).

Conclusion: When age- and sex-matching are applied, preoperative PLT, PCT, PDW, MPV, and RDW values do not provide meaningful discrimination between
PTC and benign thyroid pathology. Positive findings reported in the literature may be partly attributable to demographic confounding. The potential diagnostic
value of combined indices or integration with other complete blood count parameters warrants investigation in prospective studies.

Keywords: Papillary thyroid carcinoma, mean platelet volume, platelet distribution width, plateletcrit, red cell distribution width, hemogram parameters

INTRODUCTION

Thyroid cancer is the most common malignancy of the endocrine system, and
its incidence has markedly increased worldwide in recent years. This rise is largely
attributed to papillary thyroid carcinoma (PTC), which is both the most common and
the least aggressive subtype among all thyroid cancers (1-3). Although fine-needle
aspiration biopsy (FNAB) remains the gold standard for preoperative diagnosis of
PTC, this method has notable limitations, including inadequate sampling and
operator dependency (4). These shortcomings have driven interest in inexpensive

Cite this article as: Glilcek £, Aydogdu YF, Aksu E, and readily accessible complete blood count (CBC) parameters obtainable from
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hemogram parameters in patients with papillary routine preoperative blood tests.

thyroid cancer: an age- and sex-matched retrospective o o ) )
study. Turk J Surg. 2026;42(3):319-325 The role of chronic inflammation in cancer development, progression, and metastasis
el Aoy is increasingly well understood. Platelets play a pivotal role in this process, actively
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The results of studies examining these parameters specifically
in PTC are conflicting. While some studies have reported
significantly elevated MPV in PTC compared to benign nodules
and attributed diagnostic value to it (7,8), others have failed
to detect any significant intergroup difference (9,10). Studies
reporting lower PDW in PTC coexist alongside those reporting
higher values (10,11). These contradictory findings point to two
main methodological issues: Small sample sizes and lack of age
and sex matching. Since PTC is considerably more prevalent in
women and middle-aged individuals, unmatched comparisons
may mask or exaggerate the true diagnostic value of these
parameters due to demographic confounding.

The aim of this study was to evaluate the discriminatory ability
of preoperative values of PLT, PCT, PDW, MPV, and RDW to
distinguish PTC from benign thyroid disease in a large, age-
and sex-matched (1:1) series of patients operated on at Gazi
University Faculty of Medicine, Department of General Surgery
between January 2015 and January 2023.

MATERIAL and METHODS
Study Design and Patient Selection

This study retrospectively reviewed data from patients who
underwent total thyroidectomy at Gazi University Faculty of
Medicine, Department of General Surgery, between January
2015 and January 2023. The study protocol was approved by
the Gazi University Faculty of Medicine Non-Interventional
Clinical Research Ethics Committee (decision number: 598, date:
17.07.2023) and carried out in accordance with the principles
of the Declaration of Helsinki. The university hospital obtains
general consent from all patients upon admission for the use of
anonymized clinical data in scientific research. Informed consent
was obtained from all individual participants included in the
study.

Inclusion criteria were as follows: (1) Age >18 years, (2) total
thyroidectomy performed, (3) availability of postoperative
histopathological diagnosis, and (4) availability of preoperative
complete blood count data. Patients meeting any of the following
criteria were excluded: (1) Thyroid dysfunction (TSH <0.27 or >4.2
mlU/L), as both hypothyroidism and hyperthyroidism are known
to independently affect platelet indices; (2) history of chronic
inflammatory or autoimmune disease such as type 2 diabetes
mellitus, rheumatoid arthritis, systemic lupus erythematosus,
or inflammatory bowel disease; (3) history of hematological
disorders such as thrombocytopenia, thrombocytosis, or
myeloproliferative disease; (4) active infection or suspicion of
infection within two weeks of admission; (5) use of anticoagulant,

antiplatelet, or steroid medications; (6) history of concurrent or
prior malignancy; and (7) pregnancy.

Patient selection was carried out in three stages. In the first
stage, 2.080 patients who underwent total thyroidectomy
within the specified period were screened. In the second stage,
the inclusion and exclusion criteria were applied; patients
with extreme hemogram values that were deemed clinically
implausible were also excluded for data quality reasons. This
resulted in the exclusion of 125 patients (6.0%), leaving 1.955
patients (784 PTC, 1.171 benign) eligible for analysis. In the
third stage, 1:1 matching based on age and sex was applied
to minimize the effect of potential confounders. Matching was
performed based on the same sex and 10-year age group (20-29,
30-39, 40-49, 50-59, 60-69, >70 years), with one benign patient
assigned to each PTC patient. The sample size was determined
based on similar studies in the literature. A total of 350 patients
were randomly selected from the 784 PTC cases, and matching
was applied. As suitable benign matches could not be found for
2 patients, they were excluded. This process yielded two groups
of 348 patients each, totaling 696 patients included in the final
analysis. The patient selection process is illustrated by a flow
diagram in Figure 1.

Hemogram Parameters and Laboratory Method

Preoperative venous blood samples were collected from the
antecubital vein the morning before surgery, after at least 8
hours of fasting, and transferred into K,EDTA tubes (1.8 mg/
mL). All hemogram measurements were performed within 2
hours of sample collection using an automated hematology
analyzer (Sysmex XN-1000, Sysmex Corporation, Kobe, Japan).
To standardize measurements, all samples were analyzed in the
same laboratory using the same device.

The parameters included in the study were (PLT, x10%/L), (PCT, %),
(PDW, %), mean platelet volume (MPV, fL), and red cell
distribution width (RDW, %). PLT, MPV, and PCT were measured
directly by the analyzer; PDW reflects the breadth of platelet
volume distribution and indicates platelet size heterogeneity.
RDW is an indicator of anisocytosis, calculated by dividing the
standard deviation (SD) of erythrocyte volume by the mean
corpuscular volume.

Extreme values considered clinically implausible or attributable
to data entry errors were excluded from analysis. For this
purpose, measurements falling outside the following reference
ranges were excluded: PLT 50-800 x10%L, MPV 5-15 fL, PDW
8-25%, PCT 0.01-1.0%, RDW 10-20%.
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Statistical Analysis

Statistical analyses were performed using SPSS 26.0 (IBM Corp,,
Armonk, NY, USA). Continuous variables were expressed as
mean £+ SD and median (minimum-maximum). Normality
of distribution was assessed using the Shapiro-Wilk test; the
Mann-Whitney U test was used for intergroup comparisons.
Categorical variables were compared using the chi-square
test. The diagnostic value of the parameters was evaluated by
receiver operating characteristic (ROC) curve analysis; the area
under the curve (AUQ), cut-off value, sensitivity, and specificity
were calculated. A p-value <0.05 was considered statistically
significant.

RESULTS
Patient Characteristics

A total of 2,080 patients were initially included. After excluding
125 patients who did not meet the inclusion criteria and
removing outliers, 1.955 patients remained. Of the 784 patients
with a histopathological diagnosis of PTC, 350 were randomly
selected; 2 patients could not be matched by age and sex. The
final analysis included 348 PTC patients and 348 benign thyroid
pathology patients, for a total of 696 patients.

Matching was successful; no statistically significant difference
was found between the groups regarding age (benign:
48.0+12.7 years, PTC: 48.3+12.9 years, p=0.754) or sex distribution
(p=0.930). Patient demographic characteristics and preoperative
hemogram parameters are summarized in Table 1.

Initial Screening

January 2015-2023 | n = 2,080

Exclusion Criteria

n excluded = 125

DM, hematological disorder, infection,
autoimmune disease, medication use...

Excluded
n=125

Eligible Patients

n=1,955 (PTC:784 | Benign:1,171)

1:1 Age—Sex Matching
Sex + 10-year age group

(20-29, 30-39, 40-49, 50-59, 60+)

PTC Group
n =348

Benign Group
n =348

Final Analysis
Total n = 696

PLT, PCT, PDW, MPV, RDW

Figure 1. Patient selection flow diagram.

DM: Diabetes mellitus, PTC: Papillary thyroid carcinoma, PLT: Platelet count, PCT: Plateletcrit, PDW: Platelet distribution width, MPV: Mean platelet

volume, RDW: Red cell distribution width
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Intergroup Comparison of Hemogram Parameters

PLT, PCT, PDW, MPV, and RDW values did not differ significantly
between the PTC and benign groups (p>0.05 for all parameters).

PLT values were 27704704 x10%L in the benign group and
275.7469.1 x10%/L in the PTC group (p=0.723). PCT values were
0.270 in both groups (benign: 0.270+0.072; PTC: 0.270+0.075;
p=0.680). PDW was 14.1£2.9 in the benign group and 13.8+2.8
in the PTC group (p=0.300). MPV was 9.54+1.33 fL in the benign
group and 9.42+1.14 fL in the PTC group (p=0.591). RDW was
13.84+1.4 in the benign group and 14.1+1.5 in the PTC group; this
difference approached but did not reach statistical significance
(p=0.053).

ROC Curve Analysis

None of the parameters demonstrated statistically significant
diagnostic value in differentiating PTC from benign thyroid
pathology. AUC values were 0.508 [95% confidence interval (Cl):
0.466-0.550] for PLT, 0.510 (95% Cl: 0.468-0.552) for PCT, 0.473
(95% Cl:0.430-0.516) for PDW, 0.488 (95% Cl: 0.446-0.530) for MPV,
and 0.543 (95% Cl: 0.501-0.585) for RDW. All values were close
to the reference line (AUC=0.500), indicating no meaningful
discriminatory power (Table 2).

DISCUSSION

In a large series comprising 696 age- and sex-matched patients,
preoperative PLT, PCT, PDW, MPV, and RDW values did not differ
significantly between patients with PTC and those with benign
thyroid pathology. ROC curve analysis further confirmed that

none of the parameters carried clinically acceptable diagnostic
value. This negative result conflicts with the positive findings of
previous studies that had methodological limitations such as
small sample sizes and lack of matching, and suggests that the
true contribution of these parameters to PTC diagnosis warrants
reassessment.

Platelets function not as passive bystanders but as active
participants in tumor biology. Gkolfinopoulos et al. (5)
comprehensively demonstrated that platelets play a critical role
intumor metastasis through three main mechanisms: Preparation
of the metastatic niche via extracellular matrix formation and
granulocyte recruitment, support of neoangiogenesis through
vascular endothelial growth factor and platelet-derived
growth factor secretion, and facilitation of immune evasion by
suppressing natural killer cells. These biological functions lead
to activation of platelets, which interact with tumor cells and
in turn cause morphological changes reflected in parameters
such as MPV and PDW (6). Vagdatli et al. (6) demonstrated that
PDW increases only during pseudopod formation and not with
simple platelet swelling, highlighting its greater specificity
as an activation marker compared to MPV. Detopoulou et
al. (12) reported that hemogram indices are associated with
inflammation and tumor progression in many cancer types,
but also noted that these associations vary considerably by
cancer type and methodology used. This biological basis
has accelerated interest in the potential diagnostic value of
hemogram parameters in cancer, yet results from PTC-specific
studies remain controversial.

Table 1. Comparison of demographic characteristics and hemogram parameters between groups

Parameter Benign (n=348) PTC (n=348) Reference range p-value
Age (years), mean + SD 48.0+12.7 4834129 - 0.754
Sex (F/M), n 264/84 262/86 - 0.930
PLT (x10%L), mean + SD 277.0+£704 275.7+69.1 150-400 0.723
PCT (%), mean + SD 0.270+0.072 0.270+0.075 0.190-0.390 0.680
PDW (%), mean + SD 14.1+£29 13.84£2.8 9.0-17.0 0.300
MPV (fL), mean + SD 9.54+1.33 942+1.14 7.5-12.5 0.591
RDW (%), mean + SD 13.8+14 141+£15 11.5-14.5 0.053

PTC: Papillary thyroid carcinoma, PLT: Platelet count, PCT: Plateletcrit, PDW: Platelet distribution width, MPV: Mean platelet volume, RDW: Red cell distribution width, F:
Female, M: Male, SD: Standard deviation. Reference ranges are based on Sysmex XN-1000 analyzer specifications.

Table 2. ROC curve analysis results

Parameter AUC (95% CI) Cut-off Sensitivity (%) Specificity (%)
PLT 0.508 (0.466-0.550) 2754 486 56.3
PCT 0.510 (0.468-0.552) 0.222 69.8 329
PDW 0473 (0.430-0.516) 12.1 73.3 330
MPV 0.488 (0.446-0.530) 8.1 85.3 16.2
RDW 0.543 (0.501-0.585) 138 50.1 56.5

AUC: Area under the curve, Cl: Confidence interval, PLT: Platelet count, PCT: Plateletcrit, PDW: Platelet distribution width, MPV: Mean platelet volume, RDW: Red cell
distribution width, ROC: Receiver operating characteristic.
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The direction of findings in the literature on MPV in PTC is
inconsistent. Baldane et al. (7) found preoperative MPV values
to be significantly elevated in PTC patients compared to benign
goiter and healthy controls (8.05, 7.57, and 7.36 fL respectively;
p=0.001) in a study of 126 patients, and also observed a
significant postoperative decrease. These findings suggest that
MPV may be a dynamic marker related to tumor burden. Sit et al.
(8) reported significantly higher MPV in malignant compared to
benign nodules (9.1+1 vs. 7.8+0.8 fL; p<0.001) in a larger series of
199 patients, with an AUC of 0.84 at a cut-off of 8.25 fL.

In contrast, other studies have not supported these findings.
Yaylaci et al. (10) found no significant difference in MPV between
PTC and benign goiter groups (9.1+1.3 vs. 9.0+1.1 fL; p=0.697) in
a series of 79 patients. Similarly, Machairas et al. (9) demonstrated
that MPV did not carry discriminatory value between PTC and
multinodular hyperplasia (p=0.283) in 228 patients, although
MPV was found to be lower in the presence of multifocality.
Yildiz et al. (13) showed significantly elevated MPV in PTC
cases with tumor diameter greater than 1 cm in a series of 90
patients and interpreted this as a prognostic marker. Yu et al. (14)
unexpectedly reported significantly lower MPV in thyroid cancer
patients compared to controls (9.1+1.3 vs. 10.0+1.2 fL; p<0.001);
this contradictory result may stem from the inclusion of different
thyroid cancer histotypes (papillary, follicular, medullary) within
the same group. In our study, after age and sex matching, MPV
was 9.54+1.33 fL in the benign group and 9.42+1.14 fL in the
PTC group, with no significant difference (p=0.591). Given
that the majority of studies that reported high AUC values
did not perform matching and used healthy control groups,
demographic differences may have played a determining role in
the reported positive outcomes.

The direction of PDW findings is also inconsistent across studies.
Dincel and Bayraktar (11) reported significantly lower PDW in
PTC patients compared to benign goiter and healthy controls
(18.2442.34 vs. 19.34+2.24 and 19.33+1.24; p<0.01). Yaylaci et
al. (10) similarly found significantly lower PDW in the PTC group
compared to the benign group (15.4+1.7 vs. 16.3+1.2; p=0.013).
In contrast, Jin et al. (15) demonstrated significantly higher PDW
in the PTC group compared to benign nodules and healthy
controls in a large series of 1.001 patients, and showed that the
combination of PDW/PLT ratio (PPR) with serum thyroglobulin
(AUC=0.738) substantially increased the diagnostic value over
PDW alone (AUC=0.610). Yu et al. (14) also reported higher PDW
in thyroid cancer patients compared to controls (16.5+1.4 vs.
15.14£2.1; p<0.001). Deniz (16) proposed a novel index in a study
comparing PTC with benign thyroid nodules and showed that
the PLR/PDW ratio (AUC=0.827) had superior diagnostic value
compared to PLR (AUC=0.786) or PDW alone. Machairas et al. (9)
found lower PDW in T3 tumors but could not detect a significant
difference between PTC and benign pathology. Li et al. (17)

reported that PDW predicted lateral lymph node metastasis in
medullary thyroid carcinoma (AUC=0.645), drawing attention to
the prognostic potential of PDW. In our study, PDW was 14.1+2.9
in the benign group and 13.8+2.8 in the PTC group, with no
significant difference (p=0.300; AUC=0.473). The contradictory
directional findings in the literature indicate that the role of PDW
in thyroid cancer has yet to be established, raising the question
of whether PDW reflects a genuine biological signal or merely
reflects methodological differences.

PCT, calculated from PLT and MPV, is an indicator of platelet
mass. Dincel and Bayraktar (11) reported significantly elevated
PCT in PTC patients (0.24+0.05 vs. 0.194+0.04; p<0.01). Yaylaci
et al. (10) did not find a significant difference in PCT between
groups. Machairas et al. (9) found no difference in PCT between
PTC and benign groups but demonstrated significantly
elevated PCT in tumors with extrathyroidal extension
(p=0.012). Yilmaz et al. (18) reported that PCT was associated
with clinicopathological features in PTC patients. In our study,
PCT was 0.270 in both groups, with no significant difference
(p=0.680). This finding supports the hypothesis that PCT may be
related not to intergroup differences but to intraoperative tumor
characteristics.

RDW is an indicator of heterogeneity in erythrocyte size and is
used as a marker of inflammation and malnutrition. Han et al.
(19) found significantly higher RDW in the PTC group compared
to 400 healthy controls (13.13+0.85 vs. 12.4040.58; p<0.001)
in a study of 780 PTC patients, with an AUC of 0.808. However,
the control group in that study consisted of healthy individuals
rather than patients with benign thyroid nodules. In our study,
RDW was 13.8+1.4 in the benign group and 14.1+1.5 in the PTC
group; this difference approached but did not reach statistical
significance  (p=0.053; AUC=0.543). This borderline result
warrants re-examination, particularly with larger sample sizes.

The majority of studies investigating the relationship between
PLT and PTC have found no significant difference. Yildiz et al.
(13) found no significant difference in PLT between PTC and
nodular hyperplasia (265,981+57,340 vs. 241,783+63,289;
p=0.062). Dincel and Bayraktar (11) also reported similar PLT
values between groups. Machairas et al. (9) showed that PLT
was unrelated to tumor size and lymphovascular invasion but
was significantly elevated in T3 tumors with extrathyroidal
extension. In contrast, Jin et al. (15) found significantly lower PLT
in the PTC group compared to the benign group. In our study,
PLT was 277.0£70.4 x10%L in the benign group and 275.7+69.1
x10%L in the PTC group, with no significant difference (p=0.723),
consistent with the prevailing trend in the literature.

The contradictory findings in the literature are thought to
stem largely from methodological differences. Since PTC is
considerably more prevalent in women and middle-aged
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individuals, demographic factors can introduce significant
confounding in unmatched studies. Additionally, the following
factors complicate the interpretation of the results: Whether the
control group consists of patients with benign thyroid nodules
or healthy individuals; the potential effect of analyzer type on
MPV and PDW measurements; whether the interval between
blood collection and measurement was standardized; and the
adequacy of sample size. Vagdatli et al. (6) demonstrated that
MPV increases with storage time while PDW decreases, clearly
illustrating the extent to which non-standardized preanalytical
conditions can affect measurements.

The most fundamental strength of the present study is
the application of 1.1 age-sex matching, which minimizes
demographic confounding that was overlooked in the majority
of previous studies and provides a stronger basis for the validity
of our negative finding. Given that FNAB may be inadequate
in certain cases, particularly in nodules =3 cm (4), routine
hemogram parameters appear insufficient to fill this diagnostic
gap.

The clinical implications of these findings are noteworthy. The
absence of discriminatory power in these widely available and
inexpensive parameters suggests that clinicians should not
rely on routine hemogram indices as standalone preoperative
tools for differentiating PTC from benign thyroid pathology. In
clinical practice, normal or elevated MPV, PDW, or RDW values
should neither reassure nor alarm the clinician regarding
malignancy risk. The diagnostic workup should continue to
rely on ultrasonographic evaluation and FNAB as the primary
modalities. Nevertheless, these parameters may still be valuable
when integrated into multiparametric models or combined with
established markers (e.g., thyroglobulin) or with ultrasonographic
risk stratification systems. Future research should focus on
developing and validating such composite scoring systems in
prospective multicenter settings.

As PTC incidence continues torise (1,3), the need for inexpensive
and readily accessible CBC parameters to strengthen
preoperative diagnosis persists. However, the present findings
indicate that hemogram parameters used individually are
insufficient to meet this need. As demonstrated by Deniz (16)
with the PLR/PDW combination and by lJin et al. (15) with
the PPR plus thyroglobulin: combination, indices combining
multiple parameters may offer more promising diagnostic
performance than single parameters alone. This suggests that
future studies should focus on combined indices rather than
individual parameters.

Study Limitations

This study has several important limitations. First, its
retrospective design carries the risk of selection bias. Second,

PCT is not directly measured by some automated analyzers;
instead, it is calculated from PLT and MPV, which may limit the
reliability of PCT data. Third, although TSH values were used as
an exclusion criterion, potential confounders such as thyroid
autoantibodies, Hashimoto's thyroiditis, and nodule size were
not separately controlled for in the analysis. Fourth, although the
study was conducted at a single center, the large sample size
partially offsets this limitation. Fifth, neutrophil counts and red
blood cell indices were not recorded in this study, precluding
the evaluation of combined inflammatory parameters, such as
the neutrophil-to-lymphocyte ratio and red blood cell indices.
Prospective studies incorporating these parameters alongside
platelet indices may provide a more comprehensive assessment
of hemogram-based diagnostic tools in PTC.

The study also has important strengths. Unlike most similar
studies, 1:1 age-sex matching was applied, thereby systematically
controlling for demographic confounding inherent to the
epidemiological characteristics of PTC. Furthermore, the sample
size of 696 patients substantially exceeds that of most studies in
this field. Performing all hemogram measurements on the same
analyzer in the same laboratory under standardized conditions
minimizes preanalytical variability. Finally, the eight-year study
period enables the sample to capture seasonal and annual
biological fluctuations.

CONCLUSION

In this study, preoperative PLT, PCT, PDW, MPV, and RDW did
not differ significantly between papillary thyroid carcinoma
and benign thyroid pathology in a large age- and sex-matched
patient series, and none showed clinically acceptable diagnostic
value.

Given that a substantial proportion of the positive findings in the
literature derive from studies that lack demographic matching,
have small sample sizes, and include heterogeneous control
groups, the methodological strengths of the present study
suggest that this negative result reflects a genuine biological
signal. The disappearance of statistically significant differences
after matching implies that previously reported positive findings
may have been at least partly due to demographic confounding.

These findings indicate that the parameters examined do not
provide a meaningful contribution to the preoperative diagnosis
of PTC when used individually. Nevertheless, the possibility that
novel indices combining multiple parameters or approaches
integrating these parameters with other established markers,
such as thyroglobulin, may enhance diagnostic value appears to
be worth investigating. Future prospective, multicenter studies
conducted under standardized preanalytical conditions will
more reliably establish the true role of hemogram parameters in
thyroid cancer diagnosis.
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intestinal obstruction

Giiven Erdogrull, (2) Giiveng Diner1, (2 Samed Sayar?, (2) Firat Yilmaz2

TDepartment of General Surgery, University of Health Sciences Turkiye, Mersin City Training and Research Hospital, Mersin, Tirkiye
2Department of Radiology, University of Health Sciences Tiirkiye, Mersin City Training and Research Hospital, Mersin, Tiirkiye

ABSTRACT

Obijective: To evaluate the clinical impact of orally administered iohexol on the restoration of bowel passage and surgical outcomes in patients with adhesive
small bowel obstruction.

Material and Methods: This retrospective study included 120 adult patients diagnosed with adhesive small bowel obstruction between August 2021 and
January 2024. Patients were categorized according to the treatment strategy used in routine clinical practice: Conservative management with oral iohexol or
standard conservative management alone. Demographic data, laboratory parameters, time to restoration of bowel passage, length of hospital stay, need for
surgery, readmission, recurrence, morbidity, and mortality were analyzed and compared between groups. Restoration of bowel passage was defined by both
radiological and clinical criteria and was assessed using abdominal radiographs obtained at 24-hour intervals and clinical improvement.

Results: Bowel passage was successfully restored with conservative treatment in 109 patients (90.8%), while 11 patients (9.2%) required surgical intervention.
No statistically significant difference was observed between the groups regarding surgical requirement (p=0.755). However, patients who received oral iohexol
achieved bowel passage significantly earlier than those managed without contrast [median 1 day [interquartile range (IQR) 1-2] vs. 4 days (IQR 3-5); p<0.001].
The corresponding mean times to bowel passage were 1.35 and 4.10 days, respectively. Mortality occurred only in surgically treated patients.

Conclusion: Oral iohexol appears to be a safe adjunct to conservative management in patients with adhesive small bowel obstruction and is associated with
earlier restoration of bowel passage. Failure of bowel passage to resolve in the early period remains an important indicator for operative management. Although
no statistically significant difference in surgical requirement was observed in this cohort, larger prospective randomized controlled studies are needed to further
clarify the impact of oral iohexol on clinical outcomes in adhesive small bowel obstruction.

Keywords: Intestinal obstruction, iohexol, conservative treatment

INTRODUCTION

Adhesive small bowel obstruction (ABSO) is a common surgical emergency
associated with substantial morbidity and significant mortality, particularly when
surgical intervention is delayed (1). The adhesions causing such bowel obstructions
are typically the footprints of previous abdominal surgical procedures (2,3). After
surgery, the balance between fibrin formation and disintegration in the peritoneal
cavity is effective in adhesion formation (4). ASBO is a condition in which mechanical
intestinal obstruction occurs due to adhesions following abdominal surgery.
Treatment is surgical or conservative (5). However, water-soluble contrast media has
become a popular non-surgical approach to treatment.

The Bologna guidelines revised in 2018 recommend that conservative management
of ASBO be proposed first in the absence of bowel pain or hemodynamic
intolerance. It is stated that in cases of obstruction without signs of strangulation
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and persistent vomiting or combined computed tomography findings (free fluid,
mesenteric oedema, small bowel faecal sign, de-vascularized bowel), patients can
be safely treated with conservative treatment and NG tube decompression. It has
been suggested that conservative treatment can be continued for up to 72 hours if
there are no signs of strangulation or peritonitis. Still, if no improvement is observed,
surgical treatment should be applied (3).

lohexol, a water-soluble non-ionic radiopaque contrast agent, is widely used for
diagnostic purposes and can be administered orally. In this study, we retrospectively
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evaluated outcomes of patients with ASBO who received
oral iohexol compared with those who underwent standard
conservative management.

MATERIAL and METHODS

Between August 2021 and January 2024, a total of 120 patients
admitted with ASBO were retrospectively evaluated. Ethical
permission was obtained from the Mersin University Medical
Faculty Clinical Research Ethics Committee for this study with
date 03/04/2024 and number 2024/349. Informed consent was
waived due to the retrospective nature of the study and the use
of anonymized data, as described in the appropriate section of
the manuscript. The study was conducted in accordance with
the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Patients were included if they were over 18 years of age, had a
history of previous abdominal surgery, and had a radiologically
confirmed diagnosis of ASBO. Exclusion criteria comprised
patients with clinical peritonitis, bowel ischemia, closed-
loop obstruction on computed tomography, hemodynamic
instability, or other obstructive pathologies requiring urgent
surgery. Patients who did not attend follow-up or hadincomplete
data were also excluded.

Data Collection

Patient data were obtained from hospital records and telephone
follow-up. The collected variables included age, sex, number
of previous operations, indication (benign vs. malignant),
and baseline leukocyte and C-reactive protein (CRP) values,
treatment modality, treatment outcomes, recurrence, length of
hospital stay (days), time to first oral intake, 30-day readmission,
morbidity, and mortality were recorded.

Treatment Allocation and Intervention

Patients were divided into two groups according to whether
oral iohexol was used in the management of ASBO. Given the
retrospective design of the study, patients were not prospectively
assigned to treatment groups for research purposes. During the
study period, there was no institutional protocol regarding the
routine use of oral iohexol in ASBO. The decision to administer
oral iohexol was made by the treating surgeon according
to clinical assessment and established practice patterns.
Accordingly, treatment allocation was not based on predefined
patient characteristics, disease severity, or other systematic
clinical criteria. Rather, some surgeons routinely incorporated
oral iohexol into conservative management based on their
clinical experience, whereas others routinely preferred standard
conservative treatment alone. Consequently, the study groups
were defined retrospectively according to existing variations
in clinical practice rather than being created specifically for the
study.

