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Lifestyle Medicine: From Adjunct to Core Internal Medicine Practice

® Feray Akbas

University of Health Sciences Tiirkiye, istanbul Training and Research Hospital, Clinic of Internal Medicine, istanbul, Tirkiye

According to the World Health Organization, non-communicable diseases
(NCDs) accounted for 75% of all non-pandemic global mortalities in 2021.
Cardiovascular diseases remained the leading cause of death worldwide,
followed by neoplasms, chronicrespiratory diseasesand diabetes mellitus,
including diabetic nephropathy. The global burden and mortality of
these chronic conditions are significantly exacerbated by modifiable
behavioral and environmental risk factors, including atherogenic diets,
physical inactivity, smoking, harmful alcohol consumption and ambient
air pollution (1). Consequently, promoting and sustaining healthy lifestyle
behaviours should be regarded as a fundamental pillar of the prevention
and management of any chronic disease.

Lifestyle medicine encompasses several core domains, including
adherence to a healthy dietary pattern—preferably one consistent
with the Mediterranean diet—regular and adequate physical activity
and exercise, effective stress management, restorative sleep, avoidance
of health-risk substances (including tobacco, alcohol and illicit drugs),
maintenance of a healthy living environment and the cultivation of
strong social connections (2,3).

Healthy dietary patterns are essential for reducing the risk of chronic
diseases, including type 2 diabetes mellitus, cardiovascular disease, stroke
and certain types of cancer. Although healthy diets may vary according to
cultural and social contexts as well as individual preferences, they should
provide adequate nutrients in appropriate proportions and include a
diverse selection of foods while emphasizing moderation. Ensuring food
safety is also a fundamental component of a healthy diet. Furthermore,
a sustainable healthy dietary pattern should prioritize a wide variety
of minimally processed and unprocessed foods while limiting the
consumption of foods high in unhealthy fats, free sugars, and sodium (4).

Regular physical activity is associated with substantial physical and
psychological health benefits across the lifespan. Engaging in regular
physical activity contributes not only to the prevention and management
of chronic diseases but also to the reduction of symptoms associated
with depression and anxiety, the enhancement of cognitive and brain
health and the improvement of overall quality of life and well-being (5).

Psychiatric conditions—specifically major depression, anxiety and post-
traumatic stress disorder—alongside maladaptive personality traits like
hostility, pessimism and social isolation, are established correlates of
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cardiovascular morbidity. While acute stress acts as a proximal trigger
for thrombotic, arrhythmic or mechanical cardiac events, chronic
psychological stress primarily drives long-term cardiovascular risk by
accelerating atherosclerosis. Furthermore, chronic stress indices are
strongly linked to individual components of metabolic syndrome—
including obesity, dysglycemia, hypertension, and dyslipidemia—as
well as the syndrome as a whole. Because sustained overactivation of
the neuroendocrine stress response poses a critical systemic health risk,
ongoing controlled clinical trials are investigating both pharmacological
and behavioral stress-reduction interventions for their efficacy in chronic
disease prevention and management (6).

Sleep is influenced by a combination of biological, behavioral and
environmental factors. Sleep health is not solely determined by obtaining
the recommended amount of sleep; it also encompasses sleep timing,
regularity, satisfaction and efficiency. Sleep disturbances are associated
with increased risks of chronic diseases, impaired mental health and
reduced quality of life. Therefore, healthy sleep practices should be
prioritized as an essential component of disease prevention, health
promotion and overall well-being (7).

Avoiding health-risk substances, including tobacco, alcohol and illicit
drugs, is a critical component of chronic disease prevention, as these
exposures contribute significantly to the development of cardiovascular
disease, cancer, respiratory disease and other long-term health
conditions (8).

The 2015 World Health Assembly resolution formally recognized air
pollution as a critical risk factor driving the global burden of NCDs,
specifically including ischemic heart disease, stroke, chronic obstructive
pulmonary disease, asthma and various malignancies (9). Premature
death and disease can be prevented to a significant extent through the
creation and promotion of healthier environments. Reducing exposure
to environmental risks can substantially decrease the burden of chronic
diseases (10).

Social connection is a fundamental aspect of human development,
health and survival. The influence of social relationships on physical
health operates through multiple pathways. A substantial body of
evidence demonstrates that individuals who maintain strong, high-
quality social relationships have a lower risk of all-cause mortality and
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a reduced likelihood of developing a wide range of chronic diseases

(11)

As demonstrated by the available evidence, lifestyle medicine should

be r

ecognized as a core component of internal medicine practice rather

than an adjunct to conventional care. Integrating evidence-based
lifestyle interventions into routine clinical practice can help prevent and
manage chronic diseases, improve patient outcomes and quality of life

and

contribute to more sustainable healthcare systems.
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ABSTRACT

Introduction: This study aimed to evaluate the levels of knowledge, clinical approaches, attitudes, and recent experiences of
bleeding complications among physicians in non-cardiovascular surgical disciplines regarding perioperative antithrombotic drug
management.

Methods: This cross-sectional descriptive study included 176 physicians from various surgical specialties in Tirkiye. Data were
collected on demographic information, clinical practice preferences, and antithrombotic medication knowledge, assessed with a 13-
item true/false questionnaire. Construct validity was confirmed using confirmatory factor analysis, with comparative fit index: 0.98
and root mean square error of approximation: 0.012. Descriptive statistics and non-parametric tests were used for analysis.

Results: The mean knowledge score was 7.69 out of 13. Warfarin was the drug causing the greatest preoperative concern (65.9%).
During the previous six months, 47.2% of participants reported minor bleeding complications, and 11.4% reported major bleeding
complications. Knowledge scores were highest among anesthesiology physicians and significantly lower among pediatric surgery,
urology, and ear, nose and throat physicians (p<0.001). Physicians older than 51 years and those with more than 15 years of
experience had significantly lower scores (p<0.05). Aspirin management varied considerably, with 39.8% discontinuing treatment
and 40.3% consulting another specialty.

Conclusion: Physicians demonstrated moderate knowledge levels and substantial inter-specialty variability in perioperative

antithrombotic management. Lower knowledge scores among more experienced physicians highlight the need for continuous
education. Establishing multidisciplinary anticoagulation management teams and standardized decision-support protocols may

improve patient safety and reduce complications.

Keywords: Perioperative antithrombotic management, anticoagulants, antiplatelet agents, surgical training, knowledge level

Introduction

While surgical interventions are life-saving, surgical stress can disrupt the
delicate balance between bleeding and thrombosis, posing a significant
perioperative risk. Patients with a history of cardiovascular and
cerebrovascular disease who are therefore receiving anticoagulant or
antiplatelet therapy constitute a high-risk group during the perioperative
period (1). The management of antithrombotic drugs before surgery in
these patients requires complex clinical decision-making. Continuing
these drugs increases the risk of life-threatening bleeding complications,
while discontinuing them can lead to fatal thromboembolic events such
as stroke, myocardial infarction, or mechanical valve thrombosis (2).

Guidelines (American College of Chest Physicians and European
Society of Cardiology) offer guidance to physicians; however, the ideal
management strategy should be personalized according to the patient’s
thrombosis-bleeding risk profile, the pharmacokinetic properties of
the medication used, the bleeding risk of the planned surgery, and the

Cardiovascular Surgery, Balikesir, Turkiye

and anticoagulant medications. istanbul Med J. 2026; 27(3): 181-8
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center’s capabilities (3,4). There may be differences in the application
of current guideline recommendations across surgical disciplines,
and physicians’ adherence to these recommendations may be directly
influenced by their personal experience, professional seniority, and
previous encounters with bleeding/thrombosis complications (5).

Few comprehensive studies have evaluated the current level of
knowledge, approaches, and experiences of physicians
across different surgical specialties in Tirkiye regarding preoperative
antithrombotic drug management. Although some specialty-specific
studies have been conducted -such as surveys evaluating anticoagulant
and deep vein thrombosis knowledge among obstetrics and gynecology

clinical

physicians- comprehensive data covering multiple surgical disciplines
remain limited (6). This study aims to reveal the preoperative approaches
of physicians working in surgical disciplines other than cardiovascular
surgery for patients using antithrombotic drugs, their level of knowledge
about these drugs, and their experience with bleeding complications.
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Methods

This cross-sectional, descriptive survey was designed to evaluate the
knowledge levels, attitudes, and clinical practices of surgical specialists
regarding the management of preoperative antithrombotic drugs
(antiplatelet and anticoagulant agents). Ethical approval for this study
was obtained from the Necmettin Erbakan University Ethics Committee
for Non-Pharmaceutical and Non-Medical Device Research (decision
number: 2024/5184; meeting number: 204; date: 20.09.2024). Online
informed consent was obtained from participants before data collection
began; all data were collected anonymously and were used only for
scientific purposes.

Study Population

A total of 176 surgeons who actively practice or are engaged in
academic activities in the field of surgery participated in the study.
Participants consisted of specialist physicians, assistant physicians,
and academic physicians. Inclusion criteria were defined as physicians
working in any surgical specialty who were involved in the management
of antithrombotic drugs in surgical procedures. Those working in
cardiovascular surgery and participants who did not complete the
questionnaire were excluded from the study.

Data Collection Tool

Data were collected using a structured questionnaire developed by
the researchers based on a literature review and expert opinions. The
questionnaire was prepared online using the Google Forms platform
and distributed to volunteer participants via social media channels
(WhatsApp, email groups, etc.). Since the survey was distributed through
voluntary online channels, a predefined sampling frame and response
rate could not be calculated. The questionnaire took an average of
5-7 minutes to complete, and informed consent was obtained from
participants online.

The survey consists of three sections:

1. Demographic and professional information (6 questions): Questions
asking about participants’ gender, age range, surgical specialty, title,
length of professional experience, and average monthly number of
cases.

2. Clinical practice and approach (5 questions): These questions address
participants” clinical practices and attitudes, such as their caseload
of patients using anticoagulants and antiplatelets, their approach to
aspirin discontinuation, their concerns about specific drugs, and their
experiences with minor and major bleeding complications in the last
six months.

3. Knowledge level assessment (15 questions): Questions on the
monitoring parameters and indications of direct oral anticoagulants
(DOACGs),
weight heparins, mechanisms of action of aspirin and clopidogrel,
discontinuation periods, and bleeding risk (Table 1).

reversal of warfarin, pharmacology of low molecular

Development and Evaluation of the Knowledge Questionnaire

The antithrombotic medication knowledge questionnaire initially
consisted of 15 true/false items. Based on item analysis, items 5 and 15
were removed from the scale because their discriminant indices (point
biserial) were below 0.20. Following their removal, the Kuder-Richardson
coefficient (KR)-20 reliability coefficient increased from 0.428 to 0.469.

Item difficulty values for the 13 items ranged from 0.307 to 0.864,
with most items falling within an acceptable difficulty range. Point-
biserial correlations ranged from 0.251 to 0.529, indicating variable but
generally acceptable item discrimination. Biserial correlation values
ranged from 0.324 to 0.665 and were above 0.3 for all items, suggesting
that the items were related to the total score. The KR-20 reliability
coefficient of the final 13-item scale was 0.469, indicating low internal
consistency (Table 2).

Table 1. Items of the antithrombotic medication knowledge questionnaire

2::;5;3" Question

1 The effectiveness of novel oral anticoagulants can be monitored using aPTT.

2 Novel oral anticoagulants can be safely used during pregnancy.

3 In patients with mechanical heart valves, novel oral anticoagulants can be used as an alternative to warfarin.

4 The anticoagulant effect of low-molecular-weight heparins cannot be monitored using aPTT.

6 Renal failure is a condition that requires dose adjustment during low-molecular-weight heparin therapy.

7 Warfarin is an anticoagulant that can be neutralized by protamine sulfate.

8 Platelet transfusion is required prior to emergency surgical intervention in patients with elevated INR due to warfarin use.

9 The dosage of warfarin therapy should be planned according to the patient’s body weight.

10 Patients with a history of mechanical valve replacement can be managed with acetylsalicylic acid therapy during the perioperative period.
11 Although the duration of action of acetylsalicylic acid is 7-10 days, it is generally not necessary to discontinue it before surgical procedures.
12 The inhibition of platelet aggregation by acetylsalicylic acid is irreversible.

13 Clopidogrel is an anticoagulant drug that exerts its effect through inhibition of Factor V and Factor VII.

14 Discontinuation of clopidogrel therapy 5 days prior to elective surgical procedures is sufficient.

aPTT: Activated partial thromboplastin time, INR: International normalized ratio
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The first-order unidimensional structure of the blood thinner
medications questionnaire, comprising 13 items was tested using
confirmatory factor analysis (CFA) with the RSP library in R (R Project)
(Figure 1). Since the data did not meet the assumption of multivariate
normality, model fit was tested using the diagonally weighted least
squares (DWLS) estimation technique to assess construct validity. The
CFA results are presented in Figure 1. Based on the resulting goodness-
of-fit values (3% 66.604, df: 65, p=0.422, root mean square error of
approximation: 0.012, comparative fit index: 0.98, standardized root
mean square residual: 0.063, y?/df: 1.025), the proposed single-factor
model showed good fit with the data and was acceptable. These findings
suggest that the single-factor structure of the questionnaire is acceptable
in the present sample.

The final antithrombotic medication knowledge questionnaire consisted
of 13 dichotomously coded items, with incorrect answers scored as 0
and correct answers scored as 1. The total score on the scale is calculated
by summing the correct item responses and ranges from 0 to 13.

Statistical Analysis

In this study, the internal consistency and reliability of the questionnaire
were first evaluated using the KR-20 coefficient. CFA was performed using
DWLS estimation to assess construct validity. For subgroup analyses,
the distribution of survey scores was tested for normality using the
Kolmogorov-Smirnov test when n>50 for each group, and the Shapiro-
Wilk test when n<50. The Mann-Whitney U test and the Kruskal-Wallis H
test were used to compare survey scores across groups when the scores
were not normally distributed. For the Kruskal-Wallis H test, pairwise
comparisons to assess significant differences were conducted using the
Bonferroni-corrected Dunn test and presented with a lettering method.

The analysis results were presented as mean and standard deviation (SD)
(mean + SD) for normally distributed quantitative data and as median,
minimum, and maximum [median (minimum-maximum)] for non-

A4
Ql| Q2] Q3| Q4] Q6| Q7| Q8| Q9 | Q10| Q11| QI2| Q13| Q14

s 3 2 LF & 2 % & & £ 3 X &

Figure 1. Confirmatory factor analysis diagram of the blood thinner
medications questionnaire

Erkan and Rahman. Surgeons’ Awareness of Antithrombotic Drugs

normally distributed data. For categorical data, they were presented
as frequencies (n) and percentages (%). A significance level of “p<0.05”
was considered in all calculations. R software was used to obtain the
findings of the analysis. The application results were obtained using the
RSP package in R.

Results

A total of 176 surgeons were included in the study. Examination of the
age distribution of participants showed that 64.8% were in the 31-40
age range. The distribution of participants by gender showed that 60.8%
were male and 39.2% were female. When the distribution by specialty
was examined, the highest percentage of physicians was in general
surgery (19.3%), followed by anesthesiology and resuscitation (16.5%)
and orthopedics and traumatology (13.6%) (Table 3).

Examination of the distribution of titles showed that 57.4% of the
participants were specialists, 28.4% were research assistants, and
14.2% were academics. Surgeons with 1-5 and 6-11 years of experience
were equally represented (38.6% each), followed by those with 11-15
years (14.2%) and more than 15 years (8.5%). Regarding monthly case
numbers, 26.7% of participants see more than 41 cases per month,
while 17.6% see between 1 and 10 cases per month.

Half of the participants (50%) stated that the proportion of patients
using antithrombotic agents in their clinics was between 0% and 25%.
This was followed by 32.4% and 14.2% in the 25-50% and 50-75% ranges,
respectively. Regarding aspirin use, 39.8% of surgeons stated that they
discontinued aspirin before surgery, 19.9% did not discontinue it,
and 40.3% consulted the relevant specialist before making a decision.
Warfarin was identified as the drug of most concern in the preoperative
process, with 65.9%. When the occurrence of complications duringthe last

Table 2. Item analysis and reliability results of the antithrombotic
medication knowledge questionnaire

Question :iti??ilculty E?sienrtial Biserial
Q1 0.693 0.251 0.329
Q2 0.619 0.254 0.324
Q3 0.307 0.351 0.461
Q4 0.710 0.288 0.382
Q6 0.693 0.394 0.518
Q7 0.455 0.529 0.665
Q8 0.562 0.382 0.480
Q9 0.438 0.429 0.540
Q10 0.756 0.319 0.436
Q11 0.489 0.374 0.468
Q12 0.665 0.420 0.544
Q13 0.443 0.486 0.612
Q14 0.626 0.264 0.415
Number of participants 176

Number of item 13

KR-20 0.469

KR: Kuder-Richardson coefficient
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Table 3. Descriptive statistics of demographic characteristics

Age

25-30

31-40

41-50

>51

Gender

Male

Female

Specialty

Anesthesiology and reanimation
Neurosurgery

Pediatric surgery

General surgery

Thoracic surgery
Ophthalmology

Obstetrics and gynecology
Otorhinolaryngology
Orthopedics and traumatology
Plastic and reconstructive surgery
Urology

Title

Research assistant

Specialist physician

Academic staff

Years of experience in specialty
1-5

6-11

11-15

>15

Number of cases per month

=41

Proportion of patients using blood thinners

0-25
25-50
50-75
75-100

184

n

36
114
18

107
69

29

34
15
11
21

24

14

50
101
25

68
68
25
15

31
35
4
2
47

88
57
25

%

20.5
64.8
10.2
43

60.8
39.2

19.3
8.5
6.3
1.9
43
13.6
5.1

284
57.4
14.2

38.6
38.6
14.2
8.5

17.6
19.9
233
125
26.7

50
324
14.2
3.4

Table 3. Continued

n %
Discontinuation of aspirin before surgery
Yes 70 39.8
No 35 19.9
Consultation with the relevant physician 71 40.3

Anticoagulant of concern in the preoperative period

Aspirin 22 12.5
Clopidogrel 24 13.6
Warfarin 116 65.9
DOACs 14 8

Minor complications in the last 6 months
No 93 52.8
Yes 83 47.2
Major complications in the last 6 months
No 156 88.6
Yes 20 11.4

DOAC: Direct oral anticoagulant

six months was examined, 47.2% of participants reported experiencing
minor complications, while 11.4% reported major complications.

The mean total score on the antithrombotic medication knowledge
questionnaire was 7.69 (range: 2-13) (Table 4).

There was a statistically significant difference in total scores on the
antithrombotic medication knowledge questionnaire between age
groups (p=0.019). This difference was particularly evident between the
scores of participants aged 51 and older and the scores of participants
in other age groups. The median total score on the antithrombotic
medication knowledge questionnaire was 5 for participants aged 51 and
older, compared with 8 for participants in other age groups (Table 5).

A statistically significant difference in participants’ total scores on the
antithrombotic medication knowledge questionnaire was observed
across specialties (p<0.001). This difference was particularly observed
between the scores of participants in the anesthesiology and
resuscitation specialty and those of participants in the pediatric surgery,
gynecology and obstetrics, otolaryngology, and urology specialties. The
median total score was 9 for anesthesiology and resuscitation, 5 for
pediatric surgery, and 6 for obstetrics and gynecology, otolaryngology,
and urology.

Table 4. Descriptive statistics for the total score of the
antithrombotic medication knowledge questionnaire

Mean £ SD Median (min-max)
Total score (n=176) 7.69%2.24 8 (2-13)

SD: Standard deviation, min: Minimum, max: Maximum



Table 5. Relationship between the antithrombotic medication

knowledge questionnaire total score and demographic

characteristics

Age
25-30
31-40
41-50
>51
Gender
Male
Female
Specialty

Anesthesiology and
reanimation

Neurosurgery

Pediatric surgery

General surgery

Thoracic surgery
Ophthalmology
Obstetrics and gynecology
Otorhinolaryngology

Orthopedics and
traumatology

Plastic and reconstructive
surgery

Urology

Title

Research assistant
Specialist physician

Academic staff

Mean £
SD

7.83+£1.98
7.75%2.26
8.17+2.31
5.25+1.67

7.58+2.36
7.87%2.05

9.31£1.56

8.57£2.07
4.5%1

8.41£2.27
7.53%£1.73
7.82£1.99
6.29£2.08
6.25£1.98

7.54£2.08

6.78%2.22

6.93£2.16

7.82£1.87
7.83£2.21
6.88£2.86

Years of experience in specialty

1-5

6-11

11-15

>15

Number of cases per month
1-10

11-20

21-30

31-40

>41

8.07£1.99
7.59£2.2

7.92£2.58
6.07£2.34

8.03£1.87
7.46x1.85
7.29%2.5
7.55%2.6
8.06%2.31

Median
(min-max)

0.970

42.621

4.135

)
)
9.676
)
)

)
)
3) 4.061
)
)

Statistic

p

0.019"

0.332m

<0.001"

0.126"

0.022"

0.398"
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Table 5. Continued

Mean + Median ..
D (min-max) Statistic p

Proportion of patients using blood thinners
0-25 731124 7 (2-13)
25-50 8.0912.2 9(3-12)

5.769 0.124"
50-75 8.12+1.67 8(4-12)
75-10 7.8311.6 8.5 (5-9)
Discontinuation of aspirin before surgery
Yes 7244212 7 (3-12)
No 824242 8(3-13) sim | o
Consultation YVI'th the 7894221 8(2-13)
relevant physician
Anticoagulant of concern in the preoperative period
Aspirin 6+1.95 6 (3-9)°
Clopidogrel 8.79£2.11 9(6-13)°

18.152 <0.001"
Warfarin 7.76£2.16 8 (2-12)°
DOACs 7.93£2.27 8(3-13)*
Minor complications in the last 6 months
No 744227  7(2-13)

1.803 0.071™
Yes 8.02+2.17 8(3-13)
Major complications in the last 6 months
No 7.63+2.19 8 (2-13)

0.824 0.410™
Yes 8.15+2.64 8 (4-13)

m: Mann-Whitney U test, ": Kruskal-Wallis H test, 22"¢®: No significant
difference between groups sharing the same letter (Bonferroni-corrected
Dunn test), Mean: Average, SD: Standard deviation, min: Minimum, max:
Maximum

Participants’ total scores on the antithrombotic medication knowledge
questionnaire differed significantly by length of experience in the
specialty (p=0.022). This difference was particularly evident between
the scores of participants with 1-5 years of experience in the specialty
and those with more than 15 years of experience. The median total
score for participants with 1-5 years of experience in the specialty was
8, while the median score for participants with more than 15 years of
experience in the specialty was 6.

There were no statistically significant differences in participants’ total
scores on the antithrombotic medication knowledge questionnaire
across other demographic characteristics (p>0.05).

Discussion

This study examines surgeons’ knowledge, attitudes, and practices
regarding the management of anticoagulant and antiplatelet drugs
prior to elective surgeries and procedures and provides an overview
of current clinical practice. The findings, particularly the moderate
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level of knowledge, the reverse relationship with experience and age,
contrary to expectations, and the differences between specialties, are
consistent with trends reported in the literature, while also offering new
perspectives on some details.

Guidelines on perioperative anticoagulant and antiplatelet therapy
management recommend a balanced approach between bleeding and
thrombosis risks and guide decisions on discontinuation and reinitiation
of treatment. For example, the CHEST guidelines specify discontinuation
and restart timing for vitamin K antagonists and DOACs, while
recommending that most antiplatelet drugs, such as aspirin, should not
be discontinued in most non-cardiac surgeries if the surgical risk is low (1).
The aim of this approach is to strike a balance between preventing
major thromboembolic complications and minimizing preventable
bleeding complications.

In our study, surgeons knowledge of the risk assessment and
management strategies recommended in international guidelines
was generally moderate. This reflects the heterogeneity in knowledge
regarding the management of anticoagulant and antiplatelet drugs
across many clinical settings worldwide. For example, in our study,
heterogeneity in approaches to aspirin discontinuation (39.8%
discontinue, 19.9% do not discontinue, 40.3% consult) indicates
significant inconsistency in translating current guidelines into
practice. This deviation indicates the need to disseminate guideline
recommendations locally and to convert them into simple clinical
decision-support tools (checklists and flowcharts). On the other hand,
systematic reviews have reported that discontinuing antiplatelet
therapy has varying effects on the risk of major bleeding or thrombosis
across different studies (7). In this context, methodological differences in
information and practice across surgical specialties and according to the
bleeding risk of the procedure are to be expected.

In our study, the majority of participants (65.9%) reported warfarin as
the medication of greatest concern during the preoperative period;
this finding can be explained by epidemiological realities and clinical
experience in Tlrkiye. Warfarin is a medication that has been used for
decades; it is cost-effective and widely accessible. Therefore, it is used
in a much wider patient population compared to DOACs, especially
in specific indications such as mechanical heart valves and rheumatic
valve disease (8). Consequently, surgeons more frequently encounter
patients who use warfarin in their clinical practice and are therefore
more exposed to bleeding complications associated with this drug. This
high exposure may have created concern among physicians regarding
warfarin.  Furthermore, warfarin’s narrow therapeutic window,
numerous drug-food interactions, and challenging management process
due to international normalized ratio fluctuations are another factor
that increases the experience of complications (9). DOACs, on the other
hand, are relatively new agents; their use is limited to more controlled
indications (particularly non-valvular atrial fibrillation and venous
thromboembolism), and they have a more stable pharmacokinetic
profile. This may have contributed to physicians experiencing fewer
complications with DOACs and, consequently, being relatively less
concerned. However, the lack of routine monitoring for DOACs and the
cost and accessibility issues of their emergency antidotes (idarucizumab
and andexanet alfa) pose challenges to their use. However, the lack
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of routine monitoring of DOACs and the cost/accessibility issues of
their emergency antidotes (idarucizumab, andexanet alfa) should not
obscure the potential risks associated with these drugs (10). Ultimately,
this finding suggests that concerns stem not only from the drug’s
pharmacological risks but also from its prevalence in the population
and consequently, physicians accumulated clinical experience.

In this study, the fact that a significant proportion of participants
(40.3%) reported consulting with a specialist physician before deciding
to discontinue aspirin is an encouraging finding and can be considered a
reflection of the “patient-specific, multidisciplinary approach” that forms
the essence of the guidelines in practice (1). Studies exist suggesting that
coordinated work between surgeons, anesthesiologists, cardiologists,
and hematologists is necessary in perioperative antithrombotic
management (11). Similarly, structured multidisciplinary services such
as a “perioperative antithrombotic clinic” or a standard consultation
pathway have been shown to increase physician confidence and reduce
the rate of adverse events (12). Therefore, establishing “Perioperative
Medicine Units” or “Anticoagulation Management Teams” in hospitals
and implementing simple consultation algorithms, in addition to
educational activities aimed at increasing knowledge, may be among
the most effective ways to translate our findings into improved clinical
outcomes.

The significantly high knowledge scores of physicians in the field
of anesthesiology and resuscitation also support this field’s role as a
perioperative risk manager and a multidisciplinary bridge for surgical
patients. Similar to our study, a survey involving 296 anesthesiologists
and assistant physicians working in various hospitals across Tirkiye
showed that physicians in this specialty manage anticoagulant drugs in
accordance with international guidelines (13).

In our study, advanced age and longer professional experience were
associated with lower, rather than higher, knowledge scores. This
finding contradicts the general assumption that “knowledge increases
with experience” and emphasizes the critical importance of continuous
professional development in rapidly evolving fields such as perioperative
medicine. This inverse relationship can be explained by several factors.
First, when more senior physicians were undergoing basic medical
training, DOACs had not yet entered clinical use, and antithrombotic
management was warfarin-focused. Second, physicians with established
clinical practice habits may be less willing to follow current guideline
recommendations or may have limited time to integrate them into
practice. This situation can also be linked to the concept of “clinical
inertia” (14). Third, the complexity and frequent updates of guidelines
make it difficult for all physicians to keep up with these changes (15).

On the other hand, the rate at which physicians adopt new treatment
protocols is generally shaped by their past prescribing habits and
clinical experience. For example, physicians who prescribed almost
exclusively warfarin in their practice in 2013 showed a slower increase
in the adoption rate of DOACs by 2018 (16). This suggests that more
senior physicians may feel more confident with warfarin management,
which they are familiar with through years of experience, while newer
graduates and younger physicians may be more familiar with and open
to adopting these new agents because they were exposed to DOAC



protocols during their training. This finding points to the necessity of
designing postgraduate training programs to target not only residents
and young specialists, but physicians at all seniority levels.

The results of our study clearly demonstrate the need for structured
and continuous education on perioperative antithrombotic drug
management in surgical specialties. The participants’ average
knowledge score of 7.69 (out of 13) indicates that the correct answer
rate was approximately 59%, which poses a risk to clinical decision-
making. The finding that 47.2% of participants reported minor bleeding
complications in the previous six months may indicate patient safety
concerns; however, this result should be interpreted cautiously because
it was based on self-report and not objectively verified. This educational
need is not specific to surgical disciplines but is a common requirement
across different areas of medicine involving drug management. Indeed,
a survey conducted with dentists and specialists also reported significant
knowledge gaps and educational needs regarding antithrombotic
drug management (17). The literature suggests that, due to the
persistence of preventable patient harm associated with anticoagulants,
anticoagulation management programs structured similarly to antibiotic
management should be developed, and healthcare institutions should
adopt a proactive approach in this regard (18).

Study Limitations

This study has some limitations. Due to its cross-sectional design, the
findings do not allow for establishing causal relationships and only
reflect the level of knowledge and clinical approaches during a specific
time period. The collection of data through self-reported online surveys
carries the risk of social desirability and recall bias; in particular, the
inability to verify experiences of complications with objective clinical
records may limit the reliability of the results. Furthermore, participation
based on voluntary enrollment may increase the likelihood of physicians
more involved in anticoagulant and antiplatelet management being
included in the study, thereby limiting the representativeness of
the sample. An important limitation of this study is the relatively
low internal consistency of the knowledge scale, as indicated by the
KR-20 coefficient of 0.469. Although the final 13-item form showed
acceptable construct validity in CFA, the total knowledge scores should
be interpreted with caution. This may limit the precision of subgroup
comparisons and indicates the need for further validation of the scale
in larger samples. In addition, formal content validity assessment, pilot
testing, and exploratory factor analysis were not performed, which
limits the strength of validity claims regarding the questionnaire.

Conclusion

This exploratory study suggests that physicians working in surgical
specialties other than cardiovascular surgery may have moderate
knowledge levels regarding perioperative anticoagulant and antiplatelet
drug management, with variability across clinical practice patterns.
Heterogeneous approaches to aspirin discontinuation and practices
inconsistent with guideline recommendations highlight the need for
standardized decision-making processes. The higher knowledge scores
of anesthesiologists and resuscitation physicians support the role of
this specialty in perioperative risk management, while the association
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of older age and longer professional experience with lower knowledge
levels emphasizes the importance of continuing professional education.
These findings suggest that the development of multidisciplinary and
structured antithrombotic management approaches based on current
guidelines in surgical clinics is critical for patient safety.
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ABSTRACT

Introduction: Rathke’s cleft cysts (RCCs) are benign lesions of the pituitary region. Variations in sphenoid sinus aeration influence
sellar anatomy, but their relationship to RCCs is unknown. This study examined whether specific sphenoid sinus pneumatization
patterns are associated with RCCs.

Methods: A retrospective case—control study was conducted, including 126 subjects: 63 patients with magnetic resonance imaging
(MRI)-confirmed RCCs and 63 control individuals matched for age and sex, who had no evidence of sellar or parasellar pathology.
Computed tomography and MRIs images were evaluated to categorize sphenoid sinus aeration as conchal, presellar, incomplete
sellar, or complete sellar. All imaging assessments were performed independently by two neuroradiologists (Y.B.T. and M.B.), blinded
to group allocation. Statistical comparisons were made using the chi-square test.

Results: The RCCs and control groups had comparable ages (43.6+12.8 vs. 42.9+13.4 years, p=0.78) and sex distribution (61.9% vs.
58.7% female, p=0.71). Among patients with RCCs, the incomplete sellar pattern was the most frequent (58.7%), followed by complete
sellar (31.7%), presellar (6.3%), and conchal (3.2%) patterns. In contrast, control subjects most commonly demonstrated complete
sellar aeration (52.4%). Overall, pneumatization patterns differed significantly between groups (x 23.42, df: 3, p<0.05).

Conclusion: Individuals with RCCs exhibited a higher prevalence of incomplete sellar sphenoid sinus aeration compared with
matched controls. This association may reflect underlying developmental or anatomical factors within the sellar-sphenoid region,
potentially contributing to the formation of RCCs or to earlier symptom onset. Awareness of this relationship may support more

refined radiologic assessment and improve preoperative planning for patients with cystic sellar lesions.

Keywords: Rathke’s cleft cyst, sphenoid sinus, pneumatization, sellar region, pituitary

Introduction

Rathke’s cleft cysts (RCCs) are epithelial cysts that develop from persistent
embryologic tissue located between the anterior and posterior pituitary
lobes. Although many RCCs are asymptomaticand incidentally discovered,
symptomatic cases may present with headache, visual disturbances, or
endocrine dysfunction from compression of adjacent structures (e.g.,
pituitary, optic apparatus) (1-3). Recent reviews highlight their variable
natural history, noting that most uncompressed RCCs remain stable over
time and advocating conservative management for selected cases (4,5).
However, growth, recurrence, or symptomatic progression may occur,
with recent work proposing risk models to predict which lesions will
evolve (5).
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The sphenoid sinus, located below the sella turcica, shows substantial
interindividual variation in the degree of aeration. Sphenoid sinus
pneumatization, which may extend anteriorly, posteriorly, laterally, or
inferiorly, can influence both anatomical relationships and radiologic
appearance of the sellar region (6). In fact, previous computed
tomography (CT) investigations indicate that how the sphenoid sinus
pneumatizes can influence multiple aspects of sellar morphology, as well
as the protrusion or dehiscence of adjacent neurovascular structures (7).
Moreover, the extent of pneumatization is not only surgically relevant
(e.g., in planning transsphenoidal corridors) but may also impact
biomechanical interactions between sinus cavities and the pituitary
gland (8).
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Given the embryological proximity and close spatial relationship
between the sphenoid sinus and the pituitary region, it is biologically
plausible that variations in pneumatization might correlate with the
occurrence, growth, or morphology of RCCs. To our knowledge, no prior
work has thoroughly assessed whether particular aeration patterns of
the sphenoid sinus are more common among individuals with RCCs.

Therefore, this study aims to evaluate, using CT and magnetic resonance
imaging (MRI), whether specific sphenoid sinus pneumatization subtypes
are more frequent in patients with RCCs than in matched controls. We
hypothesize that less extensive pneumatization (e.g., incomplete sellar)
may be more common in RCCs, or that certain pneumatization patterns
may predispose to cyst formation or facilitate detection.

Methods

Study Design and Ethical Considerations

This research used a retrospective observational design and followed
the ethical standards outlined in the Declaration of Helsinki. This study
was approved by the istanbul University Non-Interventional Clinical
Research Ethics Committee (decision number: 23, date: 14.11.2025)
neuroradiologists (Y.B.T. and M.B.). Informed consent was waived by the
Ethics Committee due to the retrospective nature of the study and the
use of anonymized imaging data.

Patient Selection

The study population comprised 126 subjects: 63 with radiologically
confirmed RCCs and 63 matched controls without sellar or parasellar
pathology. The RCCs group consisted of patients whose diagnoses were
established based on MRI findings between January 2018 and December
2023. Controls were selected from individuals who underwent cranial
MRI for unrelated, non-sellar reasons (e.g., headache, dizziness) and had
no radiological evidence of sellar or parasellar lesions. As this was a
retrospective study conducted at a tertiary-care center, the RCC cohort
likely reflects a referred, potentially symptomatic population.

Exclusion criteria for both groups included:

1. History of pituitary or sphenoid sinus surgery,

2. Presence of neoplastic or inflammatory sellar lesions,
3. Poor-quality or incomplete imaging data,

4. Congenital craniofacial malformations affecting the sphenoid region.

Imaging Acquisition and Evaluation

MRI and CT images were retrieved from istanbul University Faculty of
Medicine’s Picture Archiving and Communication System. MRI scans
were performed on 1.5-T or 3-T scanners (GE or Siemens Healthcare
systems), using standard sellar protocols that included sagittal and
coronal T1-weighted, T2-weighted, and post-contrast T1 sequences. CT
images were used to evaluate the bony anatomy of the sphenoid sinus
and the extent of pneumatization.

The extent of sphenoid sinus aeration was classified into four subtypes
according to the extent of aeration relative to the sella turcica, as
described in prior literature (9-12):
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1. Conchal type—minimal aeration anterior to the sella;

2. Presellar type—pneumatization extending anteriorly but not reaching
the sella;

3. Incomplete sellar type—aeration extending partially below the sella;

4. Complete sellar type—pneumatization extending fully below the sella
floor (Figure 1).

Two experienced neuroradiologists (Y.B.T. and M.B.), blinded to the
patient/control grouping, independently reviewed all scans. In case
of disagreement, consensus was reached through joint review. Inter-

Figure 1. Representative sagittal computed tomography (left column)
and corresponding magnetic resonance imaging (right column) images
demonstrating the four primary sphenoid sinus pneumatization subtypes
in patients with Rathke’s cleft cyst. (A, a) Conchal type: minimal aeration
anterior to the sella; (B, b) presellar type: aeration extending anteriorly but
not reaching the sella; C, ¢) incomplete sellar type: partial pneumatization
beneath the sella turcica; (D, d) complete sellar type: extensive
pneumatization extending fully below the sellar floor



observer consistency was assessed qualitatively. All images selected
for inclusion in figures were reviewed for clarity and anatomical
representativeness.

Data Collection and Statistical Analysis

Demographic data (age and sex) and radiological classifications were
recorded for each subject. Descriptive statistics were expressed as
mean * standard deviation for continuous variables and as frequency
(percentage) for categorical variables. The chi-square (y?) test was used to
assess the association between groups (RCCs vs. controls) and sphenoid
sinus pneumatization types. Due to the relatively limited sample size and
the categorical nature of the primary variables, multivariate regression
analysis was not performed. A p value of <0.05 was considered
statistically significant. Statistical analyses were performed using 1BM
SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA).

Results

Demographic Characteristics

This study included 126 participants, consisting of 63 individuals with
RCCs and an equal number of age- and sex-matched controls.

The RCCs group had a mean age of 43.6+12.8 years (21-68 years),
whereas the control group averaged 42.9+13.4 years (20-70 years). This
difference was not statistically significant (p=0.78). The RCCs group
included 39 females (61.9%) and 24 males (38.1%), whereas the control
group included 37 females (58.7%) and 26 males (41.3%). The gender
distribution between groups was comparable (p=0.71).

Distribution of Sphenoid Sinus Pneumatization Types

The pattern of sphenoid sinus aeration differed markedly between the
RCCs and the control groups (3% 23.42, df: 3, p<0.05). In patients with
RCGs, incomplete sellar pneumatization was the most frequent pattern
(58.73%, n=37), while complete sellar aeration accounted for 31.75%
(n=20). Presellar types (6.35%, n=4) and conchal types (3.17%, n=2) were
observed much less frequently.

In contrast, the control group demonstrated a higher prevalence of
the complete sellar type (52.38%, n=33), with lower prevalences of the
incomplete sellar type (28.57%, n=18), presellar type (17.46%, n=11),
and conchal type (1.59%, n=1).

Dolen Burak et al. Sphenoid Pneumatization in RCC

This difference indicates that incomplete sellar pneumatization is more
frequently associated with RCCs, whereas complete sellar pneumatization
is more common in individuals without sellar pathology (Table 1).

Discussion

In this study, we identified a significant difference in sphenoid sinus
pneumatization patterns between patients with RCCs and matched
controls. Incomplete sellar pneumatization was markedly more frequent
among individuals with RCCs, whereas complete sellar pneumatization
predominated in the control population. This finding suggests a
potential anatomical or developmental relationship between sphenoid
sinus aeration and the presence of RCCs, which has not been previously
emphasized in the literature.

Although no prior studies have directly examined the association
between RCCs and sphenoid previous
radiological investigations have clarified how the degree of
sinus aeration influences the configuration of the sella turcica
and surrounding structures (12). Recent C(T-based analyses have
demonstrated that extensive pneumatization correlates with a thinner
sellar floor and altered relationships with the internal carotid artery,
optic nerve, and other parasellar elements (5,12). Dogan et al. (5)
showed that sellar and postsellar pneumatization are the dominant
patterns in the general adult population, while incomplete aeration
represents a smaller minority. Similarly, Tavakoli et al. (11), using cone-
beam CT, reported that sellar and postsellar configurations together
accounted for over 70% of cases. In contrast, our cohort of patients
with RCCs exhibited a striking predominance of the incomplete sellar
pattern, suggesting that patients with RCCs may differ systematically
from the general population in the anatomical development of the
sphenoid sinus. However, differences in classification systems may
influence this apparent discrepancy. Previous studies, such as those
by Dogan et al. (5) and Tavakoli et al. (11), often grouped sellar and
postsellar pneumatization patterns together, whereas the present
study subdivided these into incomplete and complete sellar types.
When these two categories are considered jointly in our control group,
the overall distribution is broadly consistent with prior reports in the
general adult population. Therefore, the observed differences should
be interpreted in the context of classification methodology rather than
as a direct contradiction with existing literature.

sinus  pneumatization,

Table 1. Distribution of sphenoid sinus pneumatization subtypes in RCC and control groups

Sphenoid sinus pneumatization type RCC group (n=63)

n
Conchal type 2
Presellar type 4
Incomplete sellar type 37
Complete sellar type 20
Total 63

Control group (n=63) p value
% n %
3.17 1 1.59
6.35 11 17.46
58.73 18 28.57
31.75 33 52.38
100 63 100 <0.05

Data are presented as the number of cases (n) and the percentage (%). A significant difference was observed between groups (% 23.42, df: 3, p<0.05). The incomplete sellar type was the
most frequent pattern among RCC patients, whereas the complete sellar type predominated in controls. RCC: Rathke’s cleft cyst
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This observation may be interpreted within the context of the shared
embryologicand anatomical evolution of the sellar region. The sphenoid
sinus begins to pneumatize during early childhood and usually reaches
the sella turcica by the age of seven, continuing to expand through
puberty (13). Variability in the extent of this pneumatization influences
the thickness of the sellar floor and the position of the pituitary fossa
relative to the sinus cavity (14). In individuals with limited or incomplete
sellar pneumatization, the bony sellar floor remains thicker, providing a
denser barrier between the pituitary gland and the sinus. Because RCCs
arise from epithelial remnants of Rathke’s pouch at the junction of the
anterior and posterior pituitary, such structural differences may influence
the persistence, expansion, or presentation of these cystic remnants.
The thicker bony confines and smaller sellar volume associated with
incomplete pneumatization could restrict inferior expansion toward
the sinus, causing RCCs to enlarge superiorly or remain intrasellar. As
a result, these cysts may produce symptoms such as headache, visual
field deficits, or endocrine dysfunction at smaller sizes, leading to earlier
detection on imaging and thus overrepresentation in symptomatic
cohorts such as ours (15,16).

