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The Effect of Serum Uric Acid Level on Stroke Severity
Serum Urik Asit Diizeyinin inme Siddetine Etkisi

Nurhan Kaya Tutar?, @2 Hayriye Kiictikoglu?, 2 Ayhan Koksal3
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ABSTRACT

Objective: Stroke remains a leading cause of disability and mortality globally, affecting millions annually. Recognizing and managing stroke
risk factors is essential for reducing its prevalence and improving patient outcomes. Among the various risk factors, uric acid (UA) has garnered
attention for its potential role in stroke pathophysiology. This study investigates the effect of serum UA level on stroke severity, aiming to enhance
understanding and management of stroke.

Methods: A retrospective analysis was performed involving 110 patients diagnosed with acute ischemic stroke (Group 1) and 83 individuals in the
healthy control group (Group 2) between August 2016 and August 2017. The average serum UA level was measured in two different groups and
was analyzed together with other contributors to stroke risk. Stroke severity was evaluated in relation to serum UA levels, utilizing the National
Institutes of Health Stroke Scale (NIHSS).

Results: In group 1, the average serum UA level was 5.5 mg/dL, while in Group 2, it was 4.8 mg/dL, with a statistically significant difference
identified between the groups (p<0.001). A serum UA threshold of 5.6 mg/dL was determined (p<0.001), and exceeding this threshold alone was
recognized as a predisposing factor for ischemic stroke, irrespective of other possible risk factors (odds ratio: 3.107; 95% confidence interval:
1.424, 6.781; p=0.004). There was no significant correlation between serum UA levels and NIHSS scores (p=0.527)

Conclusion: The findings of this study indicate that while elevated UA levels might contribute to the development of ischemic stroke, their
influence on stroke severity remains uncertain. Further research is necessary to determine whether therapeutic lowering of serum UA could
improve stroke outcomes.

Keywords: Ischemic stroke, uric acid, NIHSS score, stroke severity

oz

Amag: inme, diinya capinda milyonlarca insani etkileyen, engellilik ve 6lim oranlarinda énde gelen bir neden olmaya devam etmektedir. inme
risk faktorlerinin taninmasi ve yonetilmesi, inme prevalansini azaltmak ve hasta sonuglarini iyilestirmek icin esastir. Cesitli risk faktorleri arasinda

irik asit (UA), inme patofizyolojisindeki potansiyel rolii nedeniyle dikkat cekmistir. Bu calisma, serum UA diizeyinin inme siddeti iizerindeki etkisini
arastirarak inmenin anlasiimasini ve yénetimini gelistirmeyi amaclamaktadir.

Gereg ve Yontem: Retrospektif olarak, Agustos 2016 ve Agustos 2017 tarihleri arasindaki 110 akut iskemik inme hastasi (Grup 1) ve 83 saglikli
kontrol (Grup 2) iizerinde degerlendirme yapildi. Iki farkli grupta ortalama serum UA dizeyi dlcildi ve inme icin diger risk faktorleriyle birlikte
analiz edildi. Serum UA duzeylerinin inme siddetine etkisi Ulusal Saglik Enstitlleri Inme Olcegi (USEIO) skoru tzerinden degerlendirildi.

Bulgular: Grup 1'de ortalama serum UA seviyesi 5,5 mg/dL iken Grup 2'de 4,8 mg/dL idi ve gruplar arasinda istatistiksel olarak anlamli fark
bulundu (p<0,0019). Serum UA icin esik deder 5,6 mg/dL olarak belirlendi (p<0,001) ve bu esigin asiimasi tek basina, diger potansiyel risk
faktorlerinden bagimsiz olarak iskemik inme gelisimi icin bir risk faktori olarak kabul edildi (olasilik orani: 3,107; %95 glven araligi: 1,424, 6,781;
p=0,004). Serum UA diizeyleri ile USEIO skoru arasinda herhangi bir korelasyon gézlenmedi (p=0,527).

Sonug: Bu calisma, yiiksek UA seviyelerinin iskemik inme riskinin artmasiyla iliskili oldugunu, ancak inme siddetini tahmin etmede rollerinin belirsiz
oldugunu goéstermektedir. Serum UA seviyelerinin terapotik olarak distriilmesinin inme sonuclarini iyilestirip iyilestiremeyecegini belirlemek icin
daha fazla aragtirma gereklidir.

Anahtar Kelimeler: iskemik inme, (rik asit, USEIO skoru, inme siddeti
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INTRODUCTION

Stroke is a significant medical condition that impacts public
health worldwide, ranking as one of the top causes of
disability and mortality, affecting millions of people each
year (1). In such an important public health issue, identifying
and managing stroke risk factors is crucial to reduce the
prevalence and severity of stroke. Along with non-modifiable
risk factors such as age and gender, there are numerous
modifiable contributors to stroke such as hypertension (HT),
diabetes mellitus (DM), hyperlipidemia (HL), and abdominal
obesity (2,3). The presence of many modifiable risk factors
makes stroke a largely preventable neurological disease.
Ongoing research is investigating emerging areas of stroke
risk factors, focusing on identifying biomarkers that can
predict stroke severity to improve patient outcomes.

Uric acid (UA) results from the metabolic breakdown of
purines which originate from internal metabolic processes
and dietary intake. Typically, UA dissolves in the blood
and is excreted via the kidneys in urine (4). However, when
UA levels surpass the blood's solubility threshold, urate
crystals can form, leading to hyperuricemia. Hyperuricemia
is primarily caused by increased production or reduced
excretion of UA. Increased production can be caused by
a purine-rich diet (e.g., red meat, seafood, and alcohol),
increased cell turnover (e.g., cancers and chemotherapy)
or genetic factors. The more common cause, reduced
excretion, is usually due to renal dysfunction or certain
medications such as diuretics that reduce the kidneys'
ability to excrete UA.

Under physiological conditions, UA has
properties that can minimize oxidative stress by reducing the
number of free radicals, thus protecting cells from damage
(5). However, endogenous high serum UA levels traditionally
lead to health problems such as gout and kidney stones
(6). In more recent approaches, it is assumed that there is

antioxidant

a connection between the serum UA level and vascular risk
factors such as HT, DM, and coronary heart disease (CHD)
(7,8). In this emerging approach, the next step requires a
comprehensive investigation of the relationship between
UA and stroke.

The interest in UA's role in stroke has been growing, with
research exploring its potential as a biomarker for stroke risk
and prognosis. Some studies indicate that high UA levels
correlate with an increased risk of stroke and worse post-
stroke outcomes (?-11). In contrast, others suggest that UA
may have neuroprotective effects due to its antioxidant
properties (12,13). Understanding the dual role of UA in
the pathophysiology of ischemic cerebrovascular events
is crucial for developing targeted therapies, enhancing
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preventive strategies, and ultimately improving clinical
outcomes for patients. The purpose of this study is to
investigate the influence of serum UA concentration on
the severity of clinical outcomes in patients diagnosed with
acute ischemic stroke.

METHODS

Study Design

A retrospective evaluation was carried out on 110 ischemic
stroke patients (69 males and 41 females) who presented
with acute stroke symptoms between August 2016 and
August 2017 at the stroke clinic of our hospital (Group 1).
The demographic data, clinical information, neuroimaging,
and blood results of the subjects were obtained from
our hospital's medical records. Patients were diagnosed
with ischemic stroke based on neurological examination,
computed tomography scans, and diffusion-weighted
magnetic resonance imaging. Based on neurological
examinations conducted upon patient admission, National
Institutes of Health Stroke Scale (NIHSS) scores were
calculated (14). The control group included 83 subjects who
had no chronic neurological disease and were comparable
to the patient group in both age and sex. Following their
presentation to the neurology clinic with headaches, their
clinical exams and neuroimaging results were normal
(Group 2).

Predisposing factors for stroke were assessed in both the
patient and control groups. HT was defined as systolic blood
pressure 2140 mmHg and/or diastolic blood pressure >90
mmHg and/or receiving antihypertensive medications (15).
DM was specified as a fasting serum glucose level 2126 mg/
dL or the use of anti-diabetic therapy (16). HL was diagnosed
by fasting serum total cholesterol 2240 mg/dL, low-density
lipoprotein cholesterol >130 mg/dL, triglycerides >200
mg/dL, and/or receiving lipid-lowering medication (17).
Atrial fibrillation (AF) was diagnosed using a standard 12-
lead electrocardiogram. Additional relevant factors such
as CHD, valvular heart disease, history of recurrent stroke,
and smoking (at least five tobacco products per day) must
be considered. Total number of vascular risk factors was
recorded for each group. Blood samples were taken from
peripheral veins after overnight fasting within 24 hours of
hospitalization. Serum UA levels exceeding local laboratory
reference values of 7 mg/dLin men and 5.7 mg/dL in women
were considered hyperuricemia.