In the iohexol group, 200 mL of water mixed with 100 mL of
iohexol (300 mg/mL) was administered orally over 2-3 hours.
Patients with gastric distension underwent nasogastric (NG)
decompression prior to iohexol administration, and the NG
tube was clamped. Bowel transit was evaluated using a plain
abdominal radiograph obtained approximately 24 hours after
oral contrast administration (Figure 1). Restoration of bowel
passage was defined by both radiological and clinical criteria.
Radiological improvement was defined as the presence of
contrast material in the colon and regression of air-fluid levels
(Figure 2). Clinical improvement was defined as the passage
of flatus and stool, absence of vomiting and abdominal
distension, and tolerance of oral intake without the need for
NG decompression. Oral feeding was initiated only after both
radiological and clinical criteria had been met, and NG tubes
were subsequently removed. In patients without evidence of
restored bowel passage at the initial assessment, follow-up was
continued with plain abdominal radiographs obtained at 24-
hour intervals.

Patients in the non-contrast group were also followed with
plain abdominal radiographs obtained at 24-hour intervals. In
this group, restoration of bowel passage was considered when
regression of air-fluid levels was accompanied by the passage of
flatus and stool, absence of vomiting and abdominal distension,
and tolerance of oral intake. Patients who failed to tolerate
oral intake or showed no evidence of clinical and radiological
improvement were considered to have persistent obstruction.

Surgical intervention was performed in patients who developed
acute abdominal symptoms, persistent vomiting, or in whom
intestinal passage could not be established during follow-up
(Figure 3).

Figure 1. Abdominal X-ray.
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Figure 2. Abdominal X-ray before and after oral contrast, showing initial ileus and restoration of bowel passage following administration of oral

contrast.

Figure 3. Oral contrast was administered, but bowel passage did not progress.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for Windows,
version 21.0. Continuous variables with a normal distribution
were expressed as mean + standard deviation, whereas non-
normally distributed variables were presented as median and
interquartile range (IQR). The Independent Samples t-test was
used for normally distributed continuous variables, while the
Mann-Whitney U test was used for non-normally distributed
data. Categorical variables were compared using the chi-square
test or Fisher's exact test when expected counts were low. A
p-value less than 0.05 is considered statistically significant.

RESULTS

Atotal of 120 patients were included in this retrospective analysis.
Among them, 57 patients received oral iohexol, while 63 did not.
Bowel passage was restored with conservative management
in 109 patients (90.8%), whereas 11 patients (9.2%) required
surgical intervention due to failure of non-operative treatment.
No mortality occurred among patients managed conservatively.

Baseline characteristics,including age, sex, indication for previous
surgery (benign vs. malignant), number of prior laparotomies,
and admission laboratory values (white blood cell and CRP),
were compared between groups (Tables 1, 2).
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Table 1. Baseline characteristics of patients with ASBO (iohexol vs. control)

Variable lohexol (+) (n=57) lohexol (-) (n=63) p-value
Age (years, mean + SD) 63.26+16.21 59.97+17.07 0.282
Sex (male/female) 39/18 43/20 0.984
Number of prior laparotomies (IQR) 1(1-3) 1(1-4) 0.075
Malignancy/benign indication 15/42 23/40 0.231
Baseline WBC (x10%/pL, mean + SD) 10.63+2.93 11.24£3.35 0.291
Baseline CRP (mg/dL, mean + SD) 3.73+4.65 4.29+6.93 0.925
Surgical requirement, n (%) 6 (10.5%) 5(7.9%) 0.755

WBC: White blood cell, CRP: C-reactive protein, SD: Standard deviation, ABSO: Adhesive small bowel obstruction, IQR: Interquartile range.

Table 2. Logistic regression analysis for surgical requirement

Variable OR [exp(B)] 95% Cl p-value
Age 1.014 0.973-1.057 0.532
WBC 0.869 0.7-1.079 0.203
CRP 1.048 0.964-1.140 0.272
Number of prior laparotomies 0448 0.069-2.901 04

Oral contrast (yes/no) 1172 0.314-4374 0.814

OR: Odds ratio, Cl: Confidence interval, WBC: White blood cell, CRP: C-reactive protein.

Among the 11 patients who underwent surgery, 6 were in
the iohexol group and 5 were in the control group. There was
no statistically significant difference in the need for surgery
between patients who received oral contrast and those who did
not (p=0.755).

Postoperative mortality occurred in three patients (2.5% of
the total cohort and 27.3% of surgically treated patients). One
patient in the iohexol group died due to intestinal ischemia
and subsequent sepsis with multiorgan failure. The remaining
two deaths occurred in the control group and were associated
with advanced age and severe postoperative complications,
including cardiopulmonary failure and septic shock secondary
to delayed strangulation and bowel perforation.

In the subgroup of 109 patients successfully managed
conservatively, 51 had received iohexol and 58 had not. Among
the 109 patients successfully managed conservatively, the
median time to restoration of bowel passage was significantly
shorter in the iohexol group than in the control group [1 day
(IQR, 1-2) vs. 4 days (IQR, 3-5), p<0.001]. The corresponding mean
times to restoration of bowel passage were 1.35+0.48 days and
4.10+1.30 days, respectively.

Post-discharge outcomes were further analyzed among patients
who did not undergo surgery. Early readmission within 30 days,
recurrence, and follow-up duration were evaluated and are
summarized in Table 3.

DISCUSSION

Adhesions that develop after surgery are the most common cause
of mechanical intestinal obstruction (6,7). ASBO is a common
cause of hospital admission, and although both conservative
and surgical treatment options are available, conservative
management has become increasingly common (8).

Water-soluble contrast agents are used in both diagnosis and
conservative treatment. Gastrografin (meglumine and sodium
diatrizoate) is the water-soluble contrast agent most frequently
used in ASBO according to the literature (9,10).

Water-soluble contrast agents are believed to facilitate the
resolution of ABSO through several mechanisms, including the
creation of an osmotic gradient that promotes intraluminal
fluid influx, reduction of bowel wall edema, and stimulation
of intestinal motility (8,11). Although iohexol is hyperosmolar
relative to plasma (approximately 670 mOsm/kg versus 290

Table 3. Comparative post-discharge outcomes in patients with adhesive small bowel obstruction managed non-operatively

lohexol (+) (n=51) lohexol (-) (n=58) p-value
Early readmission (<30 days), n (%) 10 (19.6%) 8 (13.8%) 0415
Recurrence, n (%) 4 (7.8%) 10 (17.2%) 0112
Follow-up duration, months (mean + SD) 14.04+7.73 10.53+8.70 0.002

SD: Standard deviation.
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mOsm/kg), it is considered a low-osmolar contrast agent and is
substantially less hyperosmolar than gastrografin (approximately
1900 mOsm/kg) (12,13). Despite this lower osmotic activity,
patients receiving oral iohexol in our study experienced
significantly earlier restoration of bowel passage. This finding
suggests that mechanisms other than osmotic fluid shifts alone
may contribute to its clinical efficacy (8,14).

Previous studies evaluating water-soluble contrast agents in
ASBO have demonstrated earlier restoration of bowel passage
after contrast administration (9,15). Similarly, in our study, oral
iohexol was associated with significantly earlier restoration
of bowel passage. A total of 300 mL of fluid, consisting of 200
mL water mixed with 100 mL iohexol, was administered orally.
Most patients who were successfully managed without surgery
achieved bowel passage within the first two days after contrast
administration.

Several studies have reported that oral contrast administration
not only accelerates bowel passage but may also reduce the
need for surgery (16,17). In our study, the time to restoration of
bowel passage was significantly shorter in patients receiving
oral iohexol; however, no reduction in surgical requirement was
observed. Although previous meta-analyses, including that of
Koh et al. (8), have suggested that water-soluble contrast agents
may reduce the need for surgery in ASBO, we did not observe
such an effect (18). Several factors may explain this discrepancy.
First, our study evaluated iohexol rather than gastrografin, and
differences in osmolarity may influence therapeutic efficacy.
Second, the number of surgical events was small, limiting
statistical power. Third, treatment allocation was not randomized
and local surgical decision thresholds may have influenced
operative management. Finally, differences in patient selection
across studies may also contribute to the observed variation.

Most studies evaluating water-soluble contrast agents in
ASBO have focused on gastrografin, a highly hyperosmolar
jonic contrast medium (9,10). In contrast, the present study
evaluated iohexol, a non-ionic low-osmolar contrast agent.
Despite its substantially lower osmolality compared with
gastrografin, iohexol was associated with a significantly shorter
time to restoration of bowel passage. This finding suggests
that the beneficial effects of oral contrast agents in ASBO may
not be solely dependent on osmotic properties and supports
further investigation of non-ionic contrast agents as potential
alternatives to gastrografin.

Although the difference did not reach statistical significance, the
recurrence rate was numerically lower in the iohexol group than
in the control group (7.8% vs. 17.2%). This finding may suggest a
potential effect of iohexol on bowel wall edema and subsequent
bowel function. However, it should be interpreted cautiously
given the limited sample size. Further prospective studies with

larger cohorts are needed to determine whether oral iohexol
has a role in reducing recurrence following conservative
management of ABSO.

Studies have shown that failure of contrast to reach the colon
within 24 hours and failure of conservative treatment within
72 hours are associated with an increased need for operative
intervention (19). In our study, bowel passage was restored
within the first two days in nearly all patients who received oral
contrast and did not require surgery. Early restoration of bowel
passage may facilitate earlier recovery and return to normal
activities. Moreover, persistence of obstruction beyond three
days despite oral contrast administration may indicate the need
for surgical intervention, allowing earlier operative management
and potentially preventing complications related to delayed
treatment. Delayed intervention has been associated with
increased mortality (3,20).

Different methods have been used to predict which patients
may benefit most from nonsurgical treatment. Computed
tomography and ultrasonography have been reported to be
useful in detecting intestinal strangulation and monitoring
conservative treatment (21,22). With oral iohexol, the need
for surgery can be monitored in the early period using only
abdominal radiographs. This approach is simple, inexpensive,
and widely available, potentially reducing the need for additional
radiological examinations.

Although the overall number of patients requiring surgery was
limited, postoperative mortality in this subgroup was notable
and highlights the clinical severity of complicated ABSO. The
three deaths occurred exclusively in elderly male patients (78-
84 years), all of whom had severe complications such as bowel
ischemia, perforation, or major postoperative cardiopulmonary
events. These findings emphasize that delayed identification
of patients who fail conservative management may lead
to progression toward irreversible ischemia and systemic
complications. Therefore, earlier recognition of non-responders
to conservative treatment, particularly within the first 72 hours,
may be critical in reducing morbidity and improving survival
outcomes.

Study Limitations

This study has several limitations. First, its retrospective and non-
randomized design introduces the possibility of selection bias,
as treatment allocation reflected individual surgeon practice
patterns rather than a standardized protocol. Second, restoration
of bowel passage was defined using both radiological and clinical
criteria. Although predefined assessment criteria were applied
in both groups, the retrospective and non-blinded nature of
the study may have introduced some degree of assessment
bias, particularly regarding the timing of oral intake initiation. In
addition, differences in follow-up duration between groups may
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have influenced the evaluation of long-term outcomes such as
recurrence. Finally, the relatively small number of surgical events
limited the statistical power to detect differences in operative
outcomes. Larger prospective randomized controlled studies
are needed to confirm these findings.

CONCLUSION

In addition to its diagnostic utility, water-soluble iohexol can
be safely administered orally in the conservative management
of ASBO. Oral iohexol facilitates earlier restoration of bowel
passage and shortens the time to return to normal daily
activities. Furthermore, failure of bowel passage to resolve in
the early period remains an important indicator for operative
management. Although no statistically significant difference in
surgical requirement was observed between the study groups,
this finding should be interpreted in the context of the limited
number of surgical events. Larger prospective randomized
controlled studies are needed to provide more robust evidence
and to further clarify the impact of oral iohexol on clinical
outcomes in patients with ASBO.

Ethics

Ethics Committee Approval: Ethical permission was obtained from the
Mersin University Medical Faculty Clinical Research Ethics Committee for this
study with date 03/04/2024 and number 2024/349.

Informed Consent: Informed consent was waived due to the retrospective
nature of the study and the use of anonymized data, as described in the
appropriate section of the manuscript.

Footnotes
Author Contributions

Surgical and Medical Practices - GE, GD, S.S; Concept - GE, GD, FY;
Design - G.E, GD, S.S,; Data Collection or Processing - G.E,, S.S., FY, Analysis
or Interpretation - G.E, G.D,, S.S, FY; Literature Search - FE, S.S,, Y. Writing
-FE,SS, EY.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no
financial support.

REFERENCES

1. Podda M, Khan M, Di Saverio S. Adhesive small bowel obstruction and
the six w’s: who, how, why, when, what, and where to diagnose and
operate? Scand J Surg. 2021;110:159-169.

2. Long S, Emigh B Wolf JS Jr, Byrne C, Coopwood TB, Aydelotte J. This too
shall pass: standardized gastrografin protocol for partial small bowel
obstruction. Am J Surg. 2019,217:1016-1018.

3. Ten Broek RPG, Krielen FDi Saverio S, Coccolini f, Biffl WL, Ansaloni L,
et al. Bologna guidelines for diagnosis and management of adhesive
small bowel obstruction (ASBO): 2017 update of the evidence-based
guidelines from the world society of emergency surgery ASBO working
group. World J Emerg Surg. 2018;13:24.

4. Shen CJ, Wang JJ. Advancements in the clinical management of

adhesive small bowel obstruction: a perspective. Medicine (Baltimore).
2025,104:e43246.

5. Ghimire B Maharjan S. Adhesive small bowel obstruction: a review.
INMA J Nepal Med Assoc. 2023;61:390-396.

20.

21.

22.

Figueroa-Giralt M, Torrealba A, Gonzalez T, Almeida P, Braghetto |,
Csendes A. Risk factors for reoperation, morbidity, and mortality in
patients with small bowel obstruction submitted to surgical treatment.
Arq Bras Cir Dig. 2022;35:e1654.

Green L, Stienstra R, Brown LR, Mclean RC, Wilson MSJ, Crumley
ABC, et al. Evaluating temporal trends and the impact of surgical
subspecialisation on patient outcomes following adhesional small
bowel obstruction: a multicentre cohort study. Eur J Trauma Emerg
Surg. 2023;49:1343-1353.

Koh A, Adiamah A, Chowdhury A, Mohiuddin MK, Bharathan B.
Therapeutic role of water-soluble contrast media in adhesive small bowel
obstruction: a systematic review and meta-analysis. ] Gastrointest Surg.
2020;24:473-483. Erratum in: J Gastrointest Surg. 2020,24:497.

Almeghthawi AH, Alrawithi MS, Alshehri ZA, Alrwaita NF, Alharbi MM,
Albarakati RA, et al. Evaluating hyperosmolar water-soluble contrast
media for diagnosing adhesive small bowel obstruction: a systematic
review and meta-analysis of randomized controlled trials. Cureus.
2025,17:€95937.

. Alnachoukati O, Ray-Zack M, Godin S, Apodaca T, Zielinski M, Dunn

J. Optimal timing of first abdominal radiography after gastrografin
administration for small bowel obstruction. J Surg Res. 2020,256:193-
197.

. Abbas S, Bissett IR Parry BR. Oral water soluble contrast for the

management of adhesive small bowel obstruction. Cochrane Database
Syst Rev. 2007;2007:CD004651.

. Andreucci M, Solomon R, Tasanarong A. Side effects of radiographic

contrast media: pathogenesis, risk factors, and prevention. Biomed Res
Int. 2014,2014:741018.

. Klingbeil KD, Wu JX, Osuna-Garcia A, Livingston EH. Management of

small bowel obstruction and systematic review of treatment without
nasogastric tube decompression. Surg Open Sci. 2022,12:62-67.

. Ceresoli M, Coccolini F, Catena F, Montori G, Di Saverio S, Sartelli M, et

al. Water-soluble contrast agent in adhesive small bowel obstruction:
a systematic review and meta-analysis of diagnostic and therapeutic
value. Am J Surg. 2016,211:1114-1125.

. VON-Diemen V. Volkweis BS, Martins EF, Silva LLM, Cavazzola LT. The

water-soluble contrast for adhesive small bowel obstruction: are there
advantages? Arq Bras Cir Dig. 2023,36:¢1777.

. Cohen RB, Olafson SN, Krupp J, Parsikia A, Kaplan MJ, Moran B, et al.

Timing of gastrografin administration in the management of adhesive
small bowel obstruction (ASBO): does it matter? Surgery. 2021,170:596-
602.

. Paily A Kotecha J, Sreedharan L, Kumar B. Resolution of adhesive

small bowel obstruction with a protocol based on gastrografin
administration. J Med Life. 2019;12:10-14.

. Branco BC, Barmparas G, Schndiriger B, Inaba K, Chan LS, Demetriades

D. Systematic review and meta-analysis of the diagnostic and
therapeutic role of water-soluble contrast agent in adhesive small
bowel obstruction. Br J Surg. 2010,97:470-478.

. Eze VN, Parry T, Boone D, Mallett S, Halligan S. Prognostic factors to

identify resolution of small bowel obstruction without need for operative
management: systematic review. Eur Radiol. 2024;34:3861-3871.

Teixeira PG, Karamanos E, Talving P, Inaba K, Lam L, Demetriades D.
Early operation is associated with a survival benefit for patients with
adhesive bowel obstruction. Ann Surg. 2013,258:459-465.

Nelms DW, Kann BR. Imaging modalities for evaluation of intestinal
obstruction. Clin Colon Rectal Surg. 2021,34:205-218.

Paisant A, Burgmaier J, Calame B, Loison M, Moliere S, Brigand C, et al.
The angers CT score is a risk factor for the failure of the conservative
management of adhesive small bowel obstruction: a prospective
observational multicentric study. World J Surg. 2023,47:975-984.

Turk J Surg 2026;42(3):326-331

331



332

G ORIGINAL ARTICLE \\
1 Turk J Surg 2026;42(3):332-338

Association between preoperative HALP score and
anastomotic leakage following colorectal cancer
resection: A retrospective cohort study
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ABSTRACT

Objective: Anastomotic leakage remains a major complication following colorectal surgery. This study aimed to evaluate the association between the
preoperative hemoglobin, albumin, lymphocyte, and platelet (HALP) score and postoperative anastomotic leakage in patients undergoing colorectal cancer
resection.

Material and Methods: This single-center retrospective cohort study included 505 patients who underwent colorectal resection with primary anastomosis
for stage II-ll colorectal cancer. The association between preoperative HALP score and anastomotic leakage was evaluated using univariable analyses and
receiver operating characteristic (ROC) analysis. A multivariable logistic regression model adjusted for age and tumor location was fitted, and Firth's penalized
likelihood estimation was used for the adjusted analysis because of the limited number of events. The study is reported in accordance with the strengthening
the reporting of observational studies in epidemiology statement.

Results: Anastomotic leakage occurred in 18 patients (3.6%). Patients who developed leakage had significantly lower preoperative HALP scores than those
without leakage [median 18.0 (10.8-33.3) vs. 34.5 (16.6-90.4); p<0.001]. ROC analysis demonstrated good discriminative ability (area under the curve =0.877; 95%
confidence interval, 0.802-0.951; p<0.001). The Youden-derived cut-off value of 22.1 yielded a sensitivity of 72.2% and a specificity of 85.0%. In the Firth penalized
multivariable logistic regression model, a higher HALP score remained independently associated with lower odds of anastomotic leakage after adjustment for
age and tumor location (adjusted odds ratio, 0.83 per 1-unit increase; 95% confidence interval, 0.76-0.91; p<0.001). Given the limited number of leakage events,
these findings should be interpreted as exploratory.

Conclusion: Lower preoperative HALP scores were associated with postoperative anastomotic leakage. Because of the retrospective study design, these
findings should be interpreted as exploratory and require confirmation in larger prospective multicenter studies.

Keywords: Anastomotic leakage, HALP score, colorectal surgery, immunonutritional status, risk assessment

INTRODUCTION

Colorectal cancer continues to impose a substantial global disease burden and
remains one of the leading causes of cancer-related mortality worldwide (1).
Curative treatment primarily relies on oncological surgical resection with restoration
of intestinal continuity whenever feasible (2). Despite continuous advances in
surgical techniques and perioperative management, anastomotic leakage remains
one of the most serious postoperative complications. It is associated with increased
postoperative morbidity and mortality, prolonged hospital stay, higher reoperation
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rates, increased healthcare costs, and impaired oncological outcomes (3,4). Reported
incidence rates vary between approximately 3% and 19% across different studies (5).
Therefore, identifying patients at increased risk for anastomotic leakage remains an
important objective in colorectal surgery.

’

Growing attention has recently been directed toward biomarkers reflecting patients
inflammatory and nutritional status because of their potential association with
postoperative outcomes. Systemic inflammation adversely affects tissue healing,
while adequate nutritional status is essential for wound repair and immune
competence (6,7). Consequently, several composite inflammatory and nutritional
indices have been proposed as prognostic biomarkers in surgical oncology.

The hemoglobin, albumin, lymphocyte, and platelet (HALP) score is a composite
immunonutritional index first introduced by Chen et al. (8) in 2015 as a prognostic
marker in gastric cancer. It integrates four routinely available laboratory parameters
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reflecting oxygen-carrying capacity, nutritional status, immune
function, and systemic inflammatory activity (9). Since its
introduction, reduced HALP scores have been associated with
poor survival and adverse postoperative outcomes in several
malignancies, including gastric, prostate, bladder, and colorectal
cancers (9,10).

In the surgical setting, HALP has also been associated with
postoperative complications. Tarle et al. (11) demonstrated that
the HALP score was associated with postoperative complications
following head and neck microvascular free-flap reconstruction.

In colorectal cancer, Yalav et al. (12) identified HALP as an
independent prognostic factor for overall survival in patients
undergoing curative surgery. Likewise, Dagmura et al. (13)
demonstrated that lower HALP scores were associated with
poorer survival outcomes in colorectal cancer patients. However,
evidence regarding the association between preoperative HALP
score and anastomotic leakage remains limited.

Therefore, the present retrospective single-center cohort study
aimed to evaluate the association between the preoperative
HALP score and postoperative anastomotic leakage following
colorectal cancer resection. We hypothesized that patients
with lower preoperative HALP scores would have a higher
likelihood of developing anastomotic leakage. If confirmed, the
HALP score may represent a simple, inexpensive, and readily
available adjunctive biomarker for preoperative risk assessment
in colorectal surgery.

MATERIAL and METHODS

Study Design and Setting

This retrospective single-center cohort study is reported in
accordancewiththestrengtheningthereporting of observational
studies in epidemiology statement for observational research
(14). It was conducted in accordance with the Declaration
of Helsinki and approved by the Local Ethics Committee of
Zonguldak Bulent Ecevit University (approval no: 2025/16; date:
17 September 2025). Because of the retrospective study design,
the requirement for informed consent was waived.

Participants

Medicalrecordsof 505 consecutive adult patientswhounderwent
curative colorectal resection with primary anastomosis for
histologically confirmed colorectal cancer at a tertiary referral
center between January 2016 and December 2024 were
retrospectively reviewed. Patients who did not undergo surgical
treatment, had no histopathological confirmation of malignancy,
had metachronous malignancies, had incomplete clinical
records, had stage | disease treated by local excision, or had stage
IV disease undergoing palliative surgery without curative intent
were excluded. As a consequence of these predefined criteria,
the final analytical cohort comprised exclusively patients with

pathological stage Il or lll disease; no stage | or stage IV patients
remained after exclusion. This restriction was applied a priori
to obtain a clinically homogeneous population undergoing
resection with curative intent, in which restoration of intestinal
continuity is the standard approach and anastomotic integrity is
the relevant outcome. The potential impact of this restriction on
generalizability is addressed in the limitations section. A patient
selection flow diagram is presented in Figure 1.

Outcome Definition

Patients were classified into two groups according to the
occurrence of postoperative anastomotic leakage. Anastomotic
leakage was defined according to the criteria of the International
Study Group of Rectal Cancer (ISREC) and diagnosed based
on clinical findings, radiological evidence, or intraoperative
confirmation. Leakage severity was graded according to the
ISREC classification (Grades A-C). All leakage events were
identified within the first 30 postoperative days or during
the initial hospitalization. Although the ISREC definition was
originally developed for rectal anastomoses, its constituent
criteria—a defect of the intestinal wall at the anastomotic
site resulting in communication between the intra- and
extraluminal compartments, graded by the intensity of the
required intervention—are anatomically generic and are not
specific to the rectum. In the absence of a universally accepted
colonic counterpart, the ISREC framework has been widely
adopted for colonic anastomoses in both cohort studies and
systematic reviews (5), and applying a single definition across
both sites avoids differential outcome misclassification between
the colonic and rectal subgroups. We therefore applied identical
criteria to colonic and rectal anastomoses.

Mortality was defined as all-cause death occurring within 30
days of surgery or during the index hospitalization, whichever

Eligible patients included

(n=505)
v v
Leakage No leakage
(n=18) (n=487)

:®: ©

Figure 1. Flow diagram of patient selection according to predefined
inclusion and exclusion criteria.
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was longer. Because the present analysis was restricted to this
fixed perioperative window, no longer-term or cause-specific
(leakage-attributable) mortality was assessed, and survival
beyond discharge was not analyzed.

Variables

Collected variables included age, sex, family history of
malignancy, tumor location, pathological TNM  stage,
preoperative HALP score, and mortality. Tumor staging was
performed according to the 2016 TNM classification system. The
HALP score was calculated from the most recent preoperative
laboratory values as:

HALP = Hemoglobin (g/L)xalbumin (g/L)xlymphocyte count
(/L)/platelet count (/L)

Because of the retrospective nature of the study, several
important perioperative and comorbidity-related variables—
including American Society of Anesthesiologists (ASA) score,
body mass index, diabetes mellitus, smoking status, steroid use,
neoadjuvant therapy, diverting ileostomy, type of resection,
anastomotic level, operative approach, surgeon experience,
and transfusion data—were not consistently recorded in the
institutional database and therefore could not be included
in the analyses. The consequences of this omission for causal
interpretation are discussed in the limitations section.

Pre-specified and Post-hoc Analyses

The primary exposure variable was the preoperative HALP
score and the primary outcome was postoperative anastomotic
leakage. Age and tumor location (colon vs. rectum) were pre-
specified as clinically relevant covariates for the adjusted model.
One subgroup analysis—stratification by tumor location (colon
vs. rectum)—was pre-specified. All other subgroup analyses,
including the comparison of HALP scores between patients
aged >80 years and younger patients, were performed post-hoc
and are explicitly labeled as such in the results. No adjustment
for multiple comparisons was applied; given the number of
subgroup and outcome comparisons performed, nominal
p-values from these analyses should be regarded as descriptive
rather than inferential.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 26.0 (IBM Corp., Armonk, NY, USA); Firth's penalized
likelihood logistic regression was performed in R version
4.3.1 using the logistf package, because this estimator is not
implemented in SPSS. Two-sided p-values <0.05 were considered
statistically significant.

Continuous variables were summarized as mean + standard
deviation or median (minimum-maximum), depending on data
distribution, whereas categorical variables were presented as
frequencies and percentages. Normality was assessed using the

Shapiro-Wilk test. Comparisons between groups were performed
using the independent-samples t-test for normally distributed
variables and the Mann-Whitney U test for non-normally
distributed variables. Categorical variables were compared using
the chi-square test or Fisher’s exact test, as appropriate.

Receiver operating characteristic (ROC) analysis was performed
to assess the ability of the preoperative HALP score to
discriminate between patients with and without anastomotic
leakage. The area under the curve (AUC) was reported with
a 95% confidence interval derived from the nonparametric
(Delong) method. The optimal cut-off was determined by
maximizing the Youden index (sensitivity + specificity -1), and
the corresponding sensitivity, specificity, positive and negative
predictive values, and likelihood ratios were calculated with
95% Wilson confidence intervals. Because the cut-off was
derived and evaluated in the same dataset, internal validation
was performed using 1000 bootstrap resamples to estimate
optimism in the AUC.