Beyond mechanical constraint, developmental coupling between
the processes of sinus pneumatization and sellar ossification may
also contribute. Both occur in close temporal and spatial proximity
during embryogenesis and depend on local osteogenic and epithelial-
mesenchymal interactions. Subtle alterations in local signaling pathways
(e.g., bone morphogenetic protein activity) or in vascular remodeling
might delay or limit pneumatization and simultaneously influence the
microenvironment of Rathke’s pouch remnants. A less pneumatized
sphenoid may also yield different local pressure gradients, venous
drainage characteristics, or mucosal-osseous interactions, creating a
milieu more favorable for cyst persistence or enlargement. Conversely,
in a fully pneumatized sinus, increased aeration and mucosal exposure
might facilitate micro-drainage or resorption of cystic fluid, potentially
reducingcyst visibility or size on imaging. This interplay of developmental
timing, regional mechanics, and tissue microenvironment offers a
plausible embryologic framework linking incomplete pneumatization
with RCCs formation or manifestation (17).

The current findings are consistent with the broader literature on RCCS’
morphology and behavior. Recent reviews have underscored that RCCs
are benign, epithelial cysts of variable clinical course, often stable
but sometimes enlarging due to intermittent fluid accumulation or
inflammation (2,3). Imaging studies have documented considerable
heterogeneity in cyst size, location, and wall characteristics, supporting
the idea that local anatomic context influences disease expression
(18). Case reports of intrasphenoidal or ectopic RCCs further illustrate
how developmental variations in sinus and sellar anatomy can
modify cyst location. Therefore, the higher frequency of incomplete
sellar pneumatization observed in our RCC cohort may represent a
developmental variation similar to that proposed for ectopic cyst
locations (19,20).

From a clinical perspective, the recognition of this anatomical
relationship carries several implications. For surgical planning,
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incomplete sellar pneumatization is associated with a thicker bony
barrier and altered landmarks, which require careful preoperative
assessment to optimize transsphenoidal access. Awareness of this
pattern may help anticipate technical difficulty and tailor drilling
strategies. For radiologists, identifying an incomplete sellar sinus in
the presence of a sellar cyst should raise awareness of possible RCCs
and guide the differential diagnosis, distinguishing RCCs from other
cystic lesions such as cystic adenomas or arachnoid cysts. In the
context of conservative management, the possibility that incomplete
pneumatization predisposes to earlier symptom onset could explain
why some RCCs become clinically apparent despite small size, while
others in fully pneumatized sinuses remain quiescent (21-23).

Study Limitations

This study has several limitations that should be acknowledged. First,
its retrospective design limits causal inference between sphenoid sinus
pneumatization patterns and the presence of RCCs. Second, the sample
was drawn from a single istanbul University Faculty of Medicine, which
may have introduced selection bias toward symptomatic, referred, or
more clinically apparent cases. Therefore, the RCC cohort may not fully
represent the general population or incidentally detected lesions. Third,
we did not include quantitative morphometric measurements (e.g.,
sellar depth, volume, or floor thickness), and this omission limits our
ability to directly support the proposed developmental and anatomical
interpretations. These parameters may act as important intermediate
variables linking sphenoid pneumatization to the development of
RCCs. Additionally, the four-type classification of sphenoid sinus
pneumatization did not account for lateral or clival extension variants,
which may also influence sellar anatomy. Another limitation is that the
statistical analysis was limited to univariate comparisons. Multivariate
methods, such as logistic regression, were not applied to control for
potential confounding variables. Therefore, the observed association
between pneumatization patterns and the presence of RCCs should
be interpreted with caution, as it may be influenced by unmeasured
or residual confounders. Although two neuroradiologists (Y.B.T. and
M.B.) reviewed the imaging studies, interobserver agreement was
assessed qualitatively rather than using quantitative reliability metrics.
Future research incorporating prospective designs, larger and more
diverse populations, and comprehensive morphometric and volumetric
analyses would strengthen understanding of the developmental and
anatomical relationships suggested by this study.

Conclusion

Our results indicate that individuals with RCCs more frequently exhibit
incomplete sellar-type aeration of the sphenoid sinus. This relationship
likely reflects a combination of developmental coupling and mechanical
constraint within the sellar—sphenoid complex. By providing new
evidence on anatomical factors that may influence the occurrence
and presentation of RCGs, this study enhances understanding of the
development of the pituitary region and underscores the importance of
detailed radiological evaluation of sphenoid pneumatization patterns
when assessing sellar lesions.
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ABSTRACT

Introduction: There is increasing awareness of the existence of neuropathic pain (NP) symptoms in addition to mechanical pain in
knee osteoarthritis (OA). The aim of this study is to evaluate the effect of physical therapy on NP in women with OA.

Methods: Forty-one women with symptomatic OA according to American College of Rheumatology criteria who underwent 15
sessions of physical therapy were included in this retrospective study. Pain severity was evaluated using the Numeric Pain Rating
Scale (NPRS). PainDETECT was used to assess NP. Those with a PainDETECT score between 13 and 38 were considered to have NP.
Patients without NP were classified as group 1, and patients with NP were classified as group 2. The Knee Injury and Osteoarthritis
Outcome Score (KOOS) was used to evaluate knee-related conditions.

Results: Mean age was 57.845.9 years. Mean duration of pain was 24 months (median 108) in group 1 and 54 months (median 102)
in group 2 (p=0.163). NP was detected in 14 patients (34%). Mean NPRS scores at baseline were 6.0 (3.0) and 10.0 (0.3) in groups 1 and
2, respectively. Mean NPRS scores after treatment were 3.0 (3.0) and 8.0 (2.5) in groups 1 and 2, respectively. The mean NPRS score
decreased significantly in both groups (p<0.05). Mean NPRS scores one month later were 2.0 (3.0) and 7.5 (3.0) in groups 1 and 2,
respectively (p<0.05). In group 1, a significant improvement was observed in all KOOS domains after treatment and at the 1%-month
control (p<0.05). However, significant increases were observed only in the KOOS pain and activities of daily living subgroups of group
2 after treatment (p<0.05). Multiple linear regression analysis revealed that NP was a negative predictive factor for improvement in
KOOS symptom and quality-of-life subscores after treatment and at the end of the first month (p=0.001, p=0.032).

Conclusion: In this study, NP was present in almost 1/3 of OA cases and negatively affected pain relief after physical therapy.

Furthermore, NP was a negative predictive factor for improvement in knee-related function and quality of life.

Keywords: Knee osteoarthritis, physical therapy, neuropathic pain

Introduction

Knee osteoarthritis (OA) is a progressive degenerative joint disease
primarily characterized by chronic pain and functional impairment.
While knee OA pain is predominantly nociceptive, it can sometimes have
nociplastic or neuropathic characteristics (1). A previous meta-analysis
reported rates of possible neuropathic pain (NP) and probable NP in
patients with knee OA assessed with the PainDETECT questionnaire as
40% and 20%, respectively (2). In another study, NP prevalence has been
reported 23% in knee or hip OA (3). A previous study by Giingor Demir et
al. (4) using the Douleur Neuropathique-4 (DN4) questionnaire reported
a NP rate of 49% in patients with knee OA. Moreover, Golob et al. (5),
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Rehabilitation Training and Research Hospital, Department of Physical Therapy and Rehabilitation, istanbul, Tiirkiye

concluded that 14.8% of the patients with knee OA had possible NP,
whereas 24.6% had probable NP using the PainDETECT questionnaire.

Classic treatment for knee OA primarily involves patient education,
protective measures, and physical therapy interventions. Simple
analgesics are generally used as first-line treatment. However, it has been
suggested that simple analgesics are less effective in individuals with NP
(5). In symptomatic patients with a NP component, adding centrally
acting analgesics to the treatment regimen is usually more beneficial
than regimens without them. Psychological and physical methods are
frequently used together in the treatment of NP. However, there is a
paucity of rigorous studies evaluating the efficacy and safety of these
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therapeutic interventions (6). Physical therapy methods, consisting
of various physical activities and exercises, can improve function and
alleviate pain. However, a previous study on individuals with lower
extremity OA suggested that improvement was less pronounced after a
12-week exercise program in those who had NP-like symptoms prior to
treatment (7). The cornerstone of knee OA treatment includes patient
education, alongside optimizing body weight and engaging in exercises

®).

Antidepressant medications have demonstrated only minimal
improvements in pain and function among patients with OA (9).
However, they should be used with caution due to potential side effects.

A limited body of research examines the effects of physical therapy
interventions on individuals with NP secondary to OA. This study aims
to evaluate improvement in pain following physical therapy in this
population.

Methods

Forty-one women who were admitted to the outpatient clinics of
University of Health Sciences Tiirkiye, Istanbul Physical Therapy
Rehabilitation Training and Research Hospital between 01.08.2018 and
31.12.2018 with symptomatic knee OA according to American College of
Rheumatology criteriaand who were scheduled for 15 sessions of physical
therapy [hot pack, transcutaneous electrical nerve stimulation (TENS),
short-wave diathermy or ultrasound] were included in this retrospective
study. Patients with additional comorbidities that could cause NP were
excluded from the study. This study was approved by the University of
Health Sciences Tiirkiye, Bakirkoy Dr. Sadi Konuk Training and Research
Hospital Clinical Research Ethics Committee (protocol code: 2020/111,
decision number: 2020-05-16, date: 02.03.2020). Patients participating
in the study were asked to sign an informed consent form. Demographic
and clinical characteristics before treatment, at the end of treatment,
and 1 month after treatment were recorded. Numeric Pain Rating Scale
(NPRS), Turkish version of PainDETECT questionnaire for NP and Turkish
version of knee injury and Osteoarthritis Outcome Score (KOOS) scores
were completed from the patients’ files. Those with a PainDETECT score
between 13 and 38 were considered to have NP. Patients without NP
were classified as group 1, and patients with NP were classified as group
2.

Numeric Pain Rating Scale

NPRS is an 11-point metric ranging from 0 to 10, where 0 indicates the
complete absence of pain and 10 represents the maximum possible
pain. Within this framework, patients are required to verbally designate
a numerical value that best reflects the intensity of pain experienced
during the preceding 24-hour period. Additionally, a written format is
commonly used, with values from 0 to 10 expressed in words. The NPRS
demonstrates commendable sensitivity while yielding data amenable to
statistical analysis (10).

PainDETECT Questionnaire

The PainDETECT questionnaire, initially created for chronic low back
pain, has been adapted for knee OA and shown to be effective in
detecting NP components. This assessment includes seven weighted

Sabirli et al. Osteoarthritis with or without Neuropathic Pain

sensory-descriptive questions and two items illustrating the temporal
and propagation aspects of pain. The overall score ranges from 0 to 38
points. For NP, a score of <12 indicates low probability; scores within
13-18 indicate indeterminate probability; and a score of >19 indicates
high probability (11). In our study, the Turkish version of PainDETECT
Questionnaire was used (12).

Knee Injury and Osteoarthritis Outcome Score

The KOOS consists of five dimensions relevant to patients, each assessed
individually: pain, symptoms, activities of daily living (ADL), sports and
recreational functions, and overall quality of life. It employs a Likert
scale, providing five possible response options rated from 0 (indicating
no issues) to 4 (indicating severe issues); the score for each of the five
dimensions is the total of the respective items, where a score of 0 reflects
a significant knee problem, while a score of 100 indicates no knee issues
(13). The reliability and validity of the KOOS-Turkish version have been
evaluated in individuals with knee OA (14).

Statistical Analysis

The Shapiro-Wilk test was used to assess whether the data conformed to
a normal distribution for statistical analysis. The Friedman and Wilcoxon
tests were used to compare means within groups, while the Mann-
Whitney U test was used to compare means between groups. To evaluate
the impact of potential confounding variables on improvements as
measured by KOOS and NPRS, a multiple linear regression analysis was
conducted. Data analysis was performed using the SPSS 22.0 software. A
p value of less than 0.05 was regarded as statistically significant.

Results

Demographic and clinical features are outlined in Table 1. The average
duration of knee pain was 67.0£72.3 months. An NP component
was identified in 14 (34%) patients based on assessments using the
PainDETECT score. No statistically significant differences were found
between the two groups in the patients’ demographic, anthropometric,
and clinical characteristics (Table 1).

The intensity of pain assessed using the NPRS score showed a significant
reduction following treatment and at the end of the first month in
patients without NP (group 1) (p=0.0001) (Table 2). In group 2, a notable
decrease in pain was observed after treatment (p=0.003) and at the
end of the first month post-treatment (p=0.001) compared with pre-
treatment levels.

Pain intensity, as measured by NPRS, decreased by 21.8% and 42.3%
at the end of physical therapy in the groups with and without NP,
respectively (p=0.012). By the first month after treatment, pain relief
in the groups with and without NP was 33.7% and 48.0%, respectively
(p=0.005).

In the group, 1 notable enhancements were seen in the KOOS pain
symptom, ADL, sports activity, and quality of life sub-scores following
treatment and one month after the treatment concluded (p<0.001)
(Table 2). However, in group 2, significant improvement was found only
in the KOOS pain and ADL sub-scores after treatment and at the end of
the first month after treatment (p=0.007, p=0.003).

195



istanbul Med | 2026; 27(3): 194-8

Multiple linear regression analysis was conducted to determine the effect
of NP on KOOS-assessed improvement while controlling for potential
confounding factors. The results demonstrated that NP was a significant
determinant of clinical outcomes. Accordingly, NP was identified as a
negative predictor of improvement in the KOOS symptom subscale both
at the end of treatment and at 1 month post-treatment. This finding
indicates that the presence of NP adversely affects improvement as
measured by the KOOS symptom score (Table 3).

Furthermore, the PainDETECT score was found to be a significant
negative predictor of improvement in the KOOS quality of life subscale

Table 1. Demographic and clinical characteristics

at both the end of treatment and at 1 month post-treatment. As the
NP score increased, the degree of improvement in KOOS quality of life
decreased (Table 3).

Discussion

In this study, the NP rate was 34% among patients with knee OA. The
severity of pain and disability was high among the knee OA patients
with an NP component. Pain intensity was reduced significantly after
15 sessions of physical therapy for a total of 3 weeks in patients with
and without NP, both after treatment and at the 1%-month controls.

Group 1 n=27 Group 2 n=14 p value
Age (years) 57.07.0 57.0+10.3 0.879
BMI (kg/m?) 32.0+10.0 35.0+8.3 0.424
Duration of education (years) 5.0£5.0 5.0£7.3 0.872
Duration of knee pain (months) 24.0 (108.0) 54.0 (102.0) 0.163
Duration of last episode of knee pain (weeks) 4.0 (5.0) 8.0 (6.5) 0.063
Kellgren-Lawrence scores-right knee 2.0 (1.0) 3.0(1.0) 0.442
Kellgren-Lawrence scores-left knee 2.0 (1.0) 3.0 (1.0) 0.586

Data is given as median (interquartile range). Means were compared with Mann-Whitney U test. BMI: Body mass index

Table 2. KOOS and NPRS scores in two group pre-treatment, end of the treatment and after one month. The effect of physical therapy on recovery, as
assessed with NPRS scores and KOOS subscores, was evaluated in groups defined by PainDETECT scores

KOOS Group Pre-treatment End of the treatment One month after treatment p value
. Group 1 53.0 (25.0) 67.0 (25.0) 78.0 (22.0) 0.0001
pain Group 2 36.0 (16.8) 36.0 (19.8) 44.0 (20.5) 0.007
Group 1 68.0 (26.0) 71.0 (24.0) 82.0 (21.0) 0.0001
Symptom Group 2 54.0 (23.8) 49.5 (28.3) 57.0 (26.8) 0.726
Group 1 59.0 (32.0) 71.0 (19.0) 79.0 (24.0) 0.0001
ADL Group 2 43.5(233) 43.5(20.3) 53.5(18.3) 0.003
o Group 1 25.0 (25.0) 40.0 (20.0) 40.0 (25.0) 0.002
Group 2 7.5(213) 15.0 (23.8) 20.0 (21.3) 0.133
Group 1 43.0 (19.0) 50.0 (25.0) 50.0 (31.0) 0.0001
Quality of life
Group 2 25.0(10.8) 28.0 (16.0) 31.0 (14.3) 0.192
NPRS Group 1 6.0 (3.0) 3.0 (3.0) 2.0(3.0) 0.0001
Group 2 10.0 (0.3) 8.0 (2.5) 7.5(3.0) 0.0001

Data are presented as median (interquartile range). Means were compared using the Friedman test. KOOS: Knee Injury and Osteoarthritis Outcome Score, NPRS: Numeric Pain Rating Scale

Table 3. The effect of neuropathic pain on recovery. A regression model

Outcome variable Predictor variable B
KOOS symptom (Constant) 8.2
End of the treatment Presense of neuropathic pain ~ -12.5
KOOS symptom (Constant) 12.3
One month after treatment Presense of neuropathic pain ~ -10.7
K00S-QOL (Constant) 18.8
End of the treatment PainDETECT score -1.0
K00S-QOL (Constant) 24.3
One month after treatment PainDETECT score 1.0

Std. Beta

-0.41

-0.34

-0.35

-0.34

Sig.

0.004
0.009
0.001
0.032
0.001
0.026
0.001
0.028

Adj R? F

0.141 7.5
0.09 49
0.099 53
0.095 5.2

p
0.009

0.032

0.026

0.028

Durbin-Watson  VIF

2.1

2.2

1.7

1.00

KOOS: Knee Injury and Osteoarthritis Outcome Score, QOL: Quality of life, Std. Beta: Standardized beta coefficient, Sig.: Significance, Adj R Adjusted R-squared, VIF: Variance inflation factor
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Definition of NP in patients with knee OA is useful for planning the
treatment (15).

A notable discovery from this research was that the group without the NP
component exhibited significant improvements in KOOS pain scores, ADL,
sports activity, and quality of life subgroups after treatment and at the 1°
month control. However, the patients showed a significant improvement
only in the KOOS pain and ADL subgroups of the NP group (Table 2). Polat
et al. (16) reported that there was a significant improvement in WOMAC
pain and stiffness scores (p<0.05) after 15 sessions of TENS and hot pack
application in knee OA patients both with and without NP.

In a previous study, a poor improvement has been found after 15
sessions of physical therapy in knee OA patients with central sensitization
and depression (17). In another study, the authors concluded that
the patients with lower extremity OA who had NP as measured by
PainDETECT questionnaire, showed a weak improvement in pain after
12-week exercise program (7).

In this study, pain severity and disability were higher in patients with
an NP component. NP, pain catastrophism and central sensitization
accompanies reduced knee related functional status in knee OA (18).
In a study conducted by Askin et al. (19) with 60 patients with knee OA,
NP component was detected in 66.7% of the patients according to the
PainDETECT score and 46.7% according to the DN4 score. In another
study conducted by Garip et al. (20), in which 150 patients participated,
the prevalence of NP was reported as 44% (p=0.00). Similarly, Hochman
et al. (21), found that the NP rate is 34% in a study with 80 knee OA
patients. In another study, the NP rate was 31.1% among 109 patients
with knee OA, as measured by the PainDETECT questionnaire. Scores
>19 were accepted as likely NP, >13 to <18 as possible NP and <12 as
unlikely NP (22). In another study conducted by Dainese et al. (23) with
96 patients, the NP rate was reported as 40% by using the PainDETECT
questionnaire. In our study, this rate 34% of the patient population and
was consistent with previous studies.

These results highlight the significance of considering NP in the
treatment of knee OA, as it influences treatment outcomes and
patient-reported improvements. The results of this study suggest
that addressing NP alongside conventional OA management may be
crucial for optimizing patient care and enhancing treatment efficacy.
These insights contribute to a more comprehensive understanding of
the multifaceted nature of knee OA and highlight the significance of
tailored treatment approaches based on individual pain profiles.

Study Limitations

This study has strengths and limitations. Its strengths are that all of the
tests were conducted through face-to-face interviews, both NP and pain
severity were assessed, and patients were followed up after treatment.
Its limitations are that it was conducted with a relatively small number
of patients and a retrospective design.

Conclusion

NP in women with knee OA can significantly influence the response to
physiotherapy interventions. Tailoring a special physiotherapy program

Sabirli et al. Osteoarthritis with or without Neuropathic Pain

to consider the NP component and pain sensitization may lead to better
outcomes in knee-related pain and function in these patients.
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ABSTRACT

Introduction: This study investigates the relationship between aortic arch calcification (AAC) and the stroke risk scores, CHA DS -VASc
and CHA,DS,-VA, in patients with atrial fibrillation (AF). It aims to evaluate the association between AACand these scores and to assess
its potential as a marker for cardiovascular risk stratification.

Methods: This cross-sectional study included 492 participants stratified by AAC severity (Grades 0-3) based on standard chest X-rays.
Stroke risk scores were calculated based on clinical data. Additional parameters, including renal function, inflammatory markers,
and medication use, were recorded. Statistical analyses included univariate and multivariate regression analyses, as well as receiver
operating characteristic (ROC) curve analysis, to evaluate the predictive value of stroke risk scores for AAC severity.

Results: Patients with higher AAC grades demonstrated significantly elevated CHA DS-VASc and CHA,DS,-VA scores (p<0.001).
AAC severity correlated with advanced age, reduced glomerular filtration rate (GFR), lower serum albumin, and anemia. Logistic
regression also identified GFR, beyond the stroke risk scores, as an independent predictor of AAC severity. ROC analysis demonstrated
that CHA,DS,-VASc [area under the curve (AUQ): 0.694] and CHA,DS,-VA (AUC: 0.688) scores significantly predicted AAC severity, with
optimal cut-off values of >3 and >2, respectively (p<0.001).

Conclusion: AAC is significantly associated with higher stroke risk scores in patients with AF, and may serve as an additional tool for
risk stratification. Incorporating the AAC assessment into current risk models could provide additional context for cardiovascular risk

stratification in patients with AF; however, prospective validation with stroke outcomes is needed.

Keywords: Aortic arch calcification, CHA,DS,-VASc score, cardiovascular risk

Introduction

One important field of research in contemporary clinical practice is the
prevention of cerebrovascular disorders. Thrombotic or embolic events
that decrease blood supply to the brain are frequently implicated in
the pathophysiology of ischemic stroke. The most prevalent cardiac
arrhythmia associated with stroke etiology, especially when it comes
to cardioembolic processes, is atrial fibrillation (AF) (1). As a result,
AF diagnosis and treatment are crucial, particularly when it comes
to detecting cardiac-origin thrombi and determining the etiology of
the stroke. For risk assessment in clinical practice, numerous scoring
systems have been created and are now in use. Initially, the CHADS,
score was utilized, which was later updated to the CHA,DS,-VASc score
by incorporating adjustments for gender, vascular disease, and age
(2). Most recently, the scoring system was changed to the CHA DS,-VA
score because gender has declined in importance for risk weighting (3).
These scoring systems provide clinicians with a convenient method for
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estimating the annual risk of embolic events. For example, an individual
with a CHA,DS,-VASc score of 5 (or a CHA DS -VA score of 4) carries an
approximate 7% annual risk of ischemic stroke (2,3).

Recent studies have made recommendations to enhance the relevance
and accuracy of this scoring system. According to one study, adding
creatinine clearance to mortality prediction data produced more reliable
results, especially for those with low creatinine clearance (4). In addition,
versions that modify the effectiveness of age have also been previously
studied (5). In another study, the gender component score was reversed
and it was suggested that the CHA DS -VASc score may be predictive as a
mortality predictor during the pandemic period (6).

Aortic arch calcification (AAC) is a clinically significant characteristic in
thrombotic events and has been linked to classic cardiovascular risk
factors (7-9). Specifically, there are statistically significant correlations
between the severity of cardiovascular illnesses and the degree of AAC
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(10,11). AAC has been thoroughly investigated in various studies as a
significant indicator of active and progressive systemic atherosclerosis,
rather than simply a manifestation of the aging process (7-11). Further
advantages in risk assessment of patients with AF may arise from the
correlation of CHA,DS -VASc and CHA,DS,-VA scores with the extent of AAC.
The aim of this study was to examine the severity of AAC in patients with
AF and to evaluate a possible relationship with CHA DS -VASc and CHA,DS -
VA scores, which are used to predict the risk of cerebrovascular events.

Methods

This study was a cross-sectional observational study. Patients who
presented to the outpatient clinic during a 6-month period were
consecutively included in the study. The sample size required for
inclusion in the study was calculated using the G*Power program.
The study’s primary variable is the degree of AAC. A sample size of at
least 210 cases was determined, based on a paired Student’s t-test with
95% power, an o error probability of 0.05, and a medium effect size
according to Cohen.

All patients who presented to the cardiology outpatient clinic and
provided consent to participate in the study underwent a comprehensive
evaluation for inclusion. The exclusion criteria for the study were met if
an active infection, an active malignancy, or pregnancy was detected.

A comprehensive medical history was obtained from all subjectsincluded
in the study, and comorbid cardiovascular, renal, and endocrinological
conditions were documented. The body mass index [(BMI), kg/m?] and
the body surface area [(BSA), m?] were calculated using the following
formula: “weight/height?”” and “SquareRoot ([height (cm) x weight
(kg)]/3600),” respectively. Routine blood tests were performed on all
individuals included in the study. The glomerular filtration rate (GFR)
was calculated using the estimated GFR formula, and the modified
Simpson method was used for the assessment of ejection fraction (12).
CHA,DS,-VASc and CHA,DS,-VA scores were calculated based on the
participants’ data (2,3).

AAGs and cardiac condition were assessed by cardiologists. At a focus-
to-patient distance of 150 cm, standard chest X-rays were taken while
the patient was upright. AAC received the following grade (13): There is
no calcification apparent in Grade 0; there are thin calcifications or tiny
calcification spots on the aortic knob in Grade 1; there are one or more
thicker calcification areas in Grade 2; and there is circular calcification
on the aortic knob in Grade 3 (Figure 1). Each participant’s cardiothoracic
index was determined using the same chest X-ray. The aorta/heart and
aorta/lung ratios were also computed by dividing the aortic arch width
by the heart and lung widths (as determined by the cardiothoracic
index). Interobserver agreement, assessed by Cohen’s kappa, was close
to perfect (x: 0.817, p<0.001).

For ethical compliance, approval was obtained from the Non-
Interventional Ethics Committee of Tekirdag Dr. ismail Fehmi Cumalioglu
City Hospital (protocol number: 43, date: 12.05.2023). All individuals
included in the study were informed about the research in accordance
with the ethical principles outlined in the Second Declaration of Helsinki
on research involving human subjects, and their written informed
consent was obtained.
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Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics software
(IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp). The normality of continuous variables
was assessed by visual inspection of histograms and Q-Q plots and
by the Shapiro-Wilk test. Continuous variables following a normal
distribution were presented as mean (+ standard deviation), while non-
normally distributed continuous variables were reported as median
(interquartile range). Categorical variables were expressed as numbers
and percentages. For group comparisons, continuous variables that
were normally distributed were analyzed using Student’s t-test, while
continuous variables that were not normally distributed were analyzed
using the Mann-Whitney U test. Categorical variables were analyzed
using the chi-square test or Fisher's exact test. Logistic regression
analyses, both univariate and multivariate, were performed to identify
predictors. Receiver operating characteristic (ROC) curve analysis was
used to determine cut-off values and evaluate sensitivity and specificity.
A two-sided p value <0.05 was considered statistically significant for all
comparisons.

Results

A total of 492 consecutive individuals who provided consent to
participate in the study were included in the analysis. First, participants
were stratified into three groups based on AAC grade: absent (Grade 0,
n=111), mild (Grade 1, n=211), and severe (Grade 2-3, n=170). Because
clinical findings were prominent when AAC was present, significance
tests were conducted on a binary basis according to the presence or
absence of AAC (AAC absent, n=111; AAC present, n=381). The findings
are detailed according to both AAC presence and category (Table 1).

Figure 1. Aortic arch calcification grades. A) Grade 0: No calcification, B)
Grade 1: Thin calcifications or tiny calcification spots, C) Grade 2: One or
more thicker calcification areas, D) Grade 3: Circular calcification



Table 1. Demographic findings of study group

AAC absent
Parameters l‘::;z Grade 0

n=111
Age, years 77.68+12.75 69.45+15.39
Gender (female) 282 (57.3%) 61 (54.9%)
Body mass index, kg/m? 29.5616.63 29.98+6.91
Body surface area, m? 1.41£0.82 1.50£0.83
Hypertension 420 (85.4%) 91 (82.0%)
DM 132 (26.8%) 25 (22.5%)
CAD 157 (31.9%) 27 (24.3%)
CHF 65 (13.2%) 15 (13.5%)
Stroke 123 (25.0%) 27 (24.3%)
Hyperlipidaemia 161 (32.7%) 34 (30.9%)
PAD 37 (7.7%) 8 (7.3%)
KD 51 (10.3%) 5 (4.5%)
CHA,DS -VASc 4.13£1.48 3.33£1.58
CHA,DS,-VA 3.56£1.41 2.78%1.56
RAAS blocker 280 (56.9%) 42 (37.8%)
Anti-hyperlipidaemic 146 (29.7%) 35 (31.5%)
Calcium channel blocker 149 (30.3%) 24 (21.6%)
Beta blocker 328 (66.7%) 76 (69.1%)
Insulin 36 (7.3%) 4 (3.6%)
Antiplatelet 50 (10.2%) 12 (10.9%)
Digoxin 84 (17.1%) 22 (20.0%)
LT4 14 (2.8%) 2 (1.8%)
Antithyroid 6 (1.2%) 2 (1.8%)
Oral antidiabetic 114 (23.2%) 22 (20.0%)
Diuretic 234 (47.6%) 38 (34.5%)
Amiodarone 28 (5.7%) 6 (5.5%)
Anticoagulant
Apixaban 144 (29.3%) 68 (30.9%)
Dabigatran 12 (2.4%) 8 (3.6%)
Edoxaban 72 (14.6%) 28 (12.7%)
Rivaroxaban 234 (47.6%) 108 (49.1%)
Warfarin 30 (6.1%) 8 (3.6%)

Cakan and Koktirk. Aortic Arch Calcification and CHA,DS,-VASc Score

AAC present

Mild (Grade 1) Severe (Grade 2-3) Total p value
n=211 n=170 n=381

78.68+10.31 81.76+11.28 80.05+10.83 <0.001*
117 (55.4%) 104 (61.2%) 221 (55.4%) 0.169
30.05+6.27 28.731£6.87 29.4416.56 0.640
1.36%0.86 1.44+0.78 1.39+0.83 0.390
179 (84.8%) 150 (88.2%) 329 (86.4%) 0.530
54 (25.5%) 53 (31.2%) 107 (28.1%) 0.436
65 (30.8%) 65 (38.2%) 130 (34.1%) 0.172
27 (12.8%) 23 (13.5%) 50 (13.1%) 0.969
52 (24.6%) 45 (26.4%) 96 (25.2%) 0.821
64 (30.2%) 63 (37.0%) 127 (33.3%) 0.843
16 (7.5%) 13 (7.6%) 29 (7.6%) 0.975
30 (14.2%) 16 (9.4%) 46 (12.0%) 0.118
4.18%1.37 4.62+1.35 4.37+1.38 <0.001*
3.63£1.26 4.00£1.29 3.79£1.28 <0.001*
132 (62.3%) 106 (62.4%) 238 (62.3%) 0.002*
44 (20.8%) 67 (39.4%) 111 (29.1%) 0.952
56 (26.4%) 69 (40.6%) 125 (33.6%) 0.156
146 (68.9%) 106 (62.4%) 252 (66.0%) 0.787
16 (7.5%) 18 (9.4%) 32 (8.4%) 0370
18 (8.5%) 20 (11.8%) 38 (9.9%) 0.742
30 (14.2%) 32 (18.8%) 62(16.2%) 0.652
10 (4.7%) 2 (1.1%) 12 (3.1%) 0.511
2(0.9% 2 (1.2%) 4(1.0%) 0.890
46 (21.7%) 46 (27.1%) 92 (24.1%) 0.652
106 (50.0%) 90 (52.9%) 196 (51.3%) 0.041%
14 (6.6%) 8 (4.7%) 22 (5.8%) 0.850
68 (32.1%) 42 (24.7%) 110 (28.8%)

6 (2.8%) 2 (1.2%) 8 (2.1%)

32 (15.1%) 26 (15.3%) 58 (15.2%) 0.845
92 (43.4%) 88 (51.8%) 180 (47.1%)

14 (6.6%) 12 (7.1%) 26 (6.8%)

*Statistically significant p values. AAC: Aortic arch calcification, DM: Diabetes mellitus, CAD: Coronary artery disease, CHF: Congestive heart failure, PAD: Peripheral artery disease, CKD:

Chronic kidney disease, RAAS: Renin—angiotensin—aldosterone system, LT4: Levothyroxine

The cohort’s average age was 77.68%+12.75 years. The age difference
between participants with severe AAC (81.76+11.28 years) and those
without AAC (69.45+15.39 years, p<0.001) was significant. There was
no discernible change in the gender distribution (p=0.169), despite a
minor variation in the proportion of females between groups (56.3% in
Grade 0 vs. 61.2% in Grades 2-3). Body composition measures showed
no significant difference between groups (p=0.640 and p=0.390,
respectively), with the mean BMI for the entire cohort being 29.56+6.63
kg/m? and the mean BSA being 1.41+0.82 m2. Hypertension was the
most prevalent comorbidity, affecting 85.4% of participants; however,

the difference between the groups was not statistically significant
(p=0.530). Diabetes mellitus was noted in 26.8% of participants; its
prevalence increased with AAC severity (Grade 0: 21.8%; Grades 2-3:
31.8; p=0.436).

CHA,DS,-VASc and CHA,DS,-VA scores were significantly associated with
AAC severity. The mean CHA,DS -VASc score increased from 3.33£1.58
in the no AAC group to 4.62%1.35 in the severe group (p<0.001 for AAC
presence). A similar pattern was observed for CHA DS -VA scores (Grade
0: 2.78+1.56 vs. Grades 2-3: 4.00+1.29, p<0.001 for AAC presence).
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Laboratory parameters highlighted significant differences among AAC
groups, particularly in markers of renal function, nutrition, and anemia
(Table 2). GFR declined significantly with increasing AAC severity. The
mean GFR was 83.80+14.75 mL/min in the absent AAC group compared
to 69.79+18.79 mL/min in the AAC-present group (p<0.001). Serum
albumin levels were lowest in patients with severe AAC (39.21+5.53
g/L) compared to those with no AAC (41.79+4.34 g/L, p=0.016).
Haemoglobin levels showed a significant decline in patients with severe
AAC (11.95%1.61 g/dL) compared to the no AAC group (13.05+1.74 g/
dL, p<0.001). Lymphocyte counts were also significantly lower in AAC
patients (p=0.028).

The groups were compared based on medication use. Renin—
angiotensin—aldosterone system (RAAS) blockers were used by 56.9%
of participants, with usage significantly lower in the absent AAC group
(38.2%) compared with the mild AAC group (62.3%) and the severe AAC
group (62.4%) (p=0.002). Similarly, diuretic use was higher in patients
with mild AAC (50.0%) and severe AAC (52.9%) than in the absent AAC

Table 2. Laboratory findings of study group

group (34.5%) (p=0.041). Other medications, including beta-blockers,
oral antidiabetics, and anticoagulants, showed no significant variation
across AAC groups (all p values>0.05).

Although inflammatory markers such as C-reactive protein (CRP) and
lipid profiles (total cholesterol, low-density lipoprotein, high-density
lipoprotein, and triglycerides) varied slightly across groups, these
differences were not statistically significant. Glycated haemoglobin
(HbA1¢) levels, however, were significantly higher in AAC present patients
(6.87£1.51%) than in the no AAC group (6.15+0.88%, p=0.031).

Univariate regression analysis identified several variables as significant
predictors of AAC severity, including GFR, albumin, haemoglobin,
lymphocyte count, and CHA DS,-VASc score. Age was not included in
the multivariate regression analysis as it was used to calculate CHA DS -
VASc and CHA DS -VA scores. In the multivariate regression model, GFR
emerged as an independent negative predictor of AAC severity [odds
ratio (OR): 0.060, 95% confidence interval (Cl): 0.010-0.362, p=0.009].

Parameters Total AACabsent
Grade 0
Glucose, mg/dL 124.92+42.96 115.094+35.00
GFR, mL/min/1.73 m? 72.921+18.86 83.80+14.75
ALT, IU/dL 18.71£12.31 21.09£13.16
AST, IU/dL 22.20+11.33 22.36%£13.98
Sodium, mEq/L 140.461+2.97 140.48+2.29
Potassium, mEq/L 4.36%0.52 4.46%0.42
Albumin, g/L 40.16£5.19 41.7914.34
C-reactive protein, mg/L 10.42+12.41 10.75%£16.75
Haemoglobin, g/dL 12.32£1.76 13.05£1.74
HbA1c, % 6.71+1.42 6.15+0.88
WBC, 10°/uL 7.7712.51 8.02+2.67
Neutrophils, 103/uL 5.07£2.19 5.11£2.45
Lymphocytes, 10°/uL 1.89+0.95 2.14+0.74
Platelet, 10°/uL 236.17£86.66 240.07£89.84
PDW, fL 16.01+2.87 16.3712.82
RDW, % 15.6912.39 15.33+2.35
Total cholesterol, mg/dL 179.71+42.74 187.37+44.81
Triglycerides, mg/dL 129.01+63.24 133.19+68.15
LDL, mg/dL 105.24%36.36 113.12+38.26
HDL, mg/dL 48.87£13.58 48.16£12.15
TSH, mIU/L 1.75%£1.37 1.89£1.42
Aorta (mm) 40.76+5.98 40.10£5.52
CTI (fraction) 0.61+0.09 0.59+0.08
Aorta/heart (fraction) 0.23£0.03 0.24£0.03
Aorta/lung (fraction) 0.14+0.02 0.1410.02
Ejection fraction (%) 54.37£9.5 55.20+8.65

*Statistically significant p values. AAC: Aortic arch calcification, GFR: Glomerular filtration rate, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HbA1c: Glycated hemoglobin,
WBC: White blood cells, PDW: Platelet distribution width, RDW: Red cell distribution width, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, TSH: Thyroid-stimulating hormone,

CTI: Cardiothoracic index
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AAC present

Mild (Grade 1) Severe (Grade 2-3) Total pvalue
126.44146.47 128.521+42.66 127.37144.71 0.062
69.31£20.02 70.39+17.23 69.79£18.79 <0.001
17.47£8.92 18.73£15.02 18.03£12.01 0.105
21.541£9.43 22.94+11.69 22.161+10.49 0.908
140.55%3.11 140.3513.21 140.46%+3.15 0.961
4.36£0.55 4.31£0.53 4.3410.54 0.113
40.13£5.15 39.21+5.53 39.71+£5.33 0.016
9.49+9.63 11.28+12.46 10.31+11.02 0.837
12.25%1.80 11.95£1.61 12.12£1.72 <0.001
6.8511.50 6.901+1.52 6.8711.51 0.031
7.4412.36 8.04+2.58 7.711£2.47 0.426
4.8312.05 537£2.18 5.07+2.12 0.908
1.82%0.70 1.83+1.28 1.82+1.00 0.028
225.25%81.36 247.28%90.33 235.05+£85.94 0.706
16.15%3.08 15.581+2.60 15.90+2.89 0.279
15.601+2.33 16.06+2.47 15.80+2.40 0.192
179.09£41.40 175.37£42.81 177.42141.96 0.141
131.57+64.15 123.06+58.76 127.73161.75 0.586
104.42134.60 101.07+36.83 102.92+35.56 0.075
49.04£13.68 49.16£14.49 49.10£14.01 0.663
1.77£1.55 1.64£1.10 1.71£1.36 0.417
41.43£6.02 40.36£6.19 40.95+6.11 0.354
0.60£0.06 0.63£0.12 0.62%+0.09 0.087
0.23+0.03 0.23+£0.03 0.23+0.03 0.488
0.14+0.02 0.15%0.02 0.14%0.02 0.260
54.52£10.33 53.64£8.99 54.13£9.74 0.463



CHA,DS,-VA and CHA, DS -VASc scores were strong positive predictors (OR:
4.763, 95% Cl: 2.974-7.629, p=0.002; OR: 5.091, 95% ClI: 3.039-8.527,
p=0.007, respectively). Other parameters, such as haemoglobin and
albumin, did not retain statistical significance in the adjusted model.
Table 3 shows the univariate and multivariate regression analyses.
Figure 2 shows the Forest plot of the multivariate regression analysis.

The predictive ability of CHA,DS,-VASc and CHA,DS,-VA scores for AAC
severity was assessed using ROC curve analysis. For the CHA DS -VAScscore,
the area under the curve (AUC) was 0.694, with a sensitivity of 72.1% and a
specificity of 63.6% at a cut-off score of >3. For the CHA DS -VA score, the
AUC was 0.688, with higher sensitivity (83.2%) but lower specificity (45.5%)

Table 3. Regression analysis of possible variables for aortic arch
calcification groups

Univariate

regression  Multivariate regression analysis
Variable analysis

0dds a cl
p value p value 5
ratio lower  upper

Eane]s <0.001 0.009 0.060  0.010 0362
filtration rate
Albumin 0.016 0.168 0.123 0.006 2.502
Haemoglobin <0.001 0.218 0.119 0.004 3.511
Lymphocytes 0.028 0.256 0.433 0.019 9.885
HbA1c 0.031 0.372 0.447 0.026 7.673
Glucose 0.062
LDL 0.075
?ardlo—thoracm 0.087
index
CHA,DS,-VA <0.001° 0.002° 4.763 2.974 7.629
CHA,DS -VASc <0.001" 0.007° 5.091 3.039 8.527
Age <0.001°
RAAS blocker 0.179
Diuretic 0.030 0.258 0.488 0.180 1.326

a: Age was not included in the analysis as it is a component of the scoring systems. b:
Statistical p values were obtained from two separate multivariate models. Cl: Confidence
interval, HBA1c: Glycated haemoglobin, LDL: Low-density lipoprotein, RAAS: Renin—
angiotensin—aldosterone system

OR (95% CI) P Value

Glomerular Filtration Rate IH 0.060 (0.010- 0.362)  0.009

Albumin l—— 0.123(0.006-2.502)  0.168

Haemoglobin l—r—— 0.119 (0.004 - 3.511) 0.218

Lymphocytes Hil { 0.433(0.019 - 9.885) 0.256

1
i
'
I
T
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HBATC HE— y 0.447 (0.026-7.673)  0.372
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Diuretic + 0.488(0.180-1.326)  0.258
I
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Figure 2. Forest plot of possible predictors for aortic arch calcification
(multivariate analysis). OR: Odds ratio, Cl: Confidence interval, HbA1c:
Glycated haemoglobin
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at a cut-off score of >2 (Table 4). Both scores demonstrated significant
predictive value (p<0.001) for AAC severity (Figure 3).