Exclusion criteria included conditions that could impair UA
production or excretion, such as active infections, cancer,
gastrointestinal disease, renal or hepatic insufficiency,
chronic alcoholism, and the use of medications such as
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immunosuppressants and chemotherapeutic agents. In
accordance with the ethical principles of the Declaration
of Helsinki, all participants gave written informed consent
before the study. The study was approved by the University
of Health Sciences Turkiye, Bakirkdy Prof. Dr. Mazhar
Osman Mental Health and Neurological Diseases Training
and Research Hospital Clinical Research Ethics Committee
(approval no: 569, date: 06.09.2016).

Statistical Analysis

Continuous quantitative variables are presented as means
and standard deviations (SDs), while categorical variables
are shown as counts (n) and percentages (%). The Shapiro-
Wilk test was employed to assess the normality of the data
distribution. The independent samples t-test and the Mann-
Whitney U test were used to compare two independent
groups based on quantitative data. The correlation
between variables was evaluated using Spearman’s rho
test. Categorical variables were compared using Pearson
chi-square or Fisher's exact tests where appropriate.
Odds ratio (OR) and 95% confidence interval (Cl) were
calculated. The logistic backward regression method was
used to investigate the cause-effect relationships. Receiver
operating characteristic analysis was performed to evaluate
the relationship between the two conditions. A p-value of
<0.05 was considered indicative of statistical significance.

All statistical analyses were conducted using SPSS version
22.0 (IBM Corp., Armonk, NY, USA) and MedCalc version 14
(MedCalc Software, Ostend, Belgium).

RESULTS

In Group 1 (n=110), 37.3% (n=69) of the patients were
female, with a mean age of 63.30 (SD=14.21) years. Similarly,
in Group 2 (n=83), 37.3% (n=52) were female, and the
mean age was 61.87 (SD=11.75) years (Table 1). In terms of
comorbidities, HT (p<0.001), HL (p=0.007), AF (p<0.001),
and CHD (p=0.047) were statistically significant in Group 1,
higher than in Group 2 (Table 1).

Hyperuricemia was present in 29.09% of Group 1 and
12.04% of Group 2 (Table 1). The mean serum UA levels
for each group were 5.5 mg/dL in Group 1 and 4.8 mg/
dL in Group 2, with Group 1 exhibiting significantly higher
levels (p<0.0019) (Table 1). The UA threshold of 5.6 mg/dL
was identified with an OR of 3.74, sensitivity of 49%, and
specificity of 79% (p<0.001) (Table 2 and Figure 1). Multiple
logistic regression analysis (95% Cl) showed that HL (OR:
4.079, 95% CI: 1.806, 9.214; p=0.001), AF (OR: 12.140, 95%
Cl: 3.710, 39.725; p<0.001), and serum UA levels exceeding
5.6 mg/dL (OR: 3.107, 95% Cl: 1.424, 6.781; p=0.004) were
significantly associated with an increased risk of ischemic
stroke (Table 3).

Table 1. Demographic characteristics and risk factors for stroke of each group

Group 1 (n=110), n (%) Group 2 (n=83), n (%) p-value
Age (y) (mean=SD) 63.30+14.21/25-95 61.87+11.75/30-78 0.312*
41/69 31/52
[+ *%
Gender (female/male) (n, %) 37.3% 37.3% 1
. <0.001**
Hypertension 57 (51.8) 19 (22.9) 3.6 (1.9-6.8)**
Diabetes mellitus 40 (36.4) 23 (27.7) 0.219**
.. . 0.007**
Hyperlipidemia 49 (44.5) 21(25.3) 2.4 (1.3-4.4)%*+
el el e <0.001**
Atrial fibrillation 31(28.2) 4(4.8) 7.6 (2.6-22.9)***
. 0.047**
Coronary heart disease 23(20.9) 8 (9.6) 2.5 (1.05-5.9)***
Valvular heart disease 1(0.9 0(0.0) 1x*

. 0.011**
Smoking tobacco 9(8.2) 0(0.0) 15.6 (0.9-272.5)**
History of recurrent stroke 5(4.5) 0(0.0) 0.071

Median (min.- max.) Median (min.- max.)
Total number of vascular risk factors 2 (0-6) 1(0-3) <0.001*
Hyperuricemia 10 (12.04) 32 (29.09)
Serum UA level (mg/dL) 5.5(2.8-11) 4.8 (2.3-9.4) <0.001*

*: Mann-Whitney U test, **: Chi-square test (or Fisher's exact test), ***: Odds ratio with 95% confidence interval, SD: Standard deviation, min.: Minimum,

max.: Maximum, UA: Uric acid
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Table 2. Thresholds and diagnostic accuracy for uric acid levels in stroke: sensitivity, specificity, and predictive values

Patient Control
Cut-off n PPV (%) Sensitivity (%) n NPV (%) Spesivity (%) AUC=Se OR (95% CI) p-value
Serum UA <5.6 56  459% 50.9% 66 54.1% 79.5% 0.637+£0.039  3.01 (1.64-5.55)* 0.001*
Idelzl)el (mg/ >5.6 54 761% 49.1% 17 23.9% 20.5% 0.662+0.038  3.74 (1.954-7.2)* <0.001*

*: ROC analysis, AUC: Area under the curve, Se: Standard error, Cl: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value, UA: uric

acid, ROC: Receiver operating curve, OR: Odds ratio

Table 3. Independent risk factors for ischemic stroke determined by regression analysis

B SD p-value OR (95% CI) (min.-max.)
HL 1.406 0.416 0.001 4.079 (1.806-9.214)
AF 2.497 0.605 <0.001 12.140 (3.710-39.725)
Serum UA level (>5.6 mg/dL) 1.134 0.398 0.004 3.107 (1.424-6.781)
Constant -2.397 0.440 <0.001 0.091

HL: Hyperlipidema, AF: Atrial fibrillation, UA: Uric acid, OR: Odds ratio, Cl: Confidence interval, SD: Standard deviation, min.: Minimum, max.: Maximum

Correlation analysis revealed a relationship between serum
UA levels and the total number of vascular risk factors
(p=0.001) (Table 4). A correlation was also found between
serum UA levels and increasing age (p=0.002) (Table 4).
Similarly, a correlation was found between age and the
total number of vascular risk factors (p=0.005) (Table 4). No
correlation was found between serum UA levels and the
NIHSS scores in terms of the severity of the stroke (p=0.527)
(Table 4).

ROC Curve
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Figure 1. ROC analysis for diagnostic performance of serum uric acid
levels in determining the risk of ischemic stroke

ROC: Receiver operating curve
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DISCUSSION

Among the numerous biomarkers studied for their potential
role in stroke, UA has garnered interest due to its dual
roles as an antioxidant and a pro-oxidant. It is not yet clear
whether it plays a protective role in cerebrovascular events
or whether it is among the risk factors. Extensive research
conducted in animal models has shown that administering
UAreduces infarct size and improves neurological outcomes,
supporting the idea that serum UA may serve a protective
function in acute ischemic stroke (18). Clinical trials further
support these findings, showing that high-dose external
UA application, in addition to alteplase treatment, prevents
clinical deterioration in acute ischemic stroke, as measured
by the NIHSS, confirming this protective effect (19).

On the other hand, it is known that an endogenous increase
in serum UA level is consistently associated with various
diseases, such as HT, DM, and cardiovascular diseases (6-8).
In vitro studies have also shown that hyperuricemia causes
endothelial damage, thus, leading to thrombus formation,
suggesting a pro-oxidant effect (20-22). This suggests that
UA could be involved in the pathogenic mechanisms of
stroke. These contradictory results suggest that one should
be cautious before considering UA as benign in ischemic
stroke.

Our study showed that serum UA concentration was
significantly higher in patients with acute
stroke compared with individuals without a history of
stroke, suggesting that UA is a contributor to ischemic

ischemic

cerebrovascular events. When evaluating a novel risk factor,
reported measurements need to be adjusted for known
confounding factors. Although patients with acute stroke
also have many vascular risk factors, our results showed that
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Table 4. Correlation between serum uric acid levels, vascular risk factors, age and NIHSS scores

p-value p-value

Total number of vascular risk factor 0.227 0.001*

Serum UA level Age 0.218 0.002*
NIH 0.061 0.527*

Total number of vascular risk factor Age 0.202 0.005*

*: Spearman’s p test, UA: Uric acid, NIH: National Institutes of Health

high UA levels contribute to stroke susceptibility even after
adjusting for these variables. This may lead us to conclude
that UA plays a direct role in the pathophysiology of stroke
in addition to the traditional vascular risk factors. Several
meta-analyses have confirmed our findings and shown
a consistent association between high UA levels and an
increased incidence of ischemic cerebrovascular disease.
Zhong et al. (23) demonstrated that hyperuricaemia is a
predisposing factor for stroke in both sexes, focusing.
Similarly, another meta-analysis showed that hyperuricemia
may increase the incidence of stroke as well as the risk
of mortality (24). Furthermore, research has shown that
hyperuricemia not only contributes to the development
of ischemic stroke, but also plays an important role in
increasing the likelihood of recurrent stroke (25). This
suggests that elevated UA levels may be a critical factor
in both the occurrence and recurrence of cerebrovascular
events.