A multivariable binary logistic regression model was specified
with anastomotic leakage as the dependent variable and HALP
score, age, and tumor location as covariates. The conventional
maximum likelihood model demonstrated complete separation
and failed to produce finite, reliable coefficient estimates.
Therefore, Firth’s penalized likelihood logistic regression was
used as the primary adjusted analysis. This bias-reduction
method provides finite estimates in the presence of sparse
data and separation. Adjusted odds ratios with 95% confidence
intervals and two-sided p-values are reported. Because only
18 leakage events occurred, the adjusted results should be
considered exploratory.

Because of the limited number of events, the multivariable
and ROC analyses are considered exploratory and hypothesis-
generating rather than confirmatory; no clinical decision
threshold is proposed on the basis of these data. This caveat
is not repeated elsewhere in the manuscript and applies to all
model-based results reported below.

Cases with missing key variables were excluded from the
relevant analyses; no imputation was performed. Since this was
a retrospective cohort study, no a priori sample size calculation
was performed, and the study population consisted of all eligible
patients treated during the study period.

RESULTS

The analysis included 505 patients, of whom 18 (3.6%)
developed anastomotic leakage and 487 (96.4%) did not. All
included patients had pathological stage Il (n=262, 51.9%)
or stage Il (n=243, 48.1%) disease; no patients with stage | or
stage IV disease remained in the cohort after application of the
exclusion criteria. Table 1 summarizes the demographic and
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clinical characteristics of the study population according to
the occurrence of anastomotic leakage. The median age of the
entire cohort was 59 years (range, 32-86 years).

Patients who developed anastomotic leakage were significantly
older than those without leakage [median 70.5 (52-85) vs. 58 (32-
86) years; p=0.001]. Sex distribution was comparable between
the two groups (p=0.13).

Tumor location differed significantly between groups. Rectal
tumors were more frequent among patients with leakage than
among those without leakage (66.7% vs. 30.0%; p=0.003); the
leakage rate was 7.6% (12/158) after rectal resection compared
with 1.7% (6/347) after colonic resection. Pathological stage Il
disease was also more frequent in the leakage group (77.8% vs.
47.0%; p=0.014).

Patients who developed anastomotic leakage had significantly
lower preoperative HALP scores than those without leakage
[median 180 (10.8-33.3) vs. 345 (16.6-904); p<0.001].
Perioperative mortality occurred in 14 patients (2.8%) overall.
Mortality was numerically higher among patients who
developed anastomotic leakage than among those who did
not (11.1% vs. 2.5%), but this difference did not reach statistical
significance (p=0.08, Fisher's exact test). No other demographic
or clinical variables differed significantly between the groups.

ROC analysis demonstrated good discriminatory performance
of the preoperative HALP score for anastomotic leakage [AUC
=0.877; 95% confidence interval (Cl), 0.802-0.951; p<0.001]
(Figure 2). The optimal cut-off identified by the Youden index
was a HALP score of 22.1, corresponding to a sensitivity of 72.2%
(95% Cl, 49.1-87.5), a specificity of 85.0% (95% Cl, 81.6-87.9), a
positive predictive value of 15.1%, a negative predictive value
of 98.8%, and positive and negative likelihood ratios of 4.82
and 0.33, respectively. Anastomotic leakage occurred in 13 of
86 patients (15.1%) with a HALP score <22.1 compared with 5
of 419 patients (1.2%) above this threshold (p<0.001). Internal
validation using 1000 bootstrap resamples yielded a negligible

optimism estimate for the AUC (<0.005), which is expected for
a single continuous predictor evaluated without model fitting;
the bootstrap percentile confidence interval (0.800-0.945) was
closely concordant with the DeLong interval.

In univariable logistic regression, each one-unit increase in the
preoperative HALP score was associated with lower odds of
anastomotic leakage [odds ratio (OR) 0.79; 95% Cl, 0.71-0.89;
p<0.001], corresponding to an approximately threefold increase
in odds for every 5-unit decrease in HALP score (OR 3.18;95% Cl,
1.81-5.57).

Because complete separation was detected and the
conventional maximum likelihood logistic regression model
failed to converge, Firth's penalized likelihood logistic regression
was used for the adjusted analysis. After adjustment for age and
tumor location, each 1-unit increase in the preoperative HALP
score was independently associated with a 16.8% reduction in
the odds of anastomotic leakage (adjusted OR 0.83; 95% Cl, 0.76-
0.91; p<0.001). Expressed on a more clinically interpretable scale,

1.0

0.8

o
o

Sensitivity

o
IS

0.2

— AUC =0.877 (95% Cl, 0.802-0.951)

0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 2. Receiver operating characteristic curve of the preoperative
HALP score for postoperative anastomotic leakage (AUC = 0.877; 95%
(Cl,0.802-0.951). The marked point corresponds to the Youden-derived
cut-off of 22.1 (sensitivity 72.2%, specificity 85.0%).

HALP: Hemoglobin, albumin, lymphocyte, and platelet, AUC: Area
under the curve, Cl: Confidence interval.

Table 1. Baseline demographic and clinical characteristics of patients with and without anastomotic leakage

Variable f:r;?(ztgen:zzi 8) :\:](;I:sa;()age Test p
Age, years, median (min-max) 70.5 (52-85) 58 (32-86) Mann-Whitney U 0.001
Sex, female/male, n (%) 9 (50.0)/9 (50.0) 155 (31.8)/332 (68.2) Fisher's exact 0.13
First-degree family history of cancer, yes/no, n (%) | 4 (22.2)/14 (77.8) 85 (17.4)/402 (82.6) Fisher’s exact 0.54
Tumor location, rectum/colon, n (%) 12 (66.7)/6 (33.3) 146 (30.0)/341 (70.0) Fisher's exact 0.003
Pathological TNM stage, II/11l, n (%) 4(222)/14(77.8) 258 (53.0)/229 (47.0) Fisher's exact 0.014
Preoperative HALP score, median (min-max) 18.0(10.8-33.3) 34.5(16.6-90.4) Mann-Whitney U <0.001
Perioperative mortality, yes/no, n (%) 2(11.1)/16(88.9) 12 (2.5)/475 (97.5) Fisher’s exact 0.08

HALP: Hemoglobin, albumin, lymphocyte, and platelet. Data are presented as median (minimum-maximum) or number (percentage). Continuous variables were
compared using the Mann-Whitney U test and categorical variables using Fisher's exact test; two-sided p<0.05 was considered statistically significant. Perioperative and
comorbidity-related variables (American Society of Anesthesiologists score, body mass index, diabetes mellitus, smoking status, neoadjuvant therapy, diverting stoma,
anastomotic level, operative approach, transfusion, surgeon experience) were not consistently available because of the retrospective design and are therefore not shown.
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each 5-unit decrease in the HALP score was associated with
approximately 2.5-fold higher odds of leakage (adjusted OR 2.51;
95% Cl, 1.62-3.89; p<0.001).

Each 10-year increase in age was independently associated with
higher odds of anastomotic leakage (adjusted OR 1.49; 95% Cl,
1.22-1.81; p<0.001). Rectal tumor location showed a positive but
highly imprecise association with leakage (adjusted OR 160.75;
95% Cl,0.64-40,499.54; p=0.072). The extreme effect estimate and
wide confidence interval for tumor location likely reflect sparse
outcome data and residual separation despite penalization and
therefore should not be interpreted as a reliable estimate of the
true effect size.

In the pre-specified subgroup analysis by tumor location, the
association between a lower HALP score and anastomotic
leakage was more evident among patients with rectal cancer,
whereas a similar direction of effect was observed in patients
with colon cancer without reaching statistical significance. In
a post-hoc analysis, patients aged >80 years had lower HALP
scores than younger patients, consistent with an age-related
decline in immunonutritional status. Because this analysis was
not pre-specified and no correction for multiplicity was applied,
it should be regarded as descriptive.

DISCUSSION

In this retrospective single-center cohort study, lower
preoperative HALP scores were associated with the occurrence
of postoperative anastomotic leakage following colorectal
cancer resection. Patients who developed leakage had
significantly lower HALP values than those without leakage, the
HALP score discriminated between the two groups with an AUC
of 0.877, and the association persisted after adjustment for age
and tumor location. Consistent estimates obtained with Firth's
penalized likelihood method suggest that these findings are not
an artifact of the limited number of events.

Nevertheless, several established risk factors for anastomotic
leakage were unavailable for adjustment. Therefore, the
observed association may partly reflect residual confounding
rather than an independent biological effect of the HALP score
itself. Furthermore, the identified HALP threshold requires
external validation before clinical implementation.

Subgroup analyses suggested that the association between
lower HALP score and anastomotic leakage was more evident
among patients with rectal cancer than among those with
colon cancer. This observation is biologically plausible because
rectal surgery is technically more demanding, the anastomosis is
typically lower and less well vascularized, and rectal resection is
generally associated with a higher baseline risk of anastomotic
leakage—a pattern also reflected in the present cohort, in which

the leakage rate after rectal resection was more than four times
that after colonic resection.

Our findings are consistent with previous reports evaluating the
clinical relevance of HALP in surgical oncology. Tarle et al. (11)
reported similar associations with postoperative complications
following head and neck microvascular reconstruction. Likewise,
studies in colorectal cancer have primarily focused on the
prognostic value of HALP for long-term survival rather than
postoperative morbidity (12,13). Our findings extend these
observations by suggesting that lower preoperative HALP
scores may also be associated with an increased likelihood of
anastomotic leakage.

The HALP score is increasingly recognized as a composite
biomarker reflecting both nutritional and immunological status
in patients with solid malignancies. Hemoglobin and albumin
reflect oxygen-carrying capacity and nutritional reserve,
whereas lymphocyte and platelet counts represent immune
competence and systemic inflammatory activity. Consequently,
a reduced HALP score may indicate impaired wound healing
potential and diminished physiological reserve. Previous studies
have consistently demonstrated that hypoalbuminemia, anemia,
and lymphopenia are individually associated with increased
postoperative complications, whereas the HALP score combines
these parameters into a single immunonutritional index that
may better reflect overall patient vulnerability (15-20).

Preoperative nutritional optimization may represent one
potential strategy for reducing postoperative complications
in patients with poor immunonutritional status. Jie et al.
(21) demonstrated that perioperative nutritional support
shortened postoperative hospital stay in patients undergoing
abdominal surgery. Although our study was not designed to
evaluate nutritional interventions, these findings support the
concept that optimization of preoperative nutritional status
may contribute to improved postoperative recovery. Whether
preoperative correction of a low HALP score translates into a
lower leakage rate remains an untested hypothesis that would
require a prospective interventional design.

Study Limitations

Several limitations should be acknowledged. First, the
retrospective single-center design may have introduced
selection bias and limits generalizability; because stage | and
stage IV patients were excluded by design, the findings apply
only to patients undergoing resection with curative intent for
stage II-lll disease.

Second, only 18 leakage events occurred, yielding an events-
per-variable ratio of 6 in the multivariable model. Although
Firth’s penalized estimation and bootstrap internal validation
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were used to mitigate small-sample bias and optimism, the
confidence intervals remain wide, external validation was not
possible, and the model should not be used for individual risk
prediction. Multiple subgroup and outcome comparisons were
performed without correction for multiplicity, which further
increases the probability of chance findings.

Third, several clinically relevant perioperative and comorbidity-
related variables—ASA score, body mass index, diabetes mellitus,
smoking status, steroid use, neoadjuvant therapy, diverting
stoma, anastomotic level, operative approach, transfusion data,
and surgeon experience—were not available. Because these are
among the strongest recognized determinants of anastomotic
leakage, residual confounding cannot be excluded and the
observed association must not be interpreted as causal.

Fourth, HALP was measured at a single preoperative time point,
so longitudinal changes in immunonutritional status could not
be evaluated. Fifth, mortality was assessed only within a fixed
perioperative window and was all-cause; leakage-attributable
deaths could not be distinguished. With only 14 deaths, the
study was underpowered to detect a difference in perioperative
mortality between the groups, and the numerically higher
mortality observed after anastomotic leakage should not be
interpreted as evidence of absence of an effect. Finally, detailed
information regarding leakage severity grade, management
strategy, and time to diagnosis was not consistently recorded.

CONCLUSION

In conclusion, lower preoperative HALP scores were associated
with postoperative anastomotic leakage in patients undergoing
resection for stage II-lll colorectal cancer. Given its low cost
and routine availability, the HALP score may serve as a simple
adjunctive marker of preoperative physiological vulnerability.
Further prospective multicenter studies with comprehensive
perioperative data are warranted to validate these findings
before clinical implementation.
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ABSTRACT

Objective: Electrical burns are associated with deep tissue damage and a high risk of limb loss. Early identification of patients at risk for amputation remains
challenging, as traditional predictors such as voltage level and total body surface area (TBSA) may not adequately reflect tissue injury. This study aimed to
evaluate clinical, laboratory, and treatment-related factors associated with amputation in adult patients with electrical burns, with a focus on biomarker-based
risk prediction.

Material and Methods: This single-center retrospective cohort study included adult patients hospitalized for electrical burns between February 2019 and
October 2025. Patients with incomplete records or hospital stays <7 days were excluded. Demographic data, burn characteristics, electrocardiographic findings,
surgical interventions, and laboratory parameters at admission and day 7 were recorded. Univariate and multivariate logistic regression analyses were performed
to identify factors associated with amputation. Discriminative ability was assessed using receiver operating characteristic (ROC) curve analysis.

Results: A total of 83 patients were included (91.6% male; median age 32 years), with 75.9% exposed to high voltage. Amputation was required in 22.9%,
and mortality was 2.4%. Compared with patients who did not undergo amputation, those requiring amputation had significantly higher admission levels
of creatine kinase (CK), CK-MB, aspartate aminotransferase, alanine aminotransferase (ALT), lactate dehydrogenase (LDH), C-reactive protein, neutrophils,
and neutrophil/lymphocyte ratio, whereas albumin, lymphocyte count, and HALP score were significantly lower. No significant differences were observed
between the amputation and non-amputation groups with respect to voltage level or TBSA. In multivariable analysis, none of the evaluated variables remained
independently associated with amputation; however, LDH (odds ratio=1.001, p=0.074) and HALP score (odds ratio=0.683, p=0.056) showed borderline
associations. ROC analysis showed good performance for HALP, ALT, and LDH (area under the curve: 0.76-0.77).

Conclusion: Amputation risk in electrical burns is more closely related to biomarkers of muscle injury and inflammation than to voltage or TBSA. Although
no independent predictors were identified in multivariable analysis, admission LDH and HALP score showed borderline associations with amputation risk, and
several laboratory biomarkers demonstrated meaningful discriminatory performance. Early laboratory assessment may therefore contribute to risk stratification
and support limb-preserving strategies. Prospective multicenter studies are needed for validation.

Keywords: Electrical burn, amputation, HALP score

INTRODUCTION

Electrical burns account for a significant proportion of burn injuries worldwide.
While electrical burns constitute approximately 4-5% of all burn cases in the general
population, this rate can reach as high as 27% in developing countries (1-3). A notable
demographic feature of electrical injuries is that the majority of cases involve young
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and middle-aged male patients (particularly those injured in occupational accidents)
(4). The damage caused by electric current in the body can be more complex and

deeper than ordinary thermal burns; extensive areas of necrosis may be found
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even under injuries that appear limited on the skin surface (5). Therefore, it can be
difficult to determine the true extent of the damage in electrical injuries during the
initial assessment, and these patients may initially develop a multiple organ failure
syndrome with an intense inflammatory response (6).

Electrical burns can lead to high morbidity and mortality rates, as well as serious
long-term sequelae. Complications such as cardiac arrhythmia, acute renal failure,
and neurological deficits are common in the acute phase; compartment syndrome
developing in the limbs and subsequent amputation are considered one of the
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most severe consequences of electrical burns (7). Amputation
is also not uncommon in adult patients exposed to electrical
injury: For example, a large-scale database analysis showed that
approximately 30% of patients hospitalized for electrical burns
required at least one amputation (8). In contrast, the amputation
rate is significantly lower (~6-7%) in non-electrical burn
etiologies (8). Patients with electrical burns who experience limb
loss suffer from serious psychosocial problems in addition to
permanent loss of working capacity and physical disadvantages.
In these individuals, the lifelong limitations brought about
by amputation, social stigmatization, difficulties returning to
work, and psychological problems such as depression and
post-traumatic stress disorder are markedly increased (8).
Consequently, amputation is the complication of electrical
burns with the most devastating effects on both the patient and
society; therefore, its prevention, risk reduction, and accurate
prediction should be among the most critical goals.

Identifying risk factors leading to amputation after an electrical
burn is critical for recognizing high-risk patients early and
enabling appropriate interventions. The literature reports that
factors such as high voltage exposure, direct passage of electrical
current through the body (contact burn), and the presence
of deep tissue damage increase the risk of amputation (1,9).
However, comprehensive studies on this subject, particularly
those based on single-center experience, are limited. To fill this
gap, we retrospectively examined the clinical determinants
affecting the development of amputation in adult patients
treated for electrical burns at our center using a cohort design.
The findings of our study were interpreted in light of the existing
literature and our center’s experience.

MATERIAL and METHODS
Ethical Statement

The study was conducted with the approval of the Local
Ethics Committee of University of Health Sciences Turkiye,
Ankara Bilkent City Hospital (approval no: TABED 2-25-1618,
date: 12.11.2025) and was carried out in accordance with the
principles of the Declaration of Helsinki. Due to the retrospective
design of the study and the use of anonymized patient data,
the requirement for informed consent was waived by the local
ethics committee.

Study Design

This study is a single-center, retrospective observational cohort
study analyzing the medical records of patients hospitalized and
treated for electrical burns at a tertiary burn center between

February 2019 and October 2025. The study was designed and
reported in accordance with the STROBE Statement guidelines.

Since our burn unit serves adult patients, pediatric cases were
excluded. Initially, 99 patients were evaluated; 10 patients were

excluded because of incomplete clinical data and 6 patients
were excluded because they were discharged within the first 7
days. None of the patients excluded due to early discharge died
or underwent major amputation within the first 6 days. Patients
with a hospital stay shorter than 7 days were excluded because
adequate follow-up assessment of temporal laboratory changes
could not be performed. A total of 83 patients with complete
clinical records were included in the final analysis. Patients with
thermal, chemical, or radiation burns other than electrical burns
were also excluded.

Data Collection

Demographic characteristics, burn etiology, electrical voltage
(high/low), burn depth and total body surface area, affected
anatomical regions, length of hospital stay, and surgical
interventions (escharotomy, fasciotomy, grafting, amputation,
etc.) were recorded.

Laboratory parameters at admission and on the 7" day of
treatment were collected, including creatinine, blood urea
nitrogen (BUN), aspartate aminotransferase (AST), alanine
aminotransferase  (ALT), lactate dehydrogenase  (LDH),
white blood cell (WBC), neutrophil/lymphocyte ratio (NLR),
hemoglobin (Hb), platelet (PLT), C-reactive protein (CRP),
creatine kinase (CK), CK-MB, myoglobin, and HALP score.

All data were obtained retrospectively from the hospital
electronic archive system. The HALP score was calculated using
the standard formula reported in the literature (Hb x albumin
x lymphocyte / PLT) and used as an indicator of systemic
inflammatory status.

Statistical Analysis

All statistical analyses were performed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). The distribution of continuous
variables was assessed using the Kolmogorov-Smirnov test.
Since most variables were not normally distributed, data are
presented as median (minimum-maximum).

Comparisons between admission and day 7 laboratory values
were performed using the Wilcoxon signed-rank test. Differences
between patients with and without amputation were evaluated
using the Mann-Whitney U test for continuous variables and the
chi-square test for categorical variables.

Univariate logistic regression analysis was performed to identify
factors associated with amputation, and odds ratios (ORs) with
95% confidence intervals (Cls) were reported. Given the limited
number of amputation events, a parsimonious multivariable
logistic regression model was established using three clinically
meaningful variables selected according to univariate analysis
results and clinical relevance.

Receiver operating characteristic (ROC) curve analysis was used
to evaluate the predictive performance of clinical and laboratory
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markers. The area under the curve (AUC), optimal cut-off values,
sensitivity, and specificity were calculated. A p-value <0.05 was
considered statistically significant.

Due to the retrospective design, potential limitations such
as measurement bias, variability in laboratory timing, and
incomplete documentation may exist. Efforts were made to
minimize bias by excluding incomplete or inconsistent data. No
a priori sample size calculation was performed.

RESULTS

A total of 83 patients hospitalized due to electrical burns were
included in the study. The median age was 32 years (18-66), and
the majority were male (91.6%, n=76). Most injuries resulted
from occupational accidents (80.7%), and high-voltage contact
was reported in 75.9% of cases. Comorbidities were uncommon:
Diabetes mellitus was present in 3.6% of patients, coronary artery
disease in 2.4%, and no patient had chronic kidney disease. The
overall mortality rate was 24% (n=2). Multitrauma associated
with electrical injury was identified in 19.3% of patients.

Regarding burn distribution, the most frequently affected region
was the upper extremity (94%), followed by the lower extremity
(68.7%) and the trunk (37.3%). Joint involvement was observed
in 783% of the cohort. The median total body surface area
(TBSA) burned was 8% (1-47), with second- and third-degree
burns predominating. The median length of hospital stay was
25 days (7-98), and the median number of surgical procedures
was 4 (0-29). Cardiac involvement during hospitalization was
assessed: 84.3% had a normal electrocardiography (ECG), while
arrhythmias were detected in 13.3%, atrioventricular block in
1.2%, and repolarization abnormalities in 1.2%.

Laboratory parameters demonstrated marked elevations in
muscle injury markers, including CK [700 (31-148.906) U/L],
myoglobin [472 (13-1000) pg/L], and CK-MB [9.62 (0.23-300)
ug/L]. The median troponin level, indicative of potential cardiac
involvement, was 9 ng/L (1-12.087) (Table 1).

The majority of patients required surgical debridement, with
escharectomy performed in 96.4%, grafting in 63.9%, fasciotomy
in 28.9%, and escharotomy in 25.3%. As regenerative treatment,
scaffold application was performed in 26.5% of cases, and stem
cell therapy in 7.2%. Amputation was performed in a total of 19
patients (22.9%) (Table 1).

The average time to amputation in patients who underwent
amputation was 15.58+7.56 days after the burn, and the most
common sites of amputation were below the knee (n=5) and
the toes. The revision amputation rate was 36.8%, indicating
continued advanced tissue necrosis (Table 1).

When laboratory parameters at admission and on day 7 were
compared, significant changes were observed in several
biochemical, inflammatory, and hematological markers. Among

Table 1. Clinical, demographic, laboratory, treatment, and
amputation-related characteristics of patients

Age (years) 32 (18-66)
Gender

Male 76 (91.6%)
Female 7 (8.4%)
DM status

Present 3 (3.6%)
Absent 80 (96.4%)
CAD status

Present 2 (24%)
Absent 81 (97.6%)
CKD status

Absent 83 (100%)
Mortality

Survived 81 (97.6%)
Died 2 (24%)
Length of stay (days) 25 (7-98)
Upper extremity burn

Present 78 (94%)
Absent 5 (6%)

Lower extremity burn

Present 57 (68.7%)

Absent 26 (31.3%)

Head, neck burn

Present 11 (13.3%)
Absent 72 (86.7)
Facial burn

Present 15 (18.1%)
Absent 68 (81.9%)
Body burn

Present 31 (37.3%)
Absent 52 (62.7%)
Perineal burn

Present 8 (9.6%)
Absent 75 (90.4%)

Burns in the joint areas

Present 65 (78.3%)

Absent 18 (21.7%)

Electrical voltage

High voltage 63 (75.9%)

Low voltage 20 (24.1%)

Work accident situation

Work accident 67 (80.7%)

Not a work accident 16 (19.3%)
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Admission CK-MB (ng/L)

9.62 (0.23-300)

Admission myoglobin (ng/L)

472 (13-1000)

Admission troponin (ng/L) 9(1-12087)
Stem cell therapy

Present 6 (7.2%)
Absent 77 (92.8%)
Scaffold treatment

Present 22 (26.5%)
Absent 61 (73.5%)
Escarectomy

Present 80 (96.4%)
Absent 3 (3.6%)
Graft application

Present 53(63.9)
Absent 30 (36.1)
Escharotomy

Present 21 (25.3%)
Absent 62 (74.7%)
Fasciotomy

Present 24 (28.9%)
Absent 59(71.1%)
Amputation

Present 19 (22.9%)
Absent 64 (77.1%)
Days after burn to amputation (days) 15.58+7.56
Amputation sites (n=19)

Right below-knee 3(15.8%)
Right foot first toe 3(15.8%)
Left below-knee 2 (10.5%)

Table 1. Continued Table 1. Continued

1*-degree burn (%) 0(0-15) Right foot 2(10.5%)
2-degree burn (%) 5 (0-45) Right fifth toe 2(10.5%)

3rd-degree burn (%) 1(0-20) Right forearm 2 (10.5%)
4th-degree burn (%) 0(0-7) Left foot 1(5.3%)

Total burn surface area (%) 8(1-47) Left foot toes 1(5.3%)

Total number of operations 4(0-29) Right foot toes 1(5.3%)

Presence of multiple trauma Left forearm 1(5.3%)

Present 16 (19.3%) Left hand 1(5.3%)

Absent 67 (80.7) Revision amputation required

ECG change Present 7 (36.8%)

Absent 70 (84.3%) Absent 12 (63.2%)

Rhythm disorder 11 (13.3%) DM: Diabetes mellitus, CAD: Coronary artery disease, CKD: Chronic kidney
AV block 1 (1.2%) disease, ECG: Electrocardiography, AV: Atrioventricular, CK: Creatine kinase.
Repolarization problem 1 (1.2%) renal function parameters, median creatinine levels decreased
Admission CK (U/L) 700 (31-148906)

from 0.80 mg/dL at admission to 0.67 mg/dL on day 7, and this
reduction was statistically significant (p=0.001). Similarly, median
albumin levels decreased from 41 g/L to 37 g/L (p=0.001), while
median BUN levels decreased from 14.93 mg/dL to 12.13 mg/dL
during follow-up (p=0.007).

Markers of tissue injury demonstrated significant improvement
over time. Median AST levels decreased from 90 U/L at admission
to 43 U/L on day 7, median ALT levels decreased from 64 U/L to
53 U/L, and median LDH levels decreased from 432 U/L to 247
U/L (all p=0.001).

Inflammatory markers also showed significant changes during
hospitalization. Median WBC count decreased from 14.06x10°%/L
to 9.06x10%L, median neutrophil count decreased from
11.81x10%L to 5.60x10%L, and median NLR decreased from
6.95 to 3.95 (all p=0.001). In contrast, median lymphocyte count
remained relatively stable (1.59x10%L vs. 1.63%10%L, p=0.906).
Among hematological parameters, median Hb levels decreased
from 15.0 g/dL at admission to 12.3 g/dL on day 7 (p=0.001),
whereas median PLT count increased from 272x10%L to
300x10%L (p=0.008). Median CRP levels increased from 25 mg/L
to 50 mg/L; however, this difference did not reach statistical
significance (p=0.149). Finally, median HALP score significantly
decreased from 3.10 at admission to 1.88 on day 7 (p=0.001)
(Table 2).

Significant elevation in muscle and cardiac injury markers was
observed in patients with ECG changes. CK (p=0.022), CK-MB
(p=0.042), and troponin (p=0.017) levels were markedly elevated
in the group with ECG changes, indicating the effect of electrical
current on the cardiac conduction system. No significant
relationship was observed between electrical voltage and ECG
changes (p=0.725) (Table 3).

Turk J Surg 2026;42(3):339-349



Yavuz et al.