Discussion

The present study examined the association between AAC and stroke risk
scores, specifically CHA DS ,-VASc and CHA,DS,-VA, in patients diagnosed
with AF. Both scores demonstrated significant predictive ability, with
cut-off scores of >3 and >2, respectively, showing reasonable sensitivity
and specificity. The findings demonstrate a robust correlation between
elevated stroke risk scores and the severity of AAC, suggesting that AAC
may be used clinically as an adjunct tool for risk stratification in patients
with AF. However, the moderate AUC values suggest that additional
parameters, such as renal function, inflammatory markers, or imaging-
based quantification of AAC, may improve predictive accuracy. This
lends further support to the notion that a multi-faceted approach to
risk assessment is imperative, particularly in high-risk populations such
as AF patients.

The results demonstrated that individuals with prominent AAC had
significantly higher CHA DS-VASc and CHA DS-VA scores compared
with those without AAC. This finding aligns with previous research

Table 4. ROC curve findings for CHA,DS,-VASc and CHA,DS -VA
scores

Parameter CHA,DS,-VASc CHA,DS,-VA
Area under curve 0.694 0.688
Standard error 0.043 0.044
p value <0.001 <0.001
Cut-off 3.5(>3) 25(>2)
Sensitivity 0.721 0.832
Specificity 0.636 0.455
Positive predictive value 87.3% 84.1%
Negative predictive value 39.8% 43.9%
ROC: Receiver operating characteristic
ROC Curve
1,0
Source of the
Curve
—— CHADSVASC
08 — CHADSVA
— Reference Line

3 0,6
=
‘@
c
[
D o4

0,2

0,0

0,0 02 04 06 08 1,0

1 - Specificity

Figure 3. Receiver operating characteristic curve of aortic arch calcification
for CHADS,-VASc and CHADS,-VA scores. ROC: Receiver operating
characteristic

203



istanbul Med | 2026; 27(3): 199-206

that has shown AAC as a reliable indicator of arterial stiffness, systemic
atherosclerosis, and chronic inflammation, all of which have been linked
to an increased risk of thromboembolism (8,9,14). The accuracy of stroke
risk assessment could be enhanced by incorporating AAC assessment
into existing risk prediction models, particularly for borderline or high-
risk patients, for whom decisions regarding anticoagulant therapy are
most challenging.

A CHA,DS -VA score greater than 1 indicates an annual stroke risk of 1.5%.
In light of the recent AF guidelines, this value is now considered the
clinical threshold for initiating anticoagulation therapy (15). As stated
in the guideline, anticoagulation therapy is recommended for patients
with a score greater than 2, and this treatment has a class 1 level of
evidence (15). As the score increases, so does the risk of thromboembolic
events. Considering the findings of our study, the presence of AAC
showed a difference of almost 1 point in the results of both scoring
systems (4.37£1.38 vs. 3.33£1.58 and 3.79+1.28 vs. 2.78+1.56). This
study suggests that the presence of AAC can be used as a logical indicator
for initiating anticoagulation therapy, given that it can cause a 1-point
difference in the scores of both scoring systems.

An important question is whether the positive correlation that AAC
showed between high scores in both scoring systems can be used
clinically. ROC cut-off values were considered high for both scores in
clinical decision-making regarding anticoagulation. Considering the
grey zone in current guidelines—such as a CHA DS,-VASc score of 1 in
males or 2 in females, or a score of 1 in the gender-neutral CHA,DS,-VA
system—the clinical significance of AAC presence as an indication for
initiating anticoagulation would be substantially greater. Therefore, we
believe that the presence of AAC alone could be considered a tie-breaker
for the use of anticoagulation.

Reduced GFR has been identified as a significant independent predictor
and is strongly associated with higher AAC severity. This underscores
the intricate relationship between vascular calcification and renal
dysfunction (16). Chronic kidney disease (CKD) is known to accelerate
vascular calcification, likely through pathways involving disturbances in
calcium-phosphorus metabolism, elevated fibroblast growth factor 23
levels, and endothelial dysfunction (17). This study revealed a significant
relationship between low GFR and both CHA,DS -VASc and CHA,DS,-VA
scores. These findings are consistent with prior research suggesting a
strong association between declining renal function and accelerated
cardiovascular calcification in AF patients (18,19).

Further clinical and laboratory findings provided valuable insights
into the risk factors and systemic consequences of AAC. Patients
with severe AAC exhibited lower serum albumin and haemoglobin
levels, indicating the potential roles of malnutrition and anaemia in
exacerbating vascular calcification (20,21). Albumin, a reliable marker
of nutritional and inflammatory status, is frequently reduced in states
of chronic disease and systemic inflammation, both of which may be
implicated in AAC progression (20). Similarly, anaemia, a common
occurrence in CKD and AF patients, has been observed to exacerbate
hypoxic injury to vascular tissues, accelerating calcification (21). In
the present study, univariate regression analysis revealed a significant
association between hypoalbuminemia and low haemoglobin with
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CHA,DS,-VASc and CHA,DS,-VA scores. However, this significance was not
sustained in multivariate regression analysis. The likely reasons for this
are the number of study participants and selection imbalances. Given
the combined roles of chronic inflammation, malnutrition, and renal
failure in the progression of vascular calcification, these results are not
surprising. AAC can emerge as an indicator of the cumulative burden
of all these factors. We believe these findings demonstrate the clinical
value of a holistic approach to AAC. Nevertheless, significant results in
the initial analyses, which are in line with the literature, increase the
consistency and value of this study.

It is interesting to note that higher HbA1c levels in patients with severe
AAC suggest that poorly controlled diabetes is a key contributor to
AAC progression (22). Persistent hyperglycaemia has been shown to
exacerbate oxidative stress, promote vascular endothelial damage and
accelerate calcification through non-enzymatic glycation of proteins and
lipids (23). While there was no significant difference in inflammatory
markers, such as CRP across AAC severity groups, the observed trend
toward higher CRP levels in patients with severe AAC warrants further
investigation. Chronic low-grade inflammation is a potential driver of
both vascular calcification and systemic cardiovascular risk (24).

Thestudyalso explored medication use in relation to AACseverity, offering
insights into current clinical management strategies. The significantly
higher use of RAAS blockers and diuretics among patients with mild and
severe AAC likely reflects their role in managing comorbid hypertension
and heart failure. However, no significant differences in anticoagulant
use were observed between AAC severity groups, suggesting that AAC
is not currently considered in anticoagulation decision-making. These
findings emphasise the necessity for future research to ascertain
whether incorporating AAC into risk stratification tools could help guide
anticoagulant therapy, particularly for intermediate-risk patients.

A potential source of confusion in this study pertains to the vascular
disease component, denoted by the letter V' in these scoring systems.
This component was defined as peripheral vascular disease, prior
myocardial infarction, significant coronary artery lesion(s) with more
than 50% stenosis on imaging, carotid disease and complex aortic plaque
on computed tomography (CT) (25). The situation is characterised by a
dichotomy. There is no ambiguity or overestimation. The definition of a
complex aortic plaque is as follows: the presence of >4 mm in thickness,
ulceration, or mobile thrombi (26). However, this study analysed the
presence of any degree of AAC. Another point is that the presence of
AAC could be included in this scoring system even in the absence of
complex plaque. According to this study, the estimates show a difference
of 1 point and the presence of AAC has been shown to be associated with
recurrent ischaemic cerebral events (9,27).

The findings of this study have the potential to inform clinical practice
in a number of ways. Incorporating AAC evaluation into routine risk
assessment for AF patients could refine predictions of thromboembolic
and cardiovascular events. This may be particularly valuable in patients
with borderline or intermediate CHA,DS,-VASc scores, where the
decision to initiate anticoagulation therapy often involves weighing
the risks of thromboembolism against those of bleeding. In addition,
these treatment plans have the potential to improve patient survival.



They may also generate economic, social, and psychological benefits
by reducing the number of hospital admissions or shortening hospital
stays. However, further studies are required to determine whether
incorporating AAC into these risk scores is beneficial for calculating
stroke risk in patients with AF. Furthermore, the observed associations
between AAC and renal function, malnutrition, and glycemic control
highlight the need for a holistic approach to managing AF patients that
addresses both systemic and vascular risk factors.

Study Limitations

Despite the valuable insights this study provides, it is subject to
several limitations. The study design initially included a longitudinal
component; however, the current analysis focused on baseline clinical
characteristics, stroke risk scores, and AAC severity and did not assess
subsequent stroke incidence. This is a necessity rather than a limitation.
Since the study population consisted of individuals diagnosed with AF
and receiving anticoagulants for CVD prevention, minor modifications
to the study cohort and a much longer follow-up are required to detect
the effect of AAC in this population. Therefore, the findings should be
interpreted as representing a cross-sectional association. Any assertion
regarding the predictive value of AAC for stroke outcomes must be
confirmed through longitudinal studies. Additionally, the number of
patients included and the single-center nature of the study limit its
generalizability and thus constitute significant limitations. Furthermore,
the AAC grading was dependent on chest X-rays, which may understate
the burden of calcification compared with more sophisticated imaging
modalities such as CT, although it remains the standard criterion for
aortic arch pathologies. Chest X-rays, on the other hand, are more
useful and cost-effective in routine clinical practice. The relevance of
the findings to other cardiovascular conditions is limited because the
study population consisted exclusively of patients with AF. Additionally,
bleeding, a significant endpoint of anticoagulant medications in AF
patients, was not examined in the study. Should it be possible to infer
an absence of a relationship with bleeding in this regard, it could further
increase the diagnostic weight of AAC in CHA DS,-VASc and CHA,DS,-VA
scores.

Conclusion

This study demonstrates a substantial correlation between the severity
of AACand the stroke risk scores (CHA,DS -VASc and CHA DS,-VA) among
individuals with AF. The results highlight the potential value of AAC as a
supplementary risk stratification marker, providing a more sophisticated
understanding of cardiovascular and thromboembolic risks. In addition,
chest radiography offers clinicians a valuable and accessible tool for
risk assessment without requiring additional radiation exposure or
incurring additional cost. With a focus on enhancing patient outcomes
through specialised therapy interventions, future research should seek
to evaluate these findings and investigate the clinical implications of
integrating AAC into risk prediction algorithms.
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ABSTRACT

Introduction: Recurrent laryngeal nerve injury is a major complication of thyroid and parathyroid surgery and may cause vocal
cord movement impairment (VCMI), which can be symptomatic or silent. Early postoperative evaluation is essential. Flexible
nasolaryngoscopy (FNL) is the reference standard, but may be limited by invasiveness and practical constraints. Transcutaneous
laryngeal ultrasonography (TLUS) has emerged as a non-invasive alternative, although its diagnostic performance remains
controversial.

Methods: This observational study included patients undergoing thyroid or parathyroid surgery between January 2026 and April
2026. Patients younger than 18 years or those with known vocal cord pathology were excluded. All patients underwent preoperative
and postoperative FNL. Postoperative TLUS was performed in a blinded manner by an experienced radiologist (H.Y.B). VCMI was
defined as reduced, asymmetric, or absent vocal cord mobility. TLUS performance was evaluated using FNL as the reference standard.

Results: A total of 102 patients were included. Postoperative FNL identified VCMI in 4 patients (3.9%). TLUS suggested VCMI in 1 patient
(1.0%), whereas laryngeal landmarks were visualized in all patients (100%). Using FNL as the reference standard, TLUS demonstrated
a specificity of 99.0%, a negative predictive value of 96.0%, and an overall diagnostic accuracy of 95.1%. No true-positive cases were
observed, and sensitivity could not be meaningfully assessed.

Conclusion: TLUS is a feasible, non-invasive adjunct for postoperative vocal cord assessment after thyroid and parathyroid surgery.
It may serve as a practical complementary tool when laryngeal landmarks are adequately visualized; FNL, however remains the
reference standard for definitive evaluation.

Keywords: Flexible nasolaryngoscopy, parathyroidectomy, recurrent laryngeal nerve injury, thyroidectomy, transcutaneous laryngeal

ultrasound, vocal cord palsy

Introduction

Thyroidectomy remains a widely utilized surgical intervention in
endocrine surgery globally and is commonly indicated for malignant
thyroid disease, benign goiter, and hyperthyroidism (1). Recurrent
laryngeal nerve injury continues to represent a significant postoperative
concern in thyroid surgery, with transient dysfunction reported in 1% to
30% of cases and permanent impairment in 0.5% to 5% (2). Recurrent
laryngeal nerve injury may result in vocal cord movement impairment
(VCMI), which can lead to voice changes, airway compromise, and, in
severe cases, the need for tracheostomy. Importantly, VCMI may also
occur without overt clinical symptoms and therefore remain undetected
in the absence of systematic postoperative evaluation (3).
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Prompt identification of iatrogenic vocal cord injury in the postoperative
period is essential, particularly as documentation of perioperative
vocal cord function may carry medicolegal implications after thyroid
or neck surgery (4). Flexible nasolaryngoscopy (FNL) remains the
reference standard for vocal cord visualization and allows reliable
assessment of vocal cord mobility in most patients (5). However, routine
implementation of FNL may be limited by the need for otolaryngology
consultation, logistical constraints at some centers, increased healthcare
costs, and patient discomfort due to its invasive nature (6).

Transcutaneous laryngeal ultrasonography (TLUS) has gained attention
as a non-invasive and easily accessible alternative for evaluating vocal
cord mobility. Using a linear ultrasound probe placed over the thyroid
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cartilage, dynamic assessment of vocal cord motion during respiration
and phonation can be performed (7). Although TLUS offers advantages
in terms of patient comfort and feasibility, published data demonstrate
variable diagnostic performance, with considerable heterogeneity in
reported sensitivity and specificity across studies (5,8).

This study aimed to evaluate the feasibility and diagnostic performance
of TLUS when performed by an experienced radiologist (H.Y.B) for
assessing postoperative vocal cord mobility in patients who had
undergone thyroid and parathyroid procedures. FNL was employed as
the reference standard.

Methods

Study Design and Patient Selection

This observational study was carried out between January 2026 and April
2026. Patients undergoing surgical treatment for thyroid or parathyroid
disorders during the study period were eligible for inclusion. Thyroid
operations included lobectomy, total thyroidectomy, and procedures
combined with central and/or lateral neck dissection. Parathyroid
surgery consisted of parathyroid adenoma removal and four-gland
exploration. Patients under 18 years of age were not included. Further
exclusion criteria included isolated lateral neck dissection without
accompanying thyroid surgery, prior vocal cord pathology, or previous
vocal cord procedures. All thyroid and parathyroid operations were
carried out with routine intraoperative nerve monitoring in accordance
with institutional practice.

Laryngeal Assessment

All patients underwent preoperative FNL as part of the routine
clinical evaluation to document baseline vocal cord function. In the
postoperative period, FNL was repeated either on postoperative day 1 or
within the first postoperative week, according to institutional practice.
Following postoperative FNL, TLUS was performed in a blinded manner.

FNL was performed by experienced clinicians. Vocal cord dysfunction was
defined as any departure from normal mobility, including diminished
movement suggestive of weakness, asymmetry between the vocal cords,
or complete absence of motion.

Transcutaneous Laryngeal Ultrasonography

TLUS was carried out using a high-frequency linear ultrasound probe.
During the examination, patients were positioned supine with gentle
extension of the neck to facilitate laryngeal visualization. The probe was
initially placed on the anterior neck at the level of the thyroid cartilage
and slowly repositioned to obtain optimal views of both vocal cords.

Identification of laryngeal anatomy was achieved by visualizing
surrounding structures, including the false vocal cords and arytenoid
cartilages, which served as reference landmarks when visible (Figure 1).
Image settings were individually adjusted to enhance tissue contrast,
allowing clear differentiation between the hyperechoic false vocal cords
and the hypoechoic true vocal cords. Assessment of vocal cord mobility
was performed in real time during quiet breathing and active phonation
with sustained production of the vowel “ii.” Normal vocal cord function

was defined as the symmetric and coordinated movement of both true
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Figure 1. Anterior view of vocal cords abduction. ART: Arytenoids, FVC:
False vocal cord, SM: Strap muscles, TC: Thyroid cartilage

vocal cords during opening and closing.

All ultrasonographic examinations were performed by a single
radiologist with extensive experience in neck ultrasonography to ensure
consistency and minimize observer-related variability.

Patient-related parameters were systematically recorded, including
anthropometric measurements such as neck circumference, neck
length, and body mass index (BMI), and demographic variables such as
age and sex. Postoperative TLUS findings were assessed for the visibility
of laryngeal structures and vocal cord mobility and were categorized as
either normal function or VCMI. Findings obtained from postoperative
FNL were also documented for each patient.

FNL served as the reference method for identifying VCMI. The diagnostic
performance of TLUS was evaluated by determining sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV), and overall accuracy, compared with FNL findings.

The study was conducted in accordance with the Declaration of Helsinki
and received approval from the Institutional Ethics Committee of
University of Health Sciences Tirkiye, Basaksehir Cam and Sakura City
Hospital (decision number: 2026-39, date: 21 January 2026). Given its
observational design and reliance on routinely collected clinical data,
the requirement for written informed consent was waived in line with
institutional policy.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version
28.0 (IBM Corp., Armonk, NY, USA). Categorical variables were expressed
as numbers and percentages, and continuous variables as mean +
standard deviation. Diagnostic performance measures, including
sensitivity, specificity, PPV, NPV, and overall accuracy, were calculated by
comparing postoperative TLUS findings with FNL findings.

Results

The study included 102 patients who underwent thyroid or parathyroid
procedures. Most patients were female (75.5%), with a mean age of
48.5+12.6 years. The average BMI was 29.0+5.3 kg/m?. Mean neck
circumference, neck length, and subcutaneous fat thickness measured
39.8+£4.1 cm, 16.0£1.7 cm, and 3.6+1.4 mm, respectively. Postoperative



TLUS allowed visualization of laryngeal landmarks in all patients (100%).
Comprehensive demographic and clinical data are summarized in Table 1.

Thyroid lobectomy was carried out in 43 patients, while 33 patients
underwent total thyroidectomy alone. Total thyroidectomy combined
with central neck dissection was performed in 6 patients, and total
thyroidectomy with both central and lateral neck dissection was
performed in 8 patients. Parathyroid procedures included adenoma
excision in 10 patients and four-gland exploration in 2 patients.

Postoperative FNL identified VCMI in 4 patients (3.9%), while the
remaining patients demonstrated normal vocal cord mobility.

TLUS suggested VCMI in 1 patient (1.0%), whereas 101 patients (99.0%)
were classified as having normal vocal cord mobility. The comparison
between TLUS and FNL findings is shown in Table 2.

When FNL was used as the reference standard, TLUS demonstrated a
high specificity (99.0%), a high NPV (96.0%), and an overall diagnostic
accuracy of 95.1%. No true-positive cases were observed; as none
of the patients diagnosed with VCMI by FNL were identified by TLUS.
Accordingly, sensitivity and PPV could not be demonstrated in this
cohort.

Discussion

International guidelines highlight the importance of perioperative
laryngeal assessment in patients undergoing thyroid and parathyroid
procedures. The American Academy of Otolaryngology-Head and
Neck Surgery recommends evaluation in both the preoperative and
postoperative periods, whereas the American Thyroid Association
suggests postoperative assessment particularly in patients presenting
with voice-related symptoms (9,10). FNL remains the gold standard due
to its direct visualization and high diagnostic accuracy (11). However,

Table 1. Demographic and clinical characteristics of the patients
Variable

Sex, n (%)

Female

Male

Age, years (mean + SD)

Body mass index, kg/m? (mean + SD)

Neck circumference, cm (mean + SD)

Neck length, cm (mean + SD)

Subcutaneous fat thickness, mm (mean % SD)

Visualization of laryngeal landmarks on postoperative TLUS, n (%)

SD: Standard deviation, TLUS: Transcutaneous laryngeal ultrasonography

Akbulut et al. TLUS After Thyroid and Parathyroid Surgery

its routine use in all patients may be limited by its invasiveness, patient
discomfort, and the need for otolaryngology consultation in many
centers (12).

In light of these practical constraints, TLUS has been increasingly
recognized as a non-invasive and cost-effective approach for the
perioperative evaluation of vocal cord function. TLUS enables dynamic
assessment without radiation exposure and can be performed at the
bedside. Nevertheless, its diagnostic performance is known to be
operator-dependent (13). Earlier prospective investigations and pooled
analyses have shown that TLUS enables visualization of the vocal cords in
approximately 86-96% of patients, with pooled estimates approaching 94-
95.7%. Limited visualization has been associated with several patient- and
anatomy-related factors, including male sex, increasing age, calcification
of the thyroid cartilage, greater neck circumference, and higher BMI (14).
In addition, sex-related differences have been described, with better
visualization rates reported in women, likely due to thinner thyroid
cartilage compared with men (15,16). The uniform visualization rate in
our study may be explained by the use of a standardized examination
approach and all TLUS assessments being performed by a single
experienced radiologist, thereby limiting operator-related variability.

Studies comparing TLUS with flexible laryngoscopy suggest strong
diagnostic performance, with sensitivities reported between 75% and
100% and specificities generally exceeding 95%. PPVs have been noted
in the range of 55% to 70%, whereas NPVs are usually greater than
98% (17). In a large retrospective study of 668 patients who underwent
thyroidectomy across two tertiary endocrine surgery centers, Knyazeva
et al. (18) demonstrated strong postoperative diagnostic performance of
TLUS, with sensitivity reaching 86% and specificity 99.1%, while PPV and
NPV were 89.4% and 98.7%, respectively, highlighting its potential role
in routine clinical practice.

Total (n=102)

77 (75.5)
25 (24.5)
48.5+12.6
29.0453
39.844.1
16.0+1.7
3.6+1.4
102 (100)

Table 2. Comparison of postoperative TLUS and FNL findings in patients with evaluable vocal cords (n=102)

TLUS FNL normal, n FNL VCMI, n Total, n (%)
Normal, n 97 4 101 (99.0)
VCMI, n 1 0 1(1.0)
Total, n (%) 98 (96.1) 4(3.9) 102 (100)

TLUS: Transcutaneous laryngeal ultrasonography; FNL: Flexible nasolaryngoscopy; VCMI: Vocal cord movement impairment
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In contrast, other investigators have raised concerns regarding the
limited sensitivity of TLUS, emphasizing that it cannot reliably replace
laryngoscopy for detecting vocal cord dysfunction (19,20). These
discrepancies across studies likely reflect variations in study design,
patient characteristics, operator expertise, timing of assessment, and
the underlying incidence of postoperative VCMI.

In our cohort, only four patients were diagnosed with postoperative
VCMI by FNL. Consequently, no true-positive cases were identified by
TLUS, precluding a meaningful assessment of sensitivity. Importantly,
this finding should be interpreted in the context of the very low
incidence of recurrent laryngeal nerve injury observed in a cohort
with favorable surgical outcomes rather than as definitive evidence of
inadequate diagnostic performance of TLUS. These findings highlight
the challenges of evaluating diagnostic sensitivity when the prevalence
of the target condition is very low and underscore the need for larger
studies including a greater number of pathological cases.

Some studies have indicated that TLUS may demonstrate lower
sensitivity and greater variability when performed by operators without
dedicated training in laryngeal ultrasonography (5,21). As an example,
Borel et al. (5) documented limited diagnostic performance, with TLUS
showing a sensitivity of 33% and a NPV of 95% in identifying vocal cord
palsy following thyroidectomy. In that study, TLUS examinations were
performed by radiologists who lacked prior dedicated experience with
this technique, which may have contributed to the diagnostic limitations
observed.

Conversely, when TLUS is performed by surgeons with expertise in
thyroid and neck ultrasonography, higher visualization success and
better agreement with laryngoscopic findings have been observed
(3,8,22). Surgeons may benefit from an intraoperative perspective,
particularly when the recurrent laryngeal nerve is deemed to be at
risk. In such situations, postoperative ultrasonographic assessment may
be performed with heightened awareness of subtle vocal cord motion
abnormalities. For this reason, some authors have suggested that
surgeon involvement in the TLUS evaluation may enhance diagnostic
performance (23).

In the present study, TLUS examinations were performed by a single
radiologist with more than 30 years” experience in neck ultrasonography
and dedicated practice in thyroid imaging. The complete visualization
of laryngeal landmarks in all patients may be attributable, at least in
part, to examiner experience and familiarity with laryngeal anatomy,
meticulous probe positioning, dynamic assessment during phonation,
and optimization of image settings. These factors may have helped
overcome potential anatomical challenges, including increased soft
tissue thickness and thyroid cartilage calcification, which have been
reported to limit TLUS visualization in previous studies. These findings
highlight the importance of examiner expertise in maximizing the
diagnostic utility of TLUS.

The findings of this study suggest that TLUS may play a complementary
role in the postoperative evaluation of vocal cord function after
thyroid and parathyroid procedures. In patients with clearly visualized
laryngeal landmarks and normal ultrasonographic findings, TLUS
may provide reassurance regarding preserved vocal cord mobility.
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As a rapid and non-invasive examination that can be integrated into
routine cervical ultrasonography, TLUS may serve as a practical first-
line assessment tool in selected patients. In this context, TLUS could
be considered an initial postoperative screening method, potentially
reducing the need for routine invasive assessment. Nevertheless, FNL
remains the reference standard for the definitive evaluation of vocal
cord dysfunction.

Study Limitations

Our study has certain limitations that should be considered when
interpreting the findings. The relatively low rate of postoperative
impairment of vocal cord movement limited the ability to perform a
more robust evaluation of TLUS sensitivity. In addition, the single-center
design, conducted at University of Health Sciences Turkiye, Basaksehir
Cam and Sakura City Hospital, a high-volume tertiary referral center,
may limit the generalizability of the results to other clinical settings.
As all TLUS evaluations were performed by one experienced radiologist,
interobserver variability could not be assessed. Moreover, the analysis
was confined to the early postoperative period; long-term functional
outcomes of vocal cord mobility were not evaluated.

Conclusion

TLUS is a feasible and non-invasive method for the postoperative
evaluation of vocal cord function following thyroid and parathyroid
surgery. In patients with adequately visualized laryngeal landmarks,
TLUS may have a complementary role in postoperative vocal cord
assessment and serve as a practical first-line evaluation tool. However,
the limited number of cases of postoperative VCMI in our cohort
restricted the assessment of sensitivity, and TLUS should not be
considered a standalone diagnostic modality. FNL remains the reference
standard for the definitive evaluation of vocal cord dysfunction. Further
studies involving larger patient populations are needed to better define
the role of TLUS in clinical practice.
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ABSTRACT

Introduction: Parasitic gastroenteritis is a major cause of gastrointestinal complaints in children. The aim of this study was to
determine the prevalence and clinical findings of parasitic infections in pediatric patients. We also analysed the distribution by age
groups and seasonal patterns, compared the detection rate and diagnostic yield of different methods, and investigated associations
between clinical findings and specific parasites.

Methods: This prospective study was conducted in 300 pediatric patients who presented to Karabiik Training and Research Hospital
with gastrointestinal symptoms. Demographic data, clinical symptoms, and stool characteristics (such as consistency and appearance)
were systematically recorded for each patient. All clinical samples were analysed for gastrointestinal parasites using various diagnostic
methods, including macroscopic examination, direct microscopy, flotation, concentration methods, and the immunochromatographic
rapid test (ICT). The detection rates were compared, and correlations between clinical findings and parasite infections were analysed.

Results: Parasitic infections were detected in 26% of children, with the highest susceptibility observed in infants and young
children. Among pediatric patients, the most common symptoms were diarrhoea (36.7%), abdominal pain (30.3%), fever (25.7%), and
colitis (25.3%). The predominant pathogens were Entamoeba histolytica (22.7%), followed by Blastocystis hominis (6%) and Giardia
duodenalis (4%). Cryptosporidium parvum appeared to be more frequently observed in patients with abdominal pain and diarrhoea;
Enterobius vermicularis was more frequently observed in febrile patients. Rapid ICT showed a higher detection rate (23.3%) than
traditional microscopy (22.7%). The consistency of watery, mucous stools was a significant clinical predictor of parasitic infection
(p<0.05). Positive cases peaked in autumn, particularly in September.

Conclusion: ICTs showed a higher detection rate than the conventional microscopic method in this study. The correlation between
stool consistency and parasitic infection serves as an important diagnostic clue for paediatricians in emergency departments and

outpatient settings during clinical decision-making.

Keywords: Pediatric gastroenteritis, rapid diagnostic tests, diarrhoea, gastrointestinal parasites

Introduction

Gastrointestinal infections are the second most common infectious
diseases after respiratory infections. According to World Health
Organization data, there are over 1.7 billion cases of diarrheal disease
worldwide each year (1). The situation is particularly critical in the
pediatric age group. More than 654 million school-age children and
more than 260 million preschool-age children live in areas that require
treatment for parasitic infections (1,2).

The impact of gastrointestinal parasitic infections on child mortality
rates is substantial. According to UNICEF 2024 data, diarrheal diseases
are the third leading cause of death in children under 5 years of age,
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causing 443,832 child deaths annually (3). These deaths account for 9%
of the total under-5 mortality rate (4,5).

The clinical impact of pediatric intestinal parasites is multidimensional,
causing long-term health problems beyond acute gastrointestinal
symptoms. Systematic reviews show that Ascaris lumbricoides is
significantly associated with growth retardation (6). Giardia duodenalis
(G. duodenalis) infections cause anemia and malnutrition by inhibiting
the absorption of iron, vitamins, minerals, proteins, lipids, and
carbohydrates, leading to physical and mental developmental delays
(7). Chronic infections negatively affect school performance and result in
long-term educational losses due to absenteeism (8).
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Parasitic disease prevalence is affected by various factors, including
environmental conditions, infrastructure, education level, water quality,
hygiene practices, climate, gender, age, cleanliness habits, economic status,
and dietary habits (9,10). Gastrointestinal symptoms are common causes of
pediatric hospitalization, with nausea, vomiting, diarrhea, and abdominal
pain accounting for a significant number of emergency department visits
(11). Viral gastroenteritis causes diarrhea (92.2%), vomiting (68.7%), and
abdominal pain (60.8%), while parasitic gastroenteritis presents with
similar symptoms (12). The main transmission route for most intestinal
parasite infections is the fecal-oral route, which is especially prevalent in
countries with low socioeconomic conditions (13,14).

The most common pediatric gastrointestinal parasites are Entamoeba
histolytica (E. histolytica) complex (9.28-36%), G. duodenalis (10-
64.8%), Blastocystis spp. (up to 88.7% by polymerase chain reaction),
and Cryptosporidium spp. (1.8-5%) (15,16). Distribution varies by
age: children under 2 years account for 67.85% of Cryptosporidium
infections, Giardia affects all pediatric age groups, and E. histolytica is
more prevalent in children under 1 year and those aged 48-59 months
(17). Diagnostic methods for gastrointestinal parasites include direct
microscopy, serological and molecular methods, and rapid diagnostic
tests (immunochromatographic card tests). While direct microscopic
examination is the cornerstone of parasitologic diagnosis, the zinc
sulfate flotation method performs better for protozoan cysts and
Hymenolepis nana, whereas the formalin-ethyl acetate sedimentation
method is superior for detecting heavy helminth eggs and larvae (14,18-
23).

Our study aimed to investigate intestinal parasites in pediatric patients
using various diagnostic methods (macroscopic examination, direct
microscopy, zinc sulfate flotation, formalin-ethyl acetate sedimentation,
rapid diagnostic tests); determine prevalence by age, sex, clinical
symptoms, and seasonal distribution; and compare the detection rate
and diagnostic yield of each method. These results will help to develop
optimal diagnostic algorithms for pediatric gastrointestinal parasitic
infections and to improve infection control.

Methods

Study Design

This prospective cross-sectional study was conducted between May 2023
and April 2024 at the Microbiology Laboratory of Karabiik Training and
Research Hospital. The study was approved by the Karabtik University
Non-Interventional Ethics Committee (decision number: 2022/787,
date: 20.01.2022). Informed consent was not required, as the study
used only anonymized routine clinical stool samples and associated
data.

Study Population

A total of 300 pediatric patients (aged 0-18 years) presenting at the
hospital’s microbiology laboratory with gastrointestinal symptoms were
included in the study. The study group comprised 160 (53.3%) males and
140 (46.7%) females.

ilteroglu et al. Gastrointestinal Parasites in Children

Sample Collection and Processing

Fresh stool samples were collected in sterile, wide-mouthed, capped
containers and transported to the laboratory. Samples were processed
within 2 hours of collection. For each sample, macroscopic examination,
direct microscopic examination, stool concentration methods, and
immunochromatographic rapid diagnostic tests were systematically
applied. Demographic data, clinical symptoms, and stool characteristics
(consistency, appearance, etc.) were systematically recorded for each
patient.

Laboratory Analysis

Macroscopic Examination

Stool samples were first examined macroscopically. During this
evaluation, the color (yellow, green, brown, black), consistency (watery,
soft, semi-solid, solid), and other macroscopic features were recorded.

Direct Microscopic Examination

Stool samples (2-3 mg) were examined by wet-mount preparation with
saline and Lugol’s iodine.

Zinc Sulfate Flotation Method

A stool sample (1 g) was suspended in 10 mL of distilled water, filtered,
and centrifuged. After the supernatant was discarded, zinc sulfate
solution was added, and the mixture was vortexed and recentrifuged.
A coverslip was placed on the meniscus for 10 minutes and was then
examined microscopically.

Formalin-Ethyl Acetate Sedimentation Method

Stool samples (1 g) were fixed in 10% formalin for 10 minutes, filtered,
and centrifuged. After adding 7 mL of formalin and 3 mL of ethyl acetate,
the mixture was shaken vigorously and centrifuged. The sediment layer
from the four-layer separation was examined by wet-mount preparation.

Immunochromatographic Rapid Diagnostic Test

A commercial immunochromatographic test (ICT)  (Crypto/
Giardia/Entamoeba Combo Test, Monlab, Spain) was used to
detect Cryptosporidium parvum (C. parvum), G. duodenalis, and
E. histolytica-specific antigens according to the manufacturer’s
specifications. Species-level identification of E. histolytica was based on
immunochromatographic antigen detection, which specifically detects
E. histolytica and does not cross-react with other Entamoeba species test
sensitivities were 82.4% for E. histolytica, 92.4% for G. duodenalis, and

80.0% for C. parvum.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 27.0 (IBM,
USA). Descriptive statistics were presented as mean =+ standard deviation
for continuous variables and number (percentage) for categorical
variables. Relationships between categorical variables were evaluated
using chi-square or Fisher’s exact tests, with p<0.05 considered
statistically significant.
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Results

This study included stool samples from 300 pediatric patients aged 0-18
years, of whom 160 were males (53.3%) and 140 were females (46.7%).
The mean age of the study population was 6.08 years. Age distribution
analysis revealed that 37% (n=111) of participants were in the 0-2 years
age group, 26% (n=78) in the 6-10 years age group, 15% (n=45) in the 3-5
years age group, 11.3% (n=34) in the 15-18 years age group, and 10.7%
(n=32) in the 11-14 years age group.

The most common gastrointestinal symptoms were diarrhea (36.7%,
n=110), abdominal pain (30.3%, n=91), fever (25.7%, n=77), and
colitis (25.3%, n=76). All stool samples were subjected to macroscopic
examination, direct smear, zinc sulfate flotation, formol-ethyl acetate
sedimentation, and ICT. At least one parasite species was detected in
26% (78/300) of samples.

Parasite prevalence was 27.8% (39/140) in females and 24.3% (39/160) in
males, with no significant association between prevalence and gender
(p>0.05). When the distribution of parasite-positive cases across age
groups was examined as proportions of the total cohort (n=300), the
largest proportion of positive cases was observed in the 0-2-year age
group (27/300, 9%), followed by the 6-10-year group (22/300, 7.3%), the
3-5-year group (11/300, 3.7%), the 11-14-year group (9/300, 3%), and the
15-18-year group (9/300, 3%). These values represent the distribution
of positive cases in the total cohort, and no significant association was
found between age groups and parasite positivity (p>0.05).

Macroscopic evaluation of parasite-positive samples showed the
following: watery-mucous (50%, 39/78), watery (28.2%, 22/78), mucous
(11.5%, 9/78), bloody (6.4%, 5/78), mucous-bloody (2.6%, 2/78), and
normal consistency (1.3%, 1/78). Watery and mucoid consistencies
showed a significant association with parasite presence (p<0.05).
Microscopic examination revealed parasite positivity in 43% (31/72)
of samples with leukocytes and in 36.3% (4/11) of samples with
erythrocytes; however, neither association was statistically significant
(p>0.05).

The detected parasite species were E. histolytica (22.7%, 68/300),
Blastocystis hominis (B. hominis) (6%, 18/300), G. duodenalis (4%, 12/300),
C. parvum (2.3%, 7/300), and Enterobius vermicularis (E. vermicularis)
(0.7%, 2/300). Single parasites were found in 18.3% (55/300), two species
in 5.7% (17/300), and three species in 2% (6/300) of samples. The most
common co-infection was E. histolytica and B. hominis (4.3%, 13/300).
Detailed frequency distributions are presented in Table 1.

When the distribution of detected parasite species across age groups was
examined as proportions of the total cohort, E. histolytica accounted
for the largest share of positive cases in both the 0-2-year and 6-10-
year age groups (21/300; 7% of the total cohort in each group) (Table
2). Statistical analysis indicated that there was no significant association
between age-stratified groups and the distribution of identified parasite
species (p>0.05).

Comparison of diagnostic methods revealed positivity rates of direct
microscopy, 22.7% (68/300); zinc sulfate flotation, 16% (48/300); formol
ethyl acetate sedimentation, 18.3% (55/300); and ICT, 23.3% (70/300).
No parasites were detected macroscopically. By species, detection rates
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were highest for E. histolytica using both ICT and direct microscopy;
for C. parvum and G. duodenalis using ICT; and for B. hominis and
E. vermicularis using direct microscopy. Detailed distributions are
presented in Table 3.

The most common symptoms in pediatric patients were diarrhea,
abdominal pain, fever, and colitis. E. histolytica caused the highest
diarrhea rate (16%), followed by B. hominis (4%) and G. duodenalis (3%).
C. parvum was observed more frequently in patients with abdominal
pain and diarrhea, whereas E. vermicularis was observed more
frequently in febrile patients. No significant association was found
between symptoms and parasite species (p>0.05). Distribution details
are presented in Table 4.

When the monthly and seasonal distributions of parasite-positive cases
were examined as proportions of the total cohort (n=300), September
accounted for the largest share (21/300, 7%). By season, the distribution
of positive cases within the total cohort was as follows: autumn 33/300
(11%), summer 22/300 (7.4%), spring 14/300 (4.7%), and winter 9/300 (3%)
(Table 5). As these values represent proportions of the total cohort rather
than within-month or within-season positivity rates, they reflect the
temporal distribution of positive cases instead of monthly or seasonal
prevalence. No significant differences were found in the monthly or
seasonal distribution (p>0.05).

Discussion

In this study, the prevalence of intestinal parasitic infection was 26%
among pediatric patients with gastrointestinal symptoms. Similar
studies from Tirkiye show substantial regional variation, with higher
rates reported in Kocaeli and 18dir (39% and 35%) and lower rates in
Denizli and Konya (10.2% and 6.4%) (24-27). These differences likely
reflect regional climate, socioeconomic conditions, hygiene levels, and
diagnostic methods. International data also demonstrate heterogeneity:
high prevalence in Peru and Malaysia (42% and 40.4%) indicates
inadequate sanitation, whereas lower rates such as 20.1% in Chile reflect

Table 1. Distribution of the frequencies and associations of the
identified parasites

Parasites n %
E. histolytica 68 2.7
C. parvum 7 2.3
G. duodenalis 12 4
B. hominis 18 6
E. vermicularis 2 0.7
E. histolytica + G. duodenalis 2 0.7
E. histolytica + B. hominis 13 43
G. duodenalis + B. hominis 1 0.3
E. histolytica + Enterobius vermicularis 1 0.3
E. histolytica + C. parvum + G. duodenalis 5 1.6
E. histolytica + C. parvum + B. hominis 1 0.3

E. histolytica: Entamoeba histolytica, G. duodenalis: Giardia duodenalis, B. hominis: Blastocystis
hominis, C. parvum: Cryptosporidium parvum, E. vermicularis: Enterobius vermicularis



stronger health systems (28-30). The 30.4% prevalence reported in China
is comparable to our findings (31). The epidemiological distribution of
intestinal parasite infections in the pediatric age group is determined by
the interaction of several factors, including environmental conditions,
hygiene, and socioeconomic status. While some studies report higher
positivity rates in older children, several investigations have identified
peak prevalence among children aged 0-5 years (32-37). In our study,
we detected that the 0-2 age group accounted for the largest share
of parasite-positive cases within the total cohort. In early childhood,
increased oral exploratory behaviour, immature hand hygiene, and
immature immune function likely contribute to this susceptibility.

A comprehensive meta-analysis conducted in Iran found a 38%
prevalence of intestinal parasites, with E. vermicularis (16.5%) and G.
duodenalis (15.1%) identified as the predominant pathogens (38). In
a study of 2000 pediatric patients in Bangladesh, Entamoeba dispar
(E. dispar) (6.5%) and E. histolytica (4.2%) were found to be the main
pathogens (38,39). In epidemiological studies conducted in Turkiye,
regional differences were found. G. duodenalis was reported as the
predominant parasite in Denizli (26), Van (40) and Manisa (37) provinces,

Table 2. Distribution of parasite-positive cases across age groups

E. histolytica C. parvum
Age (year)

n % n %
0-2 21 7 2 0.7
3-5 10 33 1 0.3
6-10 21 7 3 1
11-14 9 3 0 0
15-18 7 23 1 0.3
Total 68 22.7 7 2.3

ilteroglu et al. Gastrointestinal Parasites in Children

while B. hominis was found in Igdir (25). In another study conducted
in Van, G. duodenalis and B. hominis were reported as co-dominant
pathogens (36). In our study, the highest prevalence was found for E
histolytica (22.7%), followed by B. hominis (6%), G. duodenalis (4%), and E.
vermicularis (0.7%). The lower prevalence of B. hominis compared with
the rates reported in some studies in the literature (40-42) may be due
to the ongoing debate about the pathogenicity of this organism and the
lack of standardisation of diagnostic criteria across laboratories.