On the other hand, there are some global epidemiologic
studies suggesting that UA may not be a definitive risk
factor for ischemic cerebrovascular events. In a prospective
study of a large population of patients with HT but no
previous stroke, hyperuricemia was not found to be a cause
of ischemic cerebrovascular disease (26). Another result that
has been suggested is that hyperuricemia is not associated
with ischemic stroke, but it can lead to hemorrhagic stroke
(27). Contradictory results in relation to hyperuricemia and
cerebrovascular disease suggest that new perspectives are
needed. A recent study has offered an innovative approach
by highlighting the timing of UA accumulation (28). This
suggests that early serum UA accumulation may lead to a
higher risk of stroke compared to later accumulation, and
emphasizes the need for optimal early control of serum UA
levels.

The effect of UA levels on the severity of stroke is another
question that needs to be clarified. Several studies suggest
that higher serum UA levels are associated with more severe
ischemic strokes, as determined by the scores on the NIHSS.
For instance, high serum UA levels have been associated
with poorer long-term functional outcomes and higher
mortality rates post-stroke (29,30). This could be due to the

pro-oxidant effects of serum UA under certain physiological
conditions, which exacerbate neuronal injury. However,
some studies do not confirm this correlation (31,32). Some
studies even suggest that high baseline serum UA levels
may be a biomarker for improved outcomes in patients with
acute ischemic stroke (33,34). Our study indicated that there
is no association between serum UA levels and the severity
of stroke during the acute phase.

When discussing the effects of elevated serum UA levels,
it is important to consider the factors that may influence
these levels. It has been shown in the literature that
vascular risk factors for stroke, such as age, HT, DM, and HL,
contribute to higher serum UA levels due to impaired renal
function (35). This complicates the cause-effect relationship
between stroke, vascular risk factors, and serum UA levels.
Our results further highlight this complexity. Consistent
with the literature, we observed a corresponding increase
in the number of vascular risk factors as serum UA levels
increased. Furthermore, in our study, both serum UA levels
and the number of vascular risk factors increased with age.
This suggests that the relationship between UA and stroke
risk is anything but straightforward; instead, it is shaped
by age and the accumulation of vascular risks over time.
These findings emphasise the importance of considering
the broader clinical context when interpreting UA levels in
relation to stroke risk.

In recent years, an increasing number of epidemiological
and experimental studies have shown that UA can trigger
pathological processes even at physiological limits, at which
it is still soluble. Virdis et al. (36) showed that serum UA
levels increase all-cause mortality at a cut-off value of 4.7
mg/dL, which is well below the standard thresholds used
in clinical practice to define hyperuricaemia. Desideri et al.
(37) even suggested redefining the “optimal health range”
for UA levels as <6 mg/dL for both genders. At the outset of
the study, we stratified UA levels based on gender-specific
thresholds to account for the well-established physiological
differences in UA metabolism between sexes. This approach
ensured that we accurately captured the prevalence
of hyperuricemia in both male and female populations
according to their respective normal ranges. However, as
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the study progressed and we analyzed serum UA levels as
an independent risk factor for stroke, our findings indicated
that the threshold value associated with an increased risk
of stroke was consistently above 5.6 mg/dL, regardless of
sex. By specifying a uniform threshold value of 5.6 mg/dL
for both genders, we aimed to emphasize an important
clinical finding: above this value, the risk of stroke increases
regardless of the patient's gender. This finding could
simplify clinical assessments and interventions aimed at
stroke prevention, providing a more straightforward and
universally applicable threshold.

Study Limitations

A limitation of our study is that it is retrospective and the
number of patients is relatively small. Another limitation of
the study is that although the groups were matched in terms
of age and gender, there were some differences in vascular
risk factors. We acknowledge that a study design with
matched controls free of vascular risk factors might provide
further insight into the independent role of UA. However, we
believe that the current analysis offers valuable insights into
the relationship between UA and stroke in a more clinically
representative population. Given the ongoing debate in the
literature regarding the role of UA in stroke, further studies
are needed to provide greater clarity on this issue.

CONCLUSION

Understandingthe effect of serum UAlevels onstroke severity
has significant clinical implications. Monitoring serum UA
levels in acute stroke patients could aid risk stratification
and individualized treatment planning. However, given the
conflicting data, clinicians should interpret serum UA levels
cautiously, considering the broader clinical context and
comorbidities. Further research is needed to clarify whether
lowering serum UA levels therapeutically could mitigate
stroke severity or improve outcomes.
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ABSTRACT

Objective: Stroke is the second leading cause of death and the third leading cause of disability globally, with carotid artery stenosis contributing
to approximately 20% of cases. Carotid artery stenting (CAS) and carotid endarterectomy (CEA) are effective treatments to reduce stroke risk.
While some studies report higher complication rates for CAS compared to CEA, others demonstrate comparable outcomes, emphasizing the
importance of patient selection and procedural optimization. This study evaluates the real-world safety and effectiveness of CAS in 52 patients
at a single institution.

Methods: This retrospective analysis included 52 patients who underwent CAS between 2020 and 2024. Inclusion criteria were >50% stenosis
for symptomatic patients and >60% stenosis for asymptomatic ones. Dual antiplatelet therapy was initiated preoperatively, and distal filter
embolic protection was used in all procedures. Neurological assessments and radiological imaging were performed pre- and post-procedure.
Complications were categorized as periprocedural or post-procedural, and follow-ups were conducted at three, six, and twelve months.

Results: The cohort included 52 patients (78.8% symptomatic, mean stenosis rate: 80.3%=12.5%). Periprocedural ischemic stroke occurred in
5.8% of patients, and asymptomatic diffusion-restricted areas were detected in 34.6% of patients. One patient (2.2%) experienced symptomatic
intracerebral hemorrhage. The overall periprocedural stroke and death rate was 7.7%.

Conclusion: CAS is a minimally invasive, effective option for treating carotid artery stenosis when patient selection and procedural protocols
are optimized. Ongoing advancements in techniques and devices are anticipated to reduce complications further, supporting CAS as a safe
alternative to CEA in selected patients.

Keywords: Carotid stenosis, carotid endarterectomy, stents, stroke

oz

Amag: inme, diinya genelinde 6liim nedenleri arasinda ikinci, sakatlik nedenleri arasinda liclincii sirada yer almakta olup, inme olgularinin yaklasik
%20'sinden karotis arter darligi sorumludur. Karotis arter stentleme (KAS) ve karotis endarterektomi (KEA), inme riskini azaltmada etkili tedavi
yontemleridir. Bazi calismalar, KAS'nin KEA'ya kiyasla daha ylksek komplikasyon oranlarina sahip oldugunu belirtirken, digerleri benzer sonuglar
sunmakta ve hasta se¢imi ile islem optimizasyonunun &nemini vurgulamaktadir. Bu ¢alisma, tek bir merkezde 52 hastada KAS'nin gercek yasam
kosullarindaki gtivenligi ve etkinligini degerlendirmektedir.

Gereg ve Yéntem: Bu retrospektif analizde, 2020-2024 yillari arasinda KAS uygulanan 52 hasta incelenmistir. Dahil edilme kriterleri, semptomatik
hastalar icin >%50, asemptomatik hastalar igin >%60 darlik olarak belirlenmistir. islem éncesinde cift antiplatelet tedavi baslatiimis ve tiim islemlerde
distal filtre emboli koruma cihazi kullaniimistir. islem &ncesi ve sonrasi nérolojik degerlendirmeler ve radyolojik gériintiilemeler gerceklestirilmistir.
Komplikasyonlar iglem sirasinda ve erken dénemde ortaya ¢ikan ve iglem sonrasi ge¢ dénemde ortaya ¢ikan olarak siniflandiriimis, takipler Ggiineg,
altinci ve on ikinci aylarda yapilmistir.
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6z

Bulgular: Calismaya 52 hasta (%78,8 semptomatik, ortalama darlik orani: %80,3+%12,5) dahil edilmistir. islem sirasinda ve erken dénemde iskemik
inme %5,8 hastada gorllmus, asemptomatik difiizyon kisith alanlar %34,6 hastada tespit edilmistir. Bir hastada (%2,2) semptomatik intrakraniyal
hemoraji meydana gelmistir. Toplam islem sirasinda ve erken dénemde inme ve &lim orani %7,7 olarak bulunmustur.

Sonug: KAS, hasta se¢imi ve protokoller optimize edildiginde karotis arter darligi tedavisinde minimal invaziv ve etkili bir segenektir. Teknikler
ve cihazlarda devam eden ilerlemelerle komplikasyon oranlarinin daha da azalmasi beklenmekte, KAS'in secilmis hastalarda KEA'ya glvenli bir

alternatif olarak desteklenmesi gerektigi dustinilmektedir.