Table 2. Patients’ admission and day 7 laboratory values

Variables Mean Standard deviation | Median Minimum Maximum | *p-value
Admission creatinine (mg/dL) 0.79 0.15 0.8 0.5 1.15 0.001
7t-day creatinine (mg/dL) 0.71 0.38 0.67 035 3.81

Admission albumin (g/L) 39.96 6.12 41 26 51 0.001
7t"-day albumin (g/L) 36.55 7.84 37 19 50

Admission BUN (mg/dL) 1531 511 14.93 7 34.07 0.007
7t-day BUN (mg/dL) 139 825 12,13 6.07 79.80

Admission AST (U/L) 324.28 630.638 90 10 4877 0.001
7th-day AST (U/L) 64.17 67.99 43 10 404

Admission ALT (U/L) 12546 153.15 64 11 818 0.001
7th-day ALT (U/L) 7642 67.31 53 8 381

Admission LDH (U/L) 723.70 96141 432 144 7784

7t-day LDH (U/L) 27881 103.84 247 129 576 0.001
Admission WBC (x10°/L) 15.24 6.26 14.06 457 3524 0.001
7th-day WBC (x10°/L) 10.14 433 9.06 323 239

Admission neutrophil (x10°/L) 12.38 6.4 11.81 2.87 3242 0.001
7t-day neutrophil (x10%/L) 747 443 56 1.76 21.66

Admission lymphocyte (x107/L) 1.79 1.06 1.59 0.16 6.02 0906
7th-day lymphocyte (x10°/L) 1.64 0.76 1.63 0.29 38

Admission NLR 1215 15.54 6.95 0.94 97.81

7™-day NLR 6.39 6.26 3.95 1.25 31.05 0.001
Admission Hb (g/dL) 14.66 2.18 15 79 19.6 0.001
7t-day Hb (g/dL) 12.23 241 12.3 7.7 16.9

Admission PLT (x10%/L) 281.34 107.54 272 101 905 0.008
7th-day PLT (x10°/L) 317.39 110.74 300 87 585

Admission CRP (mg/L) 59.55 7177 25 1 296 0149
7t-day CRP (mg/L) 87.84 91.65 50 1 350

Admission HALP 435 3.6 3.1 045 22.29 0.001
7t-day HALP 2.85 2.26 1.88 037 9.01

* Wilcoxon signed-rank test, BUN: Blood urea nitrogen, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH: Lactate dehydrogenase, WBC: White blood
cell, NLR: Neutrophil-to-lymphocyte ratio, Hb: Hemoglobin, PLT: Platelet, CRP: C-reactive protein, HALP score: Hemoglobin (g/dL) x albumin (g/L) x lymphocyte count

(x10%L)/platelet count (x10%/L).

Table 3. Effect of laboratory and stress on predicting ECG changes

Variables ECG change detected (n=13, 15.7%) No ECG changes (n=70, 84.3%) p-value

Admission CK (U/L) 1512 (330-148906) 588.5 (31-82900) *0.022

Admission CK-MB (ug/L) 20.2 (1.37-300) 8.55(0.23-300) *0.042

Admission myoglobin (ug/L) 800 (30-1000) 401 (13-1000) *0.166

Admission troponin (ng/L) 30 (2-12087) 7.5(1-2145) *0.017
High voltage 11 (17.5%) 52 (82.5%)

Electrical voltage **0.725
Low voltage 2 (10%) 18 (90%)

* Mann-Whitney U test, **: Chi-square test, CK: Creatine kinase, ECG: Electrocardiography.
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Among patients who underwent amputation (n=19), the
median length of hospital stay was 50 days (15-98), which was
significantly longer than in the non-amputation group [15.5
days (7-77); p=0.001]. The total number of surgical interventions
was also substantially higher in the amputation cohort [11
procedures (3-29)] compared with patients who did not require
amputation [3 procedures (0-20); p=0.001]. The TBSA burned
was 12% (2-47) in the amputation group and 7% (1-45) in the
non-amputation group; however, this difference did not reach
statistical significance (p=0.114).

Admission laboratory parameters demonstrated notable
differences between groups. Median albumin levels were
significantly lower in the amputation group (35 g/L) compared
with the non-amputation group (42 g/L; p=0.001). Likewise,
the admission HALP score was significantly reduced in patients
requiring amputation (2.18 vs. 3.81; p=0.001).

Markers of muscle injury were markedly elevated among
amputated patients. CK levels were significantly higher in the
amputation group (11.720 U/L) than in the non-amputation
group (480.5 U/L; p=0.007). Similarly, CK-MB levels (30.2 vs. 5.57
ng/L; p=0.005), AST (442 vs. 755 U/L; p=0.002), ALT (173 vs.
50.5 U/L; p=0.001), and LDH (819 vs. 365 U/L; p=0.001) were all
significantly increased in the amputation cohort.

Inflammatory markers also differed significantly between
groups. WBC counts were higher in the amputation group
(17.95x10°%L vs. 13.16x10%L; p=0.023), as were neutrophil
counts (15.15%10%L vs. 10.5x10%L; p=0.013). Conversely,
lymphocyte levels were lower among amputated patients
(1.2x10%L vs. 1.7x10%L; p=0.004). The NLR demonstrated a
significant disparity, with values of 10 in the amputation group
and 5.7 in the non-amputation group (p=0.003).

CRP levels were substantially higher in patients who underwent
amputation (90 mg/L) compared with those who did not (21
mag/L; p=0.015). Myoglobin levels were also elevated (1000
vs. 376 ug/L; p=0.047), and troponin concentrations were
significantly increased in the amputation cohort (21 vs. 7.5 ng/L;
p=0.008).

Regarding clinical variables, amputation was significantly
more frequent in patients with lower-extremity burns (31.6%)
than in those without lower-extremity burns (3.8%; p=0.012).
Fasciotomy was significantly associated with amputation, with
an amputation rate of 54.2% among patients who underwent
the procedure compared with 10.2% in those without fasciotomy
(p=0.001). No significant associations were observed between
amputation and sex, electrical voltage exposure, upper-
extremity burns, or joint involvement (all p>0.05) (Table 4).

Inthe univariate logistic regression analysis performed to identify
parameters associated with the development of amputation,
length of hospital stay, total number of operations, albumin,

CK, AST, ALT, LDH, WBC count, neutrophil count, lymphocyte
count, NLR, Hb, PLT count, CRP, and the HALP score were found
to be significantly associated with amputation. In addition,
lower extremity burn and fasciotomy status were significantly
associated with amputation in the univariate analysis (Table 5).

When variables that were significant in the univariate analysis
together with clinically relevant parameters were included in
the multivariable logistic regression model, none of the variables
remained independently associated with amputation risk.
However, admission LDH levels [odds ratio (OR) =1.001, p=0.074]
and admission HALP score (OR =0.683, p=0.056) demonstrated
borderline associations with amputation in the adjusted analysis.
Similarly, fasciotomy status showed a trend toward significance
but did not remain an independent predictor after adjustment
(OR=0.319, p=0.118) (Table 5).

According to ROC analysis, the parameter with the highest AUC
value for predicting amputation was the HALP score, with an
AUC value of 0.772 (p=0.001) and a cut-off point of 2.67; at this
threshold, sensitivity was determined to be 68.4% and specificity
68.8%. For ALT levels, the AUC was 0.766 (p=0.001), with a cut-
off value of 96 U/L; sensitivity was determined to be 68.4% and
specificity 67.2%.

The AUC value for predicting amputation based on LDH level
was 0.761 (p=0.001), with a cut-off value of 570.5 U/L, sensitivity
of 73.7%, and specificity of 73.4%. The AUC value for AST was
0.736 (p=0.002, cut-off: 147.5 U/L), for CK it was 0.705 (p=0.007,
cut-off: 1031.5 U/L), and for CK-MB, the AUC was 0.711 (p=0.006,
cut-off: 12.25 pg/L).

The AUC value for NLR, an inflammatory response marker, was
0.725 (p=0.003), and the cut-off value was determined as 9.23,
with a sensitivity of 63.2% and specificity of 68.8% at this value
(Table 6, Figure 1).

DISCUSSION

Electrical burns predominantly affect young male individuals
and are most commonly associated with occupational accidents
(9,10). Large series reported in the literature indicate that the
vast majority of patients sustaining electrical burn injuries are
working-age men, often belonging to high-risk occupational
groups. For instance, a study from China demonstrated that
93.8% of patients with high-voltage electrical burns were male,
and 73.5% were between 19 and 50 years of age (10). The mean
age and sex distribution observed in our cohort are consistent
with these findings and reflect the typical demographic
pattern of electrical burn injuries. Although comorbidities are
generally less prevalent in younger populations, their presence
may exacerbate clinical severity; however, data specifically
addressing comorbidities in electrical burn patients remain
limited. Overall mortality rates are reported to be low, ranging
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Table 4. Effect of laboratory and clinical variables on amputation prediction
Variables Amputation present (n=19) No amputation (n=64) p-value
Age (years) 2 (19-59) 33 (18-66) *0.700
Length of stay (days) 50 (15-98) 15.5(7-77) *0.001
Total burn surface area (%) 2(2-47) 7 (1-45) *0.114
Total number of operations 1(3-29) 3(0-20) *0.001
Admission creatinine (mg/dL) 0.73 (0.5-1.01) 0.82(0.52-1.15) *0.081
Admission albumin (g/L) 35 (28-46) 42 (26-51) *0.001
Admission BUN (mg/dL) 14.47 (7.93-28) 14.93 (7-34.07) *0.457
Admission CK (U/L) 11720 (31-148906) 480.5 (32-56558) *0.007
Admission AST (U/L) 442 (15-4877) 75.5 (10-1290) *0.002
Admission ALT (U/L) 173 (11-818) 50.5(12-781) *0.001
Admission LDH (U/L) 819 (144-7784) 365 (164-1878) *0.001
Admission CK-MB (ug/L) 30.2 (1.52-300) 5.57 (0.23-300) *0.005
Admission myoglobin (ug/L) 1000 (100-1000) 376 (13-1000) *0.047
Admission troponin (ng/L) 21 (5-2030) 7.5 (1-12087) *0.008
Admission WBC (x10%/L) 17.95 (6.34-35.24) 13.16 (4.57-35.05) *0.023
Admission neutrophil (x10°/L) 15.15(3.88-32.42) 10.5 (2.87-31.43) *0.013
Admission lymphocyte (x107/L) 1.2(0.16-2.72) 1.7 (0.27-6.02) *0.004
Admission NLR 10 (2.3-97.81) 5.7 (0.94-48.59) *0.003
Admission Hb (g/dL) 14.6 (7.9-19.6) 15.1(8.1-18.9) *0.725
Admission PLT (x10%/L) 274 (101-905) 270.5 (133-474) *0.422
Admission CRP (mg/L) 90 (1-274) 21 (1-296) *0.015
Admission HALP 2.18(0.53-6.32) 3.81(045-22.29) *0.001
Female 1(14.3%) 6 (85.7%)
Gender **0.493
Male 18 (23.7%) 58 (76.3%)
Present 16 (20.5%) 62 (79.5%)
Upper extremity burn **0.076
Absent 3 (60%) 2 (40%)
Present 18 (31.6%) 9 (68.4%)
Lower extremity burn *¥0.012
Absent 1(3.8%) 25 (96.2%)
Present 17 (26.2%) 48 (73.8%)
Burns in the joint areas **0.221
Absent 2(11.1%) 6 (88.9%)
Low voltage 4 (20%) 6 (80%)
Electrical voltage **0.493
High voltage 15 (23.8%) 48 (76.2%)
. Present 13 (54.2%) 11 (45.8%)
Fasciotomy status *%¥0.001
Absent 6 (10.2%) 3(89.8%)
* Mann-Whitney U test, **: Chi-square test, BUN: Blood urea nitrogen, CK: Creatine kinase, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH: Lactate
dehydrogenase, WBC: White blood cell, NLR: Neutrophil-to-lymphocyte ratio, Hb: Hemoglobin, PLT: Platelet, CRP: C-reactive protein, HALP score: hemoglobin (g/dL) x
albumin (g/L) x lymphocyte count (x10%L) / platelet count (x10°%L).

between 0.2% and 0.5% in large cohorts (9,10). The mortality rate
of 2.4% observed in our study may be attributable to the severity
of cases managed at a tertiary referral center.

In electrical burns, the anatomical regions most commonly
affected are the extremities, with current entry and exit points
frequently located in distal segments. Previous studies have

the hand and upper extremities; in a large series, 43.9% of
amputations affected the hand and 39.3% involved the upper
extremity (10). These findings support the propensity of electrical
current to cause profound deep tissue injury at contact points.
Similarly, the distribution of affected body regions in our study
was consistent with the existing literature.

reported that a substantial proportion of amputations involve
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Table 5. Univariate and multivariable logistic regression analyses for predictors of amputation

Univariate analysis Multivariate analysis
Variables
B p OR (95% CI) B P | OR (95% C1)
Age (years) -0.004 0.872 0.996 (0.953-1.041)
Length of stay (days) 0.054 0.001 1.056 (1.028-1.084)
(T:/;t)a' burn surfacearea |, 0240 | 1.027(0982-1.074)
Z:f:a't‘i‘;";?er of 0.257 0.001 | 1293 (1.143-1464)
Admission creatinine -2.945 0103 | 0053(0.002-1.821)
(mg/dL)
Admission albumin (g/L) | -0.171 0.001 0.842 (0.763-0.930)
Admission BUN (mg/dL) | 0.031 0.540 1031 (0.935-1.137)
Admission CK (U/L) 0.001 0.013 1.000 (1.000-1.000)
Admission AST (U/L) 0.002 0.004 1.002 (1.001-1.003)
Admission ALT (U/L) 0.004 0.016 1.004 (1.001-1.008)
Admission LDH (U/L) 0.002 0.001 1.002 (1.001-1.003) 0.007 ‘ 0.074 ‘ 1.001 (1.000-1.002)
Admission CK-MB (ug/L) | 0.004 0.054 1.004 (1.000-1.009)
ﬁg’;‘&ssm" myoglobin 0.001 0.085 1.001 (1.000-1.003)
Admission troponin (ng/L) | 0.001 0814 1.000 (1.000-1.000)
Admission WBC (x10%L) | 0.097 0.021 1.101 (1.015-1.195)
’&?83}3“" neutrophil 0.104 0.013 | 1.109(1.022-1.204)
gﬁ"o'g‘/ii)sm" lymphocyte | o 0.008 | 0336(0.150-0.754)
Admission NLR 0.057 0.008 1.059 (1.015-1.105)
Admission Hb (g/dL) 0522 0.001 0.593 (0.444-0.793)
Admission PLT (x10%/L) 0.006 0.025 1.006 (1.001-1.010)
Admission CRP (mg/L) 0.007 0.010 1.007 (1.002-1.013)
Admission HALP -0.509 0.005 0.601 (0.423-0.854) -0.381 ‘ 0.056 ‘ 0.683 (0.462-1.010)
Gender 0622 0577 0.537 (0.061-4.761)
Upper extremity burn -1.760 0.065 0.172 (0.026-1.118)
Lower extremity burn -2.446 0.021 0.087 (0.011-0.690)
Burns in the joint areas -1.041 0.194 0.353 (0.073-1.698)
Electrical voltage 0223 0.724 0.800 (0.232-2.763)
Fasciotomy status -2346 0.001 0.096 (0.030-0.307) 1141 0118 0.319 (0.076-1.335)
Constant -0.794 0333

* Amputation was coded as 1 and absence of amputation as 0. For categorical predictors, the last category was used as the reference category (simple contrast): Male
for gender, present for upper extremity burn, lower extremity burn, burns in the joint areas, and fasciotomy status, and high voltage for electrical voltage. Therefore, ORs
represent the odds of amputation for the non-reference category relative to the reference category. Odds ratios (Ors) >1 indicate increased odds of amputation, whereas
ORs <1 indicate decreased odds of amputation relative to the reference category. BUN: Blood urea nitrogen, CK: Creatine kinase, AST: Aspartate aminotransferase, ALT:
Alanine aminotransferase, LDH: Lactate dehydrogenase, WBC: White blood cell count, NLR: Neutrophil-to-lymphocyte ratio, Hb: Hemoglobin, PLT: Platelet count, CRP:
C-reactive protein, HALP score: Hemoglobin (g/dL) x albumin (g/L) x lymphocyte count (x10%L) / platelet count (x107/L).

Aggressive surgical management in the early phase is a
cornerstone of electrical burn treatment. Rapid debridement,
escharotomy, and fasciotomy are critical interventions aimed
at reducing compartment pressure and limiting progressive
necrosis. In one series, escharotomy was performed in 40.5%

of patients and fasciotomy in 24.7%, with most procedures
undertaken on the day of admission (11). Following surgical
excision of full-thickness necrosis, wound closure is commonly
achieved using split-thickness skin grafts or flap reconstructions.
A large cohort study reported the use of skin grafts in 83.2%
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*: Sensitivity and specificity are presented with exact binomial 95% confidence intervals (Clopper-Pearson method), CK: Creatine kinase, AST: Aspartate aminotransferase,
ALT: Alanine aminotransferase, LDH: Lactate dehydrogenase, NLR: Neutrophil-to-lymphocyte ratio, Cl: Confidence interval, ROC: Receiver operating characteristic, AUC:

Table 6. ROC curve for amputation

Risk factor(s) AUC (95% Cl) Cut-off p

Admission CK (U/L) 0.705 (0.560-0.850) | 1031.5 0.007

Admission AST (U/L) 0.736 (0.604-0.867) | 147.5 0.002

Admission ALT (U/L) 0.766 (0.637-0.894) | 96 0.001

Admission LDH (U/L) 0.761(0.613-0.909) | 570.5 0.001

Admission CK-MB (ug/L) 0.711(0.590-0.831) | 12.25 0.006

Admission NLR 0.725 (0.596-0.855) | 9.23 0.003

Admission HALP 0.772 (0.656-0.888) | 2.67 0.001

Area under the curve, HALP score: Hemoglobin (g/dL) x albumin (g/L) x lymphocyte count (x10°L) / platelet count (x10%/L).

ROC Curve
10 Source of the Curve
—— Admission CK (U/L)
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Figure 1. ROC curves of admission biomarkers for predicting
amputation.

ROC: Receiver operating characteristic, CK: Creatine kinase, AST:
Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH:
Lactate dehydrogenase, NLR: Neutrophil-to-lymphocyte ratio.

and flap reconstruction in 493% of cases (10). In addition,
experimental approaches involving stem cell-based therapies,
cell-derived  products,
demonstrated significant improvements in wound healing in

and biomaterial scaffolds have
preclinical studies (12). Although these techniques have not
yet entered routine clinical practice, they represent promising
strategies for addressing the severe tissue loss associated with
electrical burns. In the future, such regenerative approaches
may also contribute to reducing amputation rates by improving
tissue viability and supporting early reconstruction in severe
electrical burn injuries. In our series, rates of escharotomy,
fasciotomy, and grafting were comparable to those reported in
the literature.

Amputation surgery is often an unavoidable component of
treatment in electrical burn injuries. Pedrazzi et al. (11) reported
an amputation rate of 13.5% in their cohort. The amputation
rate of 22.9% observed in our study is consistent with values

reported in the literature. For example, a tertiary referral center in
another country reported an amputation rate of approximately
22% among electrical burn patients (1), whereas a large cohort
from India documented rates as high as 38% (8). These findings
suggest that limb loss following electrical injury constitutes a
comparable clinical burden across different geographic regions.

Delayed demarcation resulting from microvascular thrombosis
and progressive tissue necrosis in electrical injuries increases the
likelihood of revision amputations following initial surgery (13).
Dash et al. (8) reported a revision amputation rate of 23.9% in a
series of 209 patients. This trend aligns with studies emphasizing
the need for staged debridement in electrical burns and
highlighting the failure of early reconstruction or closure due
to ongoing necrosis (14). In our cohort, revision amputations
were required in 36.8% of cases. The timing and recurrence of
amputations are closely related to the unique pathophysiology
of progressive tissue loss in electrical injuries (15). Although
large database studies have reported overall amputation rates
of approximately 30% in electrical burn patients, the temporal
distribution of amputations has rarely been detailed (6). In our
series, the mean time to first amputation was 15.58 days, further
supporting the concept of delayed tissue demarcation.

Laboratory parameters provide valuable insight into the
pathophysiology of electrical burns. Markers of muscle injury,
such as CK, CK-MB, myoglobin, and LDH, rise markedly in the
early phase due to rhabdomyolysis and deep muscle necrosis.
In a prospective study of high-voltage electrical contact burns,
Babu et al. (16) demonstrated that CK, CK-MB, and LDH levels
were significantly higher in patients requiring amputation,
supporting the prognostic value of muscle injury biomarkers
in this setting. Inflammatory markers, including CRP and WBC
count, typically rise early after burn injury; however, persistently
elevated values beyond the first week often suggest secondary
infection or systemic inflammation. A meta-analysis of burn
patients demonstrated that elevated CRP and neutrophil levels
were associated with sepsis and mortality (17). In our study,
higher WBC and CRP levels in the amputation group were
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consistent with these findings and support a contributory role
of systemic inflammation and infection in amputation risk.

Cardiac involvement in electrical burns is generally mild and
transient. In a series of 480 patients reported by Pilecky et al. (18),
the most common electrocardiographic findings were sinus
bradycardia (10.4%) and sinus tachycardia (4.4%), while severe
arrhythmias were rare. Similarly, Ahmed et al. (19). reported
ECG abnormalities in 18% of patients following electrical injury,
whereas no serious arrhythmias were detected. In our cohort,
ECG abnormalities were predominantly benign and showed no
significant association with voltage level. Moreover, significant
associations were observed between ECG changes and CK, CK-
MB, and troponin levels. These findings suggest that voltage
exposure alone is not a reliable predictor of clinically relevant
cardiac injury.

An important observation in our study was the lack of a linear
relationship between TBSA and amputation risk. Even when a
limited skin area is affected in high-voltage injuries, severe deep
tissue damage may necessitate amputation. Conversely, limb
preservation may be possible in low-voltage injuries involving
larger surface areas. Dash et al. (8) similarly reported higher
amputation rates in electrical burn patients with TBSA <25%
compared with those with TBSA >25%. These findings indicate
that, in electrical burns, deep tissue injury rather than surface
area involvement is a more critical determinant of prognosis.

Although high-voltage exposure has traditionally been
considered a major risk factor for amputation (20), we did
not observe a statistically significant association between
voltage level and amputation in our cohort. Instead, muscle
injury enzymes (CK, CK-MB, LDH), liver enzymes (AST, ALT),
inflammatory markers (CRP, WBC), and composite indices such
as the HALP score and neutrophil-to-lymphocyte ratio (NLR)
were significantly associated with amputation risk. In a similar
study, patients undergoing amputation after high-voltage
electrical injury exhibited significantly higher CK, CK-MB, and
LDH levels (16). In our analysis, ROC curves demonstrated
meaningful discriminatory power of these parameters for
predicting amputation. However, none of the variables remained
independent predictors in the multivariable analysis, which may
be related to the limited number of amputation events and
the restricted statistical power of the study. Although the HALP
score demonstrated significant discriminatory performance
in ROC analysis and was associated with amputation risk in
univariate analysis, it did not remain an independent predictor in
the multivariable model. Additionally, in our study, the observed
association between fasciotomy and amputation should not
be interpreted as a causal relationship. Fasciotomy is generally
performed in the setting of severe compartment syndrome and
extensive ischemic tissue injury; therefore, its association with

amputation likely reflects the severity of the underlying injury
rather than an independent adverse effect of the procedure
itself. Similarly, variables such as length of hospital stay and total
number of operations may reflect the clinical consequences of
severe injury and amputation rather than direct causal predictors.
Therefore, these findings should be interpreted with caution.

The originality of this study lies in emphasizing a biomarker-
based approach for prognostic assessment in electrical burn
patients. While previous studies have primarily focused on
clinical parameters such as voltage level and TBSA, our findings
suggest that simple, readily available laboratory markers may
facilitate early risk stratification. This approach may enable
timely identification of patients at high risk for amputation
and support the early implementation of more aggressive
therapeutic strategies. Given the multisystem involvement
characteristic of electrical burns, a multidisciplinary approach
incorporating surgery, intensive care, nephrology, rehabilitation,
and psychosocial support is likely to improve patient outcomes.

Study Limitations

This study has several limitations. Its retrospective and single-
center design limits control over patient selection and treatment
heterogeneity, and the relatively small sample size may restrict
generalizability. In addition, the limited number of amputation
events (n=19) constrained the number of variables that could
be included in the multivariable logistic regression model and
increased the risk of overfitting. Therefore, the loss of statistical
significance observed in the multivariable analysis may partly
reflect limited statistical power and a potential type Il error, and
borderline associations should be interpreted with caution.
Consequently, multicenter prospective studies are warranted
to validate these findings. In conclusion, biochemical and
hematological parameters in adult electrical burn patients are
significantly associated with the development of amputation,
and early assessment of these biomarkers may provide
substantial support to clinical decision-making processes.

CONCLUSION

This study demonstrates the clinical value of a biomarker-based
approach for predicting the development of amputation in
adult patients with electrical burns. Voltage exposure alone was
not a decisive determinant; rather, parameters reflecting muscle
injury and systemic inflammation—including AST, ALT, LDH,
CK, CK-MB, the HALP score, and NLR—were strongly associated
with amputation risk. Although logistic regression and ROC
curve analyses indicated meaningful predictive performance for
these variables, none remained independently associated with
amputation in multivariable analysis. Admission LDH levels and
HALP score showed borderline associations with amputation
risk in the multivariable analysis.
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These findings underscore the importance of incorporating
early biochemical and inflammatory markers, in addition to
clinical assessment, into decision-making regarding amputation.
Electrocardiographic abnormalities were generally benign and
did not show a significant correlation with voltage level. Despite
early escharotomy, fasciotomy, and appropriate reconstructive
procedures, the frequent need for revision amputation highlights
the progressive tissue injury characteristic of electrical burns.

Overall, within a multidisciplinary framework, early risk
stratification based on admission laboratory data may
facilitate timely identification of high-risk patients, support
tissue-preserving strategies, and help prevent complications.
Prospective, multicenter studies are warranted to further clarify
the integration of these biomarkers into routine clinical practice.
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ABSTRACT

Objective: Mesh-based inguinal hernia repair has reduced recurrence rates; however, long-term postoperative symptoms remain clinically relevant. The
Carolinas comfort scale (CCS) is a disease-specific tool developed to assess these outcomes. This study aimed to validate the Turkish version of the CCS and
evaluate long-term quality of life.

Material and Methods: The CCS was translated and culturally adapted using standardized procedures. A retrospective cohort of patients who underwent
elective inguinal hernia repair with mesh between 2018 and 2020 was analyzed. Reliability, validity, and factor structure were evaluated using established
statistical methods.

Results: A total of 85 patients were included, with a median follow-up of 79 months. The Turkish CCS demonstrated excellent internal consistency (Cronbach'’s
0=0.952), strong convergent validity with VAS (p=0.952, p<0.001), and significant discriminative validity for chronic pain (p<0.001). The recurrence and chronic
pain rates were 10.6% and 35.3%, respectively.

Conclusion: The Turkish version of the CCS is a valid and reliable instrument for assessing long-term outcomes after mesh-based inguinal hernia repair and can
be used in both clinical practice and research.

Keywords: Carolinas comfort scale, chronic pain, inguinal hernia, quality of life, validation

INTRODUCTION

Inguinal hernia accounts for approximately 75% of all abdominal wall hernias, with a
reported lifetime risk of 27% in men and 3% in women (1). With the routine adoption
of mesh-based repair techniques, a substantial and dramatic reduction in recurrence
rates has been achieved (2,3). However, because mesh materials remain permanently
within the body, long-term complications that may adversely affect patient comfort
such as foreign body sensation, chronic pain, physical limitation, and psychological
impact can occur (4). Consequently, patient-centered assessment of quality of life
following mesh-based inguinal hernia repair has gained increasing importance (5).
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While generic instruments like the short form-36 (SF-36) and the visual analog scale
(VAS) are staples in assessing quality of life and pain following hernia repair, they
often struggle to capture the full clinical picture (6). The SF-36, being a broad health
measure, frequently lacks the sensitivity required to pinpoint hernia-specific or mesh-
relatedissues. Similarly, the VAS is restricted to pain intensity alone, overlooking critical
factors such as foreign body sensation and mobility restrictions that are common
after mesh-based procedures (7). To address these gaps, the Carolinas comfort
scale (CCS) was developed specifically to evaluate pain, movement limitation, and
the sensation of the mesh itself (8). The CCS has been extensively evaluated in the
literature, validated across multiple clinical settings, and shown to be a sensitive
instrument for assessing postoperative outcomes after mesh repair (8-11).