In infectious gastroenteritis caused by intestinal parasites, macroscopic
examination of faecal samples is an important part of the diagnostic
algorithm. In the study conducted by Cicek and Yilmaz (40) on a
pediatric cohort with gastrointestinal symptoms, it was reported that
stool samples with parasite positivity were predominantly watery
or excessively watery in consistency, while a mucoid character was
observed less frequently. Similarly, the study by Dogan et al. (43), which
investigated methodological differences in the laboratory diagnosis of
intestinal parasites, emphasised that the presence of mucus in the stool
has a predictive value for parasitic infection. In our study, 39 (50%) of the
78 faecal samples that were positive for parasites had a watery, mucoid

E. vermicularis B. hominis G. duodenalis
n % n % n %

1 0.3 8 2.7 5 1.7
0 0 0 0 2 0.7
1 0.3 3 1 3 1

0 0 2 0.7 0 0

0 0 5 1.7 2 0.7
2 0.7 18 6 12 4

All percentages reflect proportions of the total study cohort (n=300). E. histolytica: Entamoeba histolytica, G. duodenalis: Giardia duodenalis, B. hominis: Blastocystis hominis, C. parvum:

Cryptosporidium parvum, E. vermicularis: Enterobius vermicularis

Table 3. The distribution of parasite species according to diagnostic methods

. Microscopy Flotation

Parasites

+ % - % + % -
E. histolytica 63 21 5 1.7 45 15 23
C. parvum 6 2 1 0.3 6 2 1
E. vermicularis 2 0.7 0 0 0 0 2
B. hominis 17 5.7 1 0.3 M 3.7 7
G. duodenalis 9 3 3 1 9 3 3

%
7.7
0.3
0.7
23
1

Sedimentation ICT method

+ % - % aF % - %
50 16.7 18 6 63 21 5 1.7
6 2 1 0.3 7 23 0 0

1 0.3 1 0.3 0 0 2 0.7
12 4 6 2 0 0 18 6
10 33 2 0.7 11 3.7 1 0.3

ICT: Immunochromatographic rapid test, (+): Positive, (-): Negative, E. histolytica: Entamoeba histolytica, G. duodenalis: Giardia duodenalis, B. hominis: Blastocystis hominis, C. parvum:

Cryptosporidium parvum, E. vermicularis: Enterobius vermicularis

Table 4. The distribution of parasite species according to clinical symptoms

E. histolytica B. hominis
Symptoms

n % n %
Nausea-vomiting 30 10 7 23
Abdominal pain 30 10 9 3
Diarrhea 48 16 12 4
Colitis 28 93 7 23
Fever 21 7 5 1.7

G. duodenalis C. parvum E. vermicularis
n % n % n %
5 1.7 2 0.7 1 0.3
9 3 5 1.7 0 0
9 3 5 1.7 1 0.3
6 2 3 1 0 0
4 1.3 4 1.3 2 0.7
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Table 5. Distribution of detected parasite species by months and seasons*

E. histolytica C. parvum G.duodenalis B. hominis E. vermicularis Total
n % n % n % n % n % n %
March 3 1 1 0.3 2 0.7 0 0 0 0 6 2
. April 0 0 0 0 0 0 0 0 0 0 0 0
Spring
May 7 23 1 0.3 0 0 5 1.7 1 0.3 8 27
June 6 2 2 0.7 B 1 2 0.7 0 0 6 2
July 5 1.7 0 0 1 0.3 2 0.7 0 0 5 1.7
Summer
August 11 3.7 0 0 0 0 1 0.3 1 0.3 11 3.7
September 19 6.3 2 0.7 3 1 2 0.7 0 0 21 7
October 5 1.7 0 0 0 0 2 0.7 0 0 6 2
Autumn
November 3 1 0 0 2 0.7 2 0.7 0 0 6 2
December 3 1 0 0 0 0 1 0.3 0 0 3 1
Winter January 4 13 1 0.3 1 0.3 1 0.3 0 0 4 1
February 2 0.7 0 0 0 0 0 0 0 0 2 0.7

*All percentages reflect proportions of the total study cohort (n=300)

consistency, and this finding was statistically significant (p<0.05). This
result indicates a significant correlation between the macroscopic
characteristics of faecal samples and the presence of parasitic infection.
Careful documentation of faecal consistency, the presence of mucus,
and other macroscopic parameters can provide additional information
for parasitological examination and thus contribute to an increased
detection rate.

Laboratory diagnostic methods for intestinal parasites show
considerable heterogeneity. Yula et al. (33) reported commercial
test kits had the highest detection rate, Cicek and Yilmaz (40) found
trichrome staining superior, while Karakus et al. (25) demonstrated
modified acid-fast staining performed best. In our study, ICT achieved
the highest detection rate, followed by native-Lugol, sedimentation,

and flotation techniques.

In parasite-specific diagnostic evaluation, E. histolytica, the predominant
pathogen, was detected at equal rates (21%) by direct microscopy and
ICT. ICT was more efficient at detecting G. duodenalis (3.7%) and C.
parvum (2.3%), whereas native Lugol’s showed higher detection rates for
B. hominis (5.7%) and E. vermicularis (0.7%). Cicek and Yilmaz (40) found
Cryptosporidium spp. (predominant pathogen) was best detected by
trichrome staining. These results emphasise that the different diagnostic
approaches have detection-rate profiles specific to parasite species, and
that a multimodal approach is required for optimal diagnosis.

Literature reports parasite positivity most commonly in patients with
abdominal pain (78%) and nausea (51.7%) (24,25), while other studies
note diarrhea, fever, vomiting, growth retardation, weakness, and
loss of appetite (40). In our study, the main symptoms were diarrhea,
abdominal pain, fever, gastroenteritis, colitis, and nausea and
vomiting. Parasite positivity was highest in diarrhea cases, followed
by nausea and vomiting; however, no significant correlation was
found between symptoms and parasite positivity or parasite species
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(p>0.05). Symptoms of parasitic infections are typically non-specific,
requiring comprehensive medical evaluation and laboratory testing.

The seasonal distribution of parasitic infections varies depending
on precipitation, climate, and geography. The literature reports that
parasites of the gastrointestinal tract are most frequently detected in
the summer and autumn months (35,44). In India, it has been reported
that increased rainfall, flooding and contamination, especially in the
summer months, can increase the parasite detection rate up to 97.4%
(45). In our study, positive cases peaked in autumn, particularly in
September, but no statistically significant correlation was found between
the distributions by month and by season (p>0.05).

Study Limitations

This study has several limitations. It was conducted at a single
center, which may limit the generalizability of the results. Although
multiple diagnostic methods were used, microscopy remains operator-
dependent, which may affect detection accuracy. The study did not
include molecular tests, which could have improved the detection
rate for some parasites. In particular, although the ICT used in this
study specifically detects E. histolytica antigens, the absence of
molecular confirmation represents a limitation, as the possibility
of misidentification with E. dispar cannot be entirely excluded.
Nonetheless, these limitations do not undermine the overall
contribution of the study, which provides valuable data on prevalence
patterns and the comparative performance of commonly used
diagnostic methods in pediatric parasitic infections.

Conclusion

In this study, ICTs showed a higher detection rate for gastrointestinal
parasites than conventional microscopy, suggesting that ICT may be a
useful complement to microscopic methods in pediatric settings. The
significant association between stool consistency, particularly watery or



mucoid stools, and parasitic infection serves as an important clinical
screening indicator for pediatricians in emergency and outpatient
settings. These findings emphasize the value of integrating rapid
diagnostic tools with clinical evaluation to improve the accuracy,
efficiency, and patient-centeredness of management for pediatric
parasitic infections.
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ABSTRACT

Introduction: Vitamin D deficiency is frequently observed in people with cirrhosis, underscoring the liver's essential role in
metabolizing vitamin D. This research sought to assess 25-hydroxyvitamin D [25(0H)D] levels in individuals with cirrhosis and to
evaluate the association between these levels and disease extent, etiologies, and cirrhosis-related complications.

Methods: This study included 118 adult patients with cirrhosis who were evaluated at the Gastroenterology Department of Bezmialem
Vakif University. Participants ranged in age from 18 to 90 years. The study excluded individuals who were pregnant; had taken
vitamin D supplements in the past six months; or had non- hepatocellular carcinoma malignancies, hematologic cancers, metabolic
bone diseases, chronic kidney disease, parathyroid disorders, had undergone thyroidectomy, or other chronic conditions affecting
vitamin D metabolism. The severity of liver disease was assessed using the Child-Turcotte-Pugh (Child-Pugh) classification and the
Model for End-Stage Liver Disease (MELD) score. Data were examined with SPSS version 20.0.

Results: The average age of the patients was 58.7+11.8 years, with 56.8% being male. Cirrhosis was attributed to cryptogenic causes
in 53.4% of cases, to hepatitis B virus in 28.80%, to hepatitis C virus in 8.50%, to alcohol in 7.60%, and to drugs in 1.70%. A deficiency
in vitamin D was detected in 93.2% of the patients; 5.10% had insufficient levels, and only 1.70% had normal levels. Serum 25(0H)D
levels demonstrated a positive correlation with albumin (p=0.003), total cholesterol (p=0.035), and triglycerides (p=0.006), and were
negatively correlated with prothrombin time (p=0.003), international normalized ratio (p=0.011), Child-Pugh score (p=0.008), and
MELD score (p=0.045). The levels of vitamin D did not significantly differ based on the cause of cirrhosis or the presence of cirrhosis-
related complications.

Conclusion: Vitamin D insufficiency is a frequent problem among individuals with cirrhosis, regardless of its underlying cause.
Reduced vitamin D levels are related to increasingly severe liver disease and to reduced liver function, rather than to the cause or

complications of cirrhosis.

Keywords: 25-hydroxyvitamin D, cirrhosis, Child-Pugh score, MELD, liver disease severity

Introduction

Cirrhosis marked by extensive liver scarring, the development of
regenerative nodules, and a progressive deterioration in liver function
(1-3). It remains a key contributor to global morbidity and mortality and
is associated with numerous complications (4,5).

Vitamin D, serves a vital role not solely in preserving calcium balance
and bone health but also in modulating the immune system, cell growth,
differentiation, and fibrogenesis (6,7). The liver is crucial for vitamin D
metabolism, as it performs 25-hydroxylation and produces vitamin
D-binding proteins. Therefore, it is biologically plausible that individuals
with persistent liver disease may exhibit from vitamin D deficiency
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(6,8). Vitamin D deficiency is also extremely common among those with
persistent liver disease and cirrhosis, with prevalence rates ranging from
64% to 92% (9-11).

Several factors have been identified as potential contributors to the
low vitamin D levels observed in individuals with cirrhosis, including
limited sunlight exposure, insufficient dietary intake, absorption issues,
impaired liver hydroxylation, reduced production of vitamin D-binding
proteins, and increased vitamin breakdown (8,12). Furthermore, vitamin
D insufficiency may contribute to the progression of hepatic fibrosis,
a diminished answer to antiviral therapy in chronic hepatitis C, an
increased susceptibility to infections, and a higher risk of mortality
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(13-15). However, it remains unclear whether vitamin D insufficiency
primarily reflects causation of cirrhosis, liver dysfunction, or

complications associated with cirrhosis.

Methods

The study, which was retrospective and descriptive, examined 118 adult
patients with cirrhosis evaluated at the Gastroenterology Department of
Bezmialem Vakif University between 2012 and 2016. The participants,
aged 18-90 years, had chronic liver disease, including cirrhosis, and met
the criteria for inclusion in the study.

Individuals between the ages of 18 and 90 with chronic liver disease or
cirrhosis were considered eligible. Exclusion criteria were: pregnancy;
use of vitamin supplements within the previous 6 months; non-
hepatocellular carcinoma (HCC) solid malignancy; hematologic
malignancy; history of metabolic bone disease; chronic kidney disease;
hyperparathyroidism; hypoparathyroidism; prior thyroidectomy; and
any other chronic disease that could affect vitamin D levels.

Ethics

Authorization for this research was received from the Ethics Committee
of Bezmialem Vakif University (approval number: 20/274, date:
07.11.2017). The study’s retrospective nature allowed for the waiver of
informed consent.

Laboratory Analysis

Venous blood samples were collected and centrifuged at 2000 x g for
10 minutes to obtain plasma. The concentration of 25-hydroxyvitamin
D [25(0H)D] 3 in the blood was measured using a validated kit on a
Shimadzu LC-20AT instrument. According to the Endocrine Society,
vitamin D levels are classified as: deficiency,<20 ng/mL; insufficiency,
20-30 ng/mL; and normal, >30 ng/mL (16).

Clinical and Laboratory Variables

Data on patient demographics, the causes of cirrhosis, and associated
complications were gathered from hospital records. The laboratory
tests included measurements of glucose, white blood cell count (WBC),
high-density lipoprotein (HDL), platelet count (PLT), hemoglobin
(HGB), creatinine, lactate dehydrogenase (LDH), albumin, C-reactive
protein (CRP), low-density lipoprotein (LDL), triglycerides, erythrocyte
sedimentation rate (ESR), total cholesterol, HbA1c, ferritin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamma-glutamyl transferase (GGT), prothrombin
time (PT), and international normalized ratio (INR) (Table 1).

Cirrhosis-related complications included decompensation, ascites,
spontaneousasciticinfection, hepaticencephalopathy, variceal bleeding,
hepatorenal syndrome, portal vein thrombosis (PVT), hepatopulmonary
syndrome, HCC, portal hypertension, and esophageal varices.

Assessment of Liver Disease Severity

The extent of the disease was measured using the Model for End-Stage
Liver Disease (MELD) and Child-Turcotte-Pugh (Child-Pugh) scoring
systems. The Child-Pugh classification was noted as stage A, B, or C(17).
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Table 1. Baseline hematological and biochemical characteristics
of the patients

Parameter Mean £ SD Median Minimum Maximum
Leukocyte (x10%/uL) 45+1.7 43 1.2 93
Hemoglobin (g/dL) 11.542.2 11.7 6.8 16.7
Platelet (x10%/uL) 103+59 88 27 352
Glucose (mg/dL) 118+42 106 55 325
Creatinine (mg/dL) 0.8+0.6 0.7 0.4 7.4
AST (U/L) 59.8+48.7 41.5 3 298
ALT (U/L) 4794480 32 6 266
ALP (U/L) 119.9£55.9 106 39 347
GGT (U/L) 88+133 54 8 1257
LDH (U/L) 215465 202 62 524
25 (OH)D (ng/mL) 10.9+9.4 9.6 4 89
Total bilirubin (mg/dL) 1.4+1.6 1.0 0.2 13.0
Albumin (g/dL) 3.540.6 36 13 4.8
Prothrombin time (s) 17.4+3.8 16.5 114 32.0
INR 1.3+0.3 1.3 0.9 2.7
Total cholesterol (mg/dL)  160+56 156 53 384
Triglycerides (mg/dL) 11977 95 33 456
LDL cholesterol (mg/dL) 98+43 97 13 251
HDL cholesterol (mg/dL) ~ 40.9+18.7  38.5 3 87
C-reactive protein (mg/L)  0.7£1.8 0.3 0 19
HbA1c (%) 5.9£1.3 5.4 43 10.6
Erythrocyte

sedimentation rate 22.9£16.1 18 3 88
(mm/h)

Ferritin (ng/mL) 1194224 37.5 4 1649

SD: Standard deviation, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
ALP: Alkaline phosphatase, GGT: Gamma-glutamyl transferase, LDH: Lactate
dehydrogenase, INR: International normalized ratio, ESR: Erythrocyte sedimentation rate,
HbA1c: Hemoglobin A1c, 25(0H)D: 25-hydroxyvitamin D

Statistical Analysis

We used SPSS version 20.0 to analyze the data. We showed continuous
data mean + standard deviation or median (range), based on how
they were spread out. We presented categorical data as numbers and
percentages. We assessed the data distribution visually and using
statistical tests. To compare two groups, we used the independent
samples t-test or the Mann-Whitney U test, depending on which was
appropriate. For comparisons involving three or more groups, we used
one-way analysis of variance or the Kruskal-Wallis test. We used Pearson
or Spearman correlation tests. A p value less than 0.05 was deemed
statistically significant.

Results

Baseline Characteristics

Overall, 118 patients with cirrhosis were included in the analysis. The
average age was 58.71+11.8 years (median, 59 years; range, 25-85 years).
Of the patients, 67 (56.8%) were male and 51 (43.2%) were female.



The average MELD score was 9.5+2.7 and the average Child-Pugh score
was 7.2%2.4. According to Child-Pugh stage, 62 patients (52.5%) were
stage A, 31 (26.3%) stage B, and 25 (21.2%) stage C (Table 2).

The etiologies of cirrhosis were cryptogenic in 63 patients (53.4%),
hepatitis B virus in 34 (28.8%), hepatitis C virus in 10 (8.5%), alcohol-
related in 9 (7.6%), and drug-related in 2 (1.7%).

Regarding complications, portal hypertension was present in 93.2%
of patients; esophageal varices in 86.4% of patients; decompensated
cirrhosis in 51.7% of patients; ascites in 39.8% of patients; variceal
bleeding in 31.4% of patients; hepatic encephalopathy in 25.4% of
patients; PVT in 22.0% of patients; hepatorenal syndrome in 18.6% of
patients; ascitic infection in 11.0% of patients; HCC in 11.0% of patients;
and hepatopulmonary syndrome in 1.7% of patients (Table 3).

The mean serum vitamin D level was 10.9+9.4 ng/mL. Vitamin D
deficiency was detected in 110 patients (93.2%), insufficiency in 6
patients (5.1%), and normal vitamin D levels in only 2 patients (1.7%).

When patients were stratified by Child-Pugh stage, vitamin D insufficiency
was present in 91.9% of stage A patients, 96.8% of stage B patients, and
92.0% of stage C patients.

Vitamin D Levels According to Cirrhosis Etiology

Mean vitamin D levels according to etiology were as follows: cryptogenic
cirrhosis, 12.6+11.7 ng/mL; hepatitis B-related cirrhosis, 9.3+5.3 ng/
mL; hepatitis C-related cirrhosis, 7.5+3.6 ng/mL; alcohol-related
cirrhosis, 9.9+5.4 ng/mL; and drug-related cirrhosis, 6.9+4.1 ng/mL. No
statistically significant difference was found. In serum vitamin D levels
among the different etiologic subgroups (p=0.210).

Vitamin D Levels and Cirrhosis-Related Complications

No notable association identified between vitamin D concentrations
and decompensated cirrhosis (p=0.621 ), ascites (p=0.233), hepatic
encephalopathy (p=0.215), variceal bleeding (p=0.988 ), ascitic infection
(p=0.071), hepatorenal syndrome (p=0.670), hepatopulmonary
syndrome (p=0.706), PVT (p=0.988), HCC (p=0.463), portal hypertension
(p=0.427), or esophageal varices (p=0.794 ) (Table 4).

Vitamin D Levels and Laboratory Parameters

No statistically significant difference was found.among genders, with
men having 10.3+6.8 ng/mL and women 11.4+10.9 ng/mL (p=0.511).

Table 2. Distribution of Child-Pugh and MELD scores of the
patients

A) Continuous variables

Parameter Mean = SD Median Min Max
MELD score 9.5+2.7 9 6 20
Child-Pugh score 72124 6 5 15
B) Categorical variables
Parameter Category n %

A 62 52.5
Child-Pugh class B 31 26.3

C 25 21.2

SD: Standard deviation, MELD: Model for End-Stage Liver Disease, Min: Minimum, Max:
Maximum, Child-Pugh: Child-Turcotte-Pugh

Ozmen and ince. Vitamin D Levels in Cirrhosis

Additionally, vitamin D levels showed no significant correlation with
variables such as age, WBC, HGB, PLT, glucose, creatinine, LDH, LDL, CRP,
HDL, ESR, HbA1c, ferritin, GGT, AST, ALP, ALT, or hilirubin (Table 5).

Serum 25(0H)D levels displayed a positive correlation with albumin
(rho: 0.271, p=0.003), total cholesterol (rho: 0.195, p=0.035), and
triglycerides (rho: 0.251, p=0.006). In contrast, vitamin D levels were
negatively correlated with PT (rho: -0.237, p=0.003) and INR (rho:
-0.234, p=0.011).

Vitamin D Levels and Hepatic Disease Severity
Serum 25(0H)D levels were negatively associated with Child-Pugh score
(rho: -0.243, p=0.008) and MELD score (rho: -0.185, p=0.045) (Table 6).

According to Child-Pugh stage, mean vitamin D levels were 11.2+6.5 ng/
mL in stage A, 11.7£14.9 ng/mL in stage B, and 9.1£6.2 ng/mL in stage
C. Although vitamin D levels tended to decrease with advancing Child-

Table 3. Distribution of cirrhosis-related complications

Parameter Category n %
. . Compensated 57 483
Cirrhosis status
Decompensated 61 51.7
None 71 60.2
) Mild 15 12.7
Ascites
Moderate 8 6.8
Severe 24 20.3
. . Present 13 11.0
Ascitic infection
Absent 105 89.0
. Present 30 254
Hepatic encephalopathy
Absent 88 74.6
Stage 1-2 21 17.8
Encephalopathy stage
Stage 34 9 7.6
. . Present 37 31.4
Variceal bleeding
Absent 81 68.6
None 16 13.6
) Grade 1 34 28.8
Esophageal varices
Grade 2 36 30.5
Grade 3 32 271
L Present 26 22.0
Band ligation
Absent 92 78.0
Present 22 18.6
Hepatorenal syndrome
Absent 96 81.4
Present 2 1.7
Hepatopulmonary syndrome
Absent 116 98.3
None 92 78.0
Portal vein thrombosis Partial 24 20.3
Complete 2 1.7
. Present 13 11.0
Hepatocellular carcinoma
Absent 105 89.0
None 8 6.8
Portal hypertension Stage 1-2 101 85.6
Stage 3—4 9 7.6

PVT: Portal vein thrombosis, HCC: Hepatocellular carcinoma
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Table 4. Vitamin D Levels According to cirrhosis-related
complications

Complication Category Mean + SD (ng/mL)  p value
. ) Present 10.0£5.4
Decompensated cirrhosis 0.621
Absent 11.8+12.2
None 10.8£6.3
, Mild 15.9420.0
Ascites 0.233
Moderate 7.914.5
Severe 91457
None 11.4+10.3
Hepatic encephalopathy Stage 1-2 10.4+6.0 0.215
Stage 3—4 7.2£3.6
) ) Absent 11.3+10.8
Variceal bleeding 0.988
Present 10.1£5.1
o ) Absent 11.3£9.7
Ascitic infection 0.071
Present 7.9%4.5
Absent 11.1£10.0
Hepatorenal syndrome 0.670
Present 10.0+5.8
Hepatopulmonary Absent 10.9£9.4 0503
syndrome Present 13.0£11.5 i
None 11.1£10.1
Portal vein thrombosis Partial 9.914.9 0.988
Complete 16.0+16.9
) Absent 10.949.8
Hepatocellular carcinoma 0.463
Present 10.7£5.0
None 8.1+4.1
Portal hypertension Stage 1-2 11.3£9.9 0.427
Stage 34 8.7t4.9
None 10.3£6.7
. Grade 1 11.2+6.4
Esophageal varices 0.794
Grade 2 12.4+14.6
Grade 3 9.3+4.4
o Absent 11.3£10.3
Band ligation 0.560
Present 9.514.8

Statistical analysis: Mann-Whitney U test and Kruskal-Wallis test were used as appropriate.
SD: Standard deviation

Pugh stage, the difference among Child-Pugh stages failed to achieve
statistical significance (p=0.140).

Discussion

This study found that over 90% of individuals with cirrhosis experienced
vitamin D deficiency. Additionally, lower vitamin D levels were linked
to signs of reduced hepatic synthetic function and increased disease
severity.

These findings are consistent with previous studies indicating a elevated
prevalence of inadequate vitamin D levels in those with cirrhosis
(9,10,18). Our findings reveal that levels are more closely linked to the
extent of hepatic dysfunction than to the underlying cause of cirrhosis.
Earlier studies have also observed that vitamin D deficiency correlates
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Table 5. Correlation between vitamin D levels and liver function
tests

Parameter Corre]a}ion p value
coefficient (Rho)
AST (U/L) 0.007 0.940
ALT (U/L) 0.007 0.937
ALP (U/L) 0.007 0.939
GGT (U/L) 0.092 0.322
Total bilirubin (mg/dL) -0.080 0.390
Prothrombin time (s) -0.237 0.003
INR -0.234 0.011

Analysis: Spearman correlation. AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma-glutamyl transferase, INR:
International normalized ratio

Table 6. Correlation between vitamin D levels and Child—Pugh
and MELD scores

Parameter Correlation coefficient (Rho) p value
Child—Pugh score -0.243 0.008
MELD score -0.185 0.045

Analysis: Spearman correlation. MELD: Model for End-Stage Liver Disease

with disease severity rather than its etiology (11,19). The observed
associations between vitamin D and albumin, PT, and INR further
support the idea that a decline in liver synthetic capacity plays a critical
role in the development of vitamin D deficiency. the liver is responsible
for both hydroxylating vitamin D and producing binding proteins,
impaired liver function could directly result in lower vitamin D levels
in the blood (6,8,20). Thus, vitamin D may serve as an indirect marker
of liver reserve.

While some research has indicated a link between low serum vitamin
D levels and outcomes such as infection or decompensation (11,14,15),
the literature is inconsistent. The lack of correlation in our study may
be due to its retrospective design, modest sample size, and variation
in complication profiles. The positive relationship between vitamin D
and lipid parameters, including cholesterol and triglycerides, should
also be considered in the context of liver function. Lower lipid levels are
commonly found in progressive liver disease due to impaired synthesis
(21-24). Therefore, this relationship likely reflects overall hepatic
dysfunction rather than a direct metabolic interaction.

Vitamin D deficiency in cirrhosis is likely multifactorial, involving
reduced sun exposure, nutritional deficiencies, impaired intestinal
absorption, decreased hepatic conversion, and altered metabolism
(8,20,25-27). Besides being a marker of disease severity, vitamin D may
also contribute to disease progression through its roles in inflammation,
fibrosis, and immune regulation (13,28-30).

Study Limitations

The present study has several limitations. First, its retrospective and
observational design precludes establishing causal relationships between
vitamin D levels and liver disease severity. Second, this single-center study
had a relatively small sample size, which may limit the generalizability
of the findings. Third, longitudinal follow-up data were unavailable;



therefore, the prognostic significance of vitamin D levels over time could
not be evaluated. Fourth, the unequal distribution of certain cirrhosis-
related complications may have limited the statistical power of subgroup
analyses. In addition, seasonal variations in sunlight exposure, which may
influence serum 25(0H)D concentrations, could not be taken into account
because the timing of vitamin D measurements was not standardized.
Multivariable analyses were not performed; therefore, the potential
confounding effects could not be fully adjusted for.

Conclusion

Vitamin D deficiency is highly prevalent among patients with cirrhosis.
Lower serum 25(0H)D levels were associated with greater liver disease
severity and impaired hepatic synthetic function, rather than with the
etiology or specific complications of cirrhosis. These findings suggest
that vitamin D deficiency may represent a marker of disease severity in
cirrhosis. However, given the observational nature of this study, these
associations should not be interpreted as causal relationships. Further
prospective studies are warranted to determine whether correction of
vitamin D deficiency may influence clinical outcomes.
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ABSTRACT

Introduction: Rifamycin is widely used as a broad-spectrum antimicrobial agent; recent studies have demonstrated the anti-
inflammatory properties of rifamycin SV. Our study aimed to determine the adverse effects of intra-articular injection of rifamycin
SV on the articular cartilage and synovial membrane of the knee joint.

Methods: Thirty-two Wistar albino male rats were assigned to experimental and control groups (n=8 per group). On the first day,
a single dose of 5mg/kg rifamycin SV (Rif; Kocak Farma, Turkiye) was injected into the right knee of the rats in the experimental
groups (E1/E2), and a single dose of 0.9% isotonic sodium solution was injected into the right knee of the rats in the control groups
(C1/C2). E1 and C1 rats were euthanized on the 7" day, and E2 and (2 rats were euthanized on the 28" day. Macroscopic and
histopathological evaluations of the articular cartilage structures and synovial inflammation were performed. The histopathological
grading and staging system of the Osteoarthritis Research Society International was used to evaluate the cartilage structures, with
p<0.05 considered statistically significant.

Results: There were no statistically significant differences between the E1 and C1 groups or between the E2 and C2 groups in cartilage
damage degree, stage, or score on the 7" day (p=0.117, p=0.197, p=0.197) and on the 28" day (p=0.077, p=0.061, p=0.062). When
the ET and C1 groups were examined to determine degrees of synovial inflammation, inflammation was significantly more common
in the rifamycin SV (E1) group (p<0.001 on day 7). In contrast, degrees of synovial inflammation did not differ significantly between
the E2 and C2 groups (p=0.256, day 28).

Conclusion: The intra-articular administration of rifamycin SV did not have a negative effect on articular cartilage but increased

synovial inflammation on the 7" day.

Keywords: Rifamycin, knee, cartilage, isotonic sodium chloride

Introduction

Rifamycins are a group of antimicrobial drugs first discovered by Sensi
at the Dow-Lepetit Research Laboratory in 1957 (1). Streptomyces
mediterranei, a new Actinomyces strain isolated from a soil sample,
produces molecules that primarily inhibit Gram-positive bacteria during
culture. These molecules were named rifamycin A, B, C, D, and E and
defined as the rifamycin complex family (2).

Rifamycins are broad-spectrum antimicrobial agents widely used to treat
bacterial infections. However, recent studies indicate that rifamycin SV
has anti-inflammatory and cellular protective properties (3,4). The anti-
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inflammatory effect of Rifamycin SV on neutrophils was also determined
in vitro in the literature (5).

Septic arthritis is an infection of the joints. Diagnosis is made by
clinical findings, gram staining, and culture of joint fluid (6). The most
frequently detected pathogen is Staphylococcus aureus (7). Although the
gold standard for treatment is surgical drainage and systemic antibiotics,
arthroscopic lavage has also been described (8). In the case of inadequate
treatment, cartilage damage develops, leading to permanent orthopedic
sequelae. Therefore, evaluating the effect of rifamycin SV on knee joint
cartilage may be important to determine its usefulness as a potential
therapeutic strategy for septic arthritis.
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The aim of this experimental animal study was to determine the adverse
effect of the intra-articular administration of rifamycin SV on knee joint
cartilage, assessed by histopathological analysis.

Methods

Ethical approval was taken for our study from the istanbul University
Animal Experiments Local Ethics Committee (decision number: 2021/17,
date: 30.04.2021). The experimental part of the study was carried out
at istanbul University, the Department of Experimental Animals. The
study was conducted as part of a master’s thesis at istanbul University,
Institute of Health Sciences, Department of Experimental Animal
Science. All experimental animals used in our study belong to istanbul
University, and the necessary permissions have been obtained for their
use. The study was conducted in accordance with the ARRIVE guidelines.

Thirty-two Wistar albino male rats, 9-10 months old and weighing
380-420 g, were used in the study. All animals were numbered by
making small ear incisions. The subjects were randomly divided into
four groups of eight rats each. Randomization was performed using a
table of random numbers. Two groups were designated experimental:
experimental group 1 (E1) and experimental group 2 (E2). The other two
groups were designated control groups 1 (C1) and 2 (C2). The groups
of animals were written on labels attached to their cages. During the
study, the rats were provided with a standard laboratory rodent pellet
diet (ad libitum) and free access to water. The animals were housed in
appropriate cages under standard room conditions with a 12-hour night,
12-hour day rhythm at a temperature of 21+2 °Cand a humidity level of
55+10%. On the first day, a single dose of rifamycin SV (Rif; Kocak Farma,
Tirkiye) at 5 mg/kg was injected into the right knee of the rats in the
experimental groups (E1, E2), and a single dose of 0.9% isotonic sodium
chloride (20 microliters; Polifleks; Polifarma, Tirkiye) was injected into
the right knee of the rats in the control groups (C1, C2). Rifamycin SV
dose was determined based on previous animal experiments in the
literature (9). An intra-articular injection was administered into a normal
cartilaginous knee joint. No prior pathology was identified.

Animals in the E1 and C1 groups were euthanized at the end of the 7"
day, and animals in the E2 and (2 groups at the end of the 28" day.
Euthanasia was performed by administering pentothal at a high dose
(200 mg/kg). After euthanasia, the right lower extremities of the subjects
were removed by hip disarticulation following appropriate antisepsis
and preparation. Muscle tissues were separated. The right femur and
tibia were preserved together with the knee joint ligaments and placed
individually in appropriately labeled sample containers containing
10% formaldehyde solution. The samples were then delivered to the
pathology laboratory for histopathological examination.

Injection Technique

Before the procedures, all animals were weighed and their weights
recorded. Foranesthesia, 5 mg/kgxylazine hydrochloride (Rompun; Bayer
Healthcare, Leverkusen, Germany) and 50 mg/kg ketamine hydrochloride
(Ketalar; Pfizer, Turkiye) were administered intraperitoneally. Ethical
rules and animal welfare are at the forefront of experimental animal
studies. Intra-articular injections were administered under anesthesia
to ensure that the animal did not experience pain and that the delicate
injection could be performed in accordance with the technique.
Then, the right knees of the animals were shaved while the animals
were in the supine position. The patella, patellar tendon, and tibial
tuberosity were marked on the skin with a skin pencil. Skin antisepsis
was performed using 10% povidone-iodine (Batticon; Adeka, Tirkiye).
Injections were administered via the transpatellar route (the same route
of drug administration when needed), midway between the patella
and the tuberosity of the tibia, using tuberculin syringes with a 26G
needle tip. All animals in the experimental groups (E1 and E2) were
injected with 5mg/kg of rifamycin SV (Rif; Kogak Farma, Tiirkiye), and
those in the control groups (C1 and C2) were injected with 0.9% isotonic
sodium chloride (20 microliters). When the anesthesia had completely
taken effect, the subjects were allowed to bear weight and move freely
in the cage. The criteria we used in the study to decide that the effect
of anesthesia has ended are: return of reflex responses (pedaling,
tail pinching, etc.), the animal regains its righting reflex, return of
coordinated movements, and the animal becomes fully conscious (10).
Because knee movements might be affected and gait disorders might
develop following the injections, housing and care were provided for
each experimental and control animal in a cage. After 24 hours, all
subjects were active, showed no signs of pain, and they were moved to
cages housing four animals each.

Macroscopic Evaluation

In macroscopic examination, knee joint cartilages were stained with
Indian ink and evaluated for possible damage according to the criteria
defined by Yoshioka et al. (11) (Table 1). To ensure blinding during
macroscopic examination, the specimens were numbered and sent to
the examiner. The examination was performed by a researcher who was
not involved in the experimental procedures.

Histopathological Evaluation

Specimens containing femora and tibiae with preserved knee joints
were decalcified in 20% hydrochloric acid for microscopic examination.
Afterward, 5-micrometer-thick longitudinal sections were taken
perpendicular to the joint surface using a microtome. Staining was
performed using hematoxylin-eosin and safranin O, and the stained
specimens were examined under a light microscope (Olympus®

Table 1. Classification of macroscopic evaluation of cartilage damage defined by Yoshioka et al. (11)

Grade Macroscopic changes

1 intact surface: surface appears normal and does not retain any ink;

2 Minimal fibrillation: site appears normal before staining, but retains the India ink as elongated specks or light gray patches;
3 Overt fibrillation: the cartilage is velvety in appearance and retains ink as intense black patches;

4 Erosion: loss of cartilage exposing the underlying bone.
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BX51-x100). For the evaluation of the cartilage structures, the cartilage
histopathological grading and staging system of the Osteoarthritis
Research Society International (OARSI) was used (12) (Tables 2 and 3). In
this system, cartilage damage is graded and staged, and the osteoarthritis
score is calculated by multiplying the assigned grade and stage values.
Histopathological evaluation of synovial inflammation was evaluated
according to the 5-point scale defined by Ozyuvaci et al. (13) (Table 4).

To ensure blinding of the histopathological evaluation, specimens
were sent to the laboratory with animal numbers. Histopathological
examination of all samples was performed by a single pathologist.

Statistical Analysis

The SPSS 23.0 (IBM Corp. Released 2015. IBM SPSS Statistics for Windows,
Version 23.0. Armonk, NY: IBM Corp.) program was used for statistical
analysis, and the G Power 3.1.9.7 (Franz Faul, Germany) program was
used for sample calculation.

Based on the calculation using the determined effect size (d: 0.849), 95%
power, and a 5% margin of error, a total of at least 32 samples should
be studied.

Table 2. Cartilage damage histopathological statiging criterias
according to OARSI classification (12)

Stage % involvement (surface, area, volume)
0 No osteoarthritis activity seen

1 <10%

2 10-25%

3 25-50%

4 >50%

Bilgin et al. Potential Effects of Intra-Articular Rifamycin SV

Comparisons between cartilage scores and degrees of synovial
inflammation were conducted using the Mann—Whitney U test. p<0.05
was used as the level of significance.

Results

No animal deaths were reported during the study. No problems with
independent mobilization of the experimental animals were observed,
and no post-injection infections occurred.

Macroscopic Findings

According to the evaluation results using the macroscopic classification
ve cartilage damage defined by Yoshioka et al. (11), no difference was
detected between the E1 and C1 groups consisting of rats euthanized
at the end of the 7" day (p=0.535). No difference was observed in
the degree of cartilage damage between the E2 and (2 groups, which
consisted of rats euthanized at the end of day 28 (p=0.268).

Histopathological Findings

According to evaluation using the OARSI cartilage histopathological
grading and staging system, no difference was detected in the degree
of cartilage damage between the E1 and C1 groups, which consisted
of rats euthanized at the end of day 7 (p=0.117). No difference was
detected in cartilage damage stages or cartilage scores (both p=0.197)
(Table 5; Figures 1 and 2). No difference was observed in the degree of
cartilage damage between the E2 and 2 groups; both groups consisted
of rats euthanized at the end of day 28 (p=0.077). No differences were
detected with respect to cartilage damage stages (p=0.061) or cartilage
scores (p=0.062) (Table 5, Figures 3 and 4).

When the E1 and C1 groups, consisting of rats euthanized on day 7,
were compared for the degree of synovial inflammation, the group

Table 3. Cartilage damage histopathological graiding criterias according to OARSI classification (12)

Grade Macroscopic changes

Matrix: normal architecture
Cells: intact, appropriate orientation

Grade 0: surface intact,
cartilage morphology intact

Matrix: superficial zone intact, oedema and/or superficial fibrillation (abrasion), focal superficial matrix condensation

Grade 1: surface intact . L
Reaction must be more than superficial

fibrillation only

As above

Cells: death, proliferation (clusters), hypertrophy, superficial zone

+ Matrix discontinuity at superficial zone (deep fibrillation)

Grade 2: surface discontinuity

+ Disorientation of chondron columns
Cells: death, proliferation (clusters), hypertrophy

As above

Grade 3: vertical fissures
(clefts)

+ Cationic stain matrix depletion (Safranin O or Toluidine Blue) upper 1/3 of cartilage
+ Focal perichondronal increased stain (mid zone)

Matrix vertical fissures into mid zone, branched fissures
+ Cationic stain depletion (Safranin O or Toluidine Blue) into lower 2/3 of cartilage (deep zone)
+ New collagen formation (polarized light microscopy, Picro Sirius Red stain)

Cells: death, regeneration (clusters), hypertrophy, cartilage domains adjacent to fissures

Grade 4: erosion

Cartilage matrix loss: delamination of superficial layer, mid layer cyst formation

Excavation: matrix loss superficial layer and mid zone

Grade 5: denudation
bone surface

Grade 6: deformation Bone . .
extending above the previous surface

Surface: sclerotic bone or reparative tissue including fibrocartilage within denuded surface. Microfracture with repair limited to

Bone remodelling (more than osteophyte formation only). Includes: microfracture with fibrocartilaginous and osseous repair
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Table 4. Grading of histopathological inflammatory changes in
the knee joints of rats (13)

Grade Histopathological changes

1 No inflammation

2 Minimal inflammation: mild congestion and oedema

3 Mild inflammation: erosion of joint surface, congestion and
oedema, small number of neutrophils

4 Moderate inflammation: neutrophils and macrophages, synoviocyte
hyperplasia

5 Severe inflammation: neutrophils and macrophages, synoviocyte

hyperplasia, fibrin exudation

administered rifamycin SV exhibited greater synovial inflammation
(p<0.001) (Table 6 and Figure 5). When the E2 and (2 groups, rats
euthanized at the end of day 28, were compared with respect to degrees
of synovial inflammation, no difference was detected between the two
groups (p=0.256) Table 6.

Discussion

Rifamycins are a family of antimicrobials that act by inhibiting RNA
polymerase. Rifamycin SV is an antimicrobial of the rifamycin group that
was first used therapeutically. In addition to their antimicrobial activity,
rifamycins have been reported to exert anti-inflammatory effects. It
has been determined that these effects are exerted by inhibiting the
synthesis of cytokines from THP-1-type monocytes and macrophages
activated by lipopolysaccharide (LPS) (4). Rifamycins have also been
shown to antagonize tumor necrosis factor alpha and LPS-induced
nuclear factor kappa B activities and inhibit inflammatory chemokines
and interleukin (IL)-8 synthesis induced through IL-18 (3).

Rifamycins are antibiotics that can be used orally or parenterally.
However, the literature reports various local uses. Bruni et al. (14)
reported positive results using rifamycin SV topically in the treatment
of herpes zoster. Boztas et al. (15) used rifamycin SV locally in the
treatment of pilonidal sinus disease and found that it was beneficial

Table 5. Histological findings of OARSI assessment

Groups
OARSI Scores E1 (&}
n % n % P
0 4 50 7 87.5
Grade ! ! >0 ! 125 0.117
2 0 0 0 0
3 0 0 0 0
0 4 50 7 87.5
1 4 50 0 0
Stage 5 5 . ] 5 0.197
3 0 0 0 0
0 4 50 7 87.5
1 4 50 0 0
Score 2 0 0 1 12.5 0.197
4 0 0 0 0
6 0 0 0 0
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to the treatment. For this reason, intra-articular injection was used as a
alternative mode of administration in our study.

The starting point of our study was the question of whether rifamycin is
safe for intra-articular use to treat intra-articular infections, because it is
a broad-spectrum antimicrobial agent with anti-inflammatory effects. A
review of the literature identified several studies on the intra-articular
administration of rifamycins. Rifamycins were first used intra-articularly
totreat rheumatoid arthritis. Inarandomized, prospective study, patients
with rheumatoid arthritis received a total of 525 mg of rifamycin intra-
articularly once weekly for 10 weeks. In clinical findings, a significant
improvement in erythrocyte sedimentation rate and C-reactive protein
level was detected (16). A literature review examining 20 years of
data stated that intra-articular rifamycin was effective against active
synovitis and could be used together with slow-acting antirheumatic
drugs (17). Rifamycin SV was compared with triamcinolone acetonide
in a randomized controlled trial involving 87 patients with rheumatoid
arthritis and refractory knee synovitis. It was concluded that rifamycin
SV was less useful than triamcinolone acetonide in the local treatment
of rheumatoid synovitis (18). In a different study, the application of
rifamycin to the joint was shown to be effective in reducing pain in
rheumatoid arthritis patients (19).