Anahtar Kelimeler: Karotis darlig, karotis endarterektomi, stentler, inme

INTRODUCTION

Stroke is the second leading cause of death and the third
leading cause of disability worldwide (1). Carotid artery
stenosis is responsible for approximately 20% of all strokes
(2). Carotid artery stenting (CAS) and carotid endarterectomy
(CEA) are treatment modalities that have been shown
to reduce the risk of stroke in both asymptomatic and
symptomatic patients with carotid artery stenosis. Although
several prospective studies, such as SPACE, EVA-3S, and
ICSS (3-5), have reported higher complication rates for CAS
compared with CEA, other studies, including SAPPHIRE,
CREST, ACT |, and ACST-Il (6-9), have demonstrated the
non-inferiority of CAS with respect to composite primary
outcomes, including stroke, myocardial infarction, and
death. Case series from various regions of the world
continue to be published, demonstrating the efficacy and
low-risk profile of CAS (10-14).

There is still no clear consensus on the optimal treatment,
primarily due to the variability in results among these
studies. Differing outcomes are likely due to a lack of
standardization in patient selection, procedural methods,
and physician experience. Given these discrepancies,
we believe that CAS is a valuable treatment option when
patient selection is carefully individualized. To further assess
the real-world outcomes of CAS, we performed CAS on 52
carefully selected patients at a single institution. This was
done to evaluate the effectiveness and safety of CAS in a
clinical setting.

METHODS

Study Design
of CAS

performed on 52 patients between 2020 and 2024 at a single
institution. Written informed consent was obtained from all

We retrospectively analyzed the outcomes

patients. The study was conducted in accordance with the
rules of the Declaration of Helsinki and was approved by the
Pamukkale University Non-Interventional Clinical Research
Ethics Committee (approval no: E-60116787-020-617909,
date: 02.12.2024).

Patient Selection

The study included both symptomatic and asymptomatic
patients. Inclusion criteria were set at >50% stenosis for
symptomatic cases and >60% stenosis for asymptomatic
ones. Additionally, two patients who had prior unsuccessful
CEA attempts were included. Symptomatic carotid artery
stenosis was defined as the occurrence of a cerebrovascular
event—such as stroke, transient ischemic attack, or
amaurosis fugax—within 180 days prior to the procedure.

Procedural Details

Three neurosurgeons, each with at least five years'

experience in carotid stenting and angioplasty,
performed the procedures. For lesion evaluation, we
used combinations of Doppler ultrasonography, magnetic
resonance angiography (MRA), computed tomography (CT)

angiography, and digital subtraction angiography (DSA).

Pre-procedural Preparation

Dual antiplatelet therapy with aspirin plus clopidogrel or
ticagrelorwas initiated at least five days before the procedure
in all patients. The CAS procedures were performed using a
transfemoral approach under local anesthesia.

Intra-procedural Management

After sheath
was administered, and the activated clotting time was

arterial insertion, intravenous heparin
monitored. A minimum activated clotting time of 300
seconds was required to proceed with the intervention.
Distal filter protection devices were used as the standard
embolic protection method in all cases. Open-cell stents
were deployed in 36 cases, and closed-cell stents were

deployed in 16 cases.

Complications and Outcomes

Documented complications includedretinal stroke, ischemic
stroke, asymptomatic hyperintense lesions on diffusion-
weighted imaging (DWI), in-stent plaque protrusion,
hyperperfusion syndrome, symptomatic intracerebral
hemorrhage, morbidity, and mortality. Periprocedural
outcomes were defined as complications occurring during
the procedure or within 30 days post-intervention, while
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post-procedural outcomes were defined as complications
occurring beyond 30 days.

Assessment Protocols

A comprehensive neurological examination was performed
before the procedure, immediately after the intervention,
and daily until discharge. The modified Rankin scale (mRS)
was used to assess functional prognosis. Additionally,
magnetic resonance imaging (including DWI, apparent
diffusion coefficient, and fluid-attenuated inversion recovery
sequences) and CT scans were conducted within 12-24
hours post-procedure to evaluate outcomes. All patients
underwent MRA at three months and DSA at six months,
with annual outpatient MRA follow-ups thereafter.

Definitions

Stroke was defined as a neurological deficit persisting
for more than 24 hours, accompanied by corresponding
hyperintensity on DWI. Minor morbidity was classified as
a 1-point increase in the mRS score, while major morbidity
was classified as a 2-point or greater increase. High-risk
criteria, as defined in the SAPPHIRE study, include clinically
significant cardiac disease, severe pulmonary disease,
contralateral carotid occlusion, contralateral laryngeal nerve
palsy, previous radical neck surgery or radiation therapy to
the neck, recurrent stenosis after endarterectomy, and age
over 80 years.

Statistical Analysis

All data were processed with SPSS Statistics, version 26
(IBM Corp., Armonk, NY, USA). Continuous variables are
presented as meantstandard deviation when normally
distributed (Shapiro-Wilk p>0.05) and as median with
interquartile range when non-parametric. Categorical
variables are summarised as counts and percentages.

The primary end-point was any stroke or death occurring
during the procedure or within 30 days after the procedure.
Secondary end-points were clinically silent DWI lesions,
symptomatic intracerebral haemorrhage, hyperperfusion
syndrome, and restenosis of greater than 50% on follow-up
angiography.

Exploratory univariable logistic regression was applied
to screen potential predictors of the primary end-point.
Variables with p<0.10 were considered for inclusion in
a forward stepwise multivariable model; however, only
four primary events occurred and none reached statistical
significance, so multivariable analysis was not feasible.
Restenosis-free survival was illustrated with Kaplan-Meier
curves. Two-sided p<0.05 was considered statistically
significant for all planned analyses.
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Owing to the modest sample size and low event rate, the
statistical evaluation remains chiefly descriptive; effect
estimates are reported with 95% confidence intervals when
calculable, and results should be interpreted with caution.

RESULTS

The characteristics of the study populations and lesion
details are summarized in Table 1. A total of 52 patients
were included in the study, with 40 males and 12 females.
Among these patients, 41 (78.8%) had symptomatic lesions.
According to the SAPPHIRE study (é) criteria, 48% of the
patients had at least one high-risk factor for CEA and the
majority of these factors were related to clinically significant
cardiac disease. The mean stenosis rate was 80.3%+12.5%.
Five (9.6%) patients had stenosis in the contralateral internal
carotid artery (ICA), and five (9.6%) had occlusion of the
contralateral ICA.

Asymptomatic high-intensity areas on DWI were detected in
18 patients (34.6%). Symptomatic ischemic stroke occurred
in three patients (5.8%). All three patients had symptomatic
carotid stenosis, and one had a high-risk factor for CEA. In
the first patient, plaque protrusion into the distal filter was
observed during the procedure (Figure 1A). Following filter
retrieval, the patient developed dysphasia, left-sided facial
paralysis, and weakness of the left extremities. Occlusion of
the superior trunk of the M2 segment of the right middle
cerebral artery was identified (Figure 1B). Thrombectomy
was performed using a stent retriever, resulting in successful
vessel recanalization (Figure 1C). The patient achieved full
recovery and was discharged asymptomatic.

The second patient presented with right-sided paresis
affecting the upper and lower extremities prior to the
procedure. Dysphasia occurred during the procedure.
No significant vascular occlusion was observed on DSA.
Post-procedural DWI revealed small, multifocal diffusion-
restricted areas. The patient returned to their baseline
neurological status within a two-week follow-up period.

The third patient developed dysphasia during the
procedure. No significant vascular occlusion was observed
on DSA. DWI demonstrated a diffusion-restricted area in
the perfusion territory supplied by the distal branches of the
callosomarginal artery. The patient was managed medically;
the symptoms resolved completely within one week of
follow-up.

One patient (2.2%) developed post-procedural confusion
and left-sided hemiparesis. Brain CT revealed an
intraparenchymal hematoma in the frontoparietal region.

The patient was treated medically and discharged with an
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mRS score of 2 after two weeks’ follow-up. This patient had
99% carotid stenosis and multiple high-risk factors for CEA.
Periprocedural complications are summarized in Table 2.