To date, the CCS has been translated into 25 languages and is currently used in 48
countries worldwide (4). However, a validated Turkish version of the scale is not yet

Copyright® 2026 The Author(s). Published by Galenos Publishing House on behalf of Turkish Surgical Society.
This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.


https://orcid.org/0000-0003-3849-3333
https://orcid.org/0000-0002-8520-7646
https://orcid.org/0009-0008-6138-936X
https://orcid.org/0009-0000-6313-9163
https://orcid.org/0000-0002-7375-4722
https://orcid.org/0009-0009-8876-979X
https://orcid.org/0009-0005-1103-5713
https://orcid.org/0000-0001-6990-185X

Bulut et al.

available. The present study aims to evaluate long-term quality
of life after inguinal hernia repair using the CCS in our cohort
and to complete the Turkish cultural adaptation and validation
process of the scale.

MATERIAL and METHODS

Translation and Cross-cultural Adaptation

The Turkish adaptation of the CCS was conducted in accordance
with internationally accepted guidelines for cross-cultural
validation and followed a three-step process. In thefirst stage, the
original English version of the scale was independently translated
into Turkish by two translators. One translator was a medical
doctor with expertise in surgical terminology, while the other
was a professional with advanced proficiency in both English
and Turkish but without a medical background. The two forward
translations were reviewed and compared by a four-member
expert committee consisting of the principal investigator and
three additional researchers. Based on linguistic equivalence,
semantic integrity, and cultural relevance, a consensus Turkish
version was developed. The study was conducted at a medical
faculty hospital that provides medical education entirely in
English. The principal investigator is a graduate of this institution
and currently serves as a faculty member. The research team
also included a general surgery specialist and senior medical
students from the same faculty. This academic background
facilitated careful evaluation of both linguistic accuracy and
clinical relevance during the translation process.

The preliminary Turkish version underwent back-translation
into English by two independent bilingual individuals. One was

Translation and cross-cultural adaptation

EE|
translation (two
independent
bilingual
translators)

Two forward
translations
(Medical &
Non-medical
translators)

Expert
committee
consensus

Clinical validation

an educational counselor who had lived for many years in an
English-speaking country (Ireland) and possessed native-level
bilingual proficiency, and the other was a professional translator
with extensive experience in English-Turkish translation. The
back-translated English version was compared with the original
scale by the same expert committee. Structural, semantic, and
conceptual equivalence between the back-translated and
original versions was evaluated by the expert committee in
accordance with the original developer’s criteria. In the third
stage, the finalized Turkish CCS was administered to a pilot
group of 10 patients. During the pilot testing, participants
were asked to evaluate the clarity of the items, whether any
statements led to ambiguity or misinterpretation, and the
extent to which the items reflected their personal perceptions.
Based on patient feedback, items with limited clarity or potential
cultural inadequacy were revised. After these revisions, the final
Turkish version of the CCS was formally approved for use in the
study (Figure 1). The final Turkish version of the CCS is provided
as Supplementary Material.

Study Design and Participants

This study was designed as a retrospective cohort study
evaluating long-term outcomes in patients who underwent
elective inguinal hernia repair with mesh between 2018 and
2020. In the same cohort, long-term quality of life was assessed
cross-sectionally using the Turkish version of the CCS.

Inclusion criteria were age >18 years, elective inguinal hernia
repair with mesh, and adequate proficiency in the Turkish
language. Exclusion criteria included cognitive, auditory,

Expert
committee
review &
Synthesis

Final Turkish
CCS version

Pilot test
(n=10 patients)

Cohort (n=85)

Internal

Acceptability Consistency

Discriminative
Validity

Construct
Validity

Component
Analysis

Convergent
Validity

Figure 1. Schematic representation of the study workflow for translation and validation of the Carolinas comfort scale (CCS).
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or communication impairments that could interfere with
questionnaire completion, surgery for recurrent inguinal
hernia, femoral hernia repair using a mesh plug technique,
and emergency hernia surgery. The study was conducted in
accordance with the principles of the Declaration of Helsinki.
Approval was granted by the Marmara University Clinical
Research Ethics Committee (reference number: 09.2026.26-
0066, date: 16.01.2026). As data collection was performed via
telephone interviews, verbal informed consent was obtained
from all participants at the beginning of each call after providing
a detailed explanation of the study. The obtained consent was
documented by the investigator conducting the interview and
recorded in the study forms with signature confirmation.

Data Collection and Follow-up

Demographic variables [age, sex, body mass index (BMI)], clinical
parameters [American Society of Anesthesiologists (ASA) score,
comorbidities and smoking status], and operative characteristics
(open or laparoscopic approach, operative time, and length of
hospital stay) were obtained from electronic medical records.

Eligible patients were contacted by telephone and were
provided with detailed information regarding the study. Verbal
informed

consent was obtained from patients who agreed to participate,
and the consent form was signed by the interviewing
researcher in accordance with institutional regulations. During
the interview, patients were asked about the presence of
postoperative recurrence, including any swelling at the repair
site or history of reoperation for hernia at the same location.
All telephone interviews were conducted by four researchers
who had received standardized training prior to data collection.
The response rate was defined as the proportion of eligible
patients who participated in the study out of the total number
of patients meeting the inclusion criteria. In accordance with
the CCS scoring guidelines, questionnaires with no more than
two missing items per subscale were considered acceptable and
eligible for analysis. The acceptability of the scale was evaluated
based on the proportion of completed questionnaires and the
extent of missing data.

The CCS and Pain Assessment

The CCS is a disease-specific patient-reported outcome measure
developed to assess quality of life following hernia repair
with mesh, particularly focusing on mesh-related symptoms.
Permission for the academic use of the CCS and its Turkish
linguistic validation was formally obtained from the original
developer, B. Todd Heniford, and the Atrium Health Department
of Surgery.

The CCS evaluates three domains: pain, sensation of mesh, and
movement limitation. Each item is rated on a 6-point Likert

scale ranging from 0 to 5, where higher scores indicate greater
symptom severity. In addition, a "not applicable” (N/A) option
is available for situations not experienced by the patient; such
responses were treated as missing data and handled according
to the CCS scoring guidelines. The total CCS score is calculated
by summing all item responses, with higher scores indicating
poorer postoperative comfort and reduced quality of life.

Pain severity was also assessed using the VAS, ranging from 0
(no pain) to 10 (worst imaginable pain). The VAS was used to
evaluate convergent validity by examining its correlation with
CCS scores.

Outcomes of the Study

The primary outcome of this study was to evaluate the validity
and reliability of the Turkish version of the CCS in patients who
underwent mesh-based inguinal hernia repair. Secondary
outcomes were the presence of chronic pain and hernia
recurrence during follow-up.

Statistical Analysis

Statistical analyses were performed using appropriate methods
based on the distribution characteristics of the data. The
normality of continuous variables was assessed using the
Shapiro-Wilk test. Continuous variables were presented as
mean + standard deviation for normally distributed data and as
median [interquartile range (IQR)] for non-normally distributed
data. Categorical variables were expressed as frequencies and
percentages. Internal consistency was assessed using Cronbach’s
alpha coefficient. Item-total correlations were calculated to
evaluate the contribution of each item to the overall scale.
Construct validity was evaluated through convergent and
discriminative validity analyses. Convergent validity was assessed
by examining the correlation between CCS scores and VAS scores
using Spearman correlation analysis. Discriminative validity was
evaluated by comparing CCS scores between patients with and
without chronic pain using the Mann-Whitney U test. Principal
component analysis (PCA) with Varimax rotation was performed
to examine the factor structure of the CCS. All statistical analyses
were performed using Jamovi (version 2.6.44.0). A p-value <0.05
was considered statistically significant.

RESULTS
Patient Characteristics and Clinical Outcomes

A total of 167 patients who underwent elective inguinal hernia
repair between January 2018 and December 2020 were initially
assessed. After applying the inclusion and exclusion criteria, 85
patients were included in the final analysis (Figure 2). The study
population was predominantly male (96.5%). The mean age of
the cohort was 54.8+14.9 years. The median BMI was 25.7 (IQR:
4.65), and most patients were classified as ASA Il (71.4%). The
majority of patients underwent inguinal hernia repair using
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Patients who underwent elective
inguinal hernia repair
January 2018 - December 2020

n=167

Excluded (n:26)

> | Surgery for recurrent hernia (n:21)

Non-mesh repair (n:5)

Patients with primary inguinal hernia
repair with mesh

n=141 E fter eligibili 5
Unreachable by telephone (n:31)

D (n:16)

Non-Turkish speaking (n:6)

Coghnitive impairment (n:3)

Patients included in the final analysis

n=85

Figure 2. Flowchart of patient inclusion and study design.

the Lichtenstein technique (87.1%), followed by laparoscopic
transabdominal preperitoneal repair (11.8%) and intraperitoneal
onlay mesh repair (1.2%). The median operative time was 45
minutes (IQR: 29.25). The median long-term follow-up duration
was 79 months (IQR: 9). At the time of evaluation, the prevalence
of chronic pain was 35.3%, and the recurrence rate was 10.6%.
Comprehensive demographic and clinical characteristics are
summarized in Table 1.

Acceptability and Internal Consistency

The Turkish version of the CCS was administered via standardized
telephone interviews, achieving an acceptability rate of 100%, as
all 85 participants fully completed the 23 items with no missing
data.The scale demonstrated excellentinternal consistency, with
an overall Cronbach’s alpha coefficient of 0.952. All subscales
exceeded the 0.70 reliability threshold: Sensation (a=0.907), pain
(0=0.912), and movement limitation (@=0.890). Corrected item-
total correlations ranged from 0.351 to 0.862, and the “alpha if
item deleted” analysis confirmed the stability of the scale, with
coefficients remaining between 0.947 and 0.954 (Table 2).

Construct Validity

Convergent validity was assessed by examining the relationship
between CCS scores and VAS scores using Spearman’s correlation
analysis. A very strong positive correlation was observed

Table 1. Baseline demographic and clinical characteristics of the
study population (n=85)

Variable Value
Age (years), mean + SD 54.8+14.9
Sex, n (%)

Male 82 (96.5%)
Female 3(3.5%)
BMI (kg/m?), median (IQR) 25.7 (4.65)
ASA score, n (%)

| 19 (22.6%)
I 60 (71.4%)
Il 5 (6.0%)
Hernia side, n (%)

Right 40 (47.1%)
Left 37 (43.5%)
Bilateral 8 (9.4%)

Surgical technique, n (%)

Lichtenstein 74 (87.1%)

Laparoscopic (TAPP) 10 (11.8%)

Laparoscopic (IPOM) 1(1.2%)
Operation time (minutes), median (IOR) 45 (29.25)
Recurrence, n (%)

No 76 (89.4%)
Yes 9 (10.6%)
Chronic pain, n (%)

No 55 (64.7%)
Yes 30 (35.3%)
Follow-up duration (months), median (IQR) 79 (9)

SD: Standard deviation, BMI: Body mass index, IQR: Interquartile range, ASA:
American Society of Anesthesiologists, TAPP: Transabdominal preperitoneal
repair, IPOM: Intraperitoneal onlay mesh.

between the total CCS score and VAS (p=0.952, p<0.001). This
association was even stronger for the pain domain (p=0.977,
p<0.001). In addition, significant moderate correlations were
observed between VAS and the sensation (p=0.580, p<0.001)
and movement limitation domains (p=0.599, p<0.001).
Discriminative validity was evaluated by comparing CCS scores
between clinically distinct groups. Patients with chronic pain

Table 2. Internal consistency and reliability analysis of the Turkish version of the CCS

Scale/domain !\lumber of Median Cronbach’s a Correctgd iterr)-total a if item deleted
items (range) correlation (min-max) (range)

Total CCS 23 0(0-83) 0952 0.351-0.862 0.947-0.954

Sensation 8 0(0-26) 0.907 0.427-0.889 0.877-0918

Pain 8 0(0-31) 0912 0.402-0.941 0.879-0.923

Movement 7 0(0-26) 0.890 0.434-0.900 0.848-0.900

CCS: Carolinas comfort scale, SD: Standard deviation, IQR: Interquartile range.
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reported significantly higher total CCS scores (median: 6.0 vs. 0.0,
p<0.001) and pain domain scores (median: 3.0 vs. 0.0, p<0.001)
compared to those without chronic pain. Significant differences
were also observed in the sensation and movement limitation
domains, with higher scores in patients with chronic pain
(sensation: p<0.001; movement limitation: p<0.001) (Table 3).

Factor Structure

The PCA was performed to evaluate the underlying factor
structure of the Turkish CCS. The Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy was 0.50, indicating borderline
adequacy. Bartlett’s test of sphericity was significant (p<0.001);
however, an exact chi-square statistic could not be estimated
because of perfect linear dependence among several items.
PCA identified a three-component structure with eigenvalues
greater than 1. The three components explained 75.0% of
the total variance, with the first component accounting for
52.7%. Following Varimax rotation, several items demonstrated
strong loadings (>0.40); however, multiple items exhibited
cross-loadings across components. Items related to pain and
movement limitation tended to cluster within Component
1, while sensation-related items were distributed across
Components 2 and 3. Cross-loadings were particularly observed
for items Q4, Q6, and Q16. Several items demonstrated cross-
loadings across multiple components. The rotated component
matrix is presented in Table 4.

DISCUSSION

The present study aimed to evaluate the validity and reliability
of the Turkish version of the CCS, a disease-specific patient-
reported outcome measure designed to assess quality of life
following hernia repair with mesh (11). With the widespread
adoption of mesh-based techniques and the consequent
reduction in recurrence rates, postoperative quality of life has
emerged as a key outcome in hernia surgery (12). In this context,

our findings confirm that the Turkish version of the CCS is a valid
and reliable tool for assessing postoperative quality of life.

In terms of internal consistency, the Turkish CCS demonstrated
excellent reliability, with a Cronbach’s alpha coefficient of 0.952
forthetotal scale. Thisfinding is highly consistent with the original
validation studies, where Cronbach’s alpha values exceeded
0.95, confirming the robustness of the scale. Subsequent
validation studies in different languages have reported similar
findings, including the Lithuanian (0=0.953), Dutch (0=0.948),
and Brazilian Portuguese (a=0.94) versions (4,9,13). These results
indicate that the CCS maintains consistently high internal
reliability across diverse populations. Convergent validity was
strongly supported by the very high correlation between CCS
and VAS scores (0=0.952). As expected, the strongest association
was observed for the pain domain (p=0.977), reflecting the fact
that VAS primarily measures pain intensity. In addition, moderate
correlations were observed between VAS and the sensation
(0=0.580) and movement limitation domains (r=0.599), further
supporting the multidimensional nature of the CCS. The ability
of the CCS to reflect symptom severity, especially pain, has
been emphasized in the original CCS studies, where strong
associations were observed between CCS scores and patient-
reported symptom burden (11). Comparable relationships have
also been demonstrated in studies examining correlations with
broader health measures such as SF-36 domains, including
physical functioning and bodily pain (4,13), supporting the
construct validity of the scale. Discriminative validity was also
clearly demonstrated in our cohort. Patients with chronic pain
exhibited significantly higher CCS scores compared to those
without chronic pain, indicating that the scale effectively
distinguishes between clinically relevant groups. This finding is
consistent with earlier studies showing that CCS scores correlate
with patient satisfaction, symptom severity, and functional
outcomes (8-10,13). These findings reinforce the clinical

Table 3. Assessment of construct validity of the Turkish version of the CCS

Analysis type Variables Statistical test Coefficient/statistic p-value

Convergent validity CCS total vs. VAS Spearman 0=0.952 <0.001

Convergent validity Pain domain vs. VAS Spearman 0=0.977 <0.001

Convergent validity Sensation domain vs. VAS Spearman 0=0.580 <0.001

Convergent validity Movement domain vs. VAS Spearman 0=0.599 <0.001

Discriminative validity CCS total (with vs. without chronic pain) | Mann-Whitney U=12 <0.001

Discriminative validity E‘;'ir;)doma'” (with vs. without chronic. | 1o whitney U=00 <0001

Discriminative validity Sensa'tlon domam (with vs. without Mann-Whitney U=455.5 <0.001
chronic pain)

Discriminative validity Movement. domain (with vs. without Mann-Whitney U=467.5 <0.001
chronic pain)

CCS: Carolinas comfort scale, VAS: Visual analog scale.
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Table 4. Rotated component loadings of the CCS items based on principal component analysis (varimax rotation)
Item Component 1 Component 2 Component 3
Q1 (lying down-sensation) — 0.764 —
Q2 (lying down-pain) 0.777 — —
Q3 (bending over-sensation) — 0.810 —
Q4 (bending over-pain) 0.560 0.532 —
Q5 (bending over-movement) 0.658 — —
Q6 (sitting up-sensation) 0.590 0.567 —
Q7 (sitting up-pain) 0.650 — —
Q8 (sitting up-movement) 0.763 — —
Q9 (ADL-sensation) — — 0.931
Q10 (ADL-pain) 0.732 — —
Q11 (ADL-movement) — — 0.931
Q12 (coughing/breathing-sensation) — — 0712
Q13 (coughing/breathing-pain) — — 0.534
Q14 (coughing/breathing-movement) — — 0.931
Q15 (walking-sensation) — 0.845 —
Q16 (walking-pain) 0.524 0453 0431
Q17 (walking-movement) 0.828 — —
Q18 (stairs-sensation) — 0.871 —
Q19 (stairs-pain) 0.781 — —
Q20 (stairs-movement) 0.724 — —
1 (exercise-sensation) — 0.844 —
Q22 (exercise-pain) 0.694 — —
Q23 (exercise-movement) 0.730 — —
ADL: Activities of daily living, CCS: Carolinas comfort scale. Principal component analysis with Varimax rotation was used. Loading weights below 0.40 are omitted (—)
for clarity. Loadings below 0.30 were suppressed.

applicability of the CCS in identifying patients with impaired
postoperative quality of life.

The factor structure of the Turkish CCS was evaluated using
principal component analysis. A three-component structure
was identified, consistent with the conceptual domains of the
original scale. However, several items demonstrated cross-
loadings across components, and a clear separation between
components was not observed, particularly for the sensation
domain. In the original CCS reappraisal study, a dominant
component explaining a large proportion of variance was
reported, suggesting a more compact structure (8). Similarly,
the Lithuanian validation study identified three components,
with the first accounting for 56% of the variance (4). In our
analysis, the first three components explained 75.0% of the total
variance, with the first component alone accounting for 52.7%.
The KMO value (0.50) was at the threshold of adequacy, likely
reflecting the sample size relative to the number of items, while
the significant Bartlett's test confirmed the suitability of the data
for factor analysis. The presence of cross-loadings for certain
items (Q4, Q6 and Q16) may reflect the overlapping nature of

postoperative symptoms. In long-term follow-up settings, such
as in our cohort with a median follow-up of 79 months, pain
and movement limitation often coexist during complex physical
activities, leading to shared variance between domains. This is
consistent with previous clinical observations that mesh-related
symptoms frequently overlap in real-world settings (14). Despite
these overlaps, the extraction of three components and the
overall distribution of items remained broadly aligned with the
conceptual framework of the CCS, suggesting that the Turkish
version generally reflects the intended domain structure.

In our cohort, with a relatively long median follow-up of
79 months, the recurrence rate was 10.6%. The majority of
patients (87%) underwent open Lichtenstein repair. In a large
study by Murphy et al. (15), which analyzed three major United
States databases (Premier, NSQIP, and Mayo Clinic), operations
performed for recurrent groin hernia were found to account
for at least 10% of all groin hernia repairs. In that study, earlier
small-scale reports suggesting recurrence rates of 1-5% were
considered overly optimistic. Although the analysis was not
limited to a single operative technique, it included both open
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and minimally invasive repairs, with open repairs comprising
the majority of cases, similar to our cohort. The same study also
noted that recurrence rates reported in United States studies
ranged from 0% to 15%, while national hernia registry data from
Denmark and Sweden showed that approximately 13-15% of
hernia operations were performed for recurrence. Moreover,
another review has reported studies describing recurrence rates
of up to 16% (6). In this context, the recurrence rate observed
in our study appears acceptable and consistent with real-world
long-term data.

Chronic pain was observed in 35% of patients in our study.
Notably, this rate also included patients with minimal pain (VAS
score of 1), which may have contributed to the relatively higher
prevalence. Previous studies have reported chronic pain rates
ranging from approximately 21% to 36.7% following mesh-based
inguinal hernia repair, particularly after open techniques (14). In
the randomized study by Eklund et al. (16), the prevalence of
chronic pain decreased over time, from 24.8% at 2 years to 18.8%
at 5 years of follow-up. The same study also noted that some
reports in the literature have described chronic pain rates as high
as 75% after open hernia repair. Considering that even patients
with very mild symptoms were classified as having chronic pain
in our analysis, our results can be regarded as acceptable and in
line with the existing literature.

Study Limitations

This study has some limitations must be acknowledged. The
sample size of 85 patients, while sufficient for preliminary
validation, was relatively small for a comprehensive factor
analysis. This is reflected in the KMO value of 0.50, which sits
at the threshold of adequacy for sampling. Consequently, the
factor structure observed in our PCA may be sensitive to sample
size, and larger multicenter studies are needed to confirm
these findings. Second, test-retest reliability was not performed
in this study, which limits our ability to assess the stability of
the Turkish CCS over time. Third, the data were collected via
standardized telephone interviews rather than the traditional
self-administration method. While this approach ensured a
100% completion rate, it may have introduced interviewer bias
or social desirability bias, where patients might feel inclined to
report better outcomes than they truly experience. Finally, the
single-center and retrospective nature of the study may limit the
generalizability of the results to the broader Turkish population
or different clinical settings. However the study has several
notable strengths. First, the linguistic and cultural adaptation
process was conducted with high methodological rigor. Formal
permission was obtained from the original developer of the
scale, ensuring that the Turkish version remained faithful to
the intended conceptual framework. The translation process
benefited from a multidisciplinary approach, involving both

surgical experts and professional linguists. Furthermore, the
study was conducted within an academic environment where
medical education is entirely in English, which facilitated a
more precise evaluation of linguistic equivalence and clinical
relevance. A major strength of our study is the exceptionally
long follow-up duration, with a median of 79 months. This
period is significantly longer than many existing validation
studies and provides valuable insights into real-world long-term
outcomes following mesh-based hernia repair. Additionally, we
proactively addressed the common challenge of loss to follow-
up in long-term cohorts. By utilizing public directory services
and institutional identity verification systems to locate patients
whose contact information had changed, we were able to
minimize attrition and maintain a representative sample of our
original cohort.

CONCLUSION

The Turkish version of the CCS is a valid and reliable instrument
for assessing quality of life following mesh-based inguinal hernia
repair. The long-term follow-up further supports the applicability
of the CCS in evaluating persistent postoperative symptoms
in real-world clinical settings. These findings suggest that the
Turkish CCS can be effectively used in both clinical practice
and future research to assess patient-reported outcomes after
inguinal hernia repair.
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Evaluating trauma burden and predictive value of reverse
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ABSTRACT

Objective: Trauma remains a leading cause of death and disability worldwide, with hemorrhage and traumatic brain injury being major contributors. The
reverse shock index (SI) multiplied by Glasgow Coma scale (rSIG) is a novel scoring tool with potential for early identification of high-risk trauma patients. This
study, the largest and first of its kind in India, aimed to assess the predictive value of rSIG for in-hospital mortality and early transfusion requirements in trauma
patients.

Material and Methods: This was a prospective, hospital-based study conducted at Government Medical College, Kozhikode, Kerala, from December 2022 to
December 2023. A total of 536 trauma patients admitted under the department of general surgery were enrolled. Data on demographics, mechanism of injury,
vital signs, GCS score, transfusion requirements, and outcomes were collected. rSIG, SI, and revised trauma score (RTS) were calculated. Receiver operating
characteristic analysis was used to assess predictive performance.

Results: A total of 536 trauma patients were analyzed (mean age 44.49+15.81 years; 80% males), with road traffic accidents (RTAs) accounting for 68% of
cases. RTAs were significantly linked to head and multisystem injuries and contributed to 94% of deaths. Overall mortality was 11.9% (64 patients), exclusively
among those with head injury. RTS showed marginally better mortality prediction than rSIG [area under the curve (AUC) 96% vs. 92%; p<0.001], while rSIG best
predicted early transfusion need (AUC 91.8%; p<0.01).

Conclusion: This study demonstrates that RTAs are the predominant cause of trauma, with head injury as the principal determinant of mortality. While rSIG
effectively predicted early transfusion requirements, RTS showed slightly higher accuracy than rSIG in predicting mortality. rSIG remains a practical and reliable
triage tool in resource-limited settings.

Keywords: Reverse shock index multiplied by Glasgow Coma scale (rSIG), revised trauma score (RTS), trauma, road traffic accidents, early blood transfusion

INTRODUCTION

Trauma is the sixth leading cause of death worldwide and stands as the primary
cause of death in individuals under 45 years of age. It significantly contributes to
both mortality and morbidity, primarily due to conditions such as hemorrhagic shock
and traumatic brain injuries (1,2). Trauma patients with elevated injury severity scores
(ISS) and increased transfusion requirements are at a heightened risk of in-hospital

mortality within the first 24 hours. Therefore, early recognition of trauma patients
at high-risk of death is essential to facilitate prompt resuscitation and appropriate
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patients with massive hemorrhage remains critical (4).

The shock index (SI), defined as the ratio of heart rate (HR) to systolic blood pressure
(SBP), was first introduced by Allgower and Burri (5) in 1967 to identify trauma
patients experiencing hypovolemic shock. A Sl value of >1 has been associated with
uncompensated shock and increased mortality risk (5).
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Clinicians often perceive hemodynamic instability as a situation
where SBP is lower than HR, rather than the reverse. Reflecting
this clinical observation, researchers in Taiwan introduced the
reverse (or inverse) shock index (rSl), calculated as SBP divided by
HR. They found that an rSI <1 was predictive of poor outcomes,
offering a potential tool for identifying high-risk trauma
patients—even in the absence of hypotension (6,7).

The Glasgow Coma scale (GCS), a standardized tool for
evaluating consciousness, has shown a strong correlation with
mortality in patients suffering from traumatic brain injury (TBI)
(8). Building on this, a Japanese study group developed the
rSIG (rSI multiplied by GCS), a novel scoring system based on
a multicenter retrospective study. By combining rSI and GCS,
the rSIG has demonstrated comparable performance to existing
methods that rely solely on age and vital signs for predicting in-
hospital mortality (9).

Despite these promising findings, the utility of rSIG in predicting
early transfusion requirements and mortality risk among adult
patients with severe trauma remains underexplored. Hence, this
study aims to evaluate the predictive value of rSIG in assessing
both in-hospital mortality and the need for early transfusions in
adult trauma patients.

MATERIAL and METHODS

Study Setting: Government Medical College, Kozhikode, Kerala,
India.

Study Design: This was a hospital-based prospective study
carried out in the department of general surgery using a
convenience sampling technique.

Study Subjects: Patients presenting to the casualty with a
history of trauma and admitted to the department of general
surgery between December 2022 and December 2023. Each
patient was followed until discharge or death.

Inclusion Criteria: Include trauma patients admitted during the
study period and willingness to participate.

Exclusion Criteria: Missing data for HR, SBP, age, GCS, or hospital
mortality, unrealistic vitals (SBP <50 or HR <30), unwillingness to
participate or follow up.

Sample Size: Based on the study by Wan-Ting et al. (10),
assuming a mortality proportion of 24%, sensitivity of 80%, and a
precision of 15%, the minimum calculated sample size was 119.
However, this study analyzed data from a total of 536 patients.