Rifamycins have also been used intra-articularly in the treatment of
hemophilic arthropathy. A 2018 Korean study showed that chemical
synovectomy with rifamycin could prevent hemarthrosis and improve
clinical symptoms in patients with hemophilia. It has been found that
rifamycin protects the joint, especially in the early stages of arthropathy,
where there is no narrowing of the joint space (20). In 2021, Caviglia et
al. (21) examined the use of intra-articular rifamycin in the treatment
of hemophilic arthropathy. It has been stated that rifamycin is more
effective when used in small joints (elbow and ankle) than in larger
joints (knee) and that multiple injections predict failure (21).

Studies have shown that application of rifamycin to the joint reduces
inflammation in rheumatological diseases and intra-articular bleeding

E2 Q
n % n % P
2 25 6 75
4 50 1 12.5
0.077
1 12.5 1 12,5
1 12.5 0 0
2 25 6 75
3 37.5 1 12.5
0.061
2 25 1 12.5
1 12.5 0 0
3 37.5 6 75
2 25 1 12.5
1 12.5 0 0 0.062
0 0 1 12.5
2 25 0 0
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Figure 2. Histopathological appearance of the sample with grade 1 cartilage damage in group E1 (safranin-0 x100-superficial fibrillation)

in hemophilic patients. However, because cartilage destruction in these
diseases appears to result from the underlying disease process, these
studies do not demonstrate whether rifamycins have beneficial or
harmful effects on cartilage or whether they are reliable.

In our study, cartilage structures in rats were examined using the
OARSI scale after intra-articular application of rifamycin SV. This scale
is a rating, staging, and scoring method (12). The animal selection
and scale used were compatible with similar cartilage studies in the
literature (22).

The intra-articular injection volume to be administered to rats is also
important. Excessive application can damage the joint capsule and may
result in drug extraction. In such cases, the effects of the drug may not be
clearly observed, and additional complications may occur. Since a study
conducted on this subject in the literature determined that a maximum
of 30 microliters could be injected into the rat knee, 20 microliters was

used as the injection volume in our study (23). Rifamycin SV is red. On
macroscopic examination after euthanasia, no red discoloration was
observed in the subcutaneous tissue of any sample.

The administered drug dose was determined based on previous studies.
Lee et al. (9) studied a rabbit hemophilic arthropathy model and injected
10 mg rifamycin into the knees in 2000-g rabbits. In our study, the dose
applied was 5 mg/kg.

Starting from a hypothesis similar to our study, Kwon et al. (24)
examined the intra-articular application of rifamycin in MRSA septic
arthritis. The authors stated that the local application of rifamycin may
be a promising new therapeutic strategy for septic arthritis, due to the
simultaneous alleviation of intra-articular inflammation and targeting
of intracellular bacteria.
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Figure 3. Histopathological appearance of the sample with grade 2 cartilage damage in group (2 (safranin-0 x100-superficial zone deep fibrillation)

Figure 4. Histopathological appearance of the sample with grade 3 cartilage damage in group E2 (safranin-0 x100-matrix vertical fissures into mid-zone)

Table 6. Histological findings of synovial inflammation

Groups
Synovial inflammation E1 a
n % n %
1 0 0 8 100
2 6 75 0 0
Grade 3 2 25 0 0
4 0 0 0 0
5 0 0 0 0

Study Limitations

The most important limitation of our study is reliance solely on
macroscopic and histopathological examinations for evaluation. The
viability of cartilage cells could have been examined in the context of
cartilage injury. In addition, immunohistochemical examinations and
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E2 Q
P p
n % n %
3 37.5 6 75
5 62.5 1 12.5
<0.001 0 0 0 0 0.256
0 0 1 12.5
0 0 0 0

assessments of inflammatory markers to evaluate synovitis would have
strengthened the study. However, these examinations could not be
performed due to funding limitations. Furthermore, histopathological
and macroscopic examinations were performed by a single researcher.
Interobserver reliability was not investigated.



Figure 5. Histopathological appearance of the sample with grade 3
synovial inflammation in group E1 (hematoxylin eosin x100-mild synovial
hyperplasia, increased vascularity, congestion, presence of rare neutrophils,
focal fibrin exudation)

Conclusion

In our study, no significant difference in cartilage damage was detected
compared with the control group during both the early and late
periods, and intra-articular rifamycin SV was shown to be safe. However,
a significant increase in synovial inflammation was observed early in
the group that received rifamycin SV. Therefore, studies are needed to
evaluate the reliability of rifamycin use in treating diseases that cause
additional synovial inflammation, such as septic arthritis.
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Core Circadian Clock Proteins (CLOCK and BMAL1) in Non-
Muscle-Invasive Urothelial Carcinoma: Links to Histopathology
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ABSTRACT

Introduction: This study aims to evaluate the immunohistochemical expression of core circadian clock proteins, circadian locomotor
output cycles kaput (CLOCK) and brain and muscle ARNT-like protein 1 (BMAL1), in patients with non-muscle-invasive urothelial
carcinoma (NMIBC) and to determine their potential role in predicting disease progression.

Methods: A total of 34 patients diagnosed with NMIBC who subsequently developed either progressive (n=20) or non-progressive
(n=14) recurrence were included. Sixty-eight specimens from initial and recurrent biopsies, with a minimum 3-month interval, were
analyzed. The expression of CLOCK and BMAL1 was quantified by independently assessing staining intensity and the percentage of
positive cells, both of which were then used to calculate the H-score for each antibody. Statistical analyses were performed using SPSS
25.0, with significance set at p<0.05.

Results: The mean age of 34 patients was 64.4+10.8 years. Significant stage migration was observed between initial and subsequent
biopsies (p=0.01), with 9% of cases progressing to muscle-invasive disease. Progressive recurrence was significantly associated with
initial pathological stage and grade (p=0.02), particularly in non-invasive papillary urothelial carcinoma (pTa) high-grade tumors
(p=0.01). Peritumoral inflammatory infiltration was identified in 37% of cases and was significantly more frequent in high-grade
stages (p=0.02) and invasive stages (p<0.01). Strong CLOCK expression was found in 99% of cases, while BMALT expression was
significantly milder in pTa tumors (p=0.04). However, changes in CLOCK or BMAL1 H-scores (AH-score) and shift work history were not
significantly associated with time to disease progression (p>0.05).

Conclusion: Our findings suggest that CLOCK protein activation occurs early and remains stable during the pathogenesis of urothelial
carcinoma, while BMAL1 expression correlates with the pT stage. However, within this cohort, these circadian regulators did not serve
as independent prognostic markers for disease progression. Further studies with larger sample sizes are needed to elucidate the
complex role of the circadian system in tumor evolution.

Keywords: Circadian rhythm, CLOCK, BMALT1, urothelial carcinoma, disease progression, immunohistochemistry, NMIBC

Introduction

Bladder cancer is one of the most common malignancies of the
urinary tract, with urothelial carcinoma representing the vast majority
of cases (1). At the time of initial diagnosis, approximately 75% of
patients present with non-muscle-invasive urothelial carcinoma
(NMIBC). Despite various treatment modalities, NMIBC is characterized
by a high rate of recurrence and a significant risk of progression to
muscle-invasive disease, which necessitates lifelong surveillance and
impacts patient quality of life (2). Identifying reliable biomarkers that
can predict the risk of progression is therefore crucial for optimizing
management strategies (3).
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In recent years, the role of the circadian rhythm—the internal
biological clock that regulates physiological processes over a 24-
hour cycle—has gained prominence in cancer research (4-7). At the
molecular level, this system is governed by a set of core clock genes,
including circadian locomotor output cycles kaput (CLOCK) and brain
and muscle ARNT-like 1 (BMALT1). These genes form a transcriptional-
translational feedback loop that regulates cell cycle progression, DNA
repair, and apoptosis. Disruptions in this system, often caused by
lifestyle factors such as shift work, have been classified as potential
carcinogens and are increasingly linked to the development and
aggressiveness of various cancers (8).
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In the context of bladder cancer, the expression patterns of CLOCK and
BMAL1 and their association with tumor behavior remain an area of
active investigation (9). On the other hand, the molecular influence
of circadian regulators on disease progression remains incompletely
understood.

This study aims to evaluate the immunohistochemical expression
of CLOCK and BMALT in patients who were diagnosed with NMIBC at
their first biopsy and who subsequently developed either progressive
or non-progressive recurrence. By comparing the H-scores of these
markers in sequential biopsies and analyzing the relationship of these
scores with clinical parameters—such as shift-work history and time to
progression—we seek to determine whether circadian clock proteins
have potential as prognostic indicators in the clinical course of urothelial
carcinoma.

Methods

Case Selection and Preparation

This study was approved by the Scientific Research Ethics Committee
No. 2 of Basaksehir Cam and Sakura City Hospital (decision no: 84,
date: February 4, 2026). Due to the retrospective design of the study
and the use of anonymized data, informed consent was not required
in accordance with the Ethics Committee’s decision and institutional
regulations.

The study included 34 patients over the age of 18 who were diagnosed
with NMIBC at their initial biopsy. These patients presented with either
progressive or non-progressive recurrences between June 1, 2020, and
January 1, 2026, at the Clinic of Pathology of University of Health Sciences
Turkiye, Basaksehir Cam and Sakura City Hospital. The progression
was defined solely by an increase in stage [e.g., non-invasive papillary
urothelial carcinoma (pTa) to pT1/pT2]. Cases were included regardless
of sex. A minimum interval of three months between the two biopsies
was required, while transurethral resection (TUR) procedures performed
solely for residual tumor sampling were excluded. Consequently, 68
bladder TUR and radical cystectomy specimens with sufficient tumor
tissue were identified for analysis.

Clinical and Histopathological Parameters

Clinical data and archival records were retrospectively analyzed for the
following parameters: age, sex, shift work history (<1 year), and survival
status. Specimen-related data included the type (TUR or cystectomy)
and tumor dimensions (mm), with the latter derived from cystoscopic
or macroscopic measurements. Recurrence status (non-progressive vs.
progressive) was determined by comparing the first and second biopsies.
Other recorded variables included the inter-biopsy interval (months), pT
stage, histological grade (low/high), presence of carcinoma in situ (CIS),
and peritumoral inflammatory infiltration (PTI), categorized according
to the presence of lymphocytes and plasma cells.

Immunohistochemical Staining and Evaluation

The paraffin block most representative of the tumor was selected.
Sections of 2 um thickness were prepared from these blocks and placed

234

on positively charged slides. Staining was performed with CLOCK (JA12-
33) rabbit monoclonal antibody (1/50 dilution) and BMAL1 rabbit
polyclonal antibody (1/50 dilution) on the Ventana Medical System
BenchMark ULTRA/ISH automated stainer, using the Ultraview Universal
DAB Detection Kit. For each case, two CLOCK slides and two BMALT1 slides
were obtained from both the first and second biopsies. Neural tissue
served as a positive control for BMAL1, and colon adenocarcinoma
served as a positive control for CLOCK.

Immunohistochemical evaluation of tumor cells was based on
cytoplasmic and/or membranous staining for the CLOCK antibody
and nuclear staining for the BMAL1 antibody. For both antibodies,
the extent of staining in tumor cells was determined as a percentage.
Staining intensity was scored as 0 (no staining), 1 (mild), 2 (moderate),
and 3 (strong). The H-score was calculated using the formula (1 x 1%+)
+ (2 X 2%+) + (3 X 3%+), taking into account the percentage of cells
corresponding to each intensity level (10). The resulting scores ranged
from 0 to 300. Immunohistochemical scoring was performed by two
pathologists, and interobserver agreement was assessed.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics (version 25.0).
Categorical variables were expressed as frequencies and percentages,
while continuous variables were presented as mean and standard
deviation or median (minimum—maximum), as appropriate. The chi-
square and Fisher’s exact tests were employed to compare categorical
data. Normality of the data was assessed using the Shapiro—Wilk test.
Accordingly, the Mann—-Whitney U test was used to compare non-
normally distributed continuous variables. For paired categorical data,
the McNemar—Bowker test of marginal homogeneity was performed.
Correlation coefficients were evaluated using Spearman’s rho. A p value
<0.05 was considered statistically significant.

Results

Demographic and Clinical Findings

The mean age of the 34 patients was 64.4+10.8 years (range: 41-86), and
85% (n=29) were male. Seven patients (20%) had a history of shift work.
Additionally, there were two deaths (6%) in the series, and the causes of
death were unrelated to the primary malignancy. Of the 68 specimens
collected from the initial and subsequent biopsies, 64 were obtained
via TUR, and 4 were cystectomy specimens (all from the second biopsy).
The mean tumor diameter was 30.4+13.4 mm. In terms of progression,
59% (n=20) of cases were classified as non-progressive and 41% (n=14)
as progressive. The median interval between biopsies was 4 months
(range: 3-20 months) for non-progressive cases and 3 months (range:
3-29 months) for progressive cases.

Histopathological Findings

Analysis of the 68 specimens revealed that 70% (n=48) were pTa,
26% (n=17) were invasive urothelial carcinoma involving the lamina
propria (pT1), and 4% (n=3) were invasive urothelial carcinoma with
muscularis propria involvement (pT2, all from cystectomy specimens).
Significant stage migration was observed between the initial and



subsequent diagnoses (p=0.01). Specifically, while only 12% (n=4) of
cases were classified as pT1 at the initial diagnosis, this proportion
increased to 39% (n=13) at the second diagnosis. Additionally, 9%
(n=3) of cases progressed to muscle-invasive bladder cancer (pT2)
during follow-up.

Among the 48 pTa cases, 61% (n=29) were high-grade and 39%
(n=19) were low-grade. A statistically significant association was
observed between pathological stage/grade and disease progression
(p=0.02). Specifically, progressive recurrence was significantly more
prevalent in the pTa high-grade group than in the pTa low-grade
group (p=0.01). The detailed distribution of pathological stages and
grades at initial diagnosis and at recurrence is summarized in Table
1.

CIS was identified in 13 cases (19%). PTI was detected in 25 cases (37%).
On initial biopsy, PTI was significantly more frequent in high-grade
than in low-grade pTa cases (p=0.02) (Figure 1). Furthermore, when all
biopsies were evaluated, PTI was significantly lower in pTa cases than
in invasive stages (p<0.01). However, no significant associations were
found between disease progression and age, sex, shift work history,
survival status, or the presence of CIS or PTI (p>0.05).

Immunohistochemical Findings

CLOCK expression was similar between the first and second biopsies.
Strong expression was observed in the majority of cases (99%, n=66),
with mean H-scores of 281.4+37.5 in the first biopsy and 278.2+56.5
in the second.

Calim Glirbiiz et al. Circadian Proteins and NMIBC Progression

BMAL1: The mean H-score was 94.7£85.4 in the initial biopsy and
83.5+105.7 in the subsequent biopsy. Notably, pTa cases demonstrated
significantly higher rates of mild expression compared with other stages
(p=0.04).

Representative images illustrating strong CLOCK and mild BMAL1
expression in a non-invasive low-grade pTa are provided in Figure 2.

Progression and H-Score Correlation

Statistical analyses (Mann-Whitney U and univariate logistic regression)
showed no significant difference or association between the change in
H-score (AH-score) and disease progression. Furthermore, Cox regression
analysis indicated that CLOCK and BMAL1 AH-scores had no significant
effect on the time to progression.

Discussion

This study is a pioneering effort examining the expression levels of
CLOCK and BMAL1, core components of the circadian rhythm, and the
impact of changes in these levels (AH-score) on disease progression in
patients with NMIBC. The risk of progression remains one of the most
critical factors in the surveillance and treatment planning of bladder
cancer patients.

Limited epidemiological evidence exists; however, basic research
consistently links circadian disruption to bladder cancers (11). In this
context, circadian syndrome—exemplified by night-shift workers—has
been suggested as a potential risk factor influencing the recurrence and
prognosis of NMIBC (12). Despite existing literature associating circadian

Table 1. Distribution of pathological stage and grade in initial and second diagnoses, and their association with tumor progression status

Pathological stage and Initial diagnosis Subsequent

grade (n=34) diagnosis (n=34) Dol
pTa low-grade 10 (29%) 9 (26%)

pTa high-grade 20 (59%) 9 (26%) o
pT1 4 (12%) 13 (39%)

pT2 0 (0%) 3 (9%)

Non-progressive recurrence Progressive recurrence

(n=20) (n=14) pvalue
9 (45%) 1(7%)
8 (40%) 12 (86%)

0.01%*
3 (15%) 1(7%)
0 (0.0%) 0 (0%)

*McNemar-Bowker/Marginal homogeneity test, **Fisher’s exact test. pTa: Non-invasive papillary urothelial carcinoma

. h ¥ S o v, e . v
Figure 1. Lymphoplasmacytic inflammatory infiltration surrounding the peritumoral area within the papillary fibrovascular core in a non-invasive high-grade
papillary urothelial carcinoma (x10)
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Figure 2. (a) H&E staining of non-invasive low-grade papillary urothelial carcinoma (x20). Immunohistochemical analysis showing (b) strong expression of CLOCK

b 3 = oo

and (c) mild expression of BMAL1 in non-invasive low-grade papillary urothelial carcinoma (x20). H&E: Hematoxylin and eosin

rhythm disruption with increased cancer risk, our cohort did not
demonstrate a statistically significant relationship between a history of
night-shift work and disease progression. This discrepancy may suggest
that the impact of circadian disruption is more pronounced during the
tumor initiation phase than during the progression phase.

Non-muscle-invasive bladder carcinoma is characterized by a high
recurrence rate; approximately 15%—61% of patients experience
recurrence within one year, and 31%—78% within five years following TUR
of bladder tumor (13). Non-invasive high-grade urothelial carcinoma, in
particular, exhibits a high recurrence rate of up to 80% and can rapidly
advance despite its initially non-invasive nature (14). Conversely, non-
invasive low-grade pTa is associated with a similarly high recurrence
risk (30%-80%) but carries a significantly lower risk (<5%) of progression
to muscle-invasive disease (15). A key observation in our study was the
strong association between the initial pathological status and the risk of
progressive recurrence. This finding aligns with established literature,
which suggests that while pTa low-grade tumors frequently recur, their
risk of progression to muscle-invasive disease remains relatively low.
Conversely, pTa high-grade tumors represent a more heterogeneous
and unpredictable group, exhibiting a significantly higher propensity for
upstaging and aggressive clinical behavior.

PTI is a common immune response that frequently correlates with a
more favorable prognosis and increased recurrence-free survival in
high-grade urothelial carcinoma. While chronic inflammation may
drive tumor progression, localized immune cell infiltration often serves
as a host defense mechanism, potentially indicating better clinical
outcomes (16,17). In our study, the significant association between PTI
and high-grade tumors is consistent with existing literature. However,
the finding that high-grade tumors with PTI did not demonstrate a
significant difference in progression represents a departure from some
previous reports. These results should be further validated in larger
cohorts, as our current findings may be influenced by the limited
sample size.

The immunohistochemical findings regarding CLOCK and BMAL1 in our
study are particularly noteworthy. In contrast to the results of Litlekalsoy
et al. (9), who reported a decrease in CLOCK expression and an increase
in BMAL1 expression across 27 urothelial carcinoma cases—especially
in high-grade instances—our study demonstrated consistently strong
CLOCK expression and mild BMAL1 expression. Specifically, strong CLOCK
expression was detected in 99% of cases in both the initial and recurrent
biopsies. Conversely, BMAL1 expression was more variable and generally
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lower in pTa cases. These observations suggest that CLOCK activation
in our patient group occurs early and remains a stable feature of the
tumor’s evolutionary process, regardless of histological grade or disease
progression.

BMAL1 expression is closely associated with disease progression and
prognosis in urothelial carcinoma. Generally, an increase in BMAL1
levels is linked to tumor aggressiveness and poor survival rates (18).
Our finding in pTa cases with significantly reduced BMAL1 expression
provides an important clue that circadian clock proteins may be
associated with the invasive potential and stage of the tumor.

However, the lack of a significant difference in the change in CLOCK and
BMAL1 H-scores between the progressive and non-progressive groups
limits the utility of these markers standalone predictors of progression.
These results indicate that although circadian proteins are present in
urothelial carcinoma, progression is likely driven primarily by classical
histopathological features and other molecular pathways that remain to
be fully elucidated.

Study Limitations

Several limitations of this study should be noted, primarily the relatively
small sample size, which limits statistical power and the generalizability
of the results. The single-center retrospective design, combined with a
short median interval between biopsies, may not fully reflect long-term
molecular evolution or progression patterns of urothelial carcinoma.
Additionally, the limited data on lifestyle factors and the semi-
quantitative nature of the immunohistochemical H-score evaluation
may have constrained the identification of significant associations
between circadian regulators and disease progression.

Conclusion

This study explores the role of circadian rhythm components, CLOCK
and BMALT1, in the progression of non-muscle-invasive bladder cancer.
Our findings suggest that although these markers are widely expressed,
changes in their expression over time do not independently predict
disease progression. The consistently strong CLOCK expression observed
across biopsies indicates that it may be an early and stable feature of
bladder carcinogenesis, whereas the association of BMALT with pTa
cases links circadian proteins to the tumor’s invasive potential. Although
PTI serves as a host defense mechanism in high-grade tumors, the initial
pathological grade remains the most robust predictor of progressive
recurrence. While circadian disruption may influence tumor initiation



rather than progression, these findings warrant further validation in
larger cohorts to address the limitations of the current sample size.
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ABSTRACT

Introduction: This study aimed to retrospectively compare the incidence of hepatocellular carcinoma (HCC), overall survival (0S), and
HCC-free survival among patients with cirrhosis of different etiologies: alcohol-related, hepatitis B virus (HBV)-related, and combined
HBV-alcohol-related. Additionally, the relationship between HBV viral load and HCC-free survival was evaluated in HBV-positive
patients.

Methods: This retrospective single-center cohort study included 648 patients with cirrhosis followed for more than 6 months between
July 2007 and April 2014. The patients were categorized into three etiological groups: alcohol-related cirrhosis (n=310), HBV-related
cirrhosis (n=294), and HBV-alcohol-related cirrhosis (n=44). Clinical characteristics, HCC incidence, overall survival, and HCC-free
survival were compared across these groups.

Results: During the follow-up period, HCC developed in 138 (21.3%) of the 648 patients. The prevalence of HCC differed significantly
among the groups: 5.5% in the alcohol group, 34.7% in the HBV group, and 43.2% in the combined HBV-alcohol group (p<0.001).
The 5-year cumulative HCC risk was 7% for the alcohol group, 40% for the HBV group, and 49% for the HBV-alcohol group. Despite
these striking differences in HCC incidence, overall survival did not differ significantly among the etiological groups (p=0.367).
Furthermore, in HBV-positive patients, baseline HBV DNA viral load (<10° vs. >10° copies/mL) did not show a statistically significant
difference in HCC-free survival (p=0.408).

Conclusion: HBV infection, particularly when combined with heavy alcohol use, significantly and synergistically increases the risk of
HCC in patients with liver cirrhosis. The exceptionally high cumulative HCC incidence in the combined HBV-alcohol group, with 40%
of patients developing HCC within the first year, underscores the critical need for close surveillance in this high-risk subgroup. Despite
the differing HCC rates, overall survival remains similar across the groups, reflecting the complex and multifactorial determinants of

cirrhosis-related mortality.

Keywords: Liver cirrhosis, hepatocellular carcinoma, hepatitis B virus, alcohol-related cirrhosis, survival analysis, synergistic effect

Introduction

Liver cirrhosis results from chronic inflammation and fibrosis of the
liver, arising from numerous etiological factors. It causes 1.31 million
deaths worldwide. The primary causes of cirrhosis include chronic viral
hepatitis, alcohol, and non-alcoholic steatohepatitis (1,2). Liver damage
from chronic viral hepatitis B (HBV) infection, when combined with
heavy alcohol consumption, can lead to irreversible liver damage (3-5).
Hepatocellular carcinoma (HCC) is the most significant complication of
cirrhosis. It is the third leading cause of cancer-related deaths worldwide.
Although some HCC cases can develop de novo, the vast majority (80%)
develop in the setting of cirrhosis. The frequency of HCC development
in the presence of cirrhosis varies according to the etiological cause of
cirrhosis (4,6,7). HBV promotes carcinogenesis through integration of

the viral genome into hepatocytes, causing chronic inflammation and
inducing genetic instability via reactive oxygen species. In contrast,
alcohol leads to HCC development by causing DNA damage through
acetaldehyde, mitochondrial dysfunction, intestinal microbiota
disruption, impairment of hepatic immune defense, and fibrosis
secondary to hepatocyte damage (8,9). The co-occurrence of HBV
and alcohol can elevate the risk of HCC to very high levels through a
synergistic effect (10-12). Although the risk of HCC development, HCC-
free survival, and cumulative HCC frequency in alcohol-related and HBV-
related cirrhosis have been examined many times in the literature, large-
scale studies demonstrating the synergistic effect of their coexistence are
still needed. The outcomes of this synergistic effect are important for
determining patient follow-up and surveillance intervals. International
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guidelines recommend six-month ultrasonographic follow-ups for
all patients with cirrhosis, regardless of etiology. However, there is a
need for etiologically individualized follow-up systems (13,14). Since
the introduction of antiviral agents for HBV, their contribution to the
risk of HCC development remains under active study. Many studies
have shown that HBV viral load and high HBV DNA levels increase the
population-based risk of HCC development. However, there is a need
to demonstrate whether this effect continues at the same rate in a
damaged hepatocyte environment, such as cirrhosis (15-17). Therefore,
in this retrospective study, we compared the demographic, clinical, and
laboratory values of patients with HBV-related cirrhosis, alcohol-related
cirrhosis, and cirrhosis with HBV-alcohol co-occurrence. We evaluated
overall survival, incidence of HCC development, and differences in
HCC-free survival among these groups. Additionally, we examined the
relationship between HBV viral load and HCC-free survival in the HBV-
positive groups.

Methods

Study Design and Ethical Approval

The study was conducted retrospectively among patients who received
inpatient or outpatient treatment at the izmir Katip Celebi University
Atatiirk Training and Research Hospital Gastroenterology Clinic. Ethics
committee approval for the study was obtained from Ethics Committee
of izmir Katip Celebi University Atatiirk Training and Research Hospital
on April 16, 2015 (decision number: 63). The study was conducted in
accordance with the principles of the Declaration of Helsinki. Data were
collected using the hospital management system.

Patient Population and Eligibility Criteria

Patients with cirrhosis who were followed up for more than 6 months,
both as inpatients and outpatients at the izmir Katip Celebi University
Atatiirk Training and Research Hospital Gastroenterology Clinic between
July 2007 and April 2014 were included. Patients with HBV-related
cirrhosis, alcohol-related cirrhosis, and HBV-alcohol coexposure-
related cirrhosis were included in the study. Patients with cirrhosis due
to hepatitis C, autoimmune hepatitis, non-alcoholic steatohepatitis,
cholestatic liver disease, hereditary disorders related to liver disease,
and accompanying additional solid malignancies were excluded from
the study. A total of 648 eligible patients were included: alcohol-related
cirrhosis (=310, 47.8%), HBV-related cirrhosis (=294, 45.4%), and HBV-
alcohol-related cirrhosis (n=44, 6.8%).

Definitions and Data Collection

The diagnosis of cirrhosis was made based on clinical, ultrasonographic,
computed tomography (CT), and magnetic resonance imaging (MRI)
features. For etiopathological classification, serological tests [Hepatitis B
surface antigen (HBsAg), HBeAg, anti-HBc, and anti-HBs] and quantitative
HBV DNA levels were evaluated. For the diagnosis of alcohol-related
cirrhosis, the patient’s years of alcohol consumption and daily alcohol
intake were evaluated. Patients with a daily alcohol consumption >80
mg were classified as heavy alcohol users. Patients meeting both criteria
were included as patients with HBV-related cirrhosis and alcohol-
related cirrhosis. Patient age, gender, follow-up period (months), vital
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status at the last follow-up, dates of death (via the death notification
system), HCC development during follow-up, Child-Pugh class, baseline
HBV DNA level (copies/mL), and alpha-fetoprotein (AFP, ng/mL) were
recorded. The diagnosis of HCC was determined by a nodule larger than
1 cm with a characteristic contrast enhancement pattern (arterial phase
hypercontrast and venous phase washout) on contrast-enhanced CT or
MRI according to the radiological criteria determined by the European
Association for the Study of the Liver. Overall survival (OS) was calculated
as the time from the date of diagnosis to death from all causes or, in
surviving patients, to the date of last follow-up. HCC-free survival was
calculated as the time from the date of diagnosis to HCC diagnosis, time
to last follow-up in patients without HCC, or time to date of death in
patients who did not receive an HCC diagnosis but died due to non-
HCC causes. Patients without an HCC diagnosis at the end of the follow-
up period were censored. In HBV-positive patients, the cut-off value
separating high and low viral loads was determined to be 10° copies/mL.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics (version
27.0; IBM Corp., Armonk, NY, USA). Continuous variables were expressed
as mean * standard deviation (SD) for normally distributed data and as
median (minimum—maximum or interquartile range) for non-normally
distributed data. Categorical variables were presented as frequencies
and percentages. Normality of continuous variables was assessed using
visual methods (histograms and probability plots) and the Kolmogorov-
Smirnov and Shapiro-Wilk tests, as appropriate. Comparisons between
two independent groups were performed using the Student’s t-test
for normally distributed variables and the Mann-Whitney U test for
non-normally distributed variables. Comparisons among more than
two groups were conducted using one-way analysis of variance or the
Kruskal-Wallis test, depending on the data distribution. Categorical
variables were compared using the chi-square test or Fisher’s exact test,
where appropriate. Adjusted residual analysis was additionally used
to identify subgroup contributions to significant chi-square results in
contingency tables. OS and HCC-free survival were analyzed using the
Kaplan—Meier method, and differences between survival curves were
evaluated using the log-rank test. Survival times were reported with 95%
confidence intervals (Cls). Patients without an event during follow-up
were censored at the date of the last clinical evaluation. Cumulative HCC
incidence over time was evaluated using life-table analysis according to
cirrhosis etiology. HBV viral load categories (<10° vs. >10° copies/mL)
were compared with respect to HCC-free survival using Kaplan—Meier
survival analysis and the log-rank test. All tests were two-tailed, and a p
value <0.05 was considered statistically significant.

Results

Baseline Characteristics

The final analysis cohort consisted of 648 patients (Table 1). The cohort
was predominantly composed of males (566/648, 87.3%), which reflects
the well-known gender bias of both heavy alcohol consumption and
HBV-related chronic liver disease. However, gender distribution was
significantly non-homogeneous across etiological groups (p<0.001):
while male gender was nearly universal in the alcohol-related (97.4%)
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and HBV-alcohol-related (95.5%) groups, the proportion of female
patients was significantly higher in the HBV-related group (24.5%),
which is consistent with broader demographic patterns of HBV-related
liver disease. In the HBV-related cirrhosis group, the mean baseline
age was 61.97+10.84 years, which was significantly higher than that
in the alcohol-related cirrhosis (59.44+9.28 years; p=0.006) and HBV-
alcohol-related cirrhosis (59.30+8.98 years) groups. Mean follow-up
periods in the alcohol-related cirrhosis, HBV-related cirrhosis, and HBV-
alcohol-related cirrhosis groups were found to be 39.0, 43.1, and 26.4
months (p=0.106). A significant difference was observed in Child-Pugh
classification among the three groups (p=0.001). Patients with alcohol-
related cirrhosis were more frequently identified as Child-Pugh A (31.0%),
and this rate significantly exceeded the expected frequency (adjusted
residual: +4.4), whereas Child-Pugh B was predominant in the HBV
group (58.8%; adjusted residual: +2.2). The proportion of Child-Pugh A
patients in the HBV group (15.6%) was significantly lower than expected
(adjusted residual: -4.2). The distribution of Child-Pugh categories in the
HBV-alcohol-related cirrhosis group did not show a significant deviation
from the expected values. Neither daily alcohol consumption (alcohol
group: median 140 g/day; combined group: 140 g/day; p=0.839) nor
serum AFP levels (p=0.769) showed significant differences between the
relevant subgroups. Median HBV DNA was generally similar between

the HBV and HBV-alcohol-related groups (111.23 vs. 97.78 copies/mL;
Mann-Whitney U, p=0.364). The distribution between the two HBV DNA
categories (<10° vs. >10° copies/mL) also showed no difference between
the HBV and HBV-related cirrhosis subgroups (p=0.294).

HCC Incidence

During the follow-up period, HCC developed in 138 out of 648 patients
(21.3%). HCC prevalence differed significantly among the etiological
groups (chi-square test, p<0.001): 5.5% (n=17) in the alcohol group,
34.7% (n=102) in the HBV group, and 43.2% (n=19) in the HBV-alcohol-
related group. These findings confirm that HBV is a strong trigger of
hepatocarcinogenesis and that the combined etiology constitutes the
highest absolute HCC burden.

Overall Survival Analysis

Kaplan-Meier analysis of OS (Table 2, Figure 1) showed that the mean
0S was 76.06 months (95% Cl: 70.54-81.58) in the alcohol group, 81.37
months (95% Cl: 75.92-86.82) in the HBV group, and 74.54 months (95%
Cl: 59.81-89.27) in the HBV-alcohol-related group. The overall log-rank
test did not reach statistical significance (y* 2.005, df: 2, p=0.367). The
absence of a statistically detectable difference in survival between the
groups is discussed below.

Table 1. Baseline demographic, clinical and laboratory characteristics according to etiology of cirrhosis

Variable Alcohol-related (n=310)
Sex, n (%)

Male 302 (97.4%)

Female 8 (2.6%)

Age (years), mean + SD 59.44 +9.28

Follow-up (months), median (range)* 39.0 (6-114)
Hepatocellular carcinoma, n (%)

Present 17 (5.5%)

Absent 293 (94.5%)

Alcohol consumption (g/day), median (range)* 140 (80-300)

Duration of alcohol use (years), median (range)* 25 (15-45)
HBV DNA (copies/mL), median* NA

AFP (ng/mL), median** 56.25
Child-Pugh class, n (%)***

Class A 96 (31.0%)
Class B 152 (49.0%)
Class C 62 (20.0%)

HBV-related (n=294) HBV + alcohol (n=44) p value
<0.001

222 (75.5%) 42 (95.5%)

72 (24.5%) 2 (4.5%)

61.97 £ 10.84 59.30 £ 8.98 0.006

43.1 (6-115) 26.4 (7-113) 0.106
<0.001*

102 (34.7%) 19 (43.2%)

192 (65.3%) 25 (56.8%)

NA 140 (80-280) 0.839

NA 23 (14-50) 0.003

111.23 97.78 0.364

57.80 64.03 0.769
0.001

46 (15.6%) 9 (20.5%)

173 (58.8%) 25 (56.8%)

75 (25.6%) 10 (22.7%)

*Mann-Whitney U test applied. **Kruskal-Wallis test; n=115 with available AFP data (alcohol n=12, HBV n=87, combined n=16). ***Adjusted residuals used for cell-level post-hoc analysis.
Bold p values indicate statistical significance (p<0.05). SD: Standard deviation, HBV: Hepatitis B virus, AFP: Alpha-fetoprotein, NA: Not applicable

Table 2. Kaplan-Meier overall survival estimates by etiology of cirrhosis

Cirrhosis etiology Total n Events n Censored n (%) Mean survival (months) p value
Alcohol-related 310 113 197 (63.5%) 76.06 (70.54-81.58)

HBV-related 294 94 200 (68.0%) 81.37 (75.92-86.82)

HBV + alcohol 44 15 29 (65.9%) 74.54 (59.81-89.27) 0.367
Overall 648 222 426 (65.7%) 78.41 (74.64-82.18)

HBV: Hepatitis B virus
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HCC- Free Survival Analysis

Kaplan-Meier analysis of HCC-free survival (Table 3, Figure 2) paralleled
the OS analysis, and the log-rank test was statistically significant
across all three groups (p=0.367). However, the event rates differed
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Figure 1. Kaplan-Meier overall survival estimates by etiology of cirrhosis.
HBV: Hepatitis B virus
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Figure 2. Kaplan-Meier HCC- free survival estimates by etiology of cirrhosis.
HCC: Hepatocellular carcinoma, HBV: Hepatitis B virus
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significantly: 5.5% of patients in the alcohol group, 34.7% of patients in
the HBV group, and 43.2% of patients in the HBV-alcohol-related group
experienced HCC events. The markedly higher censoring rate in the
alcohol group (94.5%), reflecting both a low HCC rate and longer event-
free periods, reduced the statistical power to detect differences within
the Kaplan-Meier framework.

Cumulative HCC Incidence by Etiology

Life-table analysis revealed a progressive, etiology-dependent
differentiation in cumulative HCC incidence rates (Table 4, Figure 3).
In the alcohol group, the cumulative HCC risk was low and essentially
plateaued after the first year: 5% at one year, 7% at three years, and 7%
at five years. In contrast, a rapid early increase followed by continuous
accumulation was observed in patients with HBV-related cirrhosis:
22% at one year, 34% at three years, and 40% at five years. The most
prominent early increase in HCC risk was observed in the HBV-alcohol-
related group: 40% at one year and 49% at both three and five years;
this indicates that nearly half of the patients in this subgroup developed
HCC and that most events occurred within the first year of the follow-up
period.
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Figure 3. Cumulative HCC incidence by etiology of cirrhosis. HCC:
Hepatocellular carcinoma, HBV: Hepatitis B virus

Table 3. Kaplan-Meier HCC- free survival estimates by etiology of cirrhosis

Cirrhosis etiology n HCC events n (%) Censored n (%) Mean HCC-free survival (months, 95% Cl) p value
Alcohol-related 310 17 (5.5%) 293 (94.5%) 76.06 (70.54-81.58)

HBV-related 294 102 (34.7%) 192 (65.3%) 81.37 (75.92-86.82)

HBV + alcohol 44 19 (43.2%) 25 (56.8%) 74.54 (59.81-89.27) 0.367

HCC: Hepatocellular carcinoma, HBV: Hepatitis B virus, Cl: Confidence interval

Table 4. Cumulative HCC incidence at 1,3,5 years by etiology of cirrhosis

Etiology 1-year risk (%)
Alcohol-related cirrhosis 5%
HBV-related cirrhosis 22%

HBV + alcohol cirrhosis 40%

3-year risk (%) 5-year risk (%)
7% 7%

34% 40%

49% 49%

Cumulative risk: 1-cumulative survival, derived from life-table (actuarial) analysis at months 12, 36, and 60. HBV: Hepatitis B virus, HCC: Hepatocellular carcinoma
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HBV Viral Load and HCC-Free Survival

Of the 221 HBV-positive patients with available DNA quantification data,
97 had HBV DNA <10° copies/mL and 124 had HBV DNA >10° copies/
mL (Table 5, Figure 4). HCC events occurred at rates of 20.6% and 28.2%
in the low- and high-viral-load categories, respectively. Mean HCC-free
survival was 89.85+4.66 months (95% Cl: 80.70-98.99) in the low viral
load group and 84.82+4.09 months (95% Cl: 76.80-92.84) in the high
viral load group. The log-rank test did not detect a statistically significant
difference between the categories (p=0.408).