DISCUSSION

Carotid artery stenosis is one of the major risk factors for
stroke. CEA is a well-established treatment method for
carotid artery stenosis and has been performed since the
1950s (15). The surgical techniques for CEA are highly
standardized, and their effectiveness and complication

Table 1. Demographic data of the patients in the series

Age (years) 70.1+9
Gender (n, %)
Male 40 (77)
Female 12 (23)
Symptomatic lesion (%, in 180 days) 41 (78.8)
Risk factors (n, %)
Hypertension 36 (69.2)
Diabetes 27 (51.9)
Dyslipidemia 7 (13.5)
Smoker 3(5.8)
Previous ischemic heart disease (n, %) 23 (44.2)
Previous peripheral artery disease (n, %) 2(3.8)
High-rjsk fa.ctor for CEA-related complications 25 (48)
(described in SAPPHIRE study) (n, %)
Clinically significant cardiac disease 23 (44.2)
Severe pulmonary disease 0(0)
Contralateral carotid occlusion 5(9.6)
Contralateral laryngeal-nerve palsy 0(0)
Previous radical neck surgery or radiation therapy 1(1.9)
Recurrent stenosis after endarterectomy 5.8)

.5

Age >80 years old

3
6
Previous CEA (n, %) 3
5
5

5.8)
Contralateral stenosis (n, %) 9.6)
Contralateral occlusion (n, %) 9.6)
Stenosis rate in DSA (n, %) (NASCET) 80.3 (50-99)
Antiplatelet regimen (n, %)
ASA+clopidogrel 39 (75)
ASA-+ticagrelor 13 (25)
Pre-stent PTA (n, %) 24 (46.2)
Post-stent PTA (n, %) 33 (63.5)
Stent brand (n, %)
Boston Scientific Wallstent™ (closed-cell) 16 (30.8)
Medtronic Protégé™ RX Stent (open-cell) 36 (69.2)

CEA: Carotid endarterectomy, PTA: Percutaneous transluminal angioplasty,
ASA: Acetylsalicylic acid (aspirin), DSA: Digital subtraction angiography,
NASCET: North American Symptomatic Carotid Endarterectomy Trial

rates are well documented. In contrast, CAS is a relatively
recent treatment that was first performed in the early 1990s.
Its popularity has grown since the CAVATAS trial, the first
large prospective, randomized trial published in 2001, which
reported similar major complication rates but lower minor
complication rates for CAS than for CEA (16). The results
of CAVATAS were further supported by the SAPPHIRE trial
(6,16) in 2004.

Since then, numerous studies have been conducted to
compare these two treatment modalities and assess the
effectiveness and complication rates of CAS. However,
the results have been conflicting due to non-standardised
techniques, evolving devices, patient
populations, and differences in physician’s experience.

variations in

Historically, CEA was associated with high periprocedural
complication rates, with early series reporting stroke and
death rates approaching 20% (17). In contrast, contemporary
studies have demonstrated significant improvements,
with recent trials reporting 30-day stroke and death rates
between 3% and 5.7% (18-20). By comparison, recent
literature reports periprocedural stroke and death rates for
CAS ranging from 2.1% to 8.2% (10-14).

In our study, we carefully selected patients based on
their vascular-anatomical suitability for
treatment, surgical risk profile, and patient preference. The
periprocedural rate of stroke and death was 7.7%, which
is at the higher end of the range reported in larger CAS
studies. Although this rate exceeds the average reported
for contemporary CEA, the limited sample size in our study
may have contributed to reduced statistical reliability.

endovascular

Table 2. Periprocedural complications of patients

Periprocedural complications (n, %)
Asymptomatic DWI high spot 18 (34.6)
Stroke symptomatic group 3(5.8)
Retinal stroke 0
In-stent plaque protrusion 1
Hyperperfusion syndrome 0
Symptomatic ICH 1(1.9)
Minor morbidity (mRS score of 1) 0
Major morbidity (MRS score of >2) 101.9
Restenosis or occlusion 0
Reintervention PTA 0
Reintervention restenting 0

The patient with symptomatic ICH was managed conservatively. Among
the three patients with stroke, two were treated conservatively, while one
underwent thrombectomy.

DWI: Diffusion-weighted imaging, ICH: Intracerebral hemorrhage,

mRS: Modified Rankin scale, PTA: Percutaneous transluminal angioplasty
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Figure 1. 1A) Plaque protrusion is seen in distal filter after stent placement. 1B) An occlusion of the superior trunk of the M2 segment.
1C) Complete recanalization after successful thrombectomy. The patient achieved full recovery and was discharged asymptomatic

Notably, asymptomatic high-intensity areas on DWI were
detected in 18 patients (34.6%). Although such diffusion-
restricted lesions have been associated in the literature
with an increased risk of future cerebrovascular events or
cognitive impairment (21,22), we did not observe any related
clinical manifestations in our cohort. This may be attributed
to the relatively short follow-up period, which could have
been insufficient to capture delayed or subtle effects.

Two major variables related to CAS devices are stent design
and cerebral protection device design. Several studies have
compared open-cell and closed-cell stents, but the findings
remain controversial. In 2007, Bosiers et al. (23) reported that
open-cell stents were associated with higher complication
rates, particularly among symptomatic patients. However,
a year later, Schillinger et al. (24) reported no significant
difference in complication rates between open- and closed-
cell stents. More recently, Faateh et al. (25) reported that
closed-cell stents were associated with an increased risk of
in-hospital stroke and death, especially for lesions located
at the carotid bifurcation. They suggested that this might be
due to the relatively low conformability of closed-cell stents
in tortuous, diameter-mismatched bifurcation anatomy (25).
In this study, we used open-cell stents in 36 procedures and
closed-cell stents in 16 procedures.

The use of cerebral protection devices during CAS is
strongly recommended, as CAS without these devices
has been shown to be significantly associated with higher
rates of periprocedural stroke and death (26,27). Although
some studies suggest that proximal balloon occlusion is
associated with lower complication rates than distal filter
protection (28,29), larger studies have found that neither
method is superior for periprocedural stroke and death
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rates (30,31). We did not perform balloon occlusion, but
used distal filter protection in all cases.

Compared with CEA, CAS is less invasive and is typically
performed under local anesthesia. Although concerns
and debates remain about the complication rates of CAS
compared with CEA, its minimally invasive nature makes it
a preferable option, particularly for patients at high surgical
risk. We believe that with careful patient selection and the
appropriate choice of devices, CAS represents an effective
and safe treatment option for stroke prevention.

It is important to recognize that CAS is still evolving, and
as newer devices are developed, anatomical and technical
challenges will likely be addressed, resulting in greater
efficacy and reduced complication rates.

Study Limitations

This study is limited by a small patient cohort, which reduces
statistical power and the precision of effect estimates. The
limited number of events (n=4) precluded multivariable
analysis, which should be considered a limitation in
interpreting the results. The six- to twelve-month follow-
up period is relatively brief, precluding evaluation of
late restenosis and longer-term clinical outcomes. lts
retrospective nature imposes inherent selection bias and
reduces control over data completeness and uniformity.
Outcomes cannot be directly compared with CEA because
no contemporaneous surgical control group was included.
Finally, all procedures were performed by a small, highly
experienced team of physicians; therefore, the results may
not be generalisable to centres with differing levels of
expertise.
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CONCLUSION

Our study highlights the viability of CAS as a safe and
effective treatment for carotid artery stenosis, provided
appropriate patient selection and procedural methods are
employed. While ongoing advances and standardization are
necessary to further enhance outcomes, CAS demonstrates
promise comparable to that of CEA, with a favorable balance
between efficacy and complication rates. As technigues
and devices continue evolving, CAS is poised to become
an increasingly integral component of stroke prevention,
warranting its consideration alongside traditional methods
in clinical practice.
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ABSTRACT

Objective: To develop an automated method that accurately predicts patients’ hemoglobin Alc (HbATc) values.

Methods: Data from 118,265 unique patients were collected from 30 hospitals in Istanbul. Although the study began with a large dataset,
extensive data cleaning reduced the final modeling dataset to 180 complete records. While this limits generalizability, it allows for a controlled
evaluation of prediction models under realistic constraints of missing clinical data. For the analysis, the data was parted 70%-30% ratio as training
and testing. A gradient boosting algorithm was used to train a machine learning model to predict HbA1c values.

Results: In this study, a machine learning model was developed to predict HoAlc using patients’ readily obtainable vital data. For testing, the
overall accuracy of the prediction is 80%, Cohen'’s kappa of 0.549, which is acceptable. Validation results are also promising, with an accuracy of
82%.

Conclusion: Although predicting HbA1c using different parameters can be advantageous, these predictions may be inaccurate and should
be used and interpreted with caution in patients with anemia, polycythemia, or hemoglobinopathies. Our values, with specificity of 86.72%,
sensitivity of 76.71%, and accuracy of 81.76%, can help eliminate this problem. In addition to satisfactory testing and validation results, the study
not only explains the gradient-boosting machine learning model but also provides detailed information on cleaning noisy data and imputing
missing health data.

Keywords: Data management, diabetes complications, internal medicine, machine learning

oz

Amag: Bu calismanin amaci hastalarin hemoglobin Alc (HbA1c) degerlerini dogru bir sekilde tahmin edebilecek otomatik bir yéntem gelistirmektir.