Data Collection and Analysis: Following approval from
the Institutional Ethics Committee, data were prospectively
collected from 536 trauma patients admitted to the Department
of General Surgery, Government Medical College, Kozhikode,
between December 2022 and December 2023. After obtaining
informed consent, details regarding patient demographics,

mechanism of injury, vital signs at presentation (HR, SBP,
respiratory rate), GCS score, comorbidities, requirement for
blood transfusion within 24 hours, and clinical outcomes were
recorded using a structured proforma.

Statistical Analysis

The SI, rSI, and rSI multiplied by GCS (rSIG) were calculated for
all patients. Data entry was performed using Microsoft Excel
and statistical analysis was conducted using IBM SPSS Statistics
version 26.0.

Continuous variables such as age, vital signs, hemoglobin,
platelet count, ICU stay duration, and ventilator support days
were summarized using mean + standard deviation (SD) and
ranges. Categorical variables including sex, mode of trauma,
helmet usage, injury patterns, transfusion requirement, and
mortality were expressed as frequencies and percentages.

Comparisons between groups (e.g., SUrvivors vs. Non-survivors)
were made using the independent samples t-test for continuous
variables and chi-square test or Fisher’s exact test for categorical
variables. Receiver operating characteristic (ROC) curves were
plotted for SI, rSI, rSIG, and revised trauma score (RTS) to assess
their predictive performance for in-hospital mortality and early
transfusion needs. The area under the ROC curve (AUC), optimal
cut-off values (based on the Youden index), sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) were calculated. Subgroup analyses were also performed
for patients with isolated head injuries. A p-value of <0.05 was
considered statistically significant.

Ethical Considerations: Approval was obtained from the
Institutional Ethics Committee prior to the initiation of the
study (IEC number: GMCKKD/RP2023/IEC/10 approved by
Government Medical College Kozhikode, India on 09/01/2023).
Written informed consent was obtained from all participants. The
research process did not interfere with the clinical management
of patients.

RESULTS

A total of 536 trauma patients were enrolled in the study. The
mean age of the cohort was 44.49+15.81 years, ranging from
14 to 85 years. Most patients (43%) belonged to the 41-60-year
age group, followed by 33% aged 21-40 years, 16% above 60
years, and 8% below 20 years. Males comprised 80% of the
study population with a mean age of 43.64+15.78 years, while
females accounted for 20%, with a slightly higher mean age
of 47.89+15.56 years. Road traffic accidents (RTAs) were the
predominant mode of injury, reported in 364 patients (68%),
followed by non-RTA trauma in 120 patients (22%) and assault
in 52 cases (10%). The mean age of RTA victims was 43.42+15.27
years, while those involved in non-RTA trauma were older
on average (50.67+15.53 years). Assault victims had a lower
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mean age of 37.77+15.96 years, with this difference being
statistically significant (p<0.001). Among RTA patients, the male-
to-female ratio was 288:76, highlighting the predominance of
male involvement. Assault cases were predominantly male (48
males vs. 4 females), and non-RTA trauma also showed male
predominance with a ratio of 92:28 (Table 1).

The mechanisms of injury were varied, with 54 cases of assault,
2 cases of animal attack, 22 falls from less than 2 meters, 96 falls
from a height greater than 2 meters, 24 pedestrian versus car
collisions, 4 pedestrian versus bus, 24 pedestrian versus bike, 8
pedestrian versus auto, 4 car versus truck, 24 car versus car, 12 car
versus bus, 64 slip and fall from bikes, 4 bike versus pedestrian,
12 bike versus truck, 76 bike versus car, 48 bike versus bus, and
60 bike versus bike incidents.

Multiple systemic involvement was most commonly observed
in RTA cases (132), followed by trauma (76) and assault (8), with
a highly significant association (p<0.001). Head injuries were
predominantly seen in RTA patients (292), compared to trauma
(80) and assault (20), which was also statistically significant
(p<0.001). Chest injuries were significantly associated with mode
of injury, being highest in RTA (108) followed by trauma (72) and
assault (20) (p<0.001). Abdominal injuries showed a significant
distribution across groups, with RTA accounting for 52 cases and
both trauma and assault contributing 16 cases each (p=0.007).

Spine injuries were more frequently observed in trauma cases
(40) compared to RTA (28) and assault (4), and this association
was highly significant (p<0.001). Overall, the pattern of systemic
involvement varied significantly with the mode of injury (Table
2).

The mean physiological parameters at admission included a
pulse rate of 97.9 bpm, SBP of 118.54 mmHg, and a respiratory
rate of 17.76 breaths per minute. The average hemoglobin level
was 12.05 g/dL (range: 7.1-15.2), and the mean platelet count
was 2.52+0.85 lakh/pL. ICU stay averaged 1.48 days overall, being
highest in RTA patients (1.70 days), followed by non-RTA trauma
(1.20 days), and lowest in assault cases (0.54 days). The longest
ICU stay recorded was 17 days. A total of 140 patients required
ventilator support, with the majority (124) belonging to the
RTA group and 16 to the trauma group, showing a statistically
significant difference (p<0.001). The mean duration of ventilator
usewas 1.11 days. However, no statistically significant association
was noted between mode of injury and history of procedures
performed (p=0.661) (Table 3).

A total of 172 patients required early blood transfusion. Among
them, the majority were due to RTA (132; 77%), followed by
trauma (32; 19%) and assault (8; 5%), and this distribution was
statistically significant (p<0.014). Patients requiring transfusion
were significantly older (46.88+13.88 years) compared to those

Table 1. Demographics of the study population
Category Subcategory Number (n) Percentage (%) Mean age + SD (years)
Overall 536 444941581 (range: 14-85)
<20 years 44 8%
Age 21-40 years 176 33%
41-60 years 232 43%
>60 years 84 16%
Gender Male 428 80% 43.64+15.78
Female 108 20% 47.89+15.56
RTA 364 (M: F=288:76) 68% 4342+15.27
Mode of injury Non-RTA trauma 120 (M: F=92:28) 22% 50.67+15.53
Assault 52 (M: F=484) 10% 37.77+15.96
RTA: Road traffic accident, SD: Standard deviation.

Table 2. Distribution between mode of injury and the affected regions

- . Mode of injury
Systemic involvement (multiple responses present)
Trauma (n=120) Assault (n=52) RTA (n=364) p-value

Multiple system 76 8 132 <0.001
Head injury 80 20 292 <0.001
Chest injury 72 20 108 <0.001
Abdomen injury 16 16 52 0.007
Spine injury 40 4 28 <0.001

RTA: Road traffic accident.

Turk J Surg 2026;42(3):358-365



Setal.

who did not require transfusions (43.36+16.54 years, p=0.016).
Male patients were more likely to require transfusions (128 cases,
p=0.02). The number of transfused units per patient averaged
0.77+1.32, with a range from 0 to 4 units (Table 4).

There were 64 deaths recorded in the study population. Mortality
was predominantly observed among RTA patients (60; 94%),
compared to trauma (4; 6%), which showed a highly significant
association with mode of injury (p<0.001). All deceased patients
had sustained head injuries, and this association was statistically
significant (p<0.001). The mean age of deceased patients was
significantly higher (56.8+12.83 years) compared to survivors
(42.82+15.44 vyears, p<0.01). Although mortality was higher
among males (52; 81%) compared to females (12; 19%), this
difference was not statistically significant (p=0.45). Similarly,
the presence of a surgical procedure post-admission was not
significantly associated with mortality, with 28 (44%) deaths
occurring in patients who underwent surgery and 36 (56%) in
those managed without surgery (p=0.32) (Table 4).

ROC curve analysis was performed to determine the optimal
cut-off values of RTS, rSl, and rSIG for predicting mortality and
the need for early blood transfusion within 24 hours.

For mortality prediction, RTS demonstrated excellent
discriminatory power. At a cut-off value of 7.37, RTS showed
100% sensitivity and 91.5% specificity in all patients, with a PPV
of 61.5% and a NPV of 100%. The AUC was 97.2% (p<0.01), with
a high Youden index of 0.915, indicating outstanding predictive
accuracy (Figure 1). Similar results were observed in the head
injury subgroup, with an AUC of 96% (Figure 2). The rSIG also
showed good predictive ability for mortality at a cut-off of 14.45,
with sensitivity of 87.5%, specificity of 75.4%, and an AUC of
93.6% in all patients (p<0.01).Inhead injury patients, the AUC was
92%, indicating strong performance. The rSl, at a cut-off of 0.99,
showed comparatively lower predictive accuracy, with an AUC
of 82.6% in all patients and 80.9% in the head injury subgroup,
although the association remained statistically significant
(p<0.01). Overall, the RTS demonstrated the highest accuracy in
predicting mortality among the three scoring systems, with rSIG
showing comparable predictive performance (Table 5).

For predicting the need for early transfusion, rSIG demonstrated
the highest overall predictive accuracy. At a cut-off of 15.73 in all
patients, rSIG showed a sensitivity of 83.7%, specificity of 87.9%,
PPV of 76.6%, NPV of 92%, and an AUC of 91.8% (p<0.01; Youden
index 0.716) (Figure 3A). In the head injury subgroup, a similar
cut-off (15.85) yielded an AUC of 93%, confirming its strong
predictive performance (Figure 3B). The rSI also showed good

Table 3. Details on patient parameters and course in hospital

stay

Parameter Mean Star}da‘\rd Range
deviation

Vital signs

Pulse rate (beats/min) 979 16.96 65-134

Systolic BP (mmHg) 11854 |21.05 74-170

Diastolic BP (mmHg) 72.37 10.84 45-100

Respiratory rate (/min) 1776 | 442 9-30

Laboratory parameters

Haemoglobin (g/dL) 12.05 1.74 7.1-152

Platelet count (L/uL) (in lacs) 252 0.85 0.98-5.2

ICU stay & injury duration (days)

Overall 148 2.84 0-17

RTA 1.70 291 0-15

Assault 0.54 0.64 0-2

Trauma 1.20 3.12 0-17

Ventilator use duration (days)

Overall 0.90 253 0-17

RTA .11 249 0-14

Trauma 0.67 3.06 0-17

History of ventilator usage (n) p-value

RTA 124

Trauma 16 <0001

History of procedure done (n)

RTA 144

Trauma 48 0.661

Assault 24

ICU: Intensive care unit, BP: Blood pressure, RTA: Road traffic accident.

Table 4. Details on need for early transfusions and in-hospital

mortality

Category ‘ Number ‘ Percentage (%) | p-value

Details on need for early transfusions

Total patients receiving 172

transfusions
RTA 132 77%

Mode of injury | Trauma | 32 19% <0014
Assault | 8 5%
Male 128 74%

Gender 0.02
Female | 44 26%

Details on mortality

Total deaths 64
RTA 60 94%

Mode of injury <0.001
Trauma | 4 6%
Male 52 81%

Gender 045
Female | 12 19%

Surgical Present | 28 44%

procedure (post- . 0.32

admission) Absent | 36 56%

RTA: Road traffic accident.
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Figure 1. Area under the curve of rSIG, rSI and RTS in predicting the

mortality of patients with all types of trauma.

rSIG: Reverse shock index Glasgow Coma scale, rSI: Reverse shock index,

RTS: Revised trauma score, ROC: Receiver operating characteristic.
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Figure 2. Area under the curve of rSIG, rSI and RTS in predicting the
mortality of patients with head trauma.

rSIG: Reverse shock index Glasgow Coma scale, rSl: Reverse shock
index, RTS: Revised trauma score.

predictive value, Youden index and area under the curve

Table 5. Details on various scoring systems and their respective cut-off, sensitivity, specificity, positive predictive value, negative

Cut-off to predict the mortality

Variable Best cut-off | Sensitivity | Specificity PPV NPV AUC (%) p-value | Youden index
RTS All patients 7.37 100 915 615 100 97.2% <0.01 0915
Head injury 7.37 100 87.8 615 100 96% <0.01 0.878
rS All patients 0.99 81.3 76.3 31.7 91.8 82.6% <0.01 0576
Head injury 0.99 813 72 36.1 952 80.9% <0.01 0.533
rSIG All patients 14.45 87.5 754 326 97.8 93.6% <0.01 0.629
Head injury 1445 87.5 70.7 36.8 96.7 92% <0.01 0582
Cut-off to predict the need for early transfusion
RTS All patients 7.37 525 96.7 88.5 81.5 75.4% <0.01 0492
Head injury 7.37 63.9 952 88.5 819 80.1% <0.01 0.591
rSl All patients 1.19 83.7 86.8 75 91.9 87.5% <0.01 0.705
Head injury 123 88.9 80.6 727 926 88% <0.01 0.695
rSIG All patients 15.73 83.7 879 76.6 92 91.8% <0.01 0.716
Head injury 15.85 889 83.9 76.2 929 93% <0.01 0.728

Negative predictive value.

rSIG: Reverse shock index Glasgow Coma scale, rSI: Reverse shock index, RTS: Revised trauma score, AUC: Area under the curve, PPV: Positive predictive value, NPV

predictive ability, with an AUC of 87.5% in all patients and 88% in
head injury cases. In contrast, RTS demonstrated lower sensitivity
(52.5%) despite high specificity (96.7%) for transfusion prediction,
with an AUC of 75.4% (Table 5). rSI multiplied by GCS (rSIG) was
found to be the most effective indicator for identifying the need
for early blood transfusion. However, in assessing mortality risk,
the RTS showed the highest accuracy, followed closely by rSIG.

DISCUSSION

This study provides a comprehensive evaluation of the
demographic profile, injury patterns, and clinical outcomes

among trauma patients. Comparable demographic trends
were reported in a multicenter study by Kashid et al. (11), which
analyzed 2,466 patients. Their mean age of 42.45+15.7 years was
similar to our observed mean age of 44.49+15.81 years. A greater
male predominance was noted in their study (91%) compared
to ours (80%). Furthermore, RTAs constituted the leading cause
of trauma in both cohorts, with 68% of cases in our study
attributable to RTAs, demonstrating a consistent pattern (11).

These findings highlight the marked gender disparity in trauma
incidence and reflect the increased susceptibility of individuals
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Figure 3. 3A) Area under the curve of rSIG, rSl and RTS in predicting the need for early transfusions in patients with all types of trauma; 3B) Area under
the curve of rSIG, rSland RTS in predicting the need for early transfusions in patients with head injury.

rSIG: Reverse shock index Glasgow Coma scale, rSI: Reverse shock index, RTS: Revised trauma score, ROC: Receiver operating characteristic.

in the economically productive age group, many of whom are
engaged in occupations requiring frequent vehicular travel, to
traumatic injuries (11). In our study, the mean age of patients
involved in RTAs was 4342+1527 years, whereas patients
sustaining non-RTA injuries were relatively older, with a mean
age of 50.67+15.53 years. Victims of assault were significantly
younger, with a mean age of 37.77+15.96 years (p<0.001).
Similarly, Wui et al. (12) observed that falls were more prevalent
among the elderly population, while RTAs predominated in
younger individuals.

In our study, RTAs accounted for 68% of injuries and were
significantly associated with multiple system involvement, head
injuries, and chest trauma. All mortality cases in our cohort
had sustained head injuries, underscoring TBI as the principal
determinant of fatal outcomes. This finding aligns with prior
studies demonstrating that severe TBI remains the leading cause
of death in polytrauma patients (13). The strong association
between head injury and mortality in our cohort likely explains
the excellent predictive performance of scoring systems
incorporating neurological parameters, particularly RTS and rSIG.

While most trauma patients had stable vital signs upon
admission, many required intensive care. RTA victims had the
longest ICU stays (mean 1.7 days), and 124 patients required
ventilator support. These findings likely reflect the higher severity
and complexity of injuries associated with high-speed collisions,
particularly involving the head and multiple systems (14).

The demand for early transfusion was higher in RTA patients
(77%), with older age and male sex being significant predictors.
A large registry-based study involving 13,596 trauma patients at
a Level [ trauma center reported that males received significantly
more packed red blood cell (PRBC) transfusions—consistent
with our results. However, in contrast to our findings, they
found that older patients received fewer transfusions (15). In our

cohort, the higher transfusion rates in older patients may reflect
reduced physiological reserve and a greater susceptibility to
hemorrhagic shock. Differences in study design and population
characteristics—such as an RTA-focused sample—may account
for the variation.

Head injuries were observed in all deceased patients in our
study, reaffirming their critical role in trauma-related mortality.
Previous studies have also established head trauma as a major
prognostic factor in both blunt and penetrating injuries (16).

rSIG was first introduced by Kimura and Tanaka (17), who
reported an AUROC of 90.1% for in hospital mortality, closely
comparable to our finding of 93.6%. Wu et al. (18) subsequently
performed external validation of rSIG in a Taiwanese trauma
center and documented an AUROC of 83%, which, although
slightly lower than our results, still supports its good predictive
accuracy.

We further compared the predictive performance of rSIG with
other established trauma scoring systems. In our study, the RTS
showed the highest accuracy for mortality prediction, with an
AUC of 97.2%, marginally exceeding that of the rSI multiplied
by the GCS (rSIG), which had an AUC of 93.6% (Figure 1).
Among patients with isolated head injuries, RTS continued to
demonstrate slightly superior predictive ability for mortality
compared to rSIG (AUC 96% vs. 92%; p<0.001) (Figure 2), in line
with its well recognized application in emergency care settings
(19). Inour analysis, rSIG demonstrated better performance than
the conventional rSI, which showed an AUC of 82.6%.

Importantly, rSIG demonstrated superior performance in
predicting transfusion requirements (AUC =91.8%), whereas
RTS showed limited sensitivity (52.5%) for this outcome (Figure
3A, 3B). This finding indicates that rSIG may be more effective
for the early identification of patients who require aggressive
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resuscitation, a feature that is particularly valuable in resource
limited settings.

Although most previous studies have primarily examined the
association between rSIG and mortality, relatively few have
evaluated its utility in predicting transfusion needs. Lee et al. (20)
reported an AUROC of 84.2% for rSIG in predicting transfusion,
compared to 91.8% observed in our study. The improved
predictive performance in our cohort may be explained by the
integration of both hemodynamic and neurological parameters
within rSIG. For example, TBI may be associated with substantial
blood loss from scalp lacerations or oronasal trauma even in the
absence of overt intracranial injury, while profound shock can
itself lead to a reduction in GCS. By combining Sl and GCS, rSIG
offers a more comprehensive evaluation of trauma severity.

Although rSlalone demonstrated moderate predictive capability,
it was clearly inferior to rSIG. The superior accuracy of rSIG was
particularly evident among patients with head injuries (AUC
=93%). Collectively, these findings reinforce the emerging role
of rSIG as a reliable tool for early triage and informed decision
making in trauma care.

In resource-limited emergency settings, rapid, accurate, and
easily calculable scoring systems are essential for effective triage
and appropriate resource allocation. Our results indicate that rSIG
is a highly reliable and practical tool, particularly for predicting
early transfusion requirement. While RTS demonstrates the
strongest performance in mortality prediction, rSIG follows
closely and shows comparable predictive ability. Considering
its strong performance across both mortality prediction and
early transfusion requirement, rSIG emerges as an effective
overall scoring system in the trauma setting. Its simplicity,
reliance on readily available parameters (SBP, pulse rate, and
GCS), and strong predictive performance make it particularly
attractive for use in high-volume trauma centers in developing
countries. Incorporating rSIG into primary trauma assessment
protocols may facilitate early identification of patients at risk of
hemorrhagic shock and guide timely activation of transfusion
protocols.

This study’s strengths include its large prospective design,
comprehensive data collection, and subgroup analysis in head
injury patients.

Study Limitations

However, this study has certain limitations that must be
recognized. Firstly, it was carried out at a single tertiary care
center, which may restrict the generalizability of the results to
other institutions with different patient demographics, trauma
profiles, and resource availability. Secondly, mortality within the
study cohort was largely attributable to head injuries, leading
to a head injury—predominant mortality pattern. Long-term
functional outcomes were not assessed, and anatomical scoring

systems such as ISS or TRISS were not compared directly with
rSIG. Therefore, larger multicenter studies involving more diverse
trauma populations are necessary to externally validate these
findings and to further assess the utility of rSIG across different
injury patterns and healthcare environments.

CONCLUSION

This study represents the largest and first-of-its-kind investigation
from India assessing the predictive utility of the rSIG in trauma
patients for early transfusion requirements and mortality.
The rSIG score demonstrated superior predictive accuracy
for identifying patients requiring early blood transfusion and
showed performance comparable to the RTS in predicting
mortality. Integration of rSIG into routine trauma triage protocols
may facilitate early risk stratification, optimize resource allocation,
and support timely clinical decision-making, particularly in high-
volume and resource-limited emergency settings.
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Reconstruction for esophageal cancer after previous
sleeve gastrectomy technical challenges in a case report
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ABSTRACT

Obesity is a major risk factor for cancer. While bariatric surgery reduces obesity-related risks, it may introduce challenges in surgical oncology. We report a case of
esophageal carcinoma in a patient with a history of laparoscopic sleeve gastrectomy (LSG), successfully managed with a completely laparoscopic-thoracoscopic
Ivor-Lewis esophagectomy using the remnant stomach for reconstruction. Despite LSG-related vascular alterations, collateral circulation appeared sufficient to
support conduit perfusion, suggesting that this approach is feasible in selected patients.
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INTRODUCTION

Obesity is associated with an increased risk of several malignancies, including
esophageal carcinoma. Laparoscopic sleeve gastrectomy (LSG) is an effective
bariatric procedure for the management of obesity and metabolic comorbidities (1).
However, LSG alters gastric anatomy and vascularization, potentially complicating
esophagogastric reconstruction. In addition, LSG has been associated with
gastroesophageal reflux, Barrett's esophagus, and esophageal carcinoma (2).
Although esophageal carcinoma following LSG has been reported, experience with
a completely laparoscopic-thoracoscopic Ivor-Lewis esophagectomy using the
remnant stomach remains limited. The altered vascular anatomy raises concerns
regarding conduit perfusion and anastomotic safety, making surgical planning
particularly challenging in this patient population.

CASE REPORT

A 58-year-old woman (body mass index 35 kg/m? had undergone LSG eight years
earlier for type 2 diabetes. She presented with progressive dysphagia. Endoscopy
revealed a squamous cell carcinoma located 26 cm from the incisors. Staging
computed tomography demonstrated no distant metastasis. After multidisciplinary
tumor board evaluation, neoadjuvant chemoradiotherapy was administered.
Following restaging, a completely laparoscopic-thoracoscopic
esophagectomy was planned.

Ivor-Lewis

The abdominal phase was performed laparoscopically using four ports, followed
by a three-port thoracoscopic approach. Adhesions related to the prior LSG were
carefully lysed. The left gastric vessels were divided, and standard lymphadenectomy
was completed. During gastric mobilization, particular attention was paid to
preserving potential collateral blood supply. The remnant stomach was assessed for
length and perfusion and was deemed suitable as a conduit. Conduit perfusion was
evaluated by visual assessment of color, pulsation, and bleeding from the staple line.
Following transection, mucosal color was also assessed to further estimate tissue
perfusion. Indocyanine green fluorescence imaging was not used; although it could
have provided a more objective evaluation of perfusion, indocyanine green imaging

Copyright® 2026 The Author(s). Published by Galenos Publishing House on behalf of Turkish Surgical Society.
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was not available under the existing institutional conditions.
Thoracoscopic esophageal mobilization proceeded to the
level of the azygos vein, and a side-to-side esophagogastric
anastomosis was created using a circular stapler.

The postoperative course was uneventful, and the patient was
discharged on postoperative day 13. Final pathology revealed
adenosquamous carcinoma, staged as T3N1.

DISCUSSION

LSG substantially modifies gastric anatomy and vascular supply,
which may complicate esophageal cancer surgery. Consequently,
colonic or jejunal interposition is often considered. However,
reports describing successful use of the remnant stomach after
LSG remain scarce (3-5). Most available data consist of isolated
case reports or small series, limiting the generalizability of
current evidence. Previous cases have demonstrated feasibility
using different surgical approaches and methods to assess
conduit perfusion.

Although LSG disrupts the short gastric and gastroepiploic
vessels, long-term vascular adaptation and collateral circulation
may preserve adequate perfusion. In the present case, collateral
circulation was evident intraoperatively and supported safe
reconstruction. These findings suggest that the remnant
stomach may remain a viable conduit in carefully selected
patients. Careful intraoperative assessment of conduit viability
is therefore essential.

CONCLUSION

With careful preoperative planningand meticulousintraoperative
assessment of conduit perfusion, the remnant stomach can be
safely used for esophageal reconstruction following Ivor-Lewis
esophagectomy in selected patients with prior LSG. To the
best of our knowledge, reports of completely laparoscopic-
thoracoscopic Ivor-Lewis esophagectomy following LSG are

extremely limited, and this case adds to the emerging experience
in this setting. This Video 1 demonstrates the key technical steps
and intraoperative decision-making process required to safely
perform this complex reconstruction.

Video Link: https://drive.google.com/file/d/1alLsXhUMPQZgGV
balBTOwyD94yp4pl4Ps/view?usp=sharing
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Thiersch’s operation for rectal prolapse management
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ABSTRACT

Thiersch's operation is a kind of suture technique to narrow the patulous anus for the treatment of rectal prolapse. It can be applied under local anaesthesia to
elderly patients who can not tolerate major surgery. It also can be used as a temporary treatment untill the definitive treatment is planned. We demonstrated a
simple way of the Thiersch operation with a video presentation. We also report the follow-up results of the patients who were operated on with this technique.

Keywords: Proctology, surgery, technique, cerclage

Diagnosis

Thiersch's operation, as originally described by Thiersch (1) in 1891, was devised to
treat rectal prolapse. It consists of the insertion of a non-absorbable suture material
around the anal canal (cerclage) to narrow of the patulous anus. Silver malleable wire
was used initially but later on various materials were used for this purpose (2). Although
the results of this method are not as good as desired, it still has an indication for some
patients. We demonstrated a simple way of the Thiersch operation (Video 1). We also
report the follow-up results of patients who were operated on with this technique.

Surgical Technique

Between 2010 and 2020, ten patients, nine of whom were women treated for rectal
prolapse. The median age of the patients were 74.5 (range, 45-82). The operation was
performed in the lithotomy position under the local anesthesia in 7 patients and spinal
anesthesia in three patients. Number two atraumatic non-absorbable suture material
is placed deeply via minor skin incisions outside of the external anal sphincter muscle
around the anal canal. Broad spectrum antibiotics were used for the cases and no
bowel preparation was done in any of the patients. Preoperative anal manometry is not
required in these patients because of the patulous anus. The patients were followed up
for median 8 months (range, 7 days-11 months). Sutures were removed in two patients
(20%) due to perianal abscess development in a week. Cerclage was performed again
in three patients due to suture migration to anal canal in two patients and suture
rupture in one patient (30%) (Table 1). Patients were followed up almost one year
without any problems. Although clinical improvements were detected in the sphincter
tone of the patients, fecal incontinence problems were persisted to some degree. Their
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standardized incontinence levels were not evaluated before or after the surgery.
Outcome

Thiersch procedure is a simple surgical management option for rectal prolapse in
high-risk patients. The advantages of this technique are that it is inexpensive, can
be applied under local anesthesia, and can be repeated in case of recurrence. It can
be combined with other abdomino-perineal techniques in suitable patients. It also
can be used as a temporary treatment until the definitive treatment is planned. The
disadvantage of this technique is the high infection and recurrence rates that we
encountered in our series and in the literature (3). However, if the suture material
remains without complication, both the internal and external sphincter tones
improves in time.

Copyright® 2026 The Author(s). Published by Galenos Publishing House on behalf of Turkish Surgical Society.
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Table 1. Patient characteristics and complications

N %

Female 9 90.0
Male 1 10.0
Age (year) mean; SD (median; min- 7164108 (74.5:45-82)
max)
Local anesthesia 7 70.0
Spinal anesthesia 3 30.0
FoHovyed up period (days) mean; SD 198741055 | (240.07-330)
(median; min-max)
Suture removal due to anal abscess 2 20.0
Re-do cerclage due to suture

: . 3 30.0
migration and rupture
Total complications 5 50.0

SD: Standard deviation.