Discussion

This large, retrospective, single-center cohort study of 648 patients
with HBV-, alcohol-, and combined HBV-alcohol-related cirrhosis
demonstrates that etiology is a critical determinant of HCC risk;
the combined HBV-alcohol group showed the highest cumulative
incidence (49% at 5-years), followed by HBV-related (40%) and alcohol-
related cirrhosis (7%). These findings are highly consistent with and
substantially extend the existing evidence base on etiology-specific HCC
risk in cirrhotic populations. The strikingly low HCC incidence in the
alcohol-related group (5.5%) compared with the HBV-related (34.7%) and
combined (43.2%) groups aligns with published meta-analytic estimates.
Huang et al. (18) reported that the annual HCC incidence in alcohol-
related cirrhosis is approximately 1.0-1.5% per year (19). In contrast, the
corresponding figure for HBV-related cirrhosis ranges from 2.5% to 7.5%
per year, depending on the viral replication status, geographic region,
and use of antiviral therapy (4). In our HBV group, the observed five-year
cumulative HCC incidence was 40%, corresponding to approximately 8%
per year, which falls at the upper end of previously reported estimates.
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Figure 4. HCC free survival according to HBV DNA category in HBV-positive
patients. HCC: Hepatocellular carcinoma, HBV: Hepatitis B virus

This likely reflects the relatively advanced disease stage at baseline in
our cohort (predominance of Child-Pugh B), the inclusion of patients
from the pre-antiviral era, and the Turkish epidemiological context,
where HBV genotypes with high oncogenic potential are prevalent (20).
The HBV-alcohol combination not only conferred the highest five-year
HCC risk (49%) but also showed the steepest early accumulation; 40% of
patients developed HCC within the first year. This finding is consistent
with the mechanistic synergy between HBV and alcohol demonstrated
in several large-scale studies. Lin et al. (21) showed that heavy alcohol
use more than doubled HCC incidence in patients with HBV-related
cirrhosis, and Tsai et al. (22) confirmed that the combination of heavy
alcohol intake and ALDH2 gene variants significantly increases HCC
risk beyond that attributable to HBV alone. Mechanistically, alcohol
accelerates HBV-mediated carcinogenesis by enhancing viral replication
through acetaldehyde-induced epigenetic reprogramming, impairing
HBV-specific T-cell immunity, increasing oxidative DNA damage, and pro
moting fibrosis progression; together, these effects lower the threshold
for malignant transformation in hepatocytes already destabilized by
viral genome integration (10,16). Despite the marked differences in HCC
risk, overall survival did not differ significantly among etiologic groups
(log-rank p=0.367). Although it is somewhat unexpected that a four- to
eightfold difference in HCCincidence does not translate into a statistically
detectable difference in OS, several explanations are plausible. First,
overall survival in cirrhosis is shaped by multiple complications: portal
hypertensive events (bleeding, spontaneous bacterial peritonitis,
hepatorenal syndrome), sepsis, hepatic decompensation, and comorbid
conditions; none of these are systematically less severe in the alcohol
group, despite its lower HCC risk. Second, the possibility cannot be
excluded that antiviral therapy in HBV patients—systematically
unrecorded in this dataset—may have improved overall survival in
the HBV group while at the same time limiting HCC-related mortality
(23,24). Third, the limited sample size of the HBV—alcohol group (n=44)
reduces the statistical power to detect between-group differences in
overall survival. Taken together, these factors suggest that while etiology
strongly shapes HCC risk, its impact does not necessarily translate into
discernible differences in OS (25). The lack of a statistically significant
association between HBV viral load categories and HCC-free survival
(p=0.408) warrants cautious interpretation. Large prospective studies,
such as REVEAL, have identified HBV DNA levels as an independent
dose—response determinant of HCC in asymptomatic HBsAg carriers
(15,16). However, the relationship between HBV DNA and HCC has
been established largely in populations without established cirrhosis.
In patients with pre-existing cirrhosis, the hepatic microenvironment is
already highly permissive to carcinogenesis. HCCmay arise independently
of current viral replication status, particularly after prolonged periods of
persistently high-level viremia that may have occurred prior to the study

Table 5. HCC free survival according to HBV DNA category in HBV-positive patients

HBV DNA category N HCC events n (%)
<10° copies/mL 97 20 (20.6%)
>10° copies/mL 124 35 (28.2%)
Total 221 55 (24.8%)

Mean HCC-free survival (months * SE) p value
89.85+4.66 (80.70-98.99) 0.408
84.82+4.09 (76.80-92.84)

86.96%3.09 (80.89-93.03)

Kaplan-Meier analysis with log-rank test. Only patients with available HBV DNA data (n = 221) are included. SE: Standard error, CI: Confidence interval, HCC: Hepatocellular carcinoma, HBV:

Hepatitis B virus
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entry point (26). In our study, HBV DNA measurement reflected a cross-
sectional value at the time of cirrhosis diagnosis. Regression analysis and
dynamic monitoring of viral load after treatment could not be evaluated
because of the study's retrospective design. Furthermore, HBV DNA data
were available for only 221 of 338 HBV-positive patients, introducing
potential selection bias that may have attenuated the observed
association. Future studies incorporating serial HBV DNA measurem
ents and detailed antiviral treatment data will be critical to fully charac
terize this relationship in cirrhotic populations (27,28). The observed
sex distribution across groups—near-universal male predominance in
the alcohol and HBV-alcohol-related groups (97.4% and 95.5%, resp
ectively) and a markedly higher proportion of women in the HBV group
(24.5%)—is consistent with well-documented epidemiological data on
heavy alcohol use disorder and HBV infection. Globally, the male-to-
female ratio for alcohol-related cirrhosis ranges from approximately 4:1
to 10:1 (18,19). By contrast, HBV infection affects both sexes without
a similarly pronounced imbalance, and in endemic settings, women
with HBV-related cirrhosis may constitute a larger proportion of clinical
cohorts. The higher mean age observed in the HBV group (61.97 years vs.
approximately 59 years in the other groups) likely reflects the prolonged
natural course of chronic HBV infection, in which cirrhosis typically
develops after decades of subclinical disease. In contrast, liver disease
related to heavy alcohol consumption tends to follow a more rapidly
progressive course (3,4). The differing distribution of Child—Pugh classes
between groups may be explained by earlier detection of alcohol-
related cirrhosis at a compensated stage, resulting in a predominance
of Child—Pugh A in the alcohol group. In contrast, the characteristically
silent nature of HBV infection, with few early clinical symptoms, often
leads to diagnosis at a more advanced stage, which likely underlies
the predominance of Child—Pugh B in the HBV-related cirrhosis group
(25). The extremely high HCC incidence in the HBV-alcohol-related
cirrhosis group (40% within one year), irrespective of hepatic reserve,
suggests that this subgroup requires imaging surveillance at intervals
shorter than six months. International guidelines currently recommend
ultrasonography surveillance every six months for all patients with ¢
irrhosis; however, the dramatic early HCC burden in the combined group
suggests that contrast-enhanced cross-sectional imaging (CT or MRI) ma
y be necessary as the primary surveillance modality for these high-risk
individuals (13,14). The lower five-year HCC risk in the alcohol-related
cirrhosis group (7%) indicates that, even in the setting of established
cirrhosis, alcohol abstinence may confer meaningful protection
against HCC and underscores the importance of alcohol use disorder
interventions as an integral component of cirrhosis management. The
substantial HCC risk observed even in the low viral load group indicates
that HBV-infected patients with cirrhosis should receive treatment with
nucleos(t)ide analogs irrespective of the viral load.

Study Limitations

This study has several limitations. Its retrospective, single-center design
limits generalizability and introduces risks of selection and information
bias. Patients with missing baseline data were excluded, which may
have shifted the analytic sample toward individuals with more complete
medical records. HBVY DNA measurement was cross-sectional rather than
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serial, and antiviral treatment data were not systematically captured;
both factors constrain the interpretation of the viral load analysis.
Alcohol use was assessed based on patient history and chart review
rather than objective biomarkers (e.g., phosphatidylethanol). Moreover,
assessment of additional comorbid factors such as body mass index,
metabolic syndrome, and other coexisting conditions was incomplete
due to the retrospective design.

Conclusion

This retrospective study demonstrates that HBV infection, particularly
when combined with heavy alcohol use, significantly increases HCC risk
in patients with liver cirrhosis. The HBV-alcohol combination group
exhibited the highest five-year cumulative HCC incidence (49%), with
40% of patients developing HCC within the first year, underscoring the
importance of close surveillance in this subgroup. Despite differing HCC
rates, overall survival did not differ significantly among etiologic groups,
reflecting the complex, multifactorial determinants of cirrhosis-related
mortality. HBV viral load did not independently predict HCC-free survival
in this cirrhotic cohort, a finding that warrants further investigation
in prospective studies incorporating serial viral load assessments and
comprehensive antiviral treatment data. These results support etiology-
specific, risk-stratified approaches to HCC surveillance and highlight
the critical importance of effective antiviral therapy for HBV-positive
cirrhotic patients and of alcohol cessation counseling for all patients
with alcohol-related or alcohol-concomitant liver disease.
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ABSTRACT

Introduction: This study investigated the predictability of treatment response to neoadjuvant chemoradiotherapy (nCRT) using
texture analysis derived from pre-treatment magnetic resonance imaging (MRI) in patients diagnosed with locally advanced rectal
cancer (LARQ).

Methods: A total of 47 patients (28 males and 19 females) diagnosed with LARC who received nCRT between 2018 and 2025 were
retrospectively reviewed in the hospital archives. Texture analysis was performed on pretreatment MR images, specifically on T2-
weighted images, apparent diffusion coefficient (ADC) maps, and contrast-enhanced T1-weighted images. For the assessment of
treatment response, patients were classified according to the modified Ryan tumor regression grading system: those with Ryan grades
0 and 1 were assigned to the favorable response group, while those with Grades 2 and 3 were assigned to the poor response group.
Statistical analysis was conducted using the Mann-Whitney U test, receiver operating characteristic curve analysis, and multivariable
logistic regression.

Results: Statistically significant differences were detected between the responding and non-responding groups across 44 texture
parameters in the three sequences. The multivariable logistic regression model was statistically significant (p<0.001). A combined
predictive model, including the contrast of matrix from the ADC sequence and the contrast of matrix and energy of matrix from the
contrast-enhanced T1-weighted sequence, explained 74.3% of the variance in treatment response and correctly classified 91.3% of
the patients.

Conclusion: Texture analysis derived from pre-treatment magnetic MR imaging can predict the response to neoadjuvant therapy
with high accuracy in patients with LARC. This non-invasive approach demonstrates considerable potential as a clinical tool to guide
personalized treatment strategies, thereby facilitating the selection of optimal therapeutic regimens for patients who are unlikely to

benefit from standard protocols.

Keywords: Rectal cancer, magnetic resonance imaging, texture analysis, radiomics, chemoradiotherapy

Introduction

Colorectal cancer is the third most frequently diagnosed cancer
worldwide, with rectal cancer accounting for approximately 40% of all
cases. It ranks third in incidence among men, whereas among women, it
is the second most common malignancy (1,2). The incidence of colorectal
cancer is disproportionately higher in Western countries, a trend that
has been consistently associated with lifestyle-related risk factors such
as obesity, metabolic syndrome, and dietary patterns rich in red and
processed meats but low in fiber (3).
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In patients with suspected rectal cancer, magnetic resonance imaging
(MRI) has emerged as the modality of choice for the diagnosis of rectal
cancer because of its superior soft tissue contrast and multiplanar
imaging capabilities. MRI allows accurate evaluation of tumor size, local
extension, and circumferential resection margin involvement, as well as
precise assessment of regional lymph nodes and potential metastatic
disease. Furthermore, MRI is invaluable for monitoring treatment
response after neoadjuvant therapy and detecting local recurrence
following surgical resection, thereby playing a central role in guiding
treatment strategies and long-term patient management (4-6).
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The standard treatment protocol for locally advanced rectal cancer
(LARQ) consists of neoadjuvant chemoradiotherapy (nCRT) followed by
total mesorectal excision (TME). Pathological evaluations performed after
CRT have demonstrated not only a complete response in some patients
but also downstaging of tumor stage. Clinical follow-up of patients who
achieved a complete response revealed that their 5 year recurrence and
metastasis rates were approximately three times lower than those with
a partial response (7-9).

Assessment following nCRT is critical for determining subsequent
treatment strategies and predicting the disease course. Although
conventional MRI plays a central role in evaluating the extent of
disease prior to treatment, it has certain limitations in the post-
CRT setting, particularly in distinguishing the primary tumor from
radiation-induced fibrosis. MRI assessment in this context is most
performed using T2 weighted sequences and apparent diffusion
coefficient (ADC) maps derived from diffusion-weighted imaging (DWI)
(10). Texture analysis is fundamentally based on computer-assisted data
processing, in which statistical parameters are derived from imaging
datasets. In recent years, it has been increasingly applied across a
broad range of clinical domains, particularly in the field of oncological
imaging. In digital images, each pixel and voxel is represented by a
specific gray-level intensity value. Quantitative statistical features can be
extracted by evaluating the distribution and interrelationships of these
gray levels using various mathematical approaches. These parameters
provide objective information that facilitates the interpretation of
digital medical images and contributes to a more comprehensive image
analysis (11,12).

This study aimed to employ texture analysis as a novel imaging method
to predict the direction and magnitude of response to nCRT in patients
with LARC prior to therapy.

Methods

Ethical approval was obtained from, University of Health Sciences Tiirkiye,
Haydarpasa Numune Training and Research Hospital on September 11, 2023
(decision number: HNEAH-KAEK 2023/163, HNEAH-KAEK 2023/KK/163).
Given the retrospective design of the study, the requirement to obtain
written informed consent from the patients was waived by the committee.

Study Population

Patients diagnosed with LARC between 2018 and 2025 were retrospectively
reviewed using Haydarpasa Numune Training and Research Hospital
institutional Picture Archiving and Communication System (PACS)
database. Individuals with locally advanced disease who received nCRT
were eligible for inclusion. Patients with a histopathological diagnosis
of mucinous adenocarcinoma, patients without available pathological
confirmation, and patients who had undergone surgery at an external
institution were excluded from the analyses. Haydarpasa Numune
Training and Research Hospital is equipped with two different MRI
scanners; for the purposes of this study, only the cohort imaged with
the scanner that contributed to the greater number of examinations was
evaluated. Patients imaged with heterogeneous or non-standard MRI
sequences were excluded. Ultimately, 47 patients who fulfilled the
inclusion criteria were enrolled in this study.
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In summary, patients meeting any of the following criteria were
excluded from the study:

- Histopathological diagnosis of mucinous adenocarcinoma
- Imaging performed with a non-standard MRI protocol

- Receipt of neoadjuvant therapy at an external institution

- Surgical resection performed at an external institution

- Inability to tolerate or complete the planned nCRT regimen

- Insufficient image quality for appropriate diagnostic evaluation

Image Acquisition

MRI was performed using a 1.5-T scanner (General Electric, Milwaukee,
WI, USA) with a standard imaging protocol. Following completion of
nCRT, post-treatment MRI examinations were performed within 6-8
weeks prior to surgical resection. The protocol included a T2-weighted
fast spin-echo sequence [repetition time/echo time (TR/TE), 4556/100
ms; field of view (FOV), 380 x 380 mm; matrix, 224 x 192; slice thickness,
3 mm], an axial DWI sequence (b values, 0, 400, and 800 s/mm?; TR/TE,
2500/65 ms; FOV, 380 x 380 mm; matrix, 224 x 192: slice thickness,
6 mm), and axial T1-weighted images (TR/TE, 4.4/2.1 ms; FOV, 380 x
380 mm; matrix, 300 x 192; slice thickness, T mm). Quantitative ADC
maps were generated using a monoexponential decay model applied to
three b values. Images were obtained in planes oriented perpendicular
and parallel to the long axis of the rectal tumor.

Histopathological Examination

The pathological response (pCR) was assessed in the resection specimens
by a pathologist (15 years experience) with extensive expertise in
gastrointestinal pathology, ensuring a high level of diagnostic accuracy
and consistency. Following detailed histopathological examination,
the collected data were systematically categorized according to the
pathological TNM classification system, which provides a standardized
framework for tumor staging. Furthermore, the degree of response
to neoadjuvant treatment was evaluated using the tumor regression
grading system proposed by Ryan et al. (13).

Neoadjuvant Chemoradiotherapy Scheme

All patients received preoperative concurrent CRT. The treatment
regimen consisted of a total radiotherapy dose of approximately 52
Gy delivered over a 5-week period, administered five days per week,
with an additional boost as indicated. Chemotherapy was administered
concurrently either as 5-fluorouracil (425 mg/m?/day) administered
during the 1*tand 5" weeks of radiotherapy or as capecitabine (825 mg/
m?/day) administered 5 days per week throughout the 5-week course
of radiotherapy. Surgical resection was performed 6-8 weeks after CRT
completion.

Analysis of Images

Magnetic resonance images, including axial T2 weighted, ADC, and
axial contrast enhanced T1 weighted sequences, were exported in
Digital Imaging and Communications in Medicine (DICOM) 3.0 format
to the Windows 10 operating system (Microsoft Corporation, Seattle,
WA, USA), with each sequence processed separately. Image analysis was



performed using the ROIEX 3.1 software. A circular ROl was manually
drawn on the slice where the tumor was most clearly visualized, covering
approximately two-thirds of the lesion to minimize the inclusion of
artifacts. Imaging data were retrieved from the PACS in DICOM format
and transferred to a Windows 10 workstation (Microsoft Corporation,
Seattle, WA, USA) for subsequent analysis. All eligible images were
processed using a custom in-house analysis pipeline developed in
MATLAB (R2023h; MathWorks, Natick, MA, USA) (Figure 1).

Statistical Analysis

The data obtained in this study are presented as mean + standard
deviation (SD). Statistical analyses were conducted using IBM SPSS for
Windows version 26.0 (IBM Statistics, IBM Corporation, Armonk, NY,
USA). The Kolmogorov-Smirnov and chi-square tests were applied to
assess the normality of the data distribution. Depending on the results,
group comparisons were performed using the Mann-Whitney U test. For
parameters showing statistical significance (p<0.05), receiver operating
characteristic (ROC) curve analysis was conducted to determine the
sensitivity and specificity. Logistic regression analysis was performed to
further assess the predictive value of significant parameters.

To evaluate the treatment response in a standardized and reproducible
manner, patients were stratified into two distinct groups according
to the tumor regression grading system proposed by Ryan et al. (13).
Specifically, patients classified as grade 0 (no viable cancer cells) or
grade 1 (single cells or small groups of cancer cells) were assigned to the
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first group, which was defined as a favorable response to neoadjuvant
therapy. In contrast, patients graded as 2 (residual cancer with evident
tumor regression but more than single cells or rare groups of cancer
cells) or grade 3 (extensive residual cancer with no evidence of
regression) were assigned to the second group, which was considered to
reflect a poor or unfavorable response to neoadjuvant chemotherapy.
This dichotomization allowed for a clear comparison between patients
demonstrating effective tumor regression and those exhibiting limited
or absent responses to treatment.

Results

A total of 47 patients diagnosed with LARC were enrolled in this study.
Upon evaluation of the collected data, 28 and 19 patients were identified
as male and female, respectively, and no statistically significant
difference in treatment response was detected between the two sexes.

Texture analysis was conducted on magnetic resonance images obtained
from three distinct sequences: T2-weighted imaging, ADC maps, and
contrast-enhanced T1-weighted imaging.

In the T2 weighted sequence, the parameters mean, root mean
square, root sum of squares, 10" percentile, 25" percentile,
90" percentile, 95" percentile, 97" percentile, entropy, and contrast
of matrix were significantly lower in the treatment-responsive group.
In contrast, the energy of matrix, homogeneity of matrix and
Higuchi Fractal dimension of matrix were significantly higher among
responders (Table 1).
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Table 1. Parameters showing a statistically significant difference

Group statistics No response 7) Response 20) p values
Mean SD Mean SD

T2-mean of histogram 381.1469 69.3931 340.3331 76.6852 0.037
T2-root-mean-square level of histogram 383.6346 69.2325 342.8661 76.8468 0.039
T2-root-sum-of-squares level of histogram 5762.7972 2577.1566 3684.8846 1370.2391 0.001
T2-10" percentile of histogram 330.4222 69.4563 288.4700 72.1472 0.034
T2-25" percentile of histogram 354.3889 70.0191 311.9625 73.6861 0.031
T2-90™ percentile of histogram 434.5407 74.1257 392.5950 88.6851 0.037
T2-95™ percentile of histogram 453.8889 78.6010 410.3600 92.6228 0.032
T2-97" percentile of histogram 465.5100 83.5031 421.3390 95.9464 0.045
T2-entropy of histogram 6.3832 0.5270 5.9762 0.4984 0.011
T2-contrast of matrix 41.7244 33.7833 20.2681 10.5748 0.001
T2-energy of matrix 0.0060 0.0036 0.0108 0.0056 0.001
T2-homogeneity of matrix 0.2591 0.0566 0.3051 0.0438 0.009
T2-Higuchi fractal dimension of matrix 1.4483 0.0822 1.5209 0.1391 0.045
ADC-minimum of histogram 739.0769 211.0175 906.0500 213.6523 0.010
ADC-1* percentile of histogram 743.4665 209.5699 910.4635 211.8027 0.011
ADC-3" percentile of histogram 774.8658 208.4411 934.6525 205.2943 0.012
ADC-5" percentile of histogram 796.7981 212.2147 960.6175 209.5846 0.012
ADC-10" percentile of histogram 840.9000 217.7492 1008.3700 225.2577 0.015
ADC-25" percentile of histogram 926.9615 231.0978 1096.8500 241.7372 0.022
ADC-entropy of histogram 5.7332 0.4331 5.1167 0.5817 <0.001
ADC-entropy of matrix 5.0015 0.3554 4.6278 0.5114 0.007
ADC-uniformity of matrix 0.4067 0.1078 0.4694 0.0897 0.028
ADC-mean local entropy of matrix 4.4500 0.2090 4.2794 0.3330 0.049
ADC-contrast of matrix 13.4676 5.9924 8.2755 5.3938 <0.001
ADC-energy of matrix 0.0163 0.0060 0.0277 0.0111 <0.001
ADC-homogeneity of matrix 0.3393 0.0535 0.4053 0.0542 <0.001
ADC-low gray-level zone emphasis of GLSZM 0.1150 0.0586 0.0845 0.0431 0.039
ADC-absolute gradient skewness of histogram-“Sobel” 1.2490 0.5924 0.9503 0.3893 0.049
ADC-absolute gradient skewness of histogram-“Prewitt” 1.2490 0.5924 0.9503 0.3893 0.049
ADC-absolute gradient skewness of matrix-“Sobel” 0.1927 0.3552 -0.1374 0.3784 0.012
ADC-absolute gradient skewness of matrix-“Prewitt” 0.1991 0.3417 -0.1205 0.3646 0.007
ADC-absolute gradient skewness of matrix-“Central” 0.1696 0.5578 -0.2682 0.5758 0.016
ADC-AR model - initial states of state-space realization 879.7952 381.8013 630.8040 344.1450 0.020
T1+C-mean of histogram 858.0034 297.4355 957.8116 173.7738 0.045
T1+C-root-mean-square level of histogram 862.5253 297.2398 963.0566 175.4708 0.048
T1+C-25" percentile of histogram 802.3889 292.4160 897.9875 166.2323 0.047
T1+C-75" percentile of histogram 913.2222 307.0603 1020.0375 196.8879 0.047
T1+C-entropy of histogram 6.5048 0.5482 6.2189 0.3923 0.023
T1+C-mean local range of matrix 381.0235 15.5574 471.3626 87.6760 0.007
T1+C-mean local standard deviation of matrix 153.5272 64.3133 191.2951 34.6884 0.006
T1+C-contrast of matrix 33.4492 18.1704 21.0826 8.6546 0.013
T1+C-energy of matrix 0.0072 0.0052 0.0096 0.0044 0.016
T1+C-homogeneity of matrix 0.2715 0.0557 0.3032 0.0458 0.037
T1+C-AR model - estimated “A” polynomial parameters -0.9947 0.0106 -0.9925 0.0102 0.037

SD: Standard deviation, ADC: Apparent diffusion coefficient, GLSZM: Gray level size zone matrix
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In the ADC sequence, the following features were significantly lower
in the treatment-responsive group: entropy of histogram; entropy of
matrix; mean local entropy of matrix; contrast of matrix; low gray-
level zone emphasis of gray level size zone matrix; absolute gradient
skewness of histogram; absolute gradient skewness of matrix-“Sobel”;
absolute gradient skewness of matrix-“Prewitt”; ADC-absolute gradient
skewness of matrix-“Central”; and ADC-AR model-initial states of state-
space realization. Conversely, the minimum of histogram, 1%, 31, 5t
10", and 25" percentiles, uniformity of matrix, energy of matrix,
and homogeneity of matrix were significantly higher in the responder
group (Table 1).

In the contrast enhanced T1 weighted sequence, the Entropy of
Histogram and Contrast of Matrix were significantly lower in patients
who responded to therapy. Meanwhile, the mean of histogram, root
mean square level, 25" percentile of histogram, 75" percentile of the
histogram, mean local range of the matrix, mean local SD of the
matrix, energy of the matrix, homogeneity of the matrix, and AR model-
estimated “A” polynomial were significantly higher in the treatment-
responsive group (Table 1).

For all other assessed texture parameters, no statistically significant
differences were identified between the treatment-responsive and non-
responsive groups.

ROC analyses were performed for several parameters that exhibited
strong statistical significance, and the corresponding area under the
curve, sensitivity, and specificity values obtained at the optimal cut-
off thresholds for discriminating between the two groups are summarized
in (Figures 2-4).

The logistic regression analysis was statistically significant [? (9): 37.183,
p<0.001]. The ENTER model accounted for 74.3% of the variance in
treatment response, as indicated by the Nagelkerke R? value, and
correctly classified 91.3% of patients with respect to their response
to the therapy. These findings demonstrate that the model possesses
substantial explanatory power and a high level of predictive accuracy,
supporting its utility in identifying individuals who are likely to
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Figure 2. Receiver operating characteristic (ROC) curve for the apparent
diffusion coefficient contrast of the matrix parameter
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respond to the treatment. In the constructed model, an increase in the
contrast of matrix parameter within the ADC sequence and decreases
in the contrast of matrix and energy of matrix parameters within the
contrast-enhanced T1- weighted sequence were identified as significant
contributors to the model’s predictive capacity. These texture features
demonstrated meaningful associations with the treatment response and
played an important role in enhancing the discriminative performance
of the model.

Discussion

In this study, we aimed to predict the therapeutic response in patients
with LARC who underwent nCRT by performing a comprehensive texture
analysis of pretreatment MRI scans. The overarching objective was to
determine whether quantitative imaging biomarkers derived from
baseline MRI could reliably characterize tumor heterogeneity and serve
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Figure 3. Receiver operating characteristic (ROC) curve for the contrast-
enhanced T1 energy of the matrix parameter
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as predictors of subsequent treatment response. This approach aims to
contribute to the development of precision medicine strategies that
enable individualized treatment planning and improved clinical
outcomes for patients with LARC.

For treatment response assessment, pre-treatment MRI images were
analyzed using texture analysis across three different sequences, with
277 texture features being extracted from each sequence. Among all
evaluated features, 44 parameters demonstrated statistically significant
differences between the response groups. In the multivariate analysis,
three parameters emerged as independent predictors of therapeutic
response (Table 2).

In current oncological practice, the standard treatment approach for
LARC consists of nCRT, followed by TME. This combined strategy aims to
reduce the tumor burden, facilitate surgical resection, and minimize the
risk of local recurrence (8). Pathological assessment after CRT isthe most
reliable method for determining the extent of therapeutic response. In
a subset of patients, this evaluation revealed a complete pCR or tumor
downstaging, reflecting a significant reduction or even disappearance of
viable tumor cells. These findings not only demonstrate the biological
effectiveness of CRT but also highlight the heterogeneity of individual
treatment responses among patients with rectal cancer. Moreover,
numerous studies have shown that patients who achieve a pCR
exhibit markedly improved clinical outcomes, including lower rates
of local recurrence and distant metastasis, as well as higher overall
survival rates,compared to those with partial or poor response. These
observations underscore the prognostic value of treatment response
following nCRT (9,10).

In recent years, numerous studies have focused on tissue evaluation
using texture analysis, and its clinical adoption has steadily increased,
reflecting its growing value as a quantitative imaging biomarker
(14,15). The utility of this methodology extends across a wide clinical
continuum, encompassing conditions from neurological spectrum
disorders to complex oncological processes. This breadth of application
underscores its ability to quantify subtle tissue alterations across diverse
pathologies, thereby contributing to more precise diagnostic assessment,
refined disease stratification, and optimized therapeutic decision-
making (16,17).

Malignant tumors inherently exhibit intratumoral heterogeneity owing to
their intrinsic biological structures. As a result of this heterogeneity,
tumors may vary considerably in both prognosis and response to
administered treatments. Texture analysis allows the quantitative
evaluation of these heterogeneous intratumoral patterns and may
enable the early identification of potential resistance to nCRT (18,19).

In contrast enhanced T1weighted sequences, the energy of matrix
value was higher in the responder group, and a decrease in this

Table 2. Logistic regression analysis findings

Parameters b SE
ADC-contrast of matrix 0.708 0.322
T1+C-contrast of matrix -0.418 0.201
T1+C-energy of matrix -1121.178 470.201

ADC: Apparent diffusion coefficient, SE: Standard error, Sig.: Significance, Exp.: Exponentiated
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value strengthened the prediction of treatment response. Similarly,
Meng et al. (20) reported in their study that energy values were higher
among patients responding to treatment. Our findings indicate that T2
weighted histogram entropy did not independently predict treatment
response, yet responders exhibited lower values, corroborating another
study (21). The minimum histogram value on the ADC sequence differed
between responders and non-responders, consistent with the findings
of a previousstudy (22). In another previous study (23), the minimum ADC
histogram values at the 10" and 25" percentiles differed significantly
according to treatment response. Similarly, in our cohort, we observed
significant differences in these parameters between responders and
non-responders. Moreover, we found that the 10" and 25" percentile
values also differed significantly in the T2-weighted sequence, which
may further underscore the potential relevance of T2-weighted imaging
in response assessment. In contrast, the skewness and kurtosis derived
from the ADC did not differ significantly between the two groups (24).

Based on the findings of the present study, the predictive model we
developed demonstrated a robust capacity to discriminate between
responders and non-responders prior to the initiation of therapy. By
integrating key radiomic features with clinically relevant parameters,
the model achieved a high level of accuracy, indicating that subtle
textural and structural characteristics captured on pretreatment imaging
harbor meaningful information regarding tumor biology and treatment
susceptibility of the tumor. These results highlight the value of advanced
image-based analytics in characterizing intratumoral heterogeneity
and underscore the feasibility of using such quantitative metrics for
individualized treatment planning. Importantly, the ability of the
model to reliably predict treatment response before therapy initiation
has significant clinical implications.

Study Limitations

The present study had some limitations that warrant consideration.
The cohort size was relatively small, whereas radiomics studies typically
require larger populations to ensure robust and generalizable results.
Additionally, ROI delineation was performed in two dimensions on
the para-axial plane, and the inclusion of complementary planes may
improve the reliability of the extracted features. Manual segmentation
also introduces potential inter-observervariability and may increase
measurement errors, particularly among less experienced readers.
Future studies should evaluate deep learning—based segmentation
frameworks to mitigate these limitations.

Conclusion

Radiomics and mathematical modeling are attracting increasing
attention in the medical community because of theirpotential to
support clinicians in several ways. In this context, in patients diagnosed
with LARC, early identification based on pre-nCRT imaging of those

Wald df Sig. Exp (B)
4.846 1 0.028 2.031
4315 1 0.038 0.658
5.686 1 0.017 0.011



who are unlikely to benefit from standard protocols may facilitate
timely modification of treatment strategies, prevent unnecessary
toxicity, and enable a more efficient allocation of healthcare resources.
Taken together, these findings suggest that radiomics-based predictive
modeling may serve as a non-invasive decision support tool for the
personalized management of patients undergoing neoadjuvant therapy.
We also believe that studies conducted in larger cohorts may achieve
higher accuracy in predicting treatment response.
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ABSTRACT

Introduction: A transient decline in the estimated glomerular filtration rate (eGFR) is frequently observed following adrenalectomy
for primary aldosteronism (PA), reflecting the unmasking of aldosterone-mediated renal injury previously concealed by glomerular
hyperfiltration. The temporal pattern of this decline and its associated preoperative predictors remain poorly characterized.

Methods: We retrospectively analyzed 38 consecutive patients with confirmed PA who underwent unilateral adrenalectomy. Serial
changes in eGFR and serum creatinine were evaluated using the Friedman test with Durbin-Conover post-hoc comparisons. Correlations
between postoperative renal function and preoperative clinical and bhiochemical variables were assessed using Spearman’s rank

correlation and the Mann-Whitney U test.

Results: A statistically significant overall difference in eGFR was observed during the first three postoperative months (y% 9.04,
p=0.03), driven by a significant decline at month 3 relative to both the preoperative baseline (p=0.03) and postoperative day 1
(p=0.003). When the 6-month measurement was incorporated, the overall difference was no longer significant (y*: 6.52, p=0.16). The
eGFR decline at month 3 was significantly more pronounced in patients with spontaneous hypokalemia (-22.2% vs. -4.76%, p=0.04).
Month 6 eGFR was negatively correlated with baseline aldosterone concentration, aldosterone-to-renin ratio, and age, and was
positively correlated with preoperative eGFR and systolic blood pressure.

Conclusion: Adrenalectomy for PA was associated with a transient decline in eGFR at postoperative month 3, with values approaching
baseline by month 6, and with no evidence of persistent deterioration. Spontaneous hypokalemia and a higher aldosterone burden
identify patients at greater risk of postoperative decline in renal function.

Keywords: Primary aldosteronism, adrenalectomy, glomerular filtration rate, renal function, hypokalemia

Introduction

Primary aldosteronism (PA) is a common cause of secondary
hypertension. Conn’s syndrome is characterized by autonomous
aldosterone overproduction that is independent of renin-angiotensin
regulation. The main causes of PA include aldosterone-producing
adenomas and bilateral adrenal hyperplasia, while rarer forms are
associated with genetic mutations. Among these, an aldosterone-
producing adenoma is the most common and is generally located on one
side of the adrenal gland. Unilateral adrenalectomy is the treatment of
choice for patients with lateralized PA and represents the only potentially

curative intervention (1).

Chronic aldosterone overproduction exerts direct nephrotoxic effects
independent of its hemodynamic actions (which include glomerular
hypertension); these effects include tubular injury and progressive renal
fibrosis. Consequently, individuals with PA are more prone to chronic
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kidney disease (CKD) and have an elevated risk of worsening kidney
function compared to those with essential hypertension, even when
their blood pressure levels are similar (2,3). Notably, the true extent of
aldosterone-mediated renal damage may remain underestimated in the
preoperative setting, as concurrent hemodynamic adaptations to chronic
aldosterone excess, most importantly, glomerular hyperfiltration,
can partially mask underlying renal dysfunction, rendering standard
measures of kidney function deceptively reassuring (3).

Despite the growing body of evidence characterizing postoperative
decline in estimated glomerular filtration rate (eGFR) in PA, data from
centerswhererenalfunctionispreserved orimproved afteradrenalectomy
remain limited. Furthermore, most published studies originate from
East Asian cohorts, and population-specific differences in PA phenotype,
duration of disease at diagnosis, and preoperative management may
substantially influence postoperative renal outcomes. However, whether
these findings are generalizable to other ethnic groups, including
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Turkish patients, remains unclear. Therefore, the present study aimed to
evaluate changes in eGFR following unilateral adrenalectomy for PA and
to identify preoperative clinical and biochemical factors associated with
postoperative renal function in a Turkish institutional cohort.

Methods

Study Population

We retrospectively reviewed the medical records of patients with PA
who underwent unilateral adrenalectomy between September 2020 and
February 2026. Initially, 46 patients were enrolled in the study. After
excluding patients with autonomous cortisol co-secretion and those
with insufficient clinical data, the final study population comprised
38 patients. The study was conducted in accordance with the ethical
standards of the 1975 Declaration of Helsinki and was approved by
the Local Ethics Committee of University of Health Sciences Tirkiye,
Basaksehir Cam and Sakura City Hospital (decision number: 48, date:
21.01.2026). The ethics committee waived the requirement for informed
consent due to the retrospective nature of the study and the use of
anonymized data.

Diagnosis PA

Before screening for PA, medications known to interfere with the
renin-angiotensin-aldosterone system were either discontinued for the
appropriate wash-out period or switched to non-interfering alternatives.
Serum potassium levels were normalized in all patients via replacement
therapy before blood sampling to prevent false-negative results. After
ensuring adequate sodium intake for several days, participants were
screened using morning, seated measurements of serum or plasma
aldosterone and plasma renin activity (PRA). A positive screening result
was defined as an aldosterone level >10 ng/dL (by immunoassay), a PRA
<1 ng/mL/h, and an aldosterone-to-PRA ratio >20 (4). Confirmatory
testing was omitted in patients with overt biochemical evidence of
autonomous aldosterone production, defined as a PRA below 0.2 ng/
mL/h in conjunction with a plasma aldosterone concentration exceeding
20 ng/dL. In the remaining patients with a positive screening result
who did not fulfill these criteria, intravenous saline infusion test was
performed to establish the diagnosis of PA (4). Adrenal vein sampling
(AVS) was performed in patients who did not meet the criteria for a high
pretest probability of unilateral aldosterone-producing adenoma. These
included patients aged 35 years or older and those whose computed
tomography (CT) demonstrated normal adrenal morphology, bilateral
adrenal abnormalities, or non-specific findings such as lesions of 1.0
cm or smaller or bilateral gland thickening (4). For patients in whom
bilateral adrenal venous sampling was unsuccessful, the decision
for surgical lateralization was based on a combination of CT findings
and the contralateral suppression index, calculated as the ratio of the
aldosterone-to-cortisol ratio in the successfully cannulated adrenal
vein relative to that in the inferior vena cava sample (5). A markedly
suppressed ratio on the successfully cannulated side, together with a
unilateral adenoma identified on CT, was considered indicative of
contralateral aldosterone hypersecretion and supported lateralization
to the contralateral non-cannulated side.

Tumor localization was confirmed in all participants using preoperative
cross-sectional imaging, including abdominal CT or magnetic resonance
imaging (MRI).

Histopathological examination of the surgical specimens from all 38
patients confirmed adrenocortical adenoma.

Measurement of Clinical Data

Collected clinical data included age, sex, body mass index (BMI) (kg/
m?), duration of hypertension, preoperative systolic and diastolic
blood pressure, number of antihypertensive medications (excluding
mineralocorticoid receptor antagonists), and preoperative hypokalemia.
All patients with preoperative hypokalemia were rendered normokalemic
before surgery. Smoking, diabetes mellitus, and hyperlipidemia were
additionally recorded as potential covariates known to influence renal
function. The eGFR was calculated using the CKD-EPI 2021 creatinine-
based equation. Plasma aldosterone concentration was measured by
radioimmunoassay. Postoperative eGFR was assessed on day 1 and at
1, 3, and 6 months following adrenalectomy. The percentage change in
eGFR from baseline was calculated as [(postoperative eGFR-preoperative
eGFR)/preoperative eGFR] x 100, with negative values indicating a
decline and positive values indicating an improvement relative to the
preoperative baseline. Of the 38 patients who underwent adrenalectomy,
29 (76.3%) attended the postoperative month 3 visit and were included
in serial eGFR analyses at that time point. The remaining 9 patients did
not present for scheduled follow-up and were therefore excluded from
the month-3 analyses.

Biochemical and blood pressure outcomes were classified according
to the Primary Aldosteronism Surgical Outcome consensus criteria.
Complete biochemical success was defined as the correction of
hypokalemia (if present preoperatively) and normalization of the
aldosterone-to-renin ratio based on local laboratory reference intervals.
Partial biochemical success was defined as correction of hypokalemia,
with a persistently elevated aldosterone-to-renin ratio and a >50%
reduction in baseline plasma aldosterone concentration relative
to preoperative values. Absent biochemical success was defined as
persistent hypokalemia or a persistently elevated aldosterone-to-renin
ratio without a meaningful reduction in aldosterone concentration (6).

Postoperative blood pressure response was classified into three
categories: complete clinical response, defined as a blood pressure
below 140/90 mmHg without any antihypertensive medication; partial
clinical response, defined as a reduction in the number or dose of
antihypertensive agents with a blood pressure remaining at or above
140/90 mmHg; and absent clinical response, defined as a blood
pressure of 140/90 mmHg or higher with an unchanged or increased
antihypertensive medication requirement (6).

Statistical Analysis

Continuous variables were tested for normality using the Shapiro-Wilk
test and expressed as median [interquartile range (IQR)] or mean +
standard deviation, as appropriate. Categorical variables are reported
as frequencies and percentages. Serial changes in eGFR and serum
creatinine levels across postoperative time points were evaluated
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using the Friedman test. Two separate analyses were performed: the
first included four time points (preoperative, postoperative day 1, and
postoperative months 1 and 3), and the second included the 6-month
time point. Post-hoc pairwise comparisons were conducted using
the Durbin-Conover test, which is specifically designed to follow the
Friedman test and incorporates an internal adjustment for multiple
comparisons. Correlations between clinical and biochemical variables
were assessed using Spearman’s rank correlation coefficient. Differences
between categorical groups were evaluated using the Mann-Whitney U
test. A two-sided p value <0.05 was considered statistically significant
for all analyses. Statistical analyses were performed using Jamovi
(version 2.6).

Results

Atotal of 38 participants were included in this study. Of these, 25 (65.8%)
were female and 13 (34.2%) were male. The median age at diagnosis
was 48.5 years (IQR: 44.5-56.0). The median BMI was 29.9 (IQR: 26.4-
32.6). The median duration of hypertension was 10.0 years (IQR: 4.75-
15.0). The median number of antihypertensive medications was 3 (IQR:
2-3). The baseline systolic and diastolic blood pressures were 146 mmHg
(IQR: 136-160) and 87 mmHg (IQR: 80.3-92.0), respectively. The median
baseline heart rate was 77 bpm (IQR: 70.8-86.3 bpm). Spontaneous
hypokalemia was observed in 20 patients (52.6%). The median total
clinical follow-up duration was 35.5 months (IQR: 19.8-50.3). The
baseline clinical characteristics of the study cohort are presented in
Table 1.

AVS was performed in 27 patients; successful bilateral cannulation was
achieved in 13 patients, yielding a median lateralization index of 14.0
(IQR: 2.0-43.0). Given the limited number of patients with complete AVS
data, the lateralization index was not included as a study variable in
further analyses.

Of the 38 patients, 24 (63.2%) underwent laparoscopic adrenalectomy
and 14 (36.8%) underwent robotic adrenalectomy. No patient required
a postoperative blood transfusion. Detailed perioperative renal function
data and 3-month biochemical outcomes are shown in Table 2.

The Friedman test applied to four time points (preoperative,
postoperative day 1, and postoperative months 1 and 3) revealed
a statistically significant overall difference in eGFR (y*: 9.04, df: 3,
p=0.03). Post-hoc pairwise comparisons using the Durbin-Conover test
demonstrated that eGFR at postoperative month 3 was significantly lower
than both the preoperative baseline (p=0.03) and the postoperative
day 1 value (p=0.003). No significant difference was observed between
the preoperative and postoperative day 1 eGFR (p=0.35), preoperative
and postoperative month 1 eGFR (p=0.43), or postoperative day 1 and
month 1 eGFR (p=0.09).

When the 6-month eGFR measurement was incorporated into the
analysis, the overall Friedman test was no longer statistically significant
(x*: 6.52, df: 4, p=0.16). Accordingly, no individual pairwise comparisons
reached statistical significance at this stage, including the comparisons
between preoperative and postoperative month 3 eGFR (p=0.06), and
between postoperative day 1 and month 3 eGFR (p=0.02). Postoperative
changes in eGFR are shown in Figure 1.
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Serum creatinine levels did not differ significantly across the four time
points by the Friedman test (y* 5.28, df: 3, p=0.153). However, post-hoc
Durbin-Conover pairwise comparisons revealed that serum creatinine
at postoperative month 3 was significantly higher than at postoperative
day 1 (p=0.03), mirroring the pattern observed for eGFR. No significant
difference was detected in any other pairwise comparison of serum
creatinine (all p>0.05).

When the 6-month creatinine measurement was incorporated into the
analysis, the overall Friedman test result was no longer statistically
significant (% 5.02, df: 4, p=0.28); no individual pairwise comparison
reached statistical significance, including the comparison between
postoperative day 1 and month 3 creatinine levels (p=0.05). These
findings are consistent with the eGFR results and further support
the conclusion that the transient rise in serum creatinine observed
at postoperative month 3 resolved by month 6, with no sustained
impairment of renal function following adrenalectomy. Postoperative

changes in serum creatinine levels are shown in Figure 2.

The median percentage change in eGFR from baseline to postoperative
month 3 was -6.0% (IQR: -15.0 to +1.0). No significant correlations were
observed between the 3-month percentage change in eGFR and any of

Table 1. Baseline clinical characteristics of the study cohort

(n=38)

Variable

Demographics

Sex: female, n (%)

Sex: male, n (%)

Age at diagnosis (years)

Body mass index (kg/m?)

Clinical follow-up duration (months)
Hypertension and medications
Duration of hypertension (years)

Antihypertensive medications
ACEi/ARB

Diuretics

Dihydropyridine CCB
Non-dihydropyridine CCB
Beta-blocker

MRA

Spontaneous hypokalemia, n (%)
Diabetes mellitus, n (%)
Dyslipidemia, n (%)
Smoking

Baseline hemodynamics
Systolic BP (mmHg)
Diastolic BP (mmHg)
Heart rate (bpm)
Aldosteron (ng/dL)

PRA (ng/mL/h)

ARR

Value

25 (65.8%)
13 (34.2%)
48.5 [44.5-56.0]
29.9 [26.4-32.6]
35.5[19.8-50.3]

10.0 [4.75-15.0]

24 (64.9%)
13 (35.1%)
24 (64.9%)
12 (32.4%)
11 (29.7%)
3(8.1%)

20 (52.6%)
8 (21.1%)
5 (13.2%)
8 (21.1%)

146 [136-160]

87 [80.3-92.0]

77 [70.8-86.3]
50.0 [29.5-68.2]
0.33 [0.28-0.60].
99.2 [54.4-195.0].