Gereg ve Yéntem: istanbul’daki 30 farkli hastaneden 118.265 benzersiz hasta verisi toplanmistir. Baslangicta biiyiik bir veri setiyle calisilmis olsa
da, kapsamli veri temizleme islemleri sonucunda modelleme icin kullanilan nihai veri seti 180 tam doldurulmus kayittan olusmustur. Bu durum,
sonuclarin genellenebilirligini sinirlasa da, eksik klinik verilerin olusturdugu gercekgi kisitlamalar altinda tahmin modellerinin kontrolli bir sekilde
degerlendiriimesine olanak saglamaktadir. Analiz icin veriler %70-%30 oraninda egitim ve test olarak ayrilmistir. Makineyi HbAlc degerlerini
tahmin edecek sekilde egitmek icin gradient boost algoritmasi kullanildi.

Bulgular: Bu calismada, hastalarin kolayca elde edilebilen hayati verilerini kullanarak, HbATc biyobelirteglerini tahmin etmek icin bir makine
6grenme modeli gelistirilmistir. Test verileri icin, tahminin genel dogrulugu, kabul edilebilir olan Cohen’in kappa katsayisi 0,549 degeriyle %80'dir.
Dogrulama sonuglari ise %82 dogrulukla umut vericidir.

Sonug: HbA1c'yi farkli parametreler kullanarak tahmin etmek bir avantaj olsa da anemi, polisitemi veya hemoglobinopatisi olan hastalarda
kesin sonuglar alinamadigindan kullaniimasi ve yorumlanmasi yanlis olabilmektedir. %86,72-%76,71 6zgiillik ve %81,76 duyarlilik ve dogruluk
degerlerimiz, bu sorunun ortadan kaldirlmasina yardimci olabilecedi dustnilmektedir. Calisma, gradient-boost makine égrenmesi modelini
aciklamanin yani sira yiiksek dogruluk degerleri saglamakta ve ayni zamanda saglikta glrdltili verinin nasil temizlenecedi ve eksik saglik verilerinin
nasil yeniden olusturulacagi hakkinda ayrintili bilgi vermektedir.

Anahtar Kelimeler: Veri yonetimi, diyabet komplikasyonlari, ic hastaliklari, makine égrenimi
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INTRODUCTION

Artificial intelligence (Al) and machine learning (ML) have
rapidly become essential tools in healthcare for predicting
disease outcomes, supporting diagnosis, and personalizing
treatment plans. Among chronic conditions, diabetes
mellitus stands out due to its prevalence and long-term
complications. Accurate prediction and early intervention
are critical to improving patient outcomes. One biomarker
central to diabetes management is hemoglobin Alc
(HbA1c), which reflects average blood glucose levels over
a two- to three-month period and is a key metric for both
diagnosis and monitoring of the disease (1).

While HbA1lc is typically measured through laboratory
tests, several real-world challenges hinder its timely
availability (2), such as cost, limited access to laboratories
in rural areas, and delays resulting from the required three-
month measurement period. Moreover, in cases where
patients have hemoglobin-related disorders (e.g., anemia,
polycythemia, hemoglobinopathies), direct measurement
may yield unreliable results. In such scenarios, a reliable
prediction of HoAlc based on alternative, easily obtainable
physiological parameters (e.g., age, glucose level, blood
pressure) becomes clinically valuable, potentially enabling
faster interventions and improved continuity of care.

Although various ML approaches have been applied to
predict glycemic trends, most existing models fall short in
predicting HbAlc. For instance, Plis et al. (3) used support
vector regression and autoregressive integrated moving
average models informed by glucose dynamics to predict
short-term glucose levels, but these models rely heavily
on patient-specific time-series glucose data, limiting their
generalizability. Zou et al. (4) compared decision trees,
random forests, and neural networks for diabetes prediction
using physical exam data, but did not focus on HbAc as a
predictive target, nor did they address the implications of
missing or noisy data—a common issue in real-world health
datasets.

This study addresses these gaps by proposing a gradient
boosting model specifically tailored to predict HbAlc
levels using routinely collected patient data. Unlike prior
approaches, the proposed model incorporates robust
data-preprocessing strategies—including advanced outlier
detection, synthetic data augmentation, and ML-based
imputation of missing values—resulting in a cleaner, more
usable dataset (5). While the study began with a large
dataset, strict data quality protocols and completeness
criteria narrowed the final sample used for modeling.
Gradient boosting is chosen because of its strengths in
handling imbalanced datasets, reducing bias, and offering
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higher accuracy with less overfitting compared with
traditional ensemble methods such as random forests (6).

In summary, this research contributes to the field by
demonstrating that HbAlc can be predicted with high
accuracy from non-invasive, widely available clinical
parameters, using a refined gradient-boosting model,
offering a practical solution in settings where HbA1c cannot
be directly measured or trusted.

METHODS

A two-way analysis was performed in this study. The main
purpose of the study is to estimate the HbA1c value, which
is effective for predicting the development of diabetes.
However, due to missing data, this estimation model
could not directly adopted, and the data deficiencies were
addressed beforehand, as explained above.

Inthesecondstage, the HbATcvalue, the main purpose ofthe
study, was estimated. For this purpose, the HoAT1c value was
converted to discrete data. At this stage, HoAlc values were
categorized into clinically relevant risk groups in alignment
with American Diabetes Association guidelines and were
further stratified as follows: values <5.7% were labeled as
low risk (normal), 5.7-6.4% as moderate (prediabetes), 6.5-
7.9% as high (controlled diabetes), and >8.0% as very high
(uncontrolled diabetes). These thresholds were chosen to
reflect increasing risk of diabetes-related complications
and to align with clinical treatment targets. A total of 180
patients with complete HbA1c data were included in the
study. Ethical approval was obtained from the Non-Invasive
Clinical Research Ethics Committee of istanbul Medipol
University (approval no: 685, date: 03.09.2020). As this was
a retrospective study using anonymized data, no informed
consent was required from the patients. The data were
divided into 70% training and 30% test sets using stratified
sampling before ML model training. Synthetic minority
over-sampling technique was applied to the 70% data slice
used for learning, increasing the number of records to 375,
and testing was performed with the remaining 30% slice
(7.8). No synthetic data generation was carried out for the
testing data.

ML algorithms are highly configurable by their
hyperparameters. These parameters substantially influence
the behavior, complexity, speed, and other aspects of the
algorithm, and their values must be selected carefully to
achieve optimal performance (9). In the estimation of the
HbA1c variable, the best result was obtained when the
gradient boosting algorithm was customized with the
following hyperparameters: tree depth=8, number of
models=200, and learning rate=0.05. A learning rate of
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0.1 is usually a good starting point for gradient boosting
algorithms, but the optimal learning rate depends on the
number of models. For this reason, the model achieved its
best performance when the number of models was high and
the learning rate was low. Also, for the k-nearest neighbor
algorithm, the Euclidean distance metric was used, and k
was set to 5. The optimum values for the support vector
machine (SVM) algorithm were kernel type radial basis
function and sigma=1.6.

Selection and Identification of Cases

Data

In this study, data from 118,265 unique patients were
collected at 30 hospitals in istanbul. This patient dataset
was anonymized before they were included in the study.
By stripping off the identifying features. The dataset
contains 12 patient attributes (variables). These variables
are continuous or categorical and include variables such as
age, gender, height, weight, patient diabetes status, family
history of diabetes, and average glucose level. All variables
are given in Table 1.

Preparation of Data

The main objective of the study is to estimate HbAlc
levels, an
diabetes. However, before reaching this stage, some data
preprocessing needed to be carried out to prepare the data
for analysis. It is well known that one problem with health
data is that they may be incomplete, inaccurate, missing, or
noisy. The performance of the Al models may be poor, or
the models’ estimation accuracy may be low due to noisy
data. Data preprocessing is probably the most important
stage of data analysis and data mining, and therefore of ML.

important parameter in individuals with

Firstly, it was spotted that there were missing data in the raw
dataset. Since the number of missing mean glucose values
in the dataset is high (i.e., postprandial blood sugar; 107,012
missing values), these were completely excluded from the
dataset. After removal of records with missing data, 11,253

Table 1. Variables used

Variable name
Gender

Age

Weight
Height

Pulse/heartbeat

Average blood pressure systolic

Average blood pressure diastolic

Average glucose

Has diabetes

unique patient records remained in the relevant dataset.
After that, outlier cleaning was performed. To detect the
outliers for each variable, the first and third quartiles (Q1
and Q3) were computed. An observation was flagged as an
outlier if it lies outside the range R=[Q1-k (IQR), Q3+k (IQR)]
with IQR=Q3-Q1, where k=1.5, which corresponds to the
smallest value in R (10,11). After this process, 6,754 records
remained in the dataset.