Video Link: https://youtu.be/XDs7Sghllvc
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ABSTRACT

To describe the clinical presentation, diagnosis, and endovascular treatment of a right colic artery (RCA) pseudoaneurysm in a patient with rheumatoid
arthritis, highlighting its rarity as a complication of rheumatoid vasculitis. A woman in her early 50s with rheumatoid arthritis presented with a three-day
history of epigastric pain, vomiting, and melena. Examination revealed anemia, purpuric rashes, and mild abdominal tenderness. Computed tomography
(CT) angiography identified an RCA pseudoaneurysm. Following resuscitation and blood transfusion, selective superior mesenteric artery angiography and
transarterial coil embolization were performed. The procedure was successful, leading to symptom resolution. RCA pseudoaneurysms are rare, usually resulting
from trauma or pancreatitis, but can also arise from rheumatoid vasculitis. This is the first reported case of a RCA pseudoaneurysm due to rheumatoid arthritis.
CT angiography is the preferred diagnostic tool, and coil embolization is an effective treatment for hemodynamically stable patients.
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INTRODUCTION

Pseudoaneurysms from branches of the superior mesenteric artery (SMA) are
rare, accounting for only 5.5% to 8% of all visceral artery pseudoaneurysms, with
an incidence of 0.01% (1). Trauma and inflammation, such as pancreatitis, are the
primary causes, but other factors like hypertension, infections, or medication use
also contribute (2,3). While pulmonary artery and aortic artery pseudoaneurysms
associated with rheumatoid arthritis have been reported, no prior cases of right colic
artery pseudoaneurysms exist in the literature (4,5). Computed tomography (CT)
angiography is the diagnostic modality of choice, but selective arterial embolization
of the pseudoaneurysm is the treatment modality of choice in hemodynamically
stable patients (1,6).

CASE REPORT

A woman in her early 50s presented to our department with a 3-day history of
epigastric pain, accompanied by the passage of black stools. The pain was sharp
and non-radiating, and its intensity was not associated with food intake. She also
experienced nausea and recurrent episodes of non-bilious vomiting. She had no
prior history of upper abdominal pain or heartburn, and there was no history of fever,
jaundice, or trauma. The patient had a known history of rheumatoid arthritis, for
which she had been taking oral methotrexate and methylprednisolone for the past
two months. She had no other comorbidities and no history of alcohol consumption
or smoking. On general examination, she exhibited pallor, non-blanching purpuric
skin lesions on the lower extremities, and abdominal palpation revealed mild
tenderness in the epigastric region without a palpable mass.
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On admission, laboratory tests revealed a low hemoglobin level of 6.6 g/dL and a
white blood cell count of 12,800/uL. Her C-reactive protein level was elevated to
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15 ma/L, and her erythrocyte sedimentation rate was raised to 30 mm/hr. Liver
function tests, kidney function tests, prothrombin time/international normalized
ratio, and serum amylase and lipase levels were all within normal limits. Chest X-ray
was normal. Abdominal ultrasonography showed no evidence of gallstones, biliary
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dilation, or pancreatitis. Upper gastrointestinal endoscopy
was unremarkable, but colonoscopy revealed clotted blood
throughout the colon without an identifiable bleeding source. A
contrast-enhanced CT scan of the abdomen with angiography
revealed a 17x15 mm saccular outpouching (Figure 1A, B) from
a branch of the SMA with a surrounding hematoma. Three-
dimensional reconstruction of the CT angiography (CTA)
demonstrated that the pseudoaneurysm was originating from
the right colic artery (Figure 2).

The differential diagnosis for epigastric pain with gastrointestinal
bleeding includes peptic ulcer disease and acute pancreatitis
with a splenic artery pseudoaneurysm. In peptic ulcer disease,
the pain is typically chronic, often associated with heartburn,

and tends to change in intensity with meals. However, the

Figure 1. (A) Axial section CT angiography showing a saccular
outpouching (arrowhead) from a branch of the superior mesenteric
artery (arrow) with a surrounding hematoma. (B) Coronal section
showing the pseudoaneurysm (arrow).

CT: Computed tomography.

Figure 2. 3D reconstruction of a CT angiogram showing the
pseudoaneurysm (arrow) arising from a branch of the superior
mesenteric artery (arrowhead).

CT: Computed tomography.

endoscopy showed normal mucosa of the gastric and duodenal
walls. In acute pancreatitis, common causes include alcohol
consumption and gallstones, neither of which was present in this
case. Ultrasonography showed no gallstones, and the pancreas
was not enlarged. Furthermore, serum amylase and lipase levels
were within normal limits. All of the above features were absent
in our case, leading to a radiological diagnosis of right colic
artery pseudoaneurysm, and the systemic inflammatory signs
suggested the case of rheumatoid vasculitis.

The patient was initially resuscitated with intravenous fluids,
broad-spectrum antibiotics, antiemetics, and analgesics. Three
units of packed red blood cells (PRBCs) were transfused due to
anemia. After achieving normal hemoglobin levels, the patient
underwent selective SMA angiography via the right femoral
arterial route, which localized the pseudoaneurysm to the right
colic artery (Figure 3A, B). Additionally, the pseudoaneurysm
received blood supply from another collateral branch of the
SMA. Despite several attempts, gaining direct access to the
pseudoaneurysm was difficult. Consequently, transarterial coil
embolization was carried out using multiple titanium micro-
coils 2 mm and 3 mm in size), targeting both the right colic
artery (Figure 4A) and another collateral branch from the SMA
(Figure 4B). This procedure resulted in complete occlusion and
the absence of filling in the pseudoaneurysm. For the vasculitis,
the patient was started on an intravenous corticosteroid along
with oral methotrexate.

The abdominal pain was relieved within two days of conservative
treatment. Vomiting also subsided, and an oral diet was
tolerated post-procedure. Blood counts showed no further drop
in hemoglobin (12 g/dL), and white blood cell levels returned
to normal (6.500/uL). No recurrence of lower gastrointestinal
bleeding was observed. The patient was discharged in stable
condition on day 4 post-procedure. At her two-month follow-
up, she remained asymptomatic and was doing well.

Figure 3. (A) Selective superior mesenteric artery angiography
showing the pseudoaneurysm (arrow) arising from the right colic
artery, a branch of the superior mesenteric artery. (B) Angiography
demonstrates a pseudoaneurysm arising from the right colic artery,
which supplies the transverse colon (arrow).

Turk J Surg 2026/42(3):370-373

371



372

Right colic artery pseudoaneurysm
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Figure 4. (A) Transarterial coil embolization of the right colic artery
pseudoaneurysm (arrow). (B) Another coil embolization of an
additional blood supply (arrow) from a collateral branch of the
superior mesenteric artery, resulting in complete occlusion of the
pseudoaneurysm without contrast filling.
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DISCUSSION

Visceral artery pseudoaneurysms are extremely rare, with splenic
artery pseudoaneurysms being the most frequently observed.
Pseudoaneurysms arising from the branches of the SMA have a
prevalence ranging from approximately 5.5% to 8% of all visceral
artery pseudoaneurysms, and an overall incidence of 0.01%.
However, nearly half of the patients with these pseudoaneurysms
are at risk of rupture (1,7-10).

The most common causes of pseudoaneurysms in branches
of the SMA are trauma and inflammatory conditions, such
as pancreatitis. Less common causes include uncontrolled
hypertension,  infective  endocarditis,  anticoagulation
medications (e.g., apixaban), iatrogenic factors, or idiopathic
origins (3,6,11-14). While autoimmune diseases like rheumatoid
arthritis can cause pseudoaneurysmsin the pulmonary and aortic
arteries, no prior cases of right colic artery pseudoaneurysms
associated with rheumatoid arthritis have been reported. The
probable underlying cause was rheumatoid vasculitis, which
leads to vessel wall weakness (4,5). In our case, the diagnosis was
established after ruling out other potential causes of the right
colic artery pseudoaneurysm through comprehensive history
taking, skin lesions, biochemical tests, and CT angiography.

The usual presentations of pseudoaneurysms are gastrointestinal
bleeding orintraperitoneal hemorrhage. Massive gastrointestinal
hemorrhage, which can be life-threatening, may present
as hematemesis, hematochezia, or melena. Intraperitoneal
hemorrhage can occur due to the rupture of a pseudoaneurysm
into the peritoneum, typically presenting with acute abdominal
symptoms such as epigastric pain in association with fever and
recurrent vomiting (2,6,11). In our case, the patient presented
with intraperitoneal hemorrhage, which was manifested as a
localized hematoma, and melena.

CTA of the abdomeniis the preferred diagnostic tool for detecting
pseudoaneurysms originating from abdominal arteries. It
distinguishes between true aneurysms and pseudoaneurysms. It
also identifies underlying causes, such as pancreatitis, or vascular
abnormalities, as well as intraperitoneal hemorrhage. Beyond
confirming the diagnosis, CTA provides essential information
for selecting between endovascular procedures and surgery
(1,2,14). In the present case, CTA confirmed the diagnosis and
provided crucial information for guiding therapy.

Selective arterial angiography is considered the gold standard
investigation for diagnosing vascular-related diseases, offering
the additional benefit of therapeutic intervention (14). In
hemodynamically stable patients, the preferred treatment
options are endovascular coil embolization or covered stent
placement. However, endovascular embolization is the
preferred method due to better outcomes and lower morbidity.
Coils, thrombin, gel foam, cyanoacrylate glue, or combinations
of these agents are used in the embolization process (11).
Limitations of endovascular techniques include occasional
difficulties in accessing target vessels and managing tortuous
arteries (3,9). Hemodynamically unstable patients are optimally
managed with emergency abdominal exploration, and in some
cases, bowel resection with mesenteric vessel ligation may be
required to control the bleeding (6,11). In this case, selective
angiography of the SMA was performed, followed by successful
coil embolization of the pseudoaneurysm, eliminating the need
for surgical exploration. This study has limitations. It is a single
case, which limits generalizability. Long-term follow-up data are
lacking, making it difficult to assess recurrence risk and treatment
durability. While endovascular embolization was successful, its
long-term efficacy for pseudoaneurysms due to rheumatoid
vasculitis remains uncertain. Larger studies with extended
follow-up are needed to establish optimal management
strategies for this rare condition.

CONCLUSION

Right colic artery pseudoaneurysm is extremely rare among
visceral artery pseudoaneurysms. Autoimmune disorders, such
as rheumatoid arthritis, can be contributing factors to conditions
like rheumatoid vasculitis. CTA is crucial for diagnosing
pseudoaneurysms, as it reveals the vascular origin and helps
guidethe treatment plan. Selective arterial angiography followed
by endovascular coil embolization is an effective treatment for
right colic artery pseudoaneurysms.
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Gastric volvulus and a myriad of anomalies: Asplenia,
jejunal diverticulosis and absent colonic attachments:

A rare case report
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ABSTRACT

Gastric volvulus is a rare cause of acute abdomen, and its complexity increases when associated with congenital anomalies. We report an exceptional case
of gastric volvulus with perforation in a female patient, which was accompanied by asplenia, jejunal diverticulosis, and absent colonic attachments. To our
knowledge, this combination has not been previously documented. This case highlights the need for further research into the mechanisms behind such rare

anatomical associations.
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INTRODUCTION

Acute abdomen is one of the most frequently encountered surgical emergencies,
caused by a diverse range of pathologies, including some that are exceedingly rare.
Among these, gastric volvulus, a condition characterized by the abnormal rotation of
the stomach onits transverse orlongitudinal axis, represents a particularly challenging
condition (1). In addition, congenital asplenia, another extremely rare condition, may
either present in isolation or coexist with other congenital anomalies (2). Similarly,
jejunal diverticulosis, yet another uncommon condition, can manifest with a variety
of non-specific abdominal symptoms or complications, including perforation,
volvulus, or obstruction (3). The concurrence of these infrequent conditions is an
extraordinarily rare phenomenon. We report a case in which incidental findings of
asplenia, jejunal diverticula, and absent attachments of the large intestine to the
abdominal wall were noted during surgical exploration for an acute abdomen caused
by gastric volvulus complicated by perforation. After performing an extensive review
of available literature across PubMed, Google Scholar, and Scopus using relevant
keywords and combinations, we are confident in stating that, to date, no case
demonstrating the simultaneous occurrence of these anomalies has been reported.

CASE REPORT

A 35-year-old female, with no past medical or surgical history, presented to the
emergency department with a complaint of severe abdominal pain for one day. The
pain had worsened over the last eight hours and was associated with nausea and
retching. On further inquiry, she revealed that there had been no flatus or bowel
movement over the last 24 hours. However, there was no history of vomiting, urinary
retention, and menstrual irregularities.

On examination, the patient was conscious, oriented, and in visible distress. The
following vitals were recorded: Blood pressure 80/60 mmHg, pulse 116 bpm,
temperature 100.2 °F, and oxygen saturation 97% at room air. Abdominal examination
revealed gross distension with a firm to hard mass palpable in the upper quadrants,
extending down to the level of the umbilicus. Diffuse tenderness to palpation
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was noted. Bowel sounds were absent on auscultation. Digital
rectal examination was unremarkable. Given the hemodynamic
instability, immediate resuscitation was initiated, and steps
were taken towards stabilization, including administration of
analgesia and nasogastric decompression.

Initial investigations showed raised markers of inflammation
(Table 1) and a negative urine pregnancy test. Abdominal X-ray
showed a large gas-filled viscus occupying the upper abdomen
(Figure 1). Urgent ultrasound imaging showed excessive gas
shadows obscuring the viscera, resulting in a limited study;
however, non-visualisation of spleen was reported. Keeping in
view the worsening abdominal distension and deteriorating
hemodynamic status despite the attempts at resuscitation, a
decision was made for emergency surgical intervention. The
possible risks were explained in detail and informed consent
was obtained.

Under general anaesthesia, exploratory laparotomy was
performed. Intraoperatively, gross peritoneal contamination
with approximately 2300 mL of foul-smelling purulent fluid was
noted. After adequate exposure, the grossly distended stomach
was appreciated with a 180° rotation on its longitudinal axis
(Figure 2). The stomach wall had a dusky appearance (Figure
3) and an approx. 4 cm perforation was noted along the lesser
curvature (Figure 4). However, after administration of 100%
oxygen and application of sponges soaked in warm saline, the
stomach wall showed signs of viability with visibly improved
colour. Interestingly, further exploration revealed a freely mobile
large gut lacking attachments to the abdominal wall and
multiple jejunal diverticula (non-inflamed, broad-based at the
mesenteric border) (Figure 5). After meticulous examination,
the absence of the spleen was confirmed as reported in the
initial ultrasound report. The volvulus was reduced, and gastric
perforation repaired in a double layer. Anterior gastropexy was
performed. This was followed by colopexy; however, as the
jejunal diverticula showed no signs of inflammation, they were
left in situ. Postoperatively, the patient was shifted to the surgical
intensive care unit on ventilatory support, where she was
diagnosed with septic shock, and died on the first postoperative
day despite persistent resuscitation.

Table 1. Laboratory findings of the patient

Parameters Measured values Normal values
Hematocrit 38.1% 35-49%
Hemoglobin 13.0 g/dL 12.0-15.0 g/dL
Platelets 235x10°/mL 150-400 x10%/mL
WBC 20.1x10*/mL 4-11.0 x103/mL
Neutrophils 84.2% 40-70%

CRP 86.4 mg/dL <0.7 mg/dL

CRP: C-reactive protein, WBC: White blood cell.

Figure 1. Abdominal X-ray showing a large gas filled viscus occupying

the upper abdomen.

Figure 2. Intra-operative photograph demonstrating gastric volvulus.

Turk J Surg 2026;42(3):374-377

375



376

Gastric volvulus and rare anomalies

DISCUSSION

Acute gastric volvulus is an exceedingly rare condition, and its

exact incidence remains unknown (4). The highest incidence
of gastric volvulus is observed in individuals during the fifth

Figure 3. Intra-operative photograph demonstrating dusky stomach
wall.

Figure 4. Intra-operative photograph showing gastric perforation.

decade of life, with no significant gender predilection (5). In
approximately 30% of cases, it occurs as a primary event, while
in the majority of instances, it is secondary to an underlying
condition (4). Organoaxial volvulus, accounting for about 60%
of cases, involves rotation of the stomach along its long axis
between the gastroesophageal junction and the pylorus.
In contrast, mesenteroaxial volvulus entails rotation around
the short axis between the greater and lesser curvatures. A
more complex pattern may occur, combining features of both
organoaxial and mesenteroaxial rotations (6).

The clinical presentation of gastric volvulus varies depending
on the extent of rotation, the degree of obstruction, and the
type of volvulus. It typically presents with a classic triad of
symptoms; epigastric pain, retching, and an inability to pass a
nasogastric (NG) tube (referred to as Borchardt’s triad), which is
observed in approximately 70% of adults with gastric volvulus
(7). Complications associated with gastric volvulus include
ulceration, intestinal obstruction, perforation, hemorrhage,
pancreatic necrosis, and omental avulsion. The mortality
rate for acute gastric volvulus ranges between 30% and
50%. The management typically involves initial nasogastric
decompression, followed by surgery to assess gastric viability,
resect any gangrenous tissue, and perform de-rotation, along
with gastropexy. Although emergent laparotomy remains the
most widely used surgical approach, laparoscopic techniques
have also been described (8).

Jejunal diverticulosis is another rare medical entity with
incidence documented up to 1.25%. Jejunal diverticula are

Figure 5. Intra-operative photograph showing one of the many
jejunal diverticula.
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typically multiple, located in the upper jejunum, and most
commonly found along the mesenteric border, where the blood
vessels enter the bowel. The surgical complications associated
with these diverticula include diverticulitis, which may lead to
perforation, abscess formation, band adhesions, and intestinal
obstruction. Hemorrhage and volvulus are also recognized as
potential complications (9).

Congenital anomalies affecting colon fixation, resulting in absent
or incomplete peritoneal attachments, predispose individuals
to vague abdominal symptoms. Interestingly, the literature
suggests that it may be associated with colonic motility disorders,
potentially mediated by a deficiency of interstitial cells of Cajal,
the gut’s pacemaker cells responsible for coordinating peristalsis
(10). Currently, no standardized clinical guidelines exist for the
long-term management or screening of colonic malfixation,
and treatment strategies remain individualized, focusing on
symptomatology and the presence of complications.

The association between gastric volvulus and asplenia is well-
documented in the literature, with multiple studies reporting
gastric volvulus and other anomalies in patients with an absent
spleen. Aoyama and Tateishi (11) described three children
with asplenic syndrome who presented with gastric volvulus.
Similarly, Marhuenda et al. (12) reported a case of acute gastric
volvulus in an 18-month-old child with asplenic syndrome. In
another case, Ibdfez et al. (13) described a 10-year-old boy with
Smith-Lemli-Opitz syndrome who presented with organoaxial
volvulus associated with asplenia. However, to the best of
our knowledge, there has not been a single reported case
documenting the synchronous presence of gastric volvulus,
asplenia, jejunal diverticula, and absent colonic attachments
to the abdominal wall. This makes our case a unique and
exceptional presentation, contributing valuable insights
into complex gastrointestinal malformations and raising
the possibility of a common embryological origin rooted in
developmental abnormalities. During embryogenesis, failure of
proper rotation and fixation of the embryonic gut, along with
anomalies in splenic development, may point toward a broader
spectrum of congenital malformations—possibly part of a subtle
heterotaxy or visceral malposition syndrome. Although isolated
cases such as this are extremely rare, they underscore the need
for a deeper investigation into potential genetic or syndromic
associations that may predispose individuals to such combined
anomalies. Further research and accumulation of case studies
are necessary to develop evidence-based recommendations for
both the management and potential screening of patients and
at-risk relatives.

CONCLUSION

This case represents a unique presentation of the concurrent
occurrence of gastric volvulus, asplenia, jejunal diverticulosis,and

absent colonic attachments to the abdominal wall. While each
of these conditions may have been documented individually
in the literature, their simultaneous presentation in a single
patient is unprecedented. Further research and detailed case
reports are needed to better understand the pathophysiological
mechanisms underlying such rare associations.

Ethics

Informed Consent: The possible risks were explained in detail and informed
consent was obtained.

Footnotes
Author Contributions

Concept - MINK,, MW, All; Data Collection or Processing - M.N.K; Literature
Search - MW, S, Al; Writing - MIN.K,, S.Y.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no
financial support.

REFERENCES

1. Akhtar A, Siddiqui FS, Sheikh AAE, Sheikh AB, Perisetti A. Gastric volvulus:
arare entity case report and literature review. Cureus. 2018;10:e2312.

2. Borsani O, Asano T, Boisson B Fraticelli S, Braschi-Amirfarzan M,
Pietra D, et al. Isolated congenital asplenia: an overlooked cause of
thrombocytosis. Am J Hematol. 2022;97:1110-1115.

3. Vuorinen P, Jejunal diverticula. Br Med J. 1963,2:762-763.

El Mouhafid f, Yaka M, Bounaim A, Moujahid M. Gastric volvulus: a
challenge to diagnosis and management. World J Surg Surgical Res.
2020;3:1236.

5. Jacob CE, Lopasso FR, Zilberstein B, Bresciani CJ, Kuga R, Cecconello |, et
al. Gastric volvulus: a review of 38 cases. ABCD. Arquivos Brasileiros de
Cirurgia Digestiva (Sdo Paulo). 2009;22:96-100.

6. Pandey S, Paudel M, Parajuli A, Ghimire R, Neupane A. Mesenteroaxial
gastric volvulus: a case report. JNMA J Nepal Med Assoc. 2021,59:506-
509.

7. Parkash O, Gill RC, Qaiser |, Rabbani MS, Chawala T, Zafar H. Gastric
volvulus in adults in a tertiary care hospital Karachi, Pakistan: a case
series. J Pak Med Assoc. 2021,71:1277-1281.

8. Rashid F, Thangarajah T, Mulvey D, Larvin M, Iftikhar SY. A review article
on gastric volvulus: a challenge to diagnosis and management. Int J
Surg. 2010,8:18-24.

9. HuntEL, Cook PH. Jejunal diverticula. Ann Surg. 1921,74:746-750.

10. Chen H, Isozaki K, Nakahara M, Kinoshita K, Shinomura Y, Matsuzawa Y,
et al. Possible relationship between deficiency of interstitial cells of Cajal
and colonic inertia in a patient with colon malfixation. J Gastroenterol.
2002;37:483-484.

11. Aoyama K, Tateishi K. Gastric volvulus in three children with asplenic
syndrome. J Pediatr Surg. 1986,21:307-310.

12. Marhuenda C, Mir I, Perez A, Yeste D, Carrefio JC, Gil-Vernet JM, Boix-
Ochoa J. Vélvulo gdstrico agudo en un paciente con sindrome de
asplenia [Acute gastric volvulus in a patient with asplenic syndromel].
Cir Pediatr. 1993,6:44-45. Spanish.

13. Ibdriez V, Montalvo JA, Pérez R, Centelles I, Tosca R, Sancho V. Vélvulo
gdstrico agudo por asplenia en un paciente con sindrome de Smith-
Lemli-Opitz [Acute gastric volvulus secondary to asplenia in a child with
Smith-Lemli-Opitz syndromel]. Cir Pediatr. 2001,14:129-131. Spanish.

Turk J Surg 2026;42(3):374-377

377



378

®]%5
=

= \
; REVIEW \
1. Turk J Surg 2026;42(3):378-387

Role of artificial intelligence in head and neck surgery -
A narrative review

Sarkheel Sarshar1, () Noor-ul-Huda Bhatti2,
Syed Ghazi Ali Kirmani2, (© Raza Hussain5,

Momina Amir3, (© Nida Jaffar4,
Shayan Khalid Ghaloo?

Muhammad Hasnain3,

IDepartment of General Surgery, Shaukat Khanum Memorial Cancer Hospital & Research Centre, Lahore, Pakistan
2Department of Urology, Guy's and St Thomas'NHS Foundation Trust, London, United Kingdom

3Department of Internal Medicine, NewCross Hospital Royal Wolverhampton Trust, West Midlands, United Kingdom
4Department of Internal Medicine, Ipswich Hospital East Suffolk and North Essex NHS Trust, Suffolk, United Kingdom
SDepartment of Otolaryngology, Mayo Hospital, Lahore, Pakistan

®Department of Head & Neck Surgery, Shaukat Khanum Memorial Cancer Hospital & Research Centre, Lahore, Pakistan
/Department of Head & Neck Surgery, Queen Elizabeth Hospital, Birmingham, United Kingdom

ABSTRACT

The advent of artificial intelligence (Al) in the field of head and neck surgery has remarkably impacted in various domains, including investigation, diagnosis,
pre-operative decision making, surgical planning, rehabilitation, and so on. Head and neck surgery is a field that is practiced worldwide by otolaryngologists,
maxillofacial surgeons, plastic surgeons and general surgeons. It has a number of challenging aspects. This review highlights the current advancements and
future prospects in the field and its different applications in cancer detection, peri-operative care, and surgical planning. Deep learning and machine learning
(ML) are the pillars of Al, by which huge datasets can be analyzed with precision. This can help to enhance the accuracy and meanwhile minimizing the chances
of errors in making clinical decisions. On the other hand, there have been numerous ethical concerns regarding Al. Patient privacy, data security, element of
empathy in complex decision making are a few concerns at the top. Like any other advancement, the decision is always taken after weighing risks and benefits.
Therefore, instead of abandoning Al as a whole, we must come up with certain regulatory authorities that can keep these issues in check. And this can only
happen with worldwide collaborative approach. We conducted this narrative review to summarize recent advancements in head and neck cancer surgery by
searching PubMed, Scopus, and Google Scholar from January 2000 to July 2025 using predefined terms related to Al, ML, and head and neck surgery.

Keywords: Cancer, endocrine surgery, excision, parathyroid, parathyroid surgery, robotic surgery, thyroid surgery

INTRODUCTION

Artificial intelligence (Al) has captivated medical researchers and practitioners
since the advent of machine learning (ML) and deep learning (DL) in 1990 and
2010, respectively. The current abundance of health data and the desire to predict
outcomes based on this data have sparked significant interest in ML. It allows
computers to learn from information and past experiences, enabling them to make
decisions without explicit programming for each task (Figure 1) (1). DL is a subset
of ML that involves learning from hundreds of representative layers using neural
networks, ultimately providing non-linear predictions.

Cite this article as: Sarshar S, Bhatti N-H, Amir M,
Jaffar N, Hasnain M, Kirmani SGA, et al. Role of artificial
intelligence in head and neck surgery - a narrative

Al encompasses the capacity of machines to replicate human intelligence
review. Turk J Surg. 2026;42(3):378-387

autonomously without direct programming. As such, Al is expected to revolutionize
healthcare because of its ability to handle data on a massive scale. Currently, Al-
based medical platforms support diagnosis, treatment, and prognostic assessments
in head and neck surgery at many healthcare facilities worldwide (1). Since the early
1990s, Al has been increasingly used to analyze radiological and pathological images
and predict clinical outcomes based on these images, histology, and other clinical
variables (2).
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Surgery is all about precision, and now, with the help of Al, it is reaching new heights.
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of massive datasets, Al is rapidly advancing in healthcare. It has the potential
to significantly aid medical decision-making and reduce cognitive biases and,
ultimately, medical errors (3). This article will examine the current applications of Al-
based solutions in head and neck surgery. Given the breadth and rapid evolution of
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the field, we conducted a narrative review rather than a formal METHODOLOGY

systematic review, emphasizing recent clinical applications and ) i :
y P 9 PP A comprehensive search of the electronic online databases

PubMed, Scopus, and Google Scholars was performed and
relevant articles published from January 2000 to July 2025 on the
applications of Al in head and neck surgery were identified. The

"o

combinations of the keywords "Al’, "ML, “deep learning’, “neural

translational advances (Table 1). This is a narrative review and
is therefore susceptible to selection and publication bias. We
mitigated these risks through multi-database searching, explicit
inclusion and exclusion criteria, and prioritization of peer-

o "o "

networks’, "head and neck surgery”, “‘otolaryngology”, “‘oncology’,
“robotic surgery”,and “diagnostic imaging"” We prioritized the last
10 years and the landmark earlier work.

reviewed primary studies; however, we did not adapt protocol
registration, quantitative synthesis.