Data expressed as median [interquartile range] or n (%). ACEi: Angiotensin-converting
enzyme inhibitor, ARB: Angiotensin Il receptor blocker, CCB: Calcium channel blocker,
MRA: Mineralocorticoid receptor antagonist, BP: Blood pressure, bpm: Beats per minute,
PRA: Plasma renin activity, ARR: Aldosterone-to-renin ratio, IQR: Interquartile range



Table 2. Perioperative renal function and postoperative outcomes
Variable n Median (IQR)
Renal function-eGFR (mL/min/1.73 m?)
Preoperative 38 78.0 (67.3-106.0)
Postoperative day 1 38 82.5 (65.3-106.0)
Postoperative month 1 29 83.0 (66.0-103.0)
Postoperative month 3 29 77.0 (60.0-98.0)
Postoperative month 6 35 86.0 (62.5-102.0)
Renal function-serum creatinine (mg/dL)
Preoperative 38 0.860 (0.660-1.000)
Postoperative day 1 38 0.840 (0.652-1.080)
Postoperative month 1 29 0.890 (0.715-1.080)
Postoperative month 3 29 0.940 (0.735-1.190)
0.920 (0.735-1.090)

3-month postoperative biochemical and clinical parameters

Postoperative month 6 35

Aldosterone (ng/dL) 29 9.43 (5.15-19.3)
PRA (ng/mL/h) 29 1.03 (0.700-2.59)
ARR 29 9.70 (3.46-33.5)
Systolic BP (mmHg) 29 130 (120-145)
Diastolic BP (mmHg) 29 80 (70-90)
Serum potassium (mmol/L) 29 4.80 (4.69-5.04)

IQR: Interquartile range, eGFR: Estimated glomerular filtration rate, PRA: Plasma renin
activity, ARR: Aldosterone-to-renin ratio, BP: Blood pressure

the following: age at diagnosis, sex, baseline eGFR, baseline aldosterone
concentration, PRA, or aldosterone-to-renin ratio (all p>0.05). It was
significantly greater in patients with spontaneous hypokalemia than in
those without spontaneous hypokalemia [-22.2% (IQR: -33.5 t0 -10.7) vs
-4.76% (IQR: -11.95 to +5.61), p=0.04].

Although eGFR did not differ significantly from baseline values by
postoperative month 6, the 6-month eGFR was negatively correlated
with baseline aldosterone concentration (r: -0.52, p=0.003) and
aldosterone-to-renin ratio (r: -0.39, p=0.02), and positively correlated
with preoperative eGFR (r: 0.51, p=0.002). Additionally, the 6-month
eGFR was positively correlated with baseline systolic blood pressure (r:
0.37, p=0.02) and negatively correlated with age at diagnosis (r: -0.5,
p=0.002). The results are shown in Table 3.

At the 3-month follow-up, 14 patients (36.8%) achieved a complete
blood-pressure response. A partial blood pressure response was observed
in 22 (57.9%) patients. Two patients (5.2%) showed no blood pressure
response. Preoperatively, spontaneous hypokalemia was present
in 20 (52.6%) patients. Following adrenalectomy, serum potassium
levels normalized in all patients without potassium supplementation.
Biochemical outcomes were assessed at postoperative month 3 in 29
patients; complete biochemical response was achieved in 20 (69.0%),
partial biochemical response in 7 (24.1%), and no biochemical response
in 2 (6.9%). A repeated-measures analysis of variance was performed to
compare patients who achieved complete hiochemical remission with
those who did not and to assess whether eGFR and creatinine differed
according to biochemical remission status. For eGFR, no significant
between-subjects effect of remission status was observed in either the
four-time-point (preoperative, day 1, month 1, month 3; p=0.62) or
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Figure 1. Individual patient trajectories of estimated glomerular filtration
rate (€GFR) following unilateral adrenalectomy for primary aldosteronism.
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Figure 2. Individual patient trajectories of serum creatinine following
unilateral adrenalectomy for primary aldosteronism. Grey lines represent
individual patients; the black line represents the group median. Serum
creatinine is expressed in mg/dL

Table 3. Predictors of postoperative eGFR at 6 month

Variable eGFR 6 month
Spearman’s r p value

Age at diagnosis (years) -0.5 0.002
BMI (kg/m?) 0.14 0.41
Systolic BP (mmHg) 0.37 0.02
Preoperative eGFR 0.51 0.002
Baseline aldosterone (ng/dL) -0.52 0.003
Baseline PRA (ng/mL/h) 0.1 0.57
Baseline ARR -0.39 0.02

eGFR: Estimated glomerular filtration rate, BMI: Body mass index, BP: Blood pressure,
PRA: PPlasma renin activity, ARR: Adosterone-to-renin ratio
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the five-time-point (preoperative, day 1, month 1, month 3, month 6;
p=0.36) comparison. Similarly, no significant between-subjects effect
of remission status on serum creatinine was observed in either the
four-time-point (p=0.24) or the five-time-point (p=0.24) comparison.
Detailed results are presented in Table 4.

Discussion

In the present study, unilateral adrenalectomy for PA was associated
with a transient decline in eGFR at postoperative month 3, with values
approaching preoperative levels by month 6, and with no evidence of
persistent deterioration in renal function. A parallel pattern was observed
for serum creatinine, which showed a transient increase at month 3 that
was no longer evident by month 6. The magnitude of postoperative eGFR
at month 6 was significantly correlated with the baseline aldosterone
concentration, aldosterone-to-renin ratio, preoperative eGFR, baseline
systolic blood pressure, and age at diagnosis, highlighting the role of
the preoperative disease burden in determining renal outcomes. With
respect to clinical outcomes, complete blood pressure response was
achieved in 36.9% of patients and complete biochemical remission was
achieved in 69% of patients, with serum potassium normalizing in all
patients with preoperative hypokalemia.

In PA, excess aldosterone alters kidney hemodynamics and structure.
After adrenalectomy, many patients experience a decrease in eGFR.
Across studies, this is consistently interpreted as unmasking pre-
existing renal damage rather than as new surgical kidney injury. Excess
aldosterone promotes sodium retention, volume expansion, and
glomerular hypertension through afferent arteriolar vasoconstriction,
resulting in sustained glomerular hyperfiltration (7,8). Hyperfiltration
and glomerular hypertension can mask a true reduction in kidney
function preoperatively by maintaining normal or elevated eGFR
despite structural damage (3,7). Long-term aldosterone exposure
causes renal fibrosis, glomerular sclerosis, and microvascular lesions,
leading to CKD even when eGFR appears normal (8-10). In this study,

Table 4. eGFR and serum creatinine according to biochemical
remission status

No remission
median (IQR)

Variable f‘:’:;?;:‘(‘i(;a‘)“i“i°"
eGFR (mL/min/1.73 m?)
Preoperative 89.0 (69.5-105.0) 92.0 (72.0-107.5)
Postoperative day 1 89.0 (76.2-98.8) 97.0 (68.5-111.0)
Postoperative month 1 83.0 (69.0-90.0) 86.5 (66.5-106.0)
Postoperative month 3 75.0 (62.5-96.0) 77.0 (62.5-88.0)
Postoperative month 6 90.0 (73.0-103.0) 80.5 (62.2-103.0)
Serum creatinine (mg/dL)
0.775 (0.665-0.937)  0.830 (0.635-0.975
0.795 (0.683-0.885)  0.770 (0.615-1.150
) (
) (

Preoperative (
(

Postoperative month 1 0.890 (0.715-1.080)  0.905 (0.747—1.050
(
(

)
Postoperative day 1 )
)
0.970 (0.720-1.040)  0.915 (0.775-1.230)
0.810 (0.715-0.985)  0.930 (0.730—1.140)
No statistically significant difference in eGFR or creatinine was observed between groups

at any time point (all p>0.05). IQR: Interquartile range, eGFR: Estimated glomerular
filtration rate

Postoperative month 3

Postoperative month 6
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the transient decline in eGFR observed at postoperative month 3, with
values approaching preoperative levels by month 6, is consistent with
the well-established pathophysiological consequences of aldosterone
excess on renal hemodynamics. The nadir observed at month 3 is
consistent with the timeline reported in the literature because the
renin-angiotensin-aldosterone system requires weeks to months to
re-equilibrate after abrupt withdrawal of autonomous aldosterone
secretion, and tubular adaptation to the altered hemodynamic milieu
is similarly gradual. Notably, the absence of a persistent eGFR decline
by month 6 distinguishes our cohort from series reporting sustained
postoperative renal function impairment. It may reflect a relatively
small degree of irreversible structural renal damage induced by
aldosterone in our patients at the time of surgery. This interpretation is
supported by the relatively preserved preoperative eGFR and potassium
levels in our cohort, compared with those in previously published
series, suggesting that surgical intervention was undertaken at an earlier
stage of aldosterone-mediated renal injury, before the development of
irreversible fibrotic changes.

In the present study, the decline in eGFR at postoperative month 3
was significantly more pronounced in patients with spontaneous
hypokalemia compared with those without spontaneous hypokalemia
(p=0.04). These observationsare consistentwith those of Lu etal. (11), who
identified hypokalemia as an independent predictor of postoperative
renal function impairment in a large Taiwanese cohort of 328 patients,
and with Tomiie et al. (7), who demonstrated that lower preoperative
serum potassium concentrations were independently associated with a
clinically significant drop in GFR category after adrenalectomy. These
findings suggest that spontaneous hypokalemia, as a marker of severe
and prolonged aldosterone excess, identifies patients with PA who are
at higher risk of postoperative renal function decline and may serve as
a preoperative indicator to guide patient counseling and nephrological
follow-up.

Among the preoperative variables examined, baseline aldosterone
concentration and aldosterone-to-renin ratio were significantly and
negatively correlated with eGFR at postoperative month 6 (r: -0.52,
p=0.003, and r: -0.39, p=0.02, respectively), indicating that patients with
a greater degree of autonomous aldosterone excess had lower absolute
renal function at 6 months postoperatively. This finding is consistent
with the concept that higher aldosterone levels reflect more severe and
potentially longer-standing mineralocorticoid-mediated renal injury,
including glomerulosclerosis, tubular atrophy, and interstitial fibrosis,
all of which reduce the kidney’s functional capacity in the postoperative
period (3,12,13). The positive correlation between preoperative eGFR
and 6-month eGFR (r: 0.51, p=0.02) was expected and reflected the
strong tracking of renal function over time; patients with better baseline
renal function tended to maintain higher postoperative eGFR values.
Collectively, these findings suggest that preoperative aldosterone
levels are key determinants of postoperative renal function and that
patients with overt biochemical hyperaldosteronism may warrant closer
nephrological surveillance postoperatively.

The negative correlation between age at diagnosis and month 6 eGFR
(r: -0.50, p=0.002) likely reflects the progressive age-related decline
in the renal functional reserve, which limits the kidney’s capacity to
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maintain adequate filtration following the resolution of aldosterone-
driven hyperfiltration. In older patients, the nephron mass available
for functional recovery is inherently reduced, and the superimposed
structural damage from chronic aldosterone excess and hypertension
may compound this age-related vulnerability, resulting in lower
absolute eGFR values at 6 months postoperatively compared with
younger patients. Multiple cohort studies and meta-analyses have
identified older age as a significant predictor of long-term eGFR
decline or postoperative CKD after adrenalectomy for PA (5,8,14). The
observed positive correlation between baseline systolic blood pressure
and eGFR at six months (r: 0.37, p=0.02) may reflect glomerular
hyperfiltration. However, this interpretation should be regarded as
hypothesis-generating rather than a confirmed causal mechanism,
given the retrospective, correlational design of this study. Patients
with elevated preoperative systolic blood pressure may exhibit greater
pressure-related glomerular hyperfiltration, which could contribute to
a higher preoperative eGFR and, consequently, to a higher absolute
eGFR at six months postoperatively, even after partial resolution of the
hyperfiltration state. Further studies incorporating direct measures of
glomerular hemodynamics would be needed to confirm this association.

Regarding clinical and biochemical outcomes, 69% of patients achieved
complete biochemical remission at the 3-month follow-up. This result is
consistent with remission rates reported in the literature for unilateral
adrenalectomy in PA, which typically range from 60% to 99%, depending
on how remission is defined and the duration of follow-up (15,16).
Complete clinical blood pressure response, defined as normalization of
blood pressure without antihypertensive medication, was observed in
36.9% of patients. By comparison, the majority (57.9%) achieved a partial
response, characterized by a reduction in antihypertensive medication
burden. The two patients who did not achieve a biochemical response
also showed no clinical blood pressure response, suggesting persistent
autonomous aldosterone secretion as the underlying mechanism of
treatment failure in these cases. Across cohorts and meta-analyses,
20-30% of PA patients become normotensive without drugs (6,17,18);
about half have improved BP and/or lower medication needs (6,18,19);
and roughly 10-20% show little clinical BP benefit, despite very high
biochemical cure rates (6,20). Our findings are in line with those reported
in large multicenter series. The prevalence of a partial hypertensive
response post-adrenalectomy may indicate that the underlying
essential hypertension coexists with PA, potentially limiting the degree
of blood pressure resolution following surgical cure. Remarkably,
serum potassium levels returned to normal in all 20 patients who
experienced spontaneous hypokalemia before surgery without requiring
supplementation. This outcome confirms the complete reversal of the
condition of mineralocorticoid excess and highlights one of the most
consistent and reproducible advantages of surgical intervention in PA.

Study Limitations

Several limitations of the present study warrant acknowledgment.
First, the retrospective single-center design limits the generalizability
of the findings to other institutional settings and patient populations.
Second, the relatively small sample size restricts the statistical power
of correlation analyses and precludes robust multivariable regression

modeling for identifying independent predictors of postoperative
renal function. This limitation was particularly evident in the subgroup
comparison between patients with and without complete biochemical
remission, in which no significant difference in postoperative eGFR
or change in creatinine was detected. However, the limited number
of patients available for this comparison substantially restricted the
statistical power to detect a clinically meaningful difference between
groups; therefore, this negative finding should be interpreted with
caution. Furthermore, eGFR data at postoperative month 3 were
available for only 29 of 38 patients (76.3%), as the remaining 9 patients
did not attend their scheduled follow-up visit. However, no systematic
clinical difference was apparent between those with available data and
those without; the possibility of informative loss to follow-up cannot be
entirely excluded. Third, AVS was performed in 27 patients; however,
successful bilateral cannulation was achieved in only 13 patients,
and the lateralization index was therefore not included as a primary
study variable. Fourth, the absence of long-term follow-up beyond
6 months precludes conclusions regarding the durability of renal
function recovery and the potential long-term renoprotective benefit of
adrenalectomy. Fifth, preoperative serum potassium data were recorded
after potassium supplementation in most patients, precluding a reliable
assessment of the true nadir potassium concentration. This variable is
a stronger predictor of postoperative eGFR decline than the immediate
preoperative value.

Conclusion

Unilateral adrenalectomy for PA was associated with a transient decline
in eGFR at postoperative month 3; values approached baseline by month
6, and there was no evidence of persistent deterioration. This decline
was more significant in patients with spontaneous hypokalemia, and
the postoperative eGFR was associated with initial aldosterone levels,
pre-surgery kidney function, and patient age. Complete biochemical
remission was achieved in 69.0% of patients, and potassium levels
normalized in all hypokalemic patients following surgery. These findings
support the renal safety of adrenalectomy in appropriately selected
patients with PA and highlight spontaneous hypokalemia as a clinically
useful preoperative indicator of postoperative renal vulnerability. Early
diagnosis and treatment are essential to optimizing long-term renal and
cardiovascular outcomes.
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ABSTRACT

Introduction: Body composition abnormalities, including sarcopenia and adipose tissue alterations, have emerged as potential
prognostic biomarkers in pancreatic ductal adenocarcinoma (PDAC). The present study investigated the relationship between
preoperative computed tomography (CT)-derived adipose and muscle parameters and survival outcomes in patients undergoing
pancreaticoduodenectomy for PDAC.

Methods: This retrospective analysis enrolled 69 patients with histologically confirmed PDAC who underwent
pancreaticoduodenectomy between 2018 and 2024. Preoperative contrast-enhanced CT images acquired within 30 days before
surgery were assessed at the level of the third lumbar vertebra (L3). Measurements included the area and attenuation of visceral and
subcutaneous adipose tissue, as well as the area and attenuation of the psoas muscle. Overall survival (0S) and disease-free survival
(DFS) were evaluated using Kaplan-Meier survival curves and Cox proportional hazards models.

Results: Median OS and DFS were 10.0 and 7.0 months, respectively. Kaplan-Meier analyses showed no statistically significant
differences in survival across body composition parameters (all p>0.05), although several parameters exhibited consistent numerical
trends in survival. In multivariable analysis, higher T stage was independently associated with worse OS [hazard ratio (HR): 1.83, 95%
confidence interval (Cl): 1.12-3.00, p=0.015], whereas adjuvant chemotherapy remained independently associated with improved
0S (HR: 0.16, 95% Cl: 0.07-0.34, p<0.001). Because of the limited number of DFS events, multivariable analysis was not performed.

Conclusion: CT-derived body composition analysis may provide complementary prognostic information in patients undergoing
pancreaticoduodenectomy for PDAC. Although independent associations were not consistently demonstrated, the observed survival
patterns support further investigation of CT-derived muscle and adipose tissue parameters as potential imaging biomarkers. Larger
prospective multicenter studies are warranted to clarify their prognostic value.

Keywords: Pancreatic ductal adenocarcinoma, pancreaticoduodenectomy, body composition, sarcopenia, myosteatosis, computed
tomography, psoas muscle attenuation, visceral adipose tissue, survival analysis, prognostic biomarkers

In this context, improving preoperative risk stratification has become
increasingly important. Conventional prognostic factors such as tumor
stage, lymph node involvement, and margin status are typically
determined postoperatively, limiting their utility in preoperative decision-
making. Therefore, there is growing interest in identifying non-invasive,
imaging-based biomarkers that can provide prognostic information
before surgery. Computed tomography (CT), routinely performed in the
preoperative setting, offers an opportunity to extract such information
beyond standard anatomical assessment.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is among the most aggressive
and difficult-to-treat malignancies owing to its biological characteristics.
According to GLOBOCAN 2020, pancreatic cancer accounted for near
500,000 new cases and over 450,000 deaths worldwide, reflecting its
disproportionately high mortality burden (1). Surgical resection remains
the primary curative treatment; for tumors located in the pancreatic
head, pancreaticoduodenectomy (Whipple procedure) is the only
surgical option. Yet, even in patients who undergo resection, outcomes

remain disappointing, with a substantial proportion experiencing early
recurrence and limited long-term survival (2,3).
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body tissue distribution. A single cross-sectional CT image at this level
can be used to quantify both adipose and lean tissue compartments with
high accuracy (4). This has enabled the use of routine imaging data for
quantitative assessment of patient-specific physiological characteristics.

Adipose tissue is increasingly recognized as an active metabolic organ
rather than a passive energy reservoir. Both the quantity and quality
of adipose tissue—reflected by cross-sectional area and attenuation
values measured in Hounsfield units (HUs)—have been associated with
systemic inflammation, cachexia, and tumor progression (5). Similarly,
skeletal muscle parameters such as psoas muscle area and attenuation
may reflect sarcopenia and myosteatosis, both of which have been
linked to impaired physiological reserve and adverse oncological
outcomes (6). Importantly, these measurements can be easily derived
from standard preoperative CT scans without incurring extra costs or
imposing an additional burden on patients.

Evidence from gastrointestinal malignancies suggests that both
adipose tissue and skeletal muscle characteristics may carry prognostic
significance (7,8). Increased visceral adiposity has been associated with
adverse oncologic outcomes in colorectal cancer (9), while higher visceral
fat attenuation has been linked to worse survival in gastric cancer (10).
Likewise, reduced muscle attenuation and myosteatosis have been
associated with inferior postoperative and long-term outcomes in several
gastrointestinal cancers. Nevertheless, the prognostic significance
of these (T-derived body composition parameters in PDAC remains
incompletely defined. In particular, the relative contributions of adipose
tissue quantity and quality and of muscle-related parameters to survival
outcomes remain uncertain in surgically treated PDAC patients.

Therefore, this study was designed to investigate the association between
preoperative CT-derived measures at the L3 vertebral level (subcutaneous
and visceral adipose tissue area, adipose tissue attenuation values, and
psoas muscle area and attenuation) and overall survival (OS) in patients
undergoing pancreaticoduodenectomy for PDAC. Secondary objectives
included evaluating the relationship between these parameters and
disease-free survival (DFS) and 30-day postoperative mortality.

Methods

Study Design and Patient Selection

This retrospective cohort study included patients who underwent
pancreaticoduodenectomy (Whipple procedure) at University of Health
Sciences Tiirkiye, Umraniye Training and Research Hospital between
January 2018 and December 2024. Eligible patients were identified using
the institutional surgical registry. The study was performed and reported
in compliance with the Strengthening the Reporting of Observational
Studies in Epidemiology recommendations.

Patients were included if they had histopathologically confirmed PDAC,
were aged 18 years or older, had a preoperative abdominal CT scan
obtained within 30 days before surgery, and had available OS data.

Patients were excluded if the final histopathology was not consistent
with PDAC; if preoperative CT imaging was unavailable or technically
inadequate for adipose tissue analysis; if OS data were unknown; if they
were younger than 18 years; or if pancreaticoduodenectomy had been
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performed emergently for hemorrhage. PDAC patients located in the
tail of the pancreas were excluded due to differences in the surgical
approach and surgical burden.

Data Collection

Demographic, clinical, operative, and pathological data were retrieved
retrospectively from electronic medical records. Variables of interest,
where available, included age, sex, tumor-related pathological findings,
nodal status, resection margin status, and adjuvant treatment status.

Follow-up data were obtained from hospital records and other accessible
institutional follow-up sources. OS status, recurrence status, and 30-day
postoperative mortality were recorded. Because of the retrospective
nature of the study, DFS data were not expected to be available for all
patients.

CT Acquisition and Image Analysis

Preoperative contrast-enhanced abdominal CT examinations obtained
within 30 days of surgery were retrospectively reviewed. Body
composition analysis was performed at the level of the L3 vertebra,
which served as the predefined anatomical landmark. Portal venous
phase CT images were used for all body composition measurements.

On a single representative axial CT image at the L3 level, subcutaneous
adipose tissue, visceral adipose tissue, and bilateral psoas muscles
were evaluated. Subcutaneous and visceral adipose tissue areas were
segmented using a threshold-based semi-automatic method with
a predefined adipose tissue attenuation range of -190 to -30 HUs,
followed by manual correction when necessary. During segmentation,
bowel contents, vessels, and bone structures were carefully excluded.

For each patient, subcutaneous and visceral adipose tissue areas and
their mean attenuations were recorded. All area measurements were
expressed in mm?, whereas attenuation values were expressed in HU.
Representative examples of visceral adipose tissue, subcutaneous
adipose tissue, and psoas muscle measurements are shown in Figure 1.

Bilateral psoas muscles were segmented on the same axial slice using a
semi-automatic method followed by manual correction. The right and
left psoas muscle areas were summed to obtain the total psoas muscle
area. Psoas muscle attenuation was measured as the mean attenuation
of the segmented bilateral psoas muscles.

All CT measurements were performed by two radiologists in consensus:
an abdominal radiologist with 12 years of experience and a radiology
resident with 4 years of experience. Both readers were blinded to
clinical, laboratory, and survival outcome data. For each patient, a
single final consensus measurement was recorded for each CT-derived
body composition parameter. Total psoas muscle area was used as a
pragmatic surrogate marker of skeletal muscle mass because height-
normalized skeletal muscle index (SMI) measurements were not
consistently available owing to the retrospective study design.

Outcomes

The primary outcome was 0S, measured from the date of surgery until
death from any cause or the last available follow-up.
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Figure 1. Computed tomography (CT)-based body composition analysis at the L3 vertebral level. Representative axial CT images showing semi-automatic
segmentation of A) subcutaneous adipose tissue, B) visceral adipose tissue, and () bilateral psoas muscles. Subcutaneous and visceral adipose tissue compartments
were segmented using a predefined attenuation threshold range of -190 to -30 HU, followed by manual correction. All panels depict different tissue segmentations
derived from the same axial CT slice of a single patient

Secondary outcomes included DFS, defined as the interval from surgery
to recurrence, death, or last follow-up among patients with documented
recurrence status; and early postoperative mortality, defined as mortality
occurring within 30 days of surgery.

Ethical Approval

The study adhered to the principles of the Declaration of Helsinki
and received approval from the University of Health Sciences Tirkiye,
Umraniye Training and Research Hospital (decision number: 146, date:
22.04.2026). Because of the retrospective design and the exclusive use
of anonymized patient data, the Institutional Ethics Committee waived
the requirement for written informed consent.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics (version
26.0; IBM Corp., Armonk, NY, USA); data visualization and forest-
plot generation were performed using RStudio (version 2025.05.1).
Continuous variables were summarized as mean =+ standard deviation
or median with interquartile range (IQR) according to data distribution,
whereas categorical variables were expressed as frequencies and
percentages.

Radiological body composition parameters were primarily analyzed as
continuous variables in Cox proportional hazards regression models
to minimize information loss associated with dichotomization. For
illustrative Kaplan—Meier analyses, body composition parameters
were dichotomized according to median values. Survival curves were
estimated using the Kaplan-Meier method and compared using the log-
rank test. Additional Kaplan-Meier analysis was performed, stratified by
adjuvant chemotherapy status, to provide an unadjusted comparison
of OS.

Associations between clinicopathological variables, radiological body
composition parameters, and survival outcomes were further evaluated
using Cox proportional hazards regression analysis. Imaging parameters
were analyzed as continuous variables in Cox models. Univariable
Cox regression analyses were initially performed for both OS and
DFS. Variables demonstrating statistical or borderline significance in
univariable analyses were considered for multivariable Cox regression.
T stage was also retained in the final model because of its established

prognostic importance in PDAC and its borderline association with 0S
in the univariable analysis. To minimize the risk of model overfitting,
the final multivariable model was restricted to a limited number of
covariates. Because of the limited number of DFS events and concerns
regarding model stability, multivariable Cox regression analysis was not
performed.

The proportional hazards assumption was assessed using both graphical
log-minus-log survival plots and formal testing based on Schoenfeld
residuals.

Thirty-day postoperative mortality and complications were analyzed
descriptively. Because of the limited number of early mortality events,
regression analysis was not performed for the 30-day mortality endpoint.

A two-sided p value of less than 0.05 was considered statistically
significant.

Results

A total of 231 patients who underwent pancreaticoduodenectomy
(Whipple procedure) were screened for eligibility. Among them, 73
patients had histopathologically confirmed PDAC. Three patients
were excluded because preoperative CT images were unavailable, and
one patient was excluded due to loss to follow-up. Consequently, 69
patients were included in the OS analysis. Eight additional patients were
excluded from DFS analysis because postoperative imaging required for
recurrence assessment was unavailable, resulting in 61 patients being
included in the DFS cohort (Figure 2).

The mean age of the patients was 64.0+£7.8 years. Most patients had
advanced pathological disease, with T2 and T3 tumors accounting for
49.3% and 36.2% of cases, respectively, while N2 nodal involvement was
observed in 46.4% of patients. The mean positive lymph node count
was 5.8%4.4, and the majority of tumors were grade 2 (81.2%). Margin
positivity was identified in 31.9% of patients, whereas lymphovascular
invasion and perineural invasion were present in 72.5% and 98.6%
of cases, respectively. Adjuvant therapy was administered to 78.3%
of patients, whereas only two patients (2.9%) received neoadjuvant
treatment. Additional demographic, clinicopathological, biochemical,
and radiological body composition characteristics are summarized in
Table 1.
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Whipple Procedures Screened
(n=231)

—

‘ Excluded Non-PDAC Pathology ’

(n=158)

Histopathologically Confirmed PDAC
n=73)
Excluded

* (n=3):Preoperative Imaging
Unavailable

* (n=1):Lost to Follow-up

* (n=8):Excluded from DFS
Analysis Postoperative Imaging
Unavailable

Included in OS Analysis (n = 69)

Included in DFS Analysis (n=61)

Figure 2. Flow diagram of patient selection and study cohort formation.
The eight patients excluded from DFS analysis had available vital status
data and were retained in the OS analysis; they were excluded solely
due to unavailability of postoperative imaging required for recurrence
assessment. OS: Overall survival, DFS: Disease-free survival

Postoperative pancreatic fistula developed in 21 (30.4%) patients, based
on the criteria established by the International Study Group on Pancreatic
Surgery, irrespective of fistula grade. Grade B/C fistulas occurred in 12
(17.3%) patients. Thirty-day mortality occurred in 5 patients (7.2%). Two
deaths were attributed to sepsis secondary to pancreaticojejunostomy
(P)) leakage, while two additional patients died during intensive care
follow-up after hemorrhagic complications associated with PJ leakage.
One patient died from myocardial infarction on postoperative day 9,
unrelated to any surgical morbidity.

Median OS was 10.0 months (IQR: 11.0), while median DFS was 7.0
months (IQR: 5.0). The median follow-up duration was 12.0 months
(IQR: 10.0 months). Overall, mortality was observed in 53 patients
(76.8%), and recurrence occurred in 35 patients (57.3%). The OS analysis
was based on all-cause mortality.

For illustrative Kaplan-Meier analyses, body composition parameters
were dichotomized according to median values. Kaplan-Meier analysis
demonstrated no significant differences in OS by visceral fat area,
visceral fat attenuation, subcutaneous fat area, subcutaneous fat
attenuation, psoas muscle area, or psoas muscle attenuation (all p>0.05).
Nevertheless, patients with higher visceral fat area demonstrated a non-
significant trend toward longer OS than those with lower visceral fat area
(median: 8.0 vs. 14.0, p=0.161). Similarly, a higher psoas muscle area
was associated with longer OS (median: 9.0 vs. 13.0 months, p=0.135).
Detailed OS analyses are summarized in Table 2 and Figure 3.

Likewise, DFS analyses showed no statistically significant differences in
survival by visceral fat area, visceral fat attenuation, subcutaneous fat
area, subcutaneous fat attenuation, psoas muscle area, or psoas muscle
attenuation (all p>0.05). However, patients with lower psoas muscle
attenuation had a numerically longer DFS (median: 9.0 vs. 7.0) than
those with higher attenuation values; this difference was not statistically
significant (p=0.418). Detailed DFS analyses are presented in Table 2
and Figure 4.

Kaplan-Meier analysis stratified by adjuvant chemotherapy status
demonstrated significantly longer OS for patients who received
adjuvant chemotherapy than for those who did not (log-rank p<0.001;
Supplementary Figure 1).

Univariable Cox regression analysis for OS demonstrated borderline
associations with T stage [hazard ratio (HR): 1.344, 95% confidence
interval (Cl): 0.855-2.113, p=0.200] and psoas muscle area (HR: 0.946,
95% Cl: 0.894-1.000, p=0.052), whereas adjuvant therapy emerged as a
significant protective factor (HR: 0.198, 95% Cl: 0.099-0.396, p<0.001).
In multivariable analysis, higher T stage was associated with worse 0S
(HR: 1.83, 95% Cl: 1.12-3.00, p=0.015), whereas adjuvant chemotherapy
was associated with improved OS (HR: 0.16, 95% Cl: 0.07-0.34, p<0.001).
Although higher psoas muscle area showed a protective effect (HR: 0.96
per 100 mm? increase), this association was not statistically significant
(95% Cl: 0.90-1.02, p=0.200).

Graphical assessment using log-minus-log survival plots did not
demonstrate major violations of the proportional hazards assumption.
Formal Schoenfeld residual testing was performed for the revised 0OS
multivariable model. A statistically significant violation was identified
for adjuvant chemotherapy (p=0.003), suggesting that the effect of
adjuvant treatment on OS may not be constant over the entire follow-
up period. Therefore, the HR for adjuvant chemotherapy should be
regarded as an average effect throughout the follow-up period rather
than a fixed treatment effect.

For DFS, univariate Cox regression analysis demonstrated a significant
association for neoadjuvant therapy (HR: 11.326, 95% Cl: 1.178-108.903,
p=0.036), although this finding should be interpreted cautiously
because only two patients received neoadjuvant therapy. Positive lymph
node count (p=0.134), psoas muscle attenuation (p=0.137), and CA19-9
level (p=0.092) demonstrated borderline significance. Because of the
limited number of DFS events and concerns regarding model stability,
multivariable Cox regression analysis was not performed for DFS.
Detailed Cox regression analyses are summarized in Table 3, and the 0S
multivariable model is visualized in Figure 5.

Table 1. Baseline demographic, clinical, and pathological characteristics of the patients

Age, years

Sex (male/female)

T stage (T1/T2/T3/T4)

N stage (NO/N1/N2)
Positive lymph node count
Tumor grade (I/11/111)
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64.0+7.8
37/32 (53.6/46.4%)

8/34/25/2 (11.6/49.3/36.2/2.9%)
13/24/32 (18.8/34.8/46.4%)
5.8+4.4

6/56/7 (8.7/81.2/10.1%)



Table 1. Continued

Positive resection margin
Lymphovascular invasion

Perineural invasion

ASA score (I/11/111)

Neoadjuvant therapy

Adjuvant therapy

Clavien-Dindo complication grade (0/1/11/111/1V/V)
Biochemical parameters

CRP (mg/L)

Albumin (g/L)

NLR

CA19.9 (U/mL)

(CT-derived body composition parameters
Visceral adipose tissue area (mm?)
Visceral adipose tissue attenuation (HU)
Subcutaneous adipose tissue area (mm?)
Subcutaneous adipose tissue attenuation (HU)
Psoas muscle area (mm?)

Psoas muscle attenuation (HU)

Survival outcomes

Overall mortality

Recurrence

Overall survival, median months
Disease-free survival, median months

Median follow-up

Erdem et al. Body Composition on Resectable Pancreatic Cancer

22 (31.9%)

50 (72.5%)

68 (98.6%)

4/52/13 (5.8/75.4/18.8%)
2 (2.9%)

54 (78.3%)
30/15/14/5/0/5

6.7 (IQR: 17.3)
35.54+4.9

2.6 (IQR: 4.0)
60.7 (IQR: 269.5)

16196.5+8507.2
-75.9+15.4
19305.8410027.7
-92.0 (IQR: 14.5)
12745 (IQR: 815.8)
45.0 (IQR: 13.0)

53 (76.8%)

35 (57.3%)

10.0 months (IQR: 11.0)
7.0 months (IQR: 5.0)
12.0 months (IQR: 10.0)

Data are presented as mean + standard deviation, median [interquartile range (IQR)], or n (%), as appropriate. Normally distributed continuous variables are presented as mean + standard
deviation, whereas non-normally distributed variables are presented as median (IQR). ASA: American Society of Anesthesiologists, CRP: C-reactive protein, NLR: neutrophil-to-lymphocyte

ratio, CA: Carbohydrate antigen, CT: Computed tomography, HU: Hounsfield unit

Table 2. Kaplan-Meier overall survival and disease-free survival analyses according to CT-derived body composition parameters

Overall survival

Parameter

Visceral adipose tissue area (mm?)

Visceral adipose tissue attenuation (HU)
Subcutaneous adipose tissue area (mm?)
Subcutaneous adipose tissue attenuation (HU)
Psoas muscle area (mm?)

Psoas muscle attenuation (HU)

Disease-free survival

Visceral adipose tissue area (mm?)

Visceral adipose tissue attenuation (HU)
Subcutaneous adipose tissue area (mm?)
Subcutaneous adipose tissue attenuation (HU)
Psoas muscle area (mm?)

Psoas muscle attenuation (HU)

Cut-off
17825
-89
13529
-101.5
1056.5
42.5

18204.5
-89
12129.5
-101.5
1127.5
425

Median OS, months (95% ClI) low vs. high
8.0 (4.3-11.6) vs. 14.0 (9.4-18.5)

11.0 (7.8-14.1) vs. 10.0 (5.1-14.8)

10.0 (5.6-14.3) vs. 11.0 (6.1-15.6)

11.0 (8.2-13.7) vs. 10.0 (5.5-14.4)

9.0 (6.9-11.1) vs. 13.0 (9.4-16.6)

10.0 (5.9-14.0) vs. 10.0 (7.3-12.7)

8.0 (4.9-11.0) v
5.3-10.6) v

.10.0 (4.7-15.2)
.10.0 (6.1-13.8)
8.0 (1.9-14.0)
.8.0 (4.0-11.9)
.10.0 (6.9-13.0)
.7.0 (4.5-9.5)

)

8.0 ( )

8.0 (4.0-11.9) v

7.0 (3.8-10.1) v

7.0 (3.9-10.0) v
)

S
S
S
S
S
9.0 (5.8-12.2) vs

Log-rank p
0.161
0.379
0.505
0.423
0.135
0.764

0.249
0.797
0.342
0.968
0.572
0.418

Body composition parameters were dichotomized according to median values for illustrative Kaplan—Meier survival analyses. Survival outcomes are presented as median overall survival
(0S) or median disease-free survival (DFS) in months, with 95% confidence intervals. Low and high groups were defined according to the corresponding cut-off values for each parameter. CT:
Computed tomography, OS: Overall survival, CI: Confidence interval, HU: Hounsfield unit
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Figure 3. Kaplan-Meier overall survival curves according to computed tomography-derived body composition parameters. Kaplan-Meier overall survival curves
stratified according to visceral adipose tissue area, visceral adipose tissue attenuation, subcutaneous adipose tissue area, subcutaneous adipose tissue attenuation,
psoas muscle area, and psoas muscle attenuation. Body composition parameters were dichotomized at their median values for illustrative survival analyses.
Red curves represent low-value groups, and blue curves represent high-value groups. The x-axis represents time in months. Number-at-risk tables are displayed

beneath each survival curve. HU: Hounsfield unit
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Figure 4. Kaplan-Meier disease-free survival curves according to computed tomography-derived body composition parameters. Kaplan-Meier disease-free survival
curves stratified according to visceral adipose tissue area, visceral adipose tissue attenuation, subcutaneous adipose tissue area, subcutaneous adipose tissue
attenuation, psoas muscle area, and psoas muscle attenuation. Body composition parameters were dichotomized according to median values for illustrative
survival analyses. Red curves represent low-value groups and blue curves represent high-value groups. The x-axis represents time in months. Number-at-risk tables
are displayed beneath each survival curve. HU: Hounsfield unit
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Table 3. Univariate and multivariable Cox regression analyses of clinicopathological and body composition parameters for overall and

disease-free survival

Overall survival

Univariable HR

Multivariable HR

Disease-free survival

Variable (95% CI) p (95% Cl) Univariable HR (95% CI) p
Age 1.01 (0.97-1.04) 0.593 1.01 (0.95-1.07) 0.695
T stage 1.34 (0.85-2.11) 0.200 1.83 (1.12-3.00) 0.015 1.56 (0.82-2.96) 0.166
N stage 0.98 (0.65-1.49) 0.947 1.39 (0.79-2.46) 0.246
Positive lymph node count 1.00 (0.93-1.08) 0.881 1.06 (0.98-1.16) 0.134
Tumor grade 1.04 (0.62-1.76) 0.866 1.15 (0.56-2.38) 0.689
Positive resection margin 1.64 (0.93-2.89) 0.085 0.97 (0.44-2.12) 0.951
Lymphovascular invasion 0.73 (0.37-1.44) 0.378 2.23(0.51-9.69) 0.284
Ve, Z6l[pase islealt 0.98 (0.95-1.01) 0343 0.99 (0.94-1.03) 0.726
(per 100 mm? increase)

Visceral adipose tissue attenuation 0.99 (0.97-1.00) 0.273 1.00 (0.97-1.02) 0.996
(S:;C%%";?:f i?iirzgzg)ms“e area 0.99 (0.96-1.02) 0.868 1.00 (0.95-1.05) 0.869
;’:;;‘S:t?ggus RIESIEIE 0.99 (0.98-1.01) 0.937 1.00 (0.97-1.02) 0.998
(P;gfj (%“nicrfz?;i?ease) 0.94 (0.89-1.00) 0.052 0.96 (0.90-1.02) 0.200 0.75 (0.35-1.46) 0.362
Psoas muscle attenuation 0.99 (0.97-1.01) 0.394 0.98 (0.95-1.00) 0.137
Adjuvant chemotherapy 0.19 (0.09-0.39) <0.001 0.16 (0.07-0.34) <0.001 0.18 (0.02-1.54) 0.119
ASA 1.05 (0.60-1.84) 0.843 1.31(0.56-3.10) 0.527
CRP 1.00 (0.98-1.01) 0.652 0.99 (0.98-1.01) 0.775
Albumin 1.00 (0.95-1.05) 0.900 1.01 (0.93-1.10) 0.685
NLR 1.00 (0.99-1.01) 0.535 1.00 (0.99-1.01) 0.561
CA19-9 1.00 (0.99-1.00) 0.472 1.00 (0.99-1.01) 0.092
Postoperative complications 1.20 (0.93-1.55) 0.148 - - 0.97 (0.68-1.38) 0.889

Variables demonstrating statistical significance or borderline significance in univariable analyses were considered for multivariable Cox regression. The final multivariable model was refined
based on clinical relevance and model stability while considering the number of observed events. Hazard ratios (HRs) for radiological body composition parameters were calculated using
continuous measurements. HRs for area-based body composition parameters are expressed per 100 mm? increase, whereas CA 19-9 is expressed per 100 U/mL increase. Multivariable Cox
regression analysis was not performed for disease-free survival because of the limited number of events and concerns regarding model stability. Cl: Confidence interval, ASA: American
Society of Anesthesiologists, CRP: C-reactive protein, NLR: Neutrophil-to-lymphocyte ratio, CA: Carbohydrate antigen

T stage 1
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Adjuvant chemotherapy - ——oe—
Psoas muscle area |
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005 010 020 050 100 200  4.00

Hazard ratio (log scale)

Figure 5. Forest plot of the multivariable Cox regression analysis for overall survival. Adjusted hazard ratios (HRs) and 95% confidence intervals for variables
included in the final multivariable model. Psoas muscle area is expressed per 100-mm? increase. Hazard ratios are displayed on a logarithmic scale. The dashed
vertical line indicates HR: 1.0
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Discussion

In  this  retrospective patients  undergoing
pancreaticoduodenectomy for PDAC, CT-derived body composition
parameters demonstrated heterogeneous associations with long-term
oncological outcomes. Although most Kaplan—Meier comparisons did
not reach statistical significance, several radiological markers showed
consistent numerical separation of survival curves, suggesting a
potential prognostic signal that may become more apparent in larger
cohorts. Among the evaluated body composition parameters, psoas
muscle area showed a borderline association with OS in univariable
analysis and a consistently protective effect in multivariable analysis;
however, this association did not remain statistically significant after
adjustment. Higher T stage remained independently associated with
worse 0S, while adjuvant therapy consistently demonstrated a strong
protective effect on OS.

analysis  of

Body composition analysis has attracted increasing interest in PDAC
because conventional anthropometric measures often fail to capture
cancer-related metabolic and muscular alterations. In particular,
sarcopenia and myosteatosis have been linked to impaired functional
reserve, systemic inflammation, treatment intolerance, and poorer
oncological outcomes in several gastrointestinal malignancies (11,12).
Recent studies have suggested that muscle quality, reflected by muscle
attenuation on CT, may carry greater prognostic relevance than muscle
quantity alone (13-16). A recent meta-analysis has also suggested that
myosteatosis may outperform traditional sarcopenia measurements as
a prognostic biomarker in pancreatic malignancies (17).