Among these records, 6,686 mean fasting glucose values
were missing and 68 were present. The aim is to fill records
with missing mean fasting glucose valuesusing existing
values. As a first step, missing mean fasting glucose values
were predicted and imputed into the dataset. In the original
dataset, the fasting glucose value was a continuous variable.
To handle missing values for this variable, the fasting
glucose value was first converted into discrete categories.
Accordingly, fasting glucose values between 0 and 70 were
labeled as hypoglycemia; values between 70 and 100 were
labeled as normal; those between 100 and 125 were labeled
as prediabetes; and values higher than 125 were labeled as
diabetes. After this transformation, the dataset included 16
patients with diabetes, 25 with hypoglycemia, and 27 with
prediabetes.

Because the aim was to fill in the missing mean fasting
glucose records using the non-missing values, 68 existing
values were synthetically reproduced using the k-nearest
neighbor technique, increasing the number of non-missing
values to 204. This was done to increase the capability of
the Al ML model.

An Al model was built, using these 204 records, to replace
missing fasting glucose values with predicted values. The
model was trained using a gradient boosting algorithm to
impute the missing values for 6,686 patients. However, not
all the predictions made by the Al model were added to
the dataset. Only those predicted with a confidence of 95%
or higher were added to the dataset. Subsequently, 4,331
records met this criterion. Together with the original non-
missing dataset, the total number of records reached 4,399
(4,331+68).

Nevertheless, the dataset included missing values for the
target variable HbATc. All records with missing HbA1c were
removed from the dataset, and, finally, 180 clean, complete
records were ready for analysis. Figure 1 shows the workflow
diagram of the data cleaning and preprocessing steps,
including (1) exclusion of records with missing glucose
values, (2) outlier detection using the IQR method, (3)
imputation of missing fasting glucose values using a ML
model, and (4) removal of incomplete HbA1c records.
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The final dataset used for training consisted of 180 fully
populated records.

A Close Look at the Cleaned Data

In the final case, the data set includes 80 female and
100 male patients; 78 patients with prediabetes, 72 with
hypoglycemia, and 30 with diabetes. Table 2 summarizes
descriptive statistics for all numeric variables in the dataset.

Technical Information

In this study, the KNIME platform (version 4.4.2; Konstanz
Information Miner, Germany) (12) was used to create learning
models, develop predictive models from data, and visualize
data. The learning algorithm used throughout the study
is gradient boosting trees (13). Boosting is an ensemble
learning method that sequentially generates base models.
Boosting algorithms aim to construct a strong learner by
sequentially combining weak learners generated at each
iteration according to predefined rules. Gradient boosting,
a boosting algorithm, is used to reduce model bias (6).

Gradient-based decision-tree algorithms are also weak
learners. A weak learner is a ML model that performs slightly
better than chance. In the case of gradient-boosting trees,

Data Preparation

Initial Data

+ 118.265 Records
* 12 variables

After Removing
Missing Glucose
* 11.253 Records Left

30 Hospitals in
Istanbul

After Outlier
Cleaning
* 6.686 Records Left

Handling Missing
Mean Fasting
Glucose Values

After Removing
Missing HbA1c

Records
* 4.399 Records Left

180 Records Ready

for Training

Figure 1. Data cleaning and preparation workflow
Hb1Ac: Hemoglobin Alc

Table 2. Sample data with minimum, maximum and mean point
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the weak learners are shallow decision trees. Each new
tree added to the ensemble model (i.e., the combination
of all previous trees) minimizes the loss function associated
with the ensemble (14). Decision trees rely on iteratively
asking questions to split the data; however, they are prone
to overfitting, and this is true for gradient-based trees as
well. To reduce this risk, the gradient boosting algorithm
employs a model that combines multiple decision trees.

The steps of the boosting method are listed below:
1. The weights of each sample are the same at the beginning,
2. It is used to learn basic learner 1 training examples,

3. When the learing is complete, the weight of the wrong
samples is increased and the weight of the correct samples
is decreased,

4. Basic learner 2 is used for learning,
5. Steps 2 and 4 are repeated to obtain M core-learners,

6. The results of M core learners are combined to produce
the final learning outcome.

The weight of each base learner in the boosting method
differs (15). Hyperparameters of the gradient boosting
algorithm are set to tree depth=8, number of models=200,
and learning rate=0.05. As a result, the average glucose
hunger value was imputed from incomplete records using
estimates with 95% confidence. Figure 2 depicts the overall
model for training, testing, and validation.

Statistical Analysis

Testing

As mentioned above, 30% of the dataset, which consists
of 55 records, was used for testing. As shown in Figure
3, the model achieved an accuracy of 80% and Cohen's
kappa of 0.549 during testing. While accuracy alone can be
misleading in imbalanced datasets, Cohen'’s kappa provides
a more balanced measure of classification performance by
accounting for agreement occurring by chance. A kappa
value of 0.549 indicates moderate agreement, suggesting
that the model produces reliable predictions beyond
random chance but still has room for improvement.

Variables Min Max Mean Standard deviation
Age 16.00 94.00 56.64 16.53

Average blood pressure systolic 102.00 149.00 121.13 10.97

Average blood pressure diastolic 56.50 91.00 71.78 6.51

Weight 40.00 122.10 77.21 17.80

Height 144.00 190.00 165.85 9.21
Pulse/heartbeat 54.00 112.00 78.76 12.03

Average glucose 68.00 178.00 108.38 22.52
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Implementation of ML

Validation

*Low Level HbA1c
¢ 75 Patients
©93,33% Accuracy

Gradient Boosting Algorithm Measurement of Training

©200 Models
¢ Tree Depth 8
¢ Learning Rate 0,05

s Variable Importance

*Medium Level HbA1c
73 Patients
*52,05% Accuracy

70% for Training

180 Clean Records 30% for Testing

Figure 2. Implementation of gradient boosting algorithm
ML: Machine learning, HbATc: Hemoglobin Alc

low (Actual) 0 34 2 0 94.44%
medium (Actual) 0 6 7 0 53.85%
veryhigh (Actual) 0 0 0 0 undefined

100.00% 79.07% 77.78% undefined
Overall Statistics
Overall Accuracy | Overall Error | Cohen's kappa (x) | Correctly Classified | Incorrectly Classified
80.00% 20.00% 0.549 44 1
high (Predicted) low (Predicted) | medium (Predicted) | veryhigh (Predict...
high (Actual) 4 0 0 0 100.00%
low (Actual) 1 24 3 0 85.71%
medium (Actual) 2 4 1 0 64.71%
veryhigh (Actual) 0 0 0 1 100.00%
57.14% 85.71% 78.57% 100.00%
Overall Statistics

Overall Accuracy | Overall Error | Cohen's kappa (x) | Correctly Classified | Incorrectly Classified

80.00% 20.00% 0.655 40 10
high (Predicted) low (Predicted) medium (Predicted) | veryhigh (Predict...
high (Actual) 2 2 0 0 50.00%
low (Actual) 0 28 0 0 100.00%
medium (Actual) 0 8 9 0 52.94%
veryhigh (Actual) 0 0 0 1 100.00%
100.00% 73.68% 100.00% 100.00%
Overall Statistics
Overall Accuracy | Overall Error | Cohen's kappa (x) | Correctly Classified | Incorrectly Classified
80.00% 20.00% 0.608 40 10

Figure 3. Gradient boost, KNN and SVM evaluation of training with test data
KNN: K-nearest neighbors, SVM: Support vector machine
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Examination of Figure 3 shows that the machine predicts
a high level of HbAlc with 100% accuracy. On the other
hand, there were no data to test for very high HbA1c values.
Finally, the accuracies for the low and medium levels are
79.07% and 77.78%, respectively.

Table 3 shows a detailed evaluation of Gradient Boosting,
k-nearest neighbors, and SVM algorithms. In the first
table, all F-measures are acceptable and both sensitivity
and specificity values are adequate for the gradient boost
algorithm.

While the algorithm made the above predictions, it ranked
the variables according to their importance. It should be

Table 3. Detailed evaluation of training

Med J Bakirkoy 2025;21(4):357-367

kept in mind that this grading is relative and is performed
by the gradient boosting algorithm itself. It means that the
algorithm has obtained information from the features shown
in Table 4. As can be seen, the patient’s average glucose,
age, height, and blood pressure are more important to the
algorithm than other features.