Machine Learning
Process

Satisfactory Model

New Input ‘
Data

e-6-0-0-90-0

Training Data  Train ML algorithm Model Input Data ML algorithm Output

Figure 1. Machine learning process. Stepwise representation of machine learning in surgery. Includes data input, algorithm training, evaluation, and
output for clinical use.

ML: Machine learning.

Table 1. Applications of artificial intelligence in head and neck surgery

Clinical stage Al domain Applications in head & neck surgery

Diagnosis Deep learning (CNN) Detection of oral cancers, precancerous lesions, thyroid nodules, jaw tumors
Machine learning & radiomics Prediction of HPV status, lymph node metastasis, periapical pathosis
Hyperspectral imaging Early detection of head & neck tumors

Preoperative planning | 3D imaging + ML Surgical planning, cephalometric landmarking, facial reconstruction

Predicting postoperative complications, hypocalcemia, and major adverse

Al-assisted risk prediction
events

Intraoperative identification of the recurrent laryngeal nerve, parathyroid

Intraoperative Real-time image analysis
autofluorescence

Decision support systems Guidance for resection margins, anatomical recognition

Postoperative care &

o Predictive analytics (ML) Prediction of prolonged LOS, surgical site infections, flap failure
monitoring

Image & sensor-based monitoring | Flap perfusion monitoring, early detection of complications

Outcome prediction models Estimation of complications, readmission, mortality risk

Summary of artificial intelligence applications across different phases of head and neck surgical care. CNN: Convolutional neural network, ML: Machine learning, LOS:
Length of stay, HPV: Human papilloma virus.

Turk J Surg 2026;42(3):378-387



380

Advancing head and neck surgery: The role of artificial intelligence

Studies were included if they reported the use of Al-based tools,
algorithms, or platforms in the diagnosis, preoperative surgical
planning, intraoperative assistance, or postoperative care of
head and neck surgical patients. Only the articles published in
English peer-reviewed journals that presented either original
research, systematic reviews, meta-analyses, or significant case
series with a focus on Al applications were included. Non-
English publications, conference abstracts without full-text
availability, and studies not specific to head and neck surgery or
not involving Al-based technologies were excluded.

Two authors independently screened titles and abstracts for
relevance, and full-text articles meeting the inclusion criteria
were retrieved for detailed review. The findings from the
included literature were synthesized qualitatively, with emphasis
on identifying recurring themes, trends, and potential future
directions for Al integration in head and neck surgical practice.

Al in Diagnosis of Head and Neck Cancers

The prognosis of head and neck cancers heavily depends on
early detection and prompt treatment. Most cases of head
and neck cancer are typically diagnosed at an advanced stage,
contributing to a pronounced decrease in survival rates even
with effective treatment. Al has notable potential for diagnostic
and therapeutic management in head and neck oncology.
Oral cancers, the 13" most common cancer worldwide, pose
a significant disease burden that necessitates early detection
(4). Oral cavity cancers are the most common cancers of the

Automated detection of

upper respiratory digestive tract, with an increasing incidence
rate. Detecting pre-malignant lesions can prevent them from
developing into cancer, but it is challenging for non-specialists.

Some ML tools enable detection through autofluorescence
measurement or photography (5-7). Fu et al. (7) introduced a
Conventional Neural Network (CNN) designed to identify oral
cavity carcinomas in photographs. They trained it using 6176
images and achieved performance comparable to experts
(Figure 2). A study conducted by Birur et al. (8) identified the
potential of CNN-enabled m(mobile)health device as a powerful
triaging tool for identifying suspicious oral lesions. This approach
enhanced the screening proficiency of frontline workers in
low-resource settings, leading to better disease outcomes (8).
Deep learning-based algorithms were also employed to detect
and localize benign and malignant vocal cord lesions during
live endoscopies, reducing the need for an invasive diagnostic
approach (9).

In  pathology, diagnosing prognosis and
treatment response often requires additional
immunohistochemistry or next-generation sequencing. Al

predicting
tests like

combined with digital pathology, could transform this process
by identifying subvisual structural features that are beyond
the human eye’s ability to detect, creating new morphology-
based biomarkers with prognostic and predictive value. The
genotype-phenotype relationship suggests that genetic
mutations in tumors often correlate with morphological

Clinical photographs

from several journals

Oral Cavity SCC from
photographs

e-8-0>

Training Data
6176 intraoral normal
and biopsy proven Oral
SCC photographs

Train ML algorithm Model Input Data

New Input
Data

»

e-0-0

ML algorithm

Output Evaluation

Sensitivity of 94-9%
Specificity of 88-7%

Figure 2. Automated detection of oral cavity squamous cell carcinoma from photographs.

SCC: Squamous cell carcinoma, ML: Machine learning.
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changes. Al can predict molecular or clinical outcomes based
on histomorphological data and is increasingly important in
analyzing molecular pathology, such as using DL to classify
DNA methylation profiles in lung squamous cell carcinomas and
differentiate metastasis from primary cancer. Al is also becoming
crucial in multi-omics-based molecular tumor classifications (10).

Identifying nodal metastasis (NM) and tumor extranodal
extension (ENE) is a crucial aspect of head and neck cancer
management. Currently, this can only be achieved using post-
operative histopathology specimens. While there has been
some success in the detection of NM on diagnostic radiological
imaging, studies on the detection of radiologic ENE have
shown less than satisfactory performance overall, with the area
under the curve (AUC) of the receiver operating characteristic
plot ranging between 0.65 and 0.69 (11). Kann et al. (12)
designed a 3D CNN model and trained it on 2.875 computed
tomography (CT)-segmented lymph nodes from 124 samples
with corresponding pathology labels. It was later tested on a
blinded set of 131 samples, which showed the model’s strong
performance, achieving an AUC of 0.91 (95% confidence interval:
0.85-0.97) for predicting both ENE and NM (12). Furthermore,
Seidleretal. (13) demonstrated that using an Al-based approach,
radiomic features of the primary tumor can be used for nodal
status prediction. Several studies employed similar models and
were proven highly effective in nodal identification (13,14).

Furthermore, the diagnostic utility of Al methods has been
extensively explored in all imaging modalities, including
ultrasound (US), CT, magnetic resonance, and nuclear medicine
(15). Hyperspectral imaging is a non-invasive tool used to
detect cancers by analyzing the absorption, fluorescence
emission, or reflectance spectrum of tissues (16). CNNs allow
the detection and classification of features on panoramic
radiographs (17,18) and cone-beam images (19). Among these
features, radiolucent bone lesions of the mandible and maxilla
are the most studied (17,18). While certain lesions can be
treated with simple surgical procedures like enucleation and
curettage, others, like ameloblastomas, may necessitate a more
aggressive approach. This is to minimize the chances of tissue
damage, malignant changes, and recurrence (20). Depending
on their architecture, the algorithms used allow the automation
of part or all of the process of detection, segmentation,
feature extraction, and classification of lesions on imaging.
Human papillomavirus  (HPV) significantly impacts the
development of head and neck cancers, particularly in the
oropharynx, leading to distinct clinical characteristics. Patients
with HPV-positive disease generally have better outcomes
compared to those who are HPV-negative, influencing their
treatment approaches. Detecting HPV status typically involves
invasive methods such as immunohistochemistry for P16 or
direct testing for HPV DNA. However, non-invasive approaches

using head and neck imaging combined with ML algorithms
have been explored to determine HPV status. The results affirm
the practicality of predicting HPV status for head and neck
cancers (21-23). Ultrasonography is the investigation of choice
for diagnosing thyroid nodules, but its reliance on operator skill
makes interpretation subjective. The surge in ultrasonography
usage has overwhelmed radiologists, driving the need for
automated data processing. Therefore, ML has been extensively
trialled and proven effective for thyroid nodule detection and
diagnosis (24,25).

Al in Preoperative Planning

Al-enhanced preoperative planning marks a significant change
in surgical preparation, providing surgeons with a data-driven
method to make informed decisions and improve patient
outcomes. Time limitations, decision exhaustion, deductive
reasoning, intricacy, and prejudice deter surgical decision-
making, contributing to avoidable harm. Conventional decision
support systems suffer from time-consuming manual data input
and inadequate precision. Automated Al models powered by
real-time electronic health record data can overcome these
deficiencies. Al-powered algorithms can be helpful in surgical
risk assessment because of their ability to compile and interpret
large amounts of data. Furthermore, they could also be explored
to formulate strategies to reduce patient mortality and morbidity
(26,27). Preoperative risk can be calculated from Al-augmented
analysis of radiological imaging, which is mainly utilized by
surgeons to gather more information about the morphology of
tumors and to plan surgical approaches.

Bihorac et al. (28) developed an ML algorithm using electronic
health record data that could predict the risk of certain
complications and mortality at 1-, 3-, 6-, 12-,and 24 months after
surgery (AUCs of 0.82 and 0.94). Researchers also successfully
pinpointed patients at higher risk of extended hospitalization
and intricate therapeutic management after surgery. This
outcome typically relies on factors such as operation duration,
ischemia duration, transplantation, American Society of
Anesthesiologists score, intensive care duration, and TNM stages,
achieving accuracy levels of up t0 97.92% (29).

Patients with dentofacial deformity (DFD) receive significant
advantages throughout the orthodontic-surgical treatment
process by integrating these new technologies, starting from
the initial diagnosis and continuing through postoperative
monitoring (30). Many studies have suggested using 3D
imaging analysis tools to better understand complex DFD. By
incorporating Al, these tools can quickly identify and interpret
numerous bone and skin landmarks essential for comprehensive
3D analysis. This approach surpasses other computational
techniques previously used (31). Most planning software
now includes simulations of potential profile alteration to
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accommodate the increasing number of patients worried about
their post-operative modification of appearance. However,
the approximation models and bone-skin displacement ratios
used by such software often have limitations when it comes to
simulating changes in soft tissue (32).

Afew otherapplications of Alin oral-maxillofacial surgery include
computer-aided design and computer-aided manufacturing
(CAD/CAM) (33-35). CAD/CAM uses digital imaging, three-
dimensional (3D) photography, intracral scans, and 3D printing
to design and fabricate customized implants, prostheses, guides,
and plates for reconstructing maxillofacial defects (36). Artificial
neural networks (ANN), another domain of Al, can model
complex non-linear relationships between inputs and outputs
to perform tasks such as image recognition, natural language
processing, speech synthesis, and generation. ANNs can be used
to recognize facial features, emotions, expressions, and gestures,
synthesize realistic speech and faces, generate captions and
descriptions for images and videos, and create interactive
avatars for maxillofacial surgery (33-35).

Early diagnosis of laryngeal carcinoma is crucial for preserving
organ function. A study reviewed five databases for research
on Al-based models assessing images of laryngeal lesions
from endoscopy. The results showed Al's promising accuracy,

sensitivity, and specificity, with values ranging from 0.806
to 0.997, and 091 for benign and 0.94 for malignant lesions.
Al performance improved with larger image databases and
more pre-processing steps. To enhance Al's diagnostic quality,
developing image evaluation standards and fostering multi-
center collaboration for sharing image databases is essential to
create high-performing models (37).

Elliott Range et al. (38) applied ML to thyroid fine needle
aspiration biopsy (FNAB) whole-slide images (WSI) to identify
regions of interest (ROI) and predict malignancy. Overall
performance was comparable to expert assessments. However,
the algorithm underperformed with indeterminate Bethesda
categories, reinforcing a hybrid pathway where cytopathologist
supervision remains crucial and Al assistance is restricted to
clearly classifiable cases (Figure 3) (38).

Al Enhanced Surgical Techniques

Astudy conducted at the University of Pennsylvania, Philadelphia,
aimed to develop a minimally invasive robotic surgery technique
for treating neoplasms in the parapharyngeal space and
infratemporal fossa. Using the da Vinci Surgical System, initial
procedures were performed on cadavers and a dog, followed
by a trial on a human patient. The robotic approach provided
excellent visualization and successful tissue dissection with

New patient data

Using ML for early
prediction of
hypocalcemia after
thyroidectomy

Training Data Train ML algorithm Model Input Data
Variables* of 610
patients who
underwent
thyroidectomy

(n=118)

w»

Output
AUC 0.92
Sensitivity 92%,
Specificity 90%

Evaluation

Figure 3. Using machine learning for the early prediction of postoperative hypocalcemia risk after thyroidectomy.

ML: Machine learning, AUC: Area under the curve.

Note: Age, gender, body mass index, intraoperative parathyroid hormone levels.
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minimal complications. Similarly, studies have shown that the da
Vinci Surgical Robot has been effectively used to excise tongue
neoplasms and treat various mediastinal lesions (39-41). Modern
robotic platforms increasingly incorporate Al-enabled features
(e.g, augmented anatomy recognition, scene interpretation,
and intraoperative decision support), highlighting a potential of
natural convergence between robotics and surgical Al.

Udelsman et al. (42) used preoperative and intraoperative
parathyroid hormone (PTH) levels to predict cure rates in
minimally invasive parathyroidectomy. This surgery targets
a single adenoma identified through imaging. Sometimes,
multiple adenomas go undetected, and PTH levels help ensure
that all are removed. They transformed PTH data and used
logistic regression to predict cures. Testing on 100 patients
showed the model correctly predicted cures in 96.3% of single
adenoma cases and 89.4% of multiple adenoma cases (42).

Halicek et al. (43) developed a deep CNN classifier to distinguish
benign from malignant head and neck tissue within the excised
cutaneous and thyroid specimens. Their model achieved
incredible performance with 97% sensitivity, 96% specificity, and
96% accuracy and could be employed to alter resection margins
accurately and, in turn, enhance prognostic outcomes (43).

Quellec et al. (44) proposed that automated case retrieval could
provide real-time warnings or recommendations during surgery
by analyzing live surgical video. André et al. (45) focused on the
emerging field of probe-based confocal laser endomicroscopy
(pCLE). They noted that the classification of pathologies for pCLE
is still being developed by doctors and suggested that accessing
cases with existing annotations and matching histopathological
diagnoses could assist surgeons in making immediate decisions,
such as whether to biopsy tissue (45). They achieved 80.1%
accuracy using a weighted k-NN on 1036 images from 54
patients and reported 94.2% accuracy with a similar method
on 121 videos from 68 patients. André et al. (46) reached 96.7%
AUC for the top concept and 49.4 Kendall T correlation on 118
videos from 66 patients (46-49). Tafresh et al. (49) obtained 89.9%
accuracy and 48.8% Spearman p correlation on 118 videos
from 66 patients. Gu et al. (50) reported high accuracy (96.6%
and 89.2% respectively) on breast tissue datasets. Therefore,
automated case retrieval and pCLE, can assist head and neck
surgical oncology by providing real-time recommendations and
improving diagnostic accuracy during surgery.

Al in Thyroid and Parathyroid Surgery

In endocrine head and neck surgery, Al has rapidly advanced
diagnostic imaging, cytopathology, and intraoperative decision
support. On US, multiple groups report automated or Al-
augmented TI-RADS workflows that improve efficiency and
reduce inter-reader variability. DL models have demonstrated
a potential to aid nodule detection, feature scoring, and

malignancy prediction beyond manual TI-RADS alone (51-
53). Beyond B-mode classification, CNNs trained on large US
datasets achieve performance approaching expert readers for
malignancy prediction and segmentation. Recent meta-analytic
efforts continue to confirm the feasibility of such models (54-56).

In cytopathology, Al applied to WSI of thyroid FNAB can
identify ROl and assist in diagnoses and risk prediction, with a
performance comparable to pathologists. Such applications
have potential use in indeterminate Bethesda categories and
clinical implementation can help reduce cytopathologists work
load (57).

Al-enhanced anatomical recognition during endoscopic
thyroidectomy has shown remarkable accuracy for recurrent
laryngeal identification and could complement
conventional intraoperative nerve monitoring (58). Moreover,
during post postoperative course, ML-based risk calculators
have been validated to predict early hypocalcemia after total
thyroidectomy, enabling selective calcium supplementation
pathways (59). For gland preservation, near-infrared
autofluorescence—including  probe-based  systems (e.g.,
PTeye)—improves parathyroid identification and may reduce
hypocalcemia (60).

nerve

Al in Post-operative Care and Monitoring

Complications following head and neck surgery can have
an impact on both the surgical outcomes and the timely
administration of any necessary adjuvant treatment (61). Al is an
emerging tool that forecasts survival rates, surgical outcomes,
and potential complications, providing tailored strategies for
individual patients. When used thoughtfully, Al has the potential
to transform postoperative surgical care (62). Al can predict post-
operative outcomes and the length of hospital stays (63). Risk
analysis is ML to analyze major post-operative events in head
and neck surgery, which not only helped to predict but also
gave us an indication of the level of care needed for patients
after surgery (64). Kordzadeh et al. (65) applied Al to detect life-
threatening complications after post-endovascular aneurysm
repair .

Using thermal imaging, near-infrared spectroscopy, flow-
coupler, and implantable Doppler for free flap viability
monitoring in reconstructive surgeries has proven superior to
clinical assessment, thus improving salvage rates for the surgery
(66). One of the most common complications after surgery is
cardiorespiratory events. While inward vital monitoring is done
periodically, often at 4-6-hour intervals, using portable wireless
monitoring devices for each patient will provide continuous
monitoring and timely detection of complications. This benefits
patient management and is cost-effective, preventing extended
hospital stays secondary to complications (67). Hence, Al uses
integrated data and precise calculations that help predict and

Turk J Surg 2026;42(3):378-387

383



384

Advancing head and neck surgery: The role of artificial intelligence

monitor post-operative complications and can be utilized for
better surgical outcomes.

Challenges and Limitations

The limitations of Al in head and neck surgery, as well as
medicine in general, are widely debated. Ethical considerations
and patient privacy are the primary challenges in integrating
Al into healthcare. Technical limitations related to data and
analysis include (a) slight differences in training and testing
dataset sizes, (b) varying performance metrics during regression
or classification tasks, and (c) different validation methods, with
some research lacking data validation (1).

An evident illustration of the ethical issues with Al can be
seen in facial recognition software, which has the potential to
perpetuate racial bias and pose significant risks in the field of
plastic surgery (68). Additionally, there are potential risks, such as
cyber-attacks on Al systems and the emergence of bias within
the complex digital network. Addressing these challenges may
require advanced techniques (69).

There are numerous challenges to the widespread
implementation of Al as diagnostic assistance. Interestingly, the
Royal College of Surgery released a report highlighting several
important issues regarding the widespread adoption (70). There
is a growing concern among healthcare professionals and
patients about the potential replacement of medical personnel
by machines. The thing is the loss of sensitive personal
interaction, which generally goes together with a doctor-patient
relationship (71). Data governance and ethics remain a significant
concern as large amounts of patient data could be exposed to
risk (72). Additionally, there is the “Black Box problem’, which
means people cannot see how Al arrives at its decisions. This lack
of transparency adds to some scepticism about Al now (73). The
black-box problem is the high dependence of an algorithm on
available information. However complex they may be in making
determinations, Als are only supposed to aid humans rather
than replace them entirely (74).

Healthcare data segregation and limited access make it difficult
to create effective Al systems. Protecting patients’ confidential
information should be given priority because there is a risk of
unauthorized access to this data. Biased Al algorithms over-fitting
or poor-quality data can lead to unfair results, worsening health
inequities through misleading diagnoses. Many Al systems lack
transparency, raising accountability concerns at various levels.
Ethical concerns are related to responsibility and standards for
making decisions using Al and fear of employees losing jobs
within healthcare (75). To face these challenges, we need to
improve data sharing, enforce more robust security protocols,
employ strategies that can counteract bias in algorithmic
decision-making processes, make sure there is transparency
in systems where Al is used, create ethical frameworks for Al

development, and validate its applications through empirical
methods (76).

Future Directions and Opportunities

Advancements in preoperative preparation have streamlined
the process from pre-surgery to post-surgery, making it more
efficient and effective. While this may lead to higher patient
expenses, the benefits include reduced operation times and
shorter hospital stays. Future research could focus on a cost-
benefit analysis to determine if virtual planning ultimately
reduces overall healthcare costs (77).

In otorhinolaryngology and head and neck surgery, image-
based Al assists surgeons in identifying disorders in high-
demand situations. Enhanced communication among
educational institutions will improve Al reliability and broader
applicability, moving it from proof-of-concept to clinical
use. Challenges include training algorithms on large, diverse
datasets, standardizing data exchange to reduce waste, and
adopting 3D-based Al in surgical education. Prospective studies
are needed to identify practical issues and compare real-world
performance to lab studies (78).

DL networks for bone structures in the head and neck
primarily focus on skull and mandible segmentation. Skull
segmentation networks mainly utilise techniques using US or
magnetic resonance imaging. Current research aims to enhance
mandibular segmentation accuracy by considering slice
layer correlations, multi-scale features, and adding attention
mechanisms. However, further advancements are required,
especially for mandibular segmentation that is compromised
by metal artifacts and tumor erosions. Research on other tissues,
such as the maxillary sinus, is limited due to the lack of publicly
available data (79).

Al is expected to influence biomedical research and medicine
significantly in the future. It is gaining popularity as a potential
alternative to human efforts, especially in decision-making and
reasoning. This capability could revolutionize its application in
surgical procedures by mimicking a surgeon’s cognitive abilities
and, when paired with robotics, serving as a reliable assistant.
Robotic surgery within the field of rhinology will undoubtedly
be the subject of further investigation, mainly to reduce surgical
morbidity, elevate surgical dissection, and improve patient
outcomes (80). Due to safety concerns, unsupervised Al use in
surgery is unlikely in the near future. However, Al's widespread
implementation can significantly enhance diagnostic and
non-invasive surgical aspects, reducing medical professionals’
workloads.

The rapid growth of data and Al integration in surgery is
becoming increasingly necessary. Utilizing computers during
surgery can enhance Al applications, making them more reliable
and proficient tools in medicine. Over time, improved outcomes
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from Al involvement may further establish their importance in
surgery. With ongoing technological advancements, there is
optimism about Al integrated with robotics, revolutionizing
surgical procedures. This approach could enhance the efficacy
and safety of surgeries, with the surgeon acting as a guide.

CONCLUSION

Integrating Al and ML in head and neck surgery represents
a significant transformation in the field. We highlighted the
potential of Al to improve diagnostic accuracy, treatment
planning,intraoperative decision-making,and postoperative care
for patients with head and neck cancers. Despite the usefulness
of Alin head and neck surgery, several challenges remain to be
addressed. Integrating Al into clinical practice requires validation
through large-scale clinical trials to ensure accuracy and
reliability. Moreover, ethical considerations, including patient
privacy and data security, must be addressed to increase trust
and acceptance among healthcare professionals and patients.
Interdisciplinary collaboration, continued innovation, and the
establishing clear regulatory frameworks can catapult the
adaptation of Al-enhanced head and neck surgery techniques.
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Dear Editor,

I 'am writing in response to the recently published article entitled “The Effects of
Preoperative Anaemia on Postoperative Complications in Patients Undergoing
Thoracic Surgery” (1). This study provides important insights into the association
between preoperative anaemia and adverse postoperative outcomes in thoracic
surgery patients, including increased intraoperative blood loss, prolonged chest
drainage duration, higher postoperative transfusion requirements, and extended
hospital stays. The authors have contributed valuable evidence to the understanding
of anaemia as a perioperative risk factor. However, as a reader, | would like to offer
several comments and suggestions that may help strengthen the robustness and
interpretability of future research in this area.

First, the study included a total of 104 patients, with only 29 in the anaemia group.
The relatively small sample size, particularly in the anaemic subgroup, may reduce
the statistical power and limit the stability and reliability of the findings (2). Increasing
the sample size in future studies would help to better elucidate the association
between preoperative anaemia and postoperative complications and improve the
robustness of statistical inference.

Second, although the authors noted that patients in the anaemia group were older—
potentially introducing confounding—other important confounding factors were
not accounted for. Variables such as diabetes, hypertension, cardiovascular disease,
and baseline pulmonary function have all been shown to significantly influence
postoperative outcomes in thoracic surgery (3,4). Incorporating and adjusting for
these variables in the analysis would allow for a more accurate assessment of the
independent effect of preoperative anaemia on postoperative complications.

Furthermore, intraoperative blood loss was included as a key outcome measure;
however, the method of its estimation is subject to considerable uncertainty. Previous
studies have demonstrated that visual estimation may result in errors as high as 52-
85% (5), with a consistent pattern of systematic underestimation in real surgical
settings, particularly in patients who require transfusion (6). This measurement bias
may compromise the reliability of intraoperative blood loss as a study variable.

Lastly, while the study primarily focused on short-term postoperative outcomes such
as chest drainage duration and length of hospital stay, long-term outcomes also
warrant attention. These may include recovery trajectory, postoperative quality of
life, and long-term complications. Including such outcomes in future analyses would
offer a more comprehensive evaluation of the impact of preoperative anaemia on
overall patient recovery and prognosis.
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In summary, this study makes an important contribution to
understanding the role of preoperative anaemia in thoracic
surgical outcomes. Addressing the aforementioned limitations
in future research will help strengthen the evidence base
and provide more precise guidance for clinical practice. | look
forward to seeing further studies building upon this work to
enhance perioperative management and improve the prognosis
of patients undergoing thoracic surgery.
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Dear Editor,

We read with great interest the article by Antony et al. (1) entitled "Novel self-reversing
tube ileostomy as an alternative for conventional loop ileostomy for fecal diversion”
The authors should be commended for addressing the clinically significant issue of
ileostomy- and stoma closure-related morbidity and for proposing an alternative
technique. Given the well-recognized burden of stoma-related complications and
their impact on patient outcomes, the search for safer and more effective diversion
techniques remains highly relevant (1).

However, several methodological aspects of the study may limit the interpretation
of the findings.

First, the heterogeneity between the comparison groups is noteworthy. In particular,
the markedly higher proportion of emergency procedures in the loop ileostomy
group [40.9% (18/44) vs. 9.1% (4/44)] raises concern that the observed outcomes
may be influenced not only by the diversion technique but also by baseline
patient characteristics and surgical context. It is well established that factors such
as elevated body mass index, comorbidities, and operative urgency significantly
affect postoperative outcomes. For instance, obesity has been associated with a
significantly increased risk of stoma-related morbidity (odds ratio=2.01) (2).

Second, complications following ileostomy closure are inherently multifactorial, yet
these variables do not appear to be adequately balanced or controlled. Previous
studies have demonstrated that postoperative complication rates after ileostomy
closure may reach 37.4% (3). Moreover, overall morbidity rates as high as 45.7%
have been reported, including clinically significant adverse events such as adhesion-
related small bowel obstruction, need for reoperation, and prolonged hospitalization
(3). These findings underscore the critical importance of proper patient selection and
group comparability in studies evaluating diversion techniques.

Third, the relatively short follow-up duration of six months limits the assessment
of late complications, particularly adhesive small bowel obstruction. Adhesions
are responsible for approximately 60% of small bowel obstruction cases, and only
around 30% of these events occur within the first year after surgery, with a substantial
proportion developing later (4). Therefore, longer follow-up is essential, especially
for techniques such as tube ileostomy, which involve fixation of the bowel to the
abdominal wall and may theoretically influence adhesion formation.
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Finally, although tube ileostomy appears to be a promising
alternative, the relatively high rates of technical complications—
such as tube obstruction (40.9%) and peritubal leakage (15.9%)
raise concerns regarding its reliability and generalizability.
Additionally, delayed stoma closure has been associated with
significantly increased complication and readmission rates
(26.3% vs. 8.2%), further emphasizing the importance of timing
and patient selection in optimizing outcomes (5).

In conclusion, while this study provides valuable preliminary
insights, its methodological limitations necessitate cautious
interpretation. Therefore, before advocating routine clinical
adoption, these findings should be validated through well-
designed randomized controlled trials with adequate patient
stratification and long-term follow-up.
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