Our findings further support the growing interest in skeletal muscle
characteristics as potential imaging biomarkers in PDAC. Although
higher psoas muscle area showed a numerical association with
longer OS in Kaplan-Meier analysis and a protective direction of effect
in multivariable analysis, this association did not reach statistical
significance after adjustment. Likewise, psoas muscle attenuation
demonstrated a borderline association with DFS in univariable analysis
but did not reach statistical significance. Overall, these findings indicate
that both muscle quantity and quality may warrant further investigation
as potential imaging biomarkers. Given the exploratory design and
relatively small sample size, these findings should be interpreted with
caution.

The relationship between adiposity and pancreatic cancer outcomes
remains complex. While visceral obesity has traditionally been linked
to adverse oncological biology and postoperative morbidity (18), several
recent reports have suggested that severe depletion of adipose tissue
may also represent an advanced catabolic state associated with poor
survival (19). In our cohort, higher visceral fat area was numerically
associated with longer OS and DFS, although these differences did not
reach statistical significance. Rather than contradicting prior literature,
these findings further support the concept that body composition in
PDAC likely reflects a dynamic interaction between nutritional reserve,
systemic inflammation, and tumor-related metabolic stress, and warrant
further investigation in larger studies specifically designed to evaluate
adipose tissue biology and distribution patterns.
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Another notable finding of the present study was an independent
association between adjuvant therapy and improved survival outcomes.
Adjuvant chemotherapy remained independently associated with
improved OS in multivariable analysis, underscoring the continued
importance of systemic therapy even in surgically treated cohorts. This
observation aligns closely with modern PDAC management paradigms
and contemporary randomized trials demonstrating substantial
survival benefits with adjuvant chemotherapy following resection (2,20).
However, formal assessment of the proportional hazards assumption
using Schoenfeld residual testing revealed a potential violation for
adjuvant therapy in the OS model (p=0.003), suggesting that the effect
of adjuvant treatment on survival may not be constant over time.
Accordingly, the estimated hazard ratio for adjuvant therapy should be
interpreted as an average effect over the follow-up period rather than a
constant treatment effect.

The present study also provides clinically relevant perioperative context.
Postoperative pancreatic fistula occurred in approximately one-third
of patients, and early mortality was predominantly related to septic
or hemorrhagic complications associated with PJ leakage. These
findings reflect the continued technical and physiological complexity of
pancreatic surgery, despite ongoing improvements in perioperative care.
Although postoperative complications showed no significant association
with OS in univariable analysis, larger studies specifically designed to
evaluate postoperative morbidities are needed to better define their
long-term oncological impact.

This study has several strengths. First, all body composition
measurements were derived from routinely obtained preoperative CT
imaging, which supports potential real-world applicability without
additional cost or invasive assessment. Second, both adipose tissue
and muscle-related parameters were evaluated simultaneously,
allowing a more integrated assessment of body composition. Third,
survival analyses incorporated both Kaplan—Meier and Cox regression
approaches, enabling complementary evaluation of categorical survival
patterns and continuous imaging parameters.

Study Limitations

This study has several limitations. First, its retrospective single-center
design may have introduced selection bias. The relatively limited sample
size and event burden may have reduced statistical power, particularly
for subgroup analyses and multivariable modeling. Consequently,
multivariable analysis was restricted to 0S, whereas DFS was evaluated
using univariable Cox regression because of concerns regarding model
stability. In addition, body composition was measured at a single
preoperative time point and therefore could not capture longitudinal
changes in muscle or adipose tissue during treatment. Because multiple
exploratory statistical comparisons were performed, the possibility of a
type I error should be considered when interpreting isolated statistically
significant findings.

Furthermore, total psoas muscle area was used as a surrogate for
skeletal muscle mass rather than the height-normalized SMI, given the
retrospective nature of the study. Although height data are typically
available in medical records, SMI-based measurements were not



consistently performed; future studies should adopt standardized SMI
to allow cross-study comparisons. Finally, although several radiological
parameters demonstrated consistent numerical survival trends, most
associations did not reach statistical significance after adjustment.
Accordingly, these results should be regarded as preliminary and
confirmed in larger, prospective, multicenter studies before being
translated into clinical practice.

Conclusion

Overall, the present study suggests that CT-derived body composition
parameters may warrant further investigation as potential imaging
biomarkers in patients undergoing pancreaticoduodenectomy for PDAC.
While most survival differences did not achieve statistical significance,
muscle-related CT parameters showed consistent numerical associations
with survival outcomes across multiple analyses, supporting their
potential biological and clinical relevance. Future multicenter studies
with larger cohorts and standardized radiological assessment protocols
may help clarify the precise prognostic role of adipose- and muscle-
related imaging biomarkers in PDAC.
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ABSTRACT

Introduction: Lymphomas are heterogeneous hematological malignancies, and despite effective frontline therapies, a subset of
individuals develops relapsed or refractory disease. Autologous hematopoietic stem cell transplantation (HSCT) remains the standard
approach; however, outcomes are poor after relapse. Allogeneic HSCT (Allo-HSCT) offers a potentially curative graft-vs.-lymphoma
effect, but its use has declined due to toxicity and the emergence of novel therapies. Thus, its role in modern lymphoma management
remains to be elucidated.

Methods: This retrospective investigation was performed at a single center. Patients with hodgkin lymphoma (HL) and non-HL who
had undergone Allo-HSCT between January 2008 and May 2025 were evaluated for clinical characteristics, treatment outcomes, and
survival parameters. A total of 25 patients were included in the study.

Results: Among the evaluated variables, only febrile neutropenia (FEN) was significantly associated with a higher mortality and shorter
overall survival (OS), while other clinical and demographic factors showed no significant association. CD34* cell dose demonstrated
limited predictive value for mortality (area under the curve: 0.654); the cohort’s median OS was 6 months.

Conclusion: FEN emerged as the only clinical factor significantly correlated with increased mortality and with inferior OS, whereas
other demographic and transplantation-related variables had no significant impact. CD34* cell dose demonstrated limited
discriminative ability in predicting mortality, suggesting that post-transplant infectious complications may play a pivotal role in

patient outcomes.
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Introduction

Lymphomas are hematological neoplasms characterized by significant
clinical and biological heterogeneity (1). According to data from 2025,
89,070 lymphoma cases were reported. Lymphoma is classified as the
second most frequently diagnosed malignancy among adolescents, in
consideration of 19% of cases (2).

Lymphoid neoplasms arise from cells that normally differentiate into
T or B lymphocytes. They are classified, according to their cellular
origin, as either B-cell or T-cell neoplasms. Hodgkin lymphoma (HL) is a
subtype of lymphoma characterized by the presence of neoplastic Reed-
Sternberg cells and typically presents with cervical or supraclavicular
lymphadenopathy. In contrast, non-HL (NHL) consists of a cohort of
neoplasticabnormalities of the reticuloendothelial system, distinguished
by systemic symptoms and clinical manifestations (3,4).
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The primary treatment for classical HL consists of a combination of
chemotherapy and radiotherapy. Autologous hematopoietic stem cell
transplantation (HSCT) plays a critical association with the management
of relapsed or refractory (R/R) classical HL (5). In contrast, Allogeneic HSCT
(Allo-HSCT) in HL is generally reserved for medically eligible individuals
who relapse after autologous HSCT and demonstrate only a partial
response (PR) or progressive disease (PD) following immune checkpoint
inhibition (6,7).

Most NHLs are initially treated with chemotherapy, and the majority of
patients achieve remission following first-line therapy (8,9). However,
a subset of individuals either relapse following complete response
(CR) or exhibit resistance to initial treatment. In patients with R/R NHL,
autologous HSCT is commonly employed (10,11). In contrast, Allo-HSCT
is rarely used in (R/R)NHL due to its significant treatment-related toxicity
and the availability of alternative therapeutic options (12).
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Methods

This retrospective analysis, carried out at one institution, processed the
clinical information from patients with HL and NHL who were cared
for with Allo-HSCT at the Adult Stem Cell Transplantation Unit of inonii
University Turgut Ozal Medical Center between January 2008 and May
2025. Clinical characteristics, treatment outcomes, overall survival (0S),
progression-free survival, and prognostic factors have been evaluated
through a retrospective analysis of electronic medical records.

Ethical approval for this study was obtained from the Institutional Ethics
Committee from the inonii University Health Sciences Non-Interventional
Ethics Committee (approval number: 2025/7665, date: April 30, 2025).
The study was conducted between May 28, 2025, and August 28, 2025.
This retrospective study was conducted using anonymized patient data
in accordance with the principles of the Declaration of Helsinki. As this
was a retrospective study, individual informed consent was not obtained
from the patients.

Information retrieved from medical records included mobilization
strategies, time to neutrophil and platelet engraftment, harvested CD34*
cell yield, and the number of chemotherapy cycles administered prior
to autologous HSCT. Neutrophil recovery was defined as the attainment
of an absolute neutrophil count greater than 0.5 x 10°%L for three
successive days in the absence of granulocyte colony-stimulating factor
support. Platelet recovery was defined as the attainment of a platelet
count exceeding 20 x 10%/L without transfusion support.
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The number of therapy lines received for the disease, conditioning
regimens prior to HSCT, use of maintenance therapy after transplantation,
and whether a second HSCT was performed were recorded.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows,
version 25.0 (IBM Corp., Armonk, NY, USA). Summary statistics were
presented as number and percentage (n, %) for categorical variables,
and as mean * standard deviation [mean + standard deviation (SD)]
and median (minimum-maximum) for continuous variables.

The Mann-Whitney U test was applied to compare two groups. Categorical
variables were compared using the Pearson chi-square test, with Fisher’s
exact test applied when appropriate. Receiver operating characteristic
(ROC) curve analysis was performed to evaluate the predictive value of
(D34 for mortality. OS was assessed by the Kaplan-Meier method and
compared using the log-rank test. Statistical significance was defined
as p<0.05.

Results

The comparison of sociodemographic and hospital-based variables of
individuals grouped by mortality status is presented in Table 1. The
comparative analysis showed no statistically significant differences in
age, sex, underlying disease type, number of prior chemotherapy lines
and cycles, number of transplant procedures, conditioning regimen, pre-

Table 1. Association of sociodemographic and clinical variables with mortality

Variables E(;t;;(n’%) ’:L"ﬁ (n,%) Eiaﬂ‘ (n,%) p
Age
Mean £ SD 39+11 38+13 39+10 0.7012
Median (min-max) 40 (19-63) 39 (20-63) 41 (19-54)
Sex
Female 9 (36) 4 (36) 5 (36)
Male 16 (64) 7 (64) 9 (64) 1.000°
Primary disease
NHL 14 (84) 6 (55) 8 (57)
HL 11 (16) 5 (45) 6 (43) 1.000°
Number of prior chemotherapy lines before HSCT
1 7 (28) 3(21)
2 9 (36) 5(36) 0.875
3 9 (36) 3 6 (43)
Number of chemotherapy cycles prior to HSCT
Mean £ SD 8.8+4 8.4+4.4 9+4.1 .
Median (min-max) 8 (2-18) 8 (3-18) 10 (2-16) 0.700
Number of HSCT
2 22 (88) 10 (91) 12 (86)
3 3(12) 1(9) 2 (14) 1.000°
Conditioning regime
BU-CY 1(4) 0 1(7)
BU-CY-E 15 (60) 6 9 (65)

0.913°
BEAM 4(16) 2 2(14)
Other 5 (20) 3 2 (14)
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Table 1. Continued

Total (n,%) Alive (n,%) Dead (n,%)

Variables T=E n=11 n=14 P
Pre-HSCT PLT
Mean * SD 118.5+£59.7 127457 112163

0.7012

Median (min-max) 120 (20-226) 120 (53-226) 111 (20-207)

Neutrophil engraftment time

Mean £ SD 17+£4.7 15,7£3,5 19+6 o
Median (min-max) 16.5 (10-30) 15 (10-22) 20 (11-30)
PLT engraftment time
Mean + SD 17.2+7.7 15.91+6.2 18.819.4 0.755°
Median (min-max) 14.5 (8-35) 13 (8-26) 17 (10-35)
Disease status before HSCT
Complete response 10 (40) 6 (55) 4 (30)
Partial response 8(32) 3(27) 5 (35) 0.532°
Progression 7 (28) 2(18) 5(35)
Occurrence of FEN
No 10 (40) 7 (63) 3(21)
Yes 15 (60) 4(37) 11 (79) 0.049°
Duration of hospitalization
Mean + SD 25.7120.1 21.816.7 28.7126.2 .
Median (min-max) 23 (7-112) 23 (10-33) 225 (7-112) 0805
100-day all-cause mortality
No 17 (68)
Yes 8(32) 0275
Second ASCT
No 22 (89) 10 (91) 12 (86)
Yes 3(12) 1(9) 2(14) 1.000°
IPI score
0 6 (24) 4 (36) 2(14)
1 10 (40) 4 (36) 6 (43)
2 7 (28) 3(28) 4(29) 0555
3 2(8) 0(0) 2 (14)
CD34+ cell count
Mean £ SD 9.1£7.4 11.219.4 7.3%£5.1 G
Median (min-max) 7.1(2.3-36.3) 7.5(2.3-36.3) 5.2 (2.8-22.4)
Follow-up duration (months)
Mean + SD 2341275 50.1+20.3 24119

. . <0.001*
Median (min-max) 6 (1-75) 50 (14-75) 1.5(1-7)

2 Independent t-test, *: Pearson chi square test, <: Fisher’s exact test, p<0.05 statistically significant. SD: Standard deviation, min—max: Minimum-maximum, NHL: Non-Hodgkin lymphoma,
HL: Hodgkin lymphoma, HSCT: Hematopoietic stem cell transplantation, BU-CY: Busulfan—cyclophosphamide, BU-CY-E: Busulfan-cyclophosphamide—etoposide, BEAM: Carmustine,
etoposide, cytarabine, and melphalan, PLT: Platelet, FEN: Febrile neutropenia, ASCT: Autologous stem cell transplantation, IPI: International Prognostic index

transplant platelet levels, time to neutrophil and platelet engraftment,
and pre-transplant disease status (all p>0.05).

The occurrence of febrile neutropenia (FEN) was significantly associated
with mortality, with an increased mortality rate observed in those
presenting with FEN compared with those who did not (78.6% vs.
21.4%; p=0.049). These findings indicate that FEN may be an important
predictor of mortality (Figure 1).

Patients who survived had a significantly longer follow-up duration
compared to those who died (50.09+20.30 months vs. 2.42+1.98
months; p<0.001).
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Collectively, these results indicate that among the variables examined,
only the development of FEN and follow-up duration were significantly
associated with mortality, whereas other clinical and demographic
variables was not found to significantly influence mortality.

Table 2 shows the diagnostic performance of (D34 levels for
discriminating mortality, evaluated by ROC analysis. According to the
analysis, the area under the curve for CD34 was 0.654 (95% confidence
interval: 0.422-0.886), suggesting a limited but statistically significant
ability of CD34 to predict mortality (p=0.049).
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Figure 1. Comparable findings were observed between the groups with
respect to length of hospital stay, second autologous transplantation status,
IPI score, and CD34" cell dose (all p>0.05). FEN: Febrile neutropenia

Table 2. Assessment of the discriminative ability of CD34 for mortality
Variables AUC %95 Cl Cut-off
CD34 0.654 0.422—-0.886 <7.30

AUC: Area under the curve, CI: Confidence interval

Table 3. Comparison of overall survival among patients

Variables Median (month) (%95 CI)
General 6 (0-1.5)
Sex

Female 10)

Male 6(0.1-11.8)
Primary disease

NHL 4(0-11.3)
HL 6(-)
Number of prior chemotherapy lines before HSCT

1 -0)

2 7 (4.1-9.9)
3 3(0.1-5.9)
Number of chemotherapy cycles prior to HSCT

<8 7()

>8 4(0.2-7.7)
Number of HSCT

2 6()

3 4 (2.4-5.6)
Pre-HSCT PLT

<120 6 (0-12.7)
>120 40)
Neutrophil engraftment time

<16.5 -0)
>16.5 -0)
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The most appropriate cut-off point was determined as <7.30, at which
(D34 demonstrated a sensitivity of 61.5% and a specificity of 54.5% for
the prediction of mortality.

In Table 3, OS outcomes were evaluated using Kaplan-Meier analysis.
The median OS in the overall population was 6.00 months (0.0-12.52).

0S did not differ significantly with respect to sex; primary disease type;
number of chemotherapy lines and cycles prior to transplantation;
number of transplants; platelet count; neutrophil and platelet
engraftment times; pre-transplant disease status; presence of a second
autologous transplant; IPI score; and CD34 level (all p>0.05).

However, OS differed significantly depending on the development of
FEN (p=0.048). The median OS in patients who developed FEN was 3.00
months (1.14-4.85), whereas the median OS was not estimable in those
who did not develop FEN. This finding indicates that the development
of FEN was associated with poorer OS.

Sensitivity (%)
61.5

Specificity (%) p
54.5 0.049

0.702

0.930

0.666

0.673

0.899

0.953

0.592
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Table 3. Continued
Variables

PLT engraftment time

<14.5 -(9)
>14.5 6 (0-14.7)
Disease status before HSCT

Complete response -(9)
Partial response 2(0-4.7)
Progression 3(0-8)
Occurrence of FEN

No -()

Yes 3(1.1-4.8)
Second ASCT

No 6 ()

Yes 4(2.4-5.6)
IPI score

0 -()

1 4 (0-8.6)
2 7(0-19.8)
3 2 ()
CD34+ cell count

<73 3 (0-10)
>73 -0)

Median (month) (%95 CI)

0.412

0.365

0.048

0.899

0.478

0.416

Kaplan-Meier analysis and the log-rank test were used. A p value <0.05 was considered statistically significant. CI: Confidence interval, NHL: Non-Hodgkin lymphoma, HL: Hodgkin lymphoma,
HSCT: Hematopoietic stem cell transplantation, PLT: Platelet, FEN: Febrile neutropenia, ASCT: Autologous stem cell transplantation, IPI: International Prognostic Index

No statistically significant differences were observed for the other
variables; variations in median survival were apparent across some
subgroups but did not reach statistical significance. Overall, only FEN
was significantly associated with OS among the variables analyzed.

Discussion

In our study evaluating the outcomes of our Allo-HSCT patients, most
sociodemographic and clinical variables—including age, sex, disease
characteristics, treatment-related factors, engraftment parameters,
and CD34" cell dose—had no statistically significant association with
mortality or OS. In contrast, the development of FEN emerged as the
only clinically relevant predictor of both increased mortality and shorter
0S, highlighting its potential role as a key adverse prognostic indicator.
Although CD34" cell dose demonstrated modest discriminative ability
for mortality in ROC analysis, it did not translate into a difference in
survival. Additionally, patients with longer follow-up were more likely
to survive, as expected. Overall, these findings suggest that infectious
complications, rather than baseline clinical or transplant-related
variables, may exert a greater influence on outcomes in this cohort.

Rivas et al. (13) reported a multicenter analysis of 113 patients with R/R
HL who received Allo-HSCT. Patients in CR had significantly improved 0S
and PFS (both p<0.001) and lesser non-relapse mortality (NRM) (p=0.04).
CR was emerged as an independent factor associated with improved 0S
and PFS in multivariate analysis (13).
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Sureda et al. (14) analyzed 78 relapsed HL patients undergoing Allo-
HSCT. NRM was 8% at day 100 and 15% at 1 year. PFS rates were 48% and
24% at 1 and 4 years, whereas OS rates were 71% and 43%. Pre-transplant
CR was significantly associated with better outcomes (14).

Mercadal et al. (15) analyzed 53 recipients with B-cell NHL who
underwent Allo-HSCT. Patients had a median follow-up of 72 months,
with a median of 3 prior treatment lines. The 3-year PFS rate was 55%,
0S was 63% and GRFS rates was 55% (15).

Doocey et al. (12) reported outcomes in 44 patients with R/R aggressive
NHL undergoing Allo-HSCT. Participants had a mean age of 40 years.
Five-year event-free survival (EFS) was 43, and OS was 48%. Grade IlI-1V
acute graft-vs.-host disease proved to be the only significant predictor of
both OS and EFS and was associated with poorer survival (12).

Goldberg et al. (16) retrospectively reported the results of 34 participants
with NHL who had undergone Allo-HSCT at a single center. The mean
follow-up duration among survivors was 45 months. The 2-year 0S
rate was 0.61. A Ki-67 expression <25% was found to be associated with
superior OS (p<0.01), and HSCT performed in CR was associated with a
reduced cumulative risk of events (p=0.04) (16).

Tarella et al. (17) evaluated Allo-HSCT in patients with R/R B-cell NHL,
encompassing 285 transplant procedures in 281 patients. Patients had
a median age at HSCT of 50 years; 94 were female. At transplantation,



47.7% were in CR, 22.3% in PR, 10.6% in SD, and 19.4% in PD. The median
follow-up among survivors was 8.7 years. PFS rates at 3 and 9 years were
43.7% and 39.3%, respectively; OS rates were 50.4% and 46.6%. Pre-
transplant CR was a favorable predictor of both PFS and 0S (17).

Kami et al. (18) evaluated outcomes of Allo-HSCT in recipients with adult
T-cell leukemia/lymphoma. The estimated 1-year OS and PFS rates were
534+30% and 45+29%, in that order (18).

Berning et al. (19) investigated 135 patients with natural killer/T-cell
lymphoma who underwent Allo-HSCT. The study population had a
median age of 43. After a median follow-up of 4.8 years, the 3-year PFS
and OS rates were 48.6% and 55.6%, respectively. Multivariate analysis
demonstrated that a shorter interval (0-12 months) from disease
identification to Allo-HSCT and transplantation performed outside CR/
PR were associated with poorer PFS (19).

Rigacci et al. (20) retrospectively analyzed 165 patients with NHL
who underwent Allo-HSCT. Post-HSCT, CR and PR were achieved in
72 and 9 patients, respectively, with an OS rate of 49%. Rapid disease
progression following HSCT was documented in 84 patients. Multivariate
analysis identified remission status prior to transplantation as the only
independent predictor of both 0S and PFS (20).

Freytes et al. (21) analyzed 114 lymphoma patients undergoing Allo-
HSCT and reported a 3-year cumulative incidence of disease progression
of 52% and treatment-related mortality of 22%. Achievement of CR at
transplant and the use of total body irradiation in patients with NHL
were associated with reduced progression events and improved 0S (21).

Further multicenter studies with larger patient cohorts, including real-
world data, are needed to better define the role of allo-HSCT, particularly
in patients with lymphoma.

Study Limitations

Several limitations should be acknowledged in this study. The study’s
retrospective design and single-center setting may predispose the study
to selection bias and restrict the generalizability of the results. Second,
the limited sample size may have constrained the power to detect subtle
associations, potentially explaining the lack of statistically significant
results for certain variables. Third, potential confounding factors—such
as differences in supportive care practices, infection management,
donor characteristics, and conditioning regimen intensity—could not
be fully controlled. In addition, missing or incomplete data inherent to
retrospective record-based analyses may have affected the accuracy of
some variables. The heterogeneity of the patient population, including
both HL and NHL cases with varying disease stages and prior treatment
exposures, may also have influenced the outcomes. Finally, the
relatively short follow-up period for some patients, particularly those
who experienced early mortality, limits assessment of long-term survival
outcomes.

Conclusion

FEN was the sole independent predictor significantly associated with
increased mortality and reduced OS after Allo-HSCT in patients with HL
and NHL. Other clinical variables, including CD34* cell dose, showed no
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significant impact. These findings highlight the critical role of infection
management in improving outcomes.
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ABSTRACT

Introduction: Candidemia is a serious infection with high morbidity and mortality. This study evaluated the distribution of Candida
species, antifungal susceptibility outcomes, and variables associated with mortality in cases of candidemia.

Methods: Patients aged >18 years with candidemia diagnosed between 2024 and 2025 were retrospectively analyzed. Associations
between clinical variables and 30-day mortality were examined using logistic regression analyses, including both univariable and
multivariable models.

Results: The mean age of the 132 patients who developed candidemia was 68.7+15.4 years, and 46.2% were female. The dominant
strain was Candida albicans, followed in order of frequency by C. glabrata and C. auris. The 30-day mortality rate was 55.3%. The
highest mortality rate was observed in C. auris isolates (72.4%). In univariable analysis, intensive care unit (ICU) stay [odds ratio
(OR): 17.26, 95% confidence interval (Cl): 6.08-49.01; p<0.001], fluconazole resistance (OR: 2.92, 95% Cl: 1.42-6.01; p=0.005), and
amphotericin B resistance (OR: 3.57, 95% Cl: 1.33-9.55; p=0.009) were significantly associated with mortality. All Candida albicans
isolates were susceptible to fluconazole and echinocandins. All C. auris isolates were susceptible to echinocandins, while high rates
of resistance to fluconazole (82.8%) and amphotericin B (89.7%) were observed. Evaluation of time to blood culture positivity showed
that growth was detected in more than 90% of patients within the first two days.

Conclusion: Candidemia is associated with a high mortality rate. ICU stay emerged as an independent predictor of 30-day mortality,
while resistance to fluconazole and amphotericin B may also be associated with mortality. The identification of Candida auris as the
third most common pathogen, along with its high resistance rates to fluconazole and amphotericin B, is particularly noteworthy. The
finding that all isolates, including C. auris, were susceptible to echinocandins supports an echinocandin-based empirical treatment

approach in patients with suspected candidemia.

Keywords: Candidemia, mortality, C. auris, antifungal susceptibility, resistance

Introduction

Candidemia is among the leading causes of nosocomial bloodstream
infections and is associated with substantial mortality, particularly in
patients in intensive care units (ICUs). Despite advances in microbiological
identification methods and antifungal therapy, mortality among patients
with candidemia remains approximately 60%. Recent studies have
demonstrated substantial inter-center variability in terms of candidemia
incidence, species distribution, antifungal resistance, and mortality, and
awareness of local epidemiology has been reported to reflect treatment
success (1-3).
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Another important epidemiological shift is the increasing prominence
of non-albicans Candida species. Although C. albicans continues to be
reported as the most common pathogen in many series, a notable rise
has been observed in the proportions of C. glabrata, C. parapsilosis,
and particularly Candida auris. This shift is clinically significant, as
these species often exhibit reduced susceptibility to azoles or broader
multidrug resistance to antifungal agents, which may complicate
empirical treatment approaches and adversely affect clinical outcomes
(1,2,4). Current knowledge regarding these infections in Ttirkiye is largely
derived from a limited number of studies, leaving substantial gaps in
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the evidence required to support clinical practice and public health
decision-making.

This study aims to provide in-depth epidemiological insights into
candidemia over a two-year period (2024-2025) at Haydarpasa Numune
Training and Research Hospital, one of the leading hospitals in istanbul.
Through detailed multivariable analyses, it seeks to identify the key risk
factors associated with candidemia-related mortality. In addition, the
antifungal susceptibility patterns of the isolated Candida species were
evaluated. By providing contemporary data from Tirkiye, this study
may help address existing knowledge gaps and support evidence-based
decisions in both clinical practice and public health.

Methods

The study protocol received institutional ethical approval from the Ethics
Committee of Haydarpasa Numune Training and Research Hospital
(decision number: 2026/33, date: February 17, 2026). All research
activities were carried out in accordance with internationally accepted
ethical standards, including those described in the 2013 revision of the
Declaration of Helsinki. Given the retrospective design of the study and
the use of anonymized patient data, the requirement for obtaining
individual inform consent was waived by the ethics committee.

This retrospective observational study was conducted at Haydarpasa
Numune Training and Research Hospital, in istanbul. Patients aged
>18 years who were hospitalized in inpatient wards and ICUs between
January 1, 2024, and December 31, 2025, and had Candida spp.
isolated from blood cultures were included. Patients with Candida
isolates obtained from non-blood clinical specimens, patients in whom
species-level identification could not be performed, and patients with
incomplete microbiological data were excluded.

Cases were classified as candidemia when Candida species were identified
in blood culture samples. When Candida was recovered again within 30
days of the initial episode, the event was classified as a continuation of
theinitial episode. Isolates detected after an interval greater than 30 days
were considered to represent a separate episode. The survival rates of
patients diagnosed with candidemia were examined during the first 30
days, and deaths within this period were considered as 30-day mortality.
Data on demographic variables (age and sex), site of hospitalization,
species identification, antifungal susceptibility results, time to blood
culture positivity, time to initiation of empirical antifungal therapy after
detection of yeast on Gram staining, administered antifungal treatment,
and 30-day mortality were recorded.

Blood cultures were processed with the BD BACTEC™ FX automated
detection platform (Becton Dickinson, Franklin Lakes, NJ, USA).
Following a positive growth signal, Gram-stained smears were examined
microscopically. Specimens containing yeast cells were then cultured on
5% sheep blood agar (Oxoid, UK) and Sabouraud dextrose agar (RTA,
Turkiye) for fungal isolation. After inoculation, the culture media were
maintained at 35+2 °C for 24-48 hours to allow yeast growth. Isolates
obtained from the cultures were subsequently identified by MALDI-TOF
MS. Antifungal susceptibility was determined with the VITEK 2 Compact
platform using the AST YS08 card (bioMérieux, France). Interpretation
of results was based on CLSI M27M44S criteria. To ensure the reliability
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of susceptibility testing, Candida parapsilosis (ATCC 22019) and Candida
krusei (ATCC 6258) were incorporated as quality control reference strains.
Results were retrospectively evaluated using laboratory records with
categorical reporting (susceptible, intermediate, and resistant).

Time to initiation of antifungal therapy was categorized as: treatment
initiated within the first 24 hours or treatment initiated after 24 hours.
Time to blood culture positivity was categorized by the day on which a
positive blood culture signal was detected after blood culture collection.

Statistical Analysis

All statistical analyses were performed using R version 4.5.1 (R
Foundation for Statistical Computing, Vienna, Austria). According to
the distributional characteristics of the variables, continuous variables
were presented as mean * standard deviation or median (minimum-
maximum), whereas categorical variables were expressed as numbers
and percentages. Comparisons between patients who died within 30
days and those who survived were performed using the Student’s t
test or the Mann-Whitney U test for continuous variables and Fisher’s
exact test or the chi-square test for categorical variables. Univariable
logistic regression analysis was initially performed to identify variables
associated with 30-day mortality. Variables with a p value <0.05 in the
univariable analysis were subsequently included in a multivariable
logistic regression model to identify independent risk factors associated
with mortality. The results of the univariable logistic regression
analyses were reported as odds ratios (ORs), whereas the results of the
multivariable logistic regression analyses were presented as adjusted
ORs (aORs) with corresponding 95% confidence intervals (Cls). A p value
<0.05 was considered statistically significant.

Results

A total of 132 patients with candidemia were included in the study. The
mean age was 68.7+15.4 years; the mean age was 67.3£14.9 years in
survivors and 69.9£15.9 years in patients who died (p=0.331). Among
the patients, 61 (46.2%) were female and 71 (53.8%) were male; no
significant association was found between sex and mortality (p=0.484).
The overall 30-day mortality rate was 55.3% (73/132). A total of 94
patients (71.2%) were followed in the ICU; the rate of ICU stay was 93.2%
among patients who died vs. 44.1% among survivors, and this difference
was statistically significant (p<0.001).

When antifungal susceptibility profiles were evaluated, fluconazole
non-susceptible isolates were more frequent among patients who died
than among survivors (56.2% vs. 30.5%; p=0.005). Similarly, resistance
to amphotericin B was higher among patients who died than among
survivors (28.8% vs. 10.2%; p=0.009). No echinocandin resistance was
detected. There was no statistically significant difference in mortality
between initiation of empirical antifungal therapy within the first 24
hours and later initiation (100.0% vs. 94.5%, respectively; p=0.128).
Blood culture positivity was detected within the first two days in 95.5%
of cases; this finding was not associated with mortality (98.3% vs. 93.2%,
respectively; p=0.224) (Table 1, Figure 1).

The most frequently isolated species from blood cultures was Candida
albicans (32.6%), followed by C. glabrata (23.5%) and C. auris (22.0)%.
C. parapsilosis (15.2%) was identified less frequently, while C. tropicalis
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(6.1%) and C. krusei (0.8%) were the least frequently isolated species
(Figure 2).

All C. auris isolates were susceptible to echinocandins, whereas high
rates of fluconazole (82.8%) and amphotericin B (89.7%) resistance were
observed. In contrast, none of the Candida albicans isolates examined
showed resistance to fluconazole or echinocandins; all strains were
susceptible.

Species-specific mortality rates were 39.5% for Candida albicans, 54.8%
for C. glabrata, 72.4% for C. auris, 65.0% for C. parapsilosis, 50.0% for C.

Table 1. Baseline characteristics according to 30-day mortality

Variable Overall (n=132) Alive (n=59)
Age, mean + SD 68.7£15.4 67.3%£14.9
Female sex, n (%) 61 (46.2) 25 (42.4)

ICU admission, n (%) 94 (71.2) 26 (44.1)
Fluconazole non-susceptible, 50 (44.7) 18 (30.5)

n (%)

Amphotericin B resistant, n (%) 27 (20.5) 6(10.2)
Antifungal initiation within

<24 h,n (% 128 (97.0) 59 (100.0)
Positive signal on day 1-2, 126 (95.5) 58 (98.3)

n (%)

ICU: Intensive care unit, SD: Standard deviation

80 A

60

Count

40 1

20 A

1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
Days to positivity

Figure 1. Time to blood culture positivity

Table 2. Species distribution and mortality

Species Overall, n (%) Alive, n (%)
C. albicans 43 (32.6) 26 (44.1)

C. glabrata 31(23.5) 14 (23.7)

C. auris 29 (22.0) 8(13.6)

C. parapsilosis 20 (15.2) 7(11.9)

C. tropicalis 8(6.1) 4 (6.8)

C. krusei 1(0.8) 0(0.0)

tropicalis, and 100.0% for C. krusei. Although the highest mortality was
observed in C. auris isolates, the mortality rate calculated for C. krusei
was not interpretable because C. krusei was represented by a single
isolate. Overall, the association between Candida species and mortality
was not statistically significant (p=0.093) (Table 2).

In univariable analysis, ICU stay (OR: 17.26, 95% Cl: 6.08-49.01;
p<0.001), fluconazole resistance (OR: 2.92, 95% Cl: 1.42-6.01; p=0.005),
and amphotericin B resistance (OR: 3.57, 95% Cl: 1.33-9.55; p=0.009)
were significantly associated with mortality. In multivariable logistic
regression analysis, only ICU stay was identified as an independent

Died (n=73) p value
69.9£15.9 0.331
36 (49.3) 0.484
68(93.2) <0.001
41 (56.2) 0.005
21(28.8) 0.009
69 (94.5) 0.128
68 (93.2) 0.224

C. albicans

C. glabrata

C. krusei

C. tropicalis

C. parapsilosis
C. auris

Figure 2. Species distribution of Candida isolates from blood cultures

Died, n (%) Mortality, %
17 (23.3) 395

17 (23.3) 54.8
21(28.9) 724

13 (17.8) 65.0

4 (5.5) 50.0

1(1.4) 100.0

Overall p value = 0.093. Mortality (%) was calculated as the proportion of deaths among patients with each Candida species. C. albicans: Candida albicans, C. glabrata: Candida glabrata, C.
auris: Candida auris, C. parapsilosis: Candida parapsilosis, C. tropicalis: Candida tropicalis, C. krusei: Candida krusei
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Table 3. Univariable and multivariable logistic regression analyses of factors associated with 30-day mortality

e Univariable

OR (95% CI) p value
ICU admission 17.26 (6.08-49.01) <0.001
C. auris infection 2.57 (1.05-6.34) 0.056
Fluconazole non-susceptible 2.92 (1.42-6.01) 0.005
Amphotericin B resistant 3.57 (1.33-9.55) 0.009
Antifungal initiation >24 h 6.84 (0.35-132.06) 0.128
Blood culture positivity >3 days ~ 4.26 (0.48-37.55) 0.224

Multivariable

aOoR (95% Cl) p value
15.52 (5.36-44.96) <0.001
1.87 (0.76-4.63) 0.175
2.24 (0.66-7.62) 0.196

Variables with a p value <0.05 in the univariable analysis were entered into the multivariable logistic regression model. OR: Odds ratio, Cl: Confidence interval, aOR: Adjusted odds ratio,

ICU: Intensive care unit, C. auris: Candida auris

predictor of mortality (@OR: 1529, 95% Cl: 5.27-44.42; p<0.001)
(Table 3).

Discussion

In this study, the 30-day mortality rate in patients with candidemia was
55.3%. A single-center study from Tiirkiye published in 2024 reported
a mortality rate of 59.3%, while another study published in 2025
reported a rate of 64% (2,5). Similarly, recent regional and population-
based analyses indicate that mortality remains high across different
healthcare systems and may vary depending on patients’ clinical status,
ICU burden, and the distribution of causative species. In this context, the
mortality rate observed in our study appears to be consistent with the
upper range of contemporary candidemia series (3,6).

When species distribution was evaluated, C. albicans was the most
frequently identified pathogen in our study, followed by C. glabrata
and C. auris. The identification of C. auris as the third most common
species suggests that this pathogen has gained clinical significance
at Haydarpasa Numune Training and Research Hospital, which may
be partially attributable to the high proportion of ICU patients. This
distribution is consistent with the current literature reporting that C.
albicans remains predominant, while non-albicans Candida species
are increasingly encountered (1,2,7). In our study, although C. auris
was not identified as an independent predictor of mortality, the
highest mortality rate was observed in this species (72.4%) when
species-specific mortality rates were evaluated. When considered
together with its association with ICU settings and antifungal resistance
characteristics, this finding suggests that C. auris retains its clinical
significance and underscores the need for surveillance and infection
control measures.

In our study, antifungal susceptibility patterns differed markedly
among species. All C. auris isolates were susceptible to echinocandins,
whereas fluconazole resistance was notably high at 82.8%, which is
consistent with data reported in the literature. It is well established that
fluconazole resistance in C. auris isolates exceeds 85% in most series
(1,3). In contrast, a notable finding in our study was the remarkably
high rate of amphotericin B resistance (89.7%, n=26). Recent studies
have reported that amphotericin B resistance in Candida auris isolates
generally ranges between 10% and 40% (8-10). In addition, differences in
antifungal susceptibility testing methodologies, in interpretive criteria,
and in the predominance of specific C. auris clades across geographic
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regions may have contributed to the variability in reported amphotericin
B resistance rates. In this context, the high resistance rate observed in
our study may be related to local epidemiological characteristics and
the predominance of ICU patients. In addition, in vitro studies have
demonstrated that the activity of antifungal agents against Candida
species may vary (11). The resistance pattern observed in our center
suggests that use of amphotericin B may be limited, particularly in patient
populations with a high prevalence of C. auris; therefore, echinocandins
emerge as a more appropriate option for severe candidemia and for
ICU patients. Nevertheless, recent reports of emerging echinocandin-
resistant C. auris isolates associated with mutations in the FKS7 gene
underscore the importance of ongoing antifungal susceptibility
surveillance, even in centers where echinocandin susceptibility remains
universal (12). Furthermore, the association between fluconazole non-
susceptible isolates and mortality supports the clinical significance of
azole resistance.

Our finding that all C. albicans isolates were susceptible to fluconazole
and echinocandins indicates a clear distinction in antifungal
susceptibility among species. However, no significant difference in
mortality was observed between C. auris and other Candida species. This
may be attributable to the susceptibility of isolates from both groups
to echinocandins and the prompt initiation of empirical anidulafungin
therapy following detection of yeast on Gram staining of blood cultures
at our center.

The identification of ICU admission as an independent predictor of
mortality represents one of the most consistent findings of our study.
This observation is strongly aligned with current evidence. Recent studies
from Turkiye and Kuwait have identified ICU stay as one of the strongest
predictors of poor prognosis in candidemia. This association may be
explained by the coexistence of broad-spectrum combination-antibiotic
use, critical illness, invasive procedures, prolonged hospitalization,
total parenteral nutrition, and multiple comorbidities. Our findings
support that candidemia in ICU patients should be considered not
only a microbiological event but also a marker of significant clinical
vulnerability (1,2,13-15).

In our study, no significant association was observed between the
initiation of empirical antifungal therapy within the first 24 hours after
yeast detection in blood cultures and a later initiation, with respect to
mortality. This finding may be explained by the close daily monitoring
of ICU patients at our center and the prompt initiation of antifungal
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therapy in the majority of cases (128/132) following the detection of
yeast on blood culture Gram staining, which may have limited the
variability in the analysis.

This study has several strengths. First, it includes a contemporary cohort
and evaluates the species distribution and antifungal susceptibility
patterns, along with clinically relevant 30-day mortality. In addition, the
inclusion of C. auris in the cohort enhances the value of the findings
within the current epidemiological context.

Study Limitations

As this investigation was conducted retrospectively at a single institution,
the applicability of the results to other healthcare settings may be
limited. In addition, some clinically relevant variables that may influence
candidemia prognosis, including comorbidity burden, catheter removal,
source control, septic shock status, and total duration of antifungal
therapy, were not included in the analysis. Antifungal exposure before
the onset of candidemia was not evaluated and may have influenced
the observed antifungal resistance patterns. Similar limitations have
been reported in recent single-center candidemia studies.

Conclusion

Our study demonstrates that candidemia remains a significant infection
and is associated with high mortality. While C. albicans continues to
be the predominant species, the clinical importance of non-albicans
Candida species, particularly C. auris, is increasing. The finding that
C. auris isolates were fully susceptible to echinocandins but highly
resistant to amphotericin B indicates a notable susceptibility profile
with important implications for treatment management. ICU admission
is a major determinant of mortality. Our findings underscore the
importance of local epidemiology and susceptibility patterns in guiding
empirical treatment strategies.
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