RESULTS

Since the testing data were drawn from the training data,
were preprocessed, and had some missing values imputed
using predictions from other variables, the results could
have been biased. Due to this possibility, data collection

Gradient boost

HbA1c TP FP TN FN Precision Sensitivity Specificity F-measure
High 3 0 86 1 1.0 0.75 1.0 0.86

Low 33 12 31 14 0.73 0.70 0.72 0.72
Medium 26 14 38 12 0.65 0.68 0.73 0.67

Very high 1 1 88 0 0.5 1.0 0.99 0.67

KNN

HbA1c TP FP TN FN Precision Sensitivity Specificity F-measure
High 4 3 43 0 0.57 1.00 0.93 0.73

Low 24 4 18 4 0.86 0.86 0.82 0.86
Medium " 3 30 6 0.79 0.65 0.91 0.71

Very high 1 0 49 0 1.00 1.00 1.00 1.00

SVM

HbA1c TP FP TN FN Precision Sensitivity Specificity F-measure
High 2 0 46 2 1.00 0.50 1.00 0.67

Low 28 10 12 0 0.74 1.00 0.55 0.85
Medium 9 0 33 8 1.00 0.53 1.00 0.69

Very high 1 0 49 0 1.00 1.00 1.00 1.00

HbA1c: Hemoglobin Alc, TP: True positive, FP: False positive, TN: True negative, FN: False negative, KNN: K-nearest neighbors, SVM: Support vector machine

Table 4. Variable importance gradient boosting

Variables Relative importance Scaled importance Percentage
Average glucose 297.9 1.0 0.3
Age 215.1 0.7 0.2
Average blood pressure diastolic 127.4 0.4 0.1
Height 125.1 0.4 0.1
Average blood pressure systolic 117.4 0.4 0.1
Pulse/heartbeat 87.1 0.3 0.1
Weight 86.9 0.3 0.1
Gender (male) 9.2 0.0 0.0
Gender (famale) 0.0 0.0 0.0
Is diabetes 0.0 0.0 0.0
Diabetes in family 0.0 0.0 0.0
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continued during the study, and these data were used to
validate the learning. The test dataset used to evaluate
the model’s performance consisted of only 55 records, and
the validation set included 73 medium and 75 low HbA1lc
values. No records representing the “high” or “very high”
categories were present in the validation data. This limited
sample size, particularly the absence of two of the four
target classes during validation, reduces generalizability
of the findings and undermines multi-class classification
performance.

As it is seen in Table 5 and Figure 4 are examined it is seen
that area under curve is 0.81 which close to 1 and sensitivity
and specificity statistics are above 76% suggesting that
machine predictions are accurate enough to be used. On
the other hand, the area under the confidence curve of the
machine appears to be approximately 50%. This value can
be interpreted as: although the machine predicts with an
accuracy of 81.76%, its confidence is low (Table 6, Figure
5). In this case, when the model is applied to real data, any
prediction exceeding 55% may be sufficiently reliable.

DISCUSSION

HbA1cvalueisacriterion usedinthe diagnosis and treatment
of diabetes. It is an important biomarker because, as the
HbA1c level increases or decreases, the risk of diabetes-
related complications changes accordingly. For this reason,
it plays a critical role in assessing both the possibility of
disease progression and the effectiveness of treatment.
This value reflects the average of fasting and postprandial
blood glucose levels over the preceding 2-3 months and is
a robust indicator of long-term glycemic control. It is not
only useful for monitoring diabetes but also predictive of
cardiovascular complications.

While traditional glucose tests, such as fasting blood
glucose, provide only a snapshot of a patient's current state,
they do not reflect long-term trends. Continuous glucose
monitoring addresses this gap partially, but remains costly
and less accessible. In contrast, HbA1c provides a time-
averaged measure; predicting it from easily collected
variables may be useful in contexts where laboratory testing
is unavailable or unreliable.

Study Limitations

One potential limitation of the study is the significant
reduction in usable data due to missing values. While the
initial dataset was large, our strict criteria for data quality
and the need for complete records led to a smaller final
sample size. This decision was intended to avoid bias and
to ensure model integrity. However, it does mean that the
findings should be interpreted as a proof-of-concept, and
further research with larger, more complete datasets is
warranted to validate the model’s generalizability.

In our study, the gradient boosting model achieved a
test accuracy of 80% and a Cohen’s kappa of 0.549. This
kappa score indicates moderate agreement between
the predicted and actual HbA1c categories, suggesting
the model performs better than random classification. In
the validation phase, the model demonstrated 81.76%
accuracy, with sensitivity and specificity values exceeding
76% for low and medium HbA1c categories. These metrics
support the model’s robustness and generalizability within
the observed data range. However, due to the absence of
high and very high HbA1c values in the validation dataset,
further validation with a balanced sample is necessary to
confirm performance across all classes.

Table 5. Evaluation of validation data for low and medium level HbA1c values

Gradient boost

HbA1c TP FP TN FN Precision Sensitivity Specificity F-measure
Low 65 17 56 10 0.79 0.87 0.77 0.83
Medium 56 10 65 17 0.85 0.77 0.87 0.81

KNN

HbA1c TP FP TN FN Precision Sensitivity Specificity F-measure
Low 10 1 4 1 0.91 0.91 0.80 0.91
Medium 3 1 1 1 0.75 0.75 0.92 0.75

SVM

HbA1c TP FP TN FN Precision Sensitivity Specificity F-measure
Low 11 3 2 0 0.79 1 0.40 0.88
Medium 2 0 12 2 1 0.5 1 0.67

HbA1c: Hemoglobin Alc, TP: True positive, FP: False positive, TN: True negative, FN: False negative, KNN: K-nearest neighbors, SVM: Support vector machine
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Confusion Matrix
high (Predicted) low (Predicted) medium (Predicted) | veryhigh (Predict...
high (Actual) 0 0 0 0 undefined
low (Actual) 0 65 10 0 86.67%
medium (Actual) 0 17 56 0 76.71%
veryhigh (Actual) 0 0 0 0 undefined
undefined 79.27% 84.85% undefined
Overall Statistics
Overall Accuracy | Overall Error | Cohen's kappa (x) | Correctly Classified | Incorrectly Classified
81.76% 18.24% 0.635 121 27
high (Predicted) low (Predicted) medium (Predicted) | veryhigh (Predict...
high (Actual) 1 0 0 0 100.00%
low (Actual) 0 10 1 0 90.91%
medium (Actual) 0 1 3 0 75.00%
veryhigh (Actual) 0 0 0 0 undefined
100.00% 90.91% 75.00% undefined
Overall Statistics
Overall Accuracy | Overall Error | Cohen's kappa (x) | Correctly Classified | Incorrectly Classified
87.50% 12.50% 0.729 14 2
high (Predicted) low (Predicted) | medium (Predicted) | veryhigh (Predict...
high (Actual) 0 1 0 0 0.00%
low (Actual) 0 1 0 0 100.00%
medium (Actual) 0 2 2 0 50.00%
veryhigh (Actual) 0 0 0 0 undefined
undefined 78.57% 100.00% undefined
Overall Statistics
Overall Accuracy | Overall Error | Cohen's kappa (x) | Correctly Classified | Incorrectly Classified
81.25% 18.75% 0.489 13 3

Figure 4. Gradient boost, KNN and SVM validation results of medium level HbAlc patients
KNN: K-nearest neighbors, SVM: Support vector machine, HbA1c: Hemoglobin Alc

Another critical consideration in clinical ML is model

interpretability. Gradient boosting models are often
perceived as black boxes, which can undermine trust in
their outputs. To address this, we conducted a variable
importance analysis. Features such as average glucose,
age, height, and blood pressure were identified as the

most influential predictors of HbA1lc. This aligns with
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clinical knowledge and increases the model's transparency.
Future work should incorporate advanced interpretability
techniques, such as SHapley Additive exPlanations or
local interpretable model-agnostic explanations, to further
explain individual predictions and enhance physicians’
confidence in the system.
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Table 6. Validation statistics

Gradient boost

Results Low HbA1c validation Medium HbA1c validation

Statistic Value 95% ClI Value 95% Cl
Sensitivity 86.67% 76.84% to 93.42% 76.71% 65.35% to 85.81%
Specificity 76.71% 65.35% to 85.81% 86.67% 76.84% to 93.42%
Positive likelihood ratio 3.72 24310 5.70 5.75 3.19t0 10.39
Negative likelihood ratio 0.17 0.10to0 0.31 0.27 0.18 to 0.41
Disease prevalence 50.68% 42.34% to 58.98% 49.32% 41.02% to 57.66%
Positive predictive value 79.27% 71.41% to 85.41% 84.85% 75.62% to 91.00%
Negative predictive value 84.85% 75.62% to 91.00% 79.27% 71.41% to 85.41%
Area under curve (ROC) 0.817

Accuracy 81.76% 74.58% to 87.62% 81.76% 74.58% to 87.62%
KNN

Results Low HbA1c validation Medium HbA1c validation

Statistic Value 95% Cl Value 95% CI
Sensitivity 90.91% 58.72% to 99.77% 75.00% 19.41% to 99.37%
Specificity 80.00% 28.36% to 99.49% 91.67% 61.52% to 99.79%
Positive likelihood ratio 4.55 0.78 to 26.50 9 1.27 to 63.89
Negative likelihood ratio 0.1 0.02t0 0.77 0.27 0.05 to 1.50
Disease prevalence 68.75% 41.34% to 88.98% 25.00% 7.27% to 52.38%
Positive predictive value 90.91% 63.17% to 98.31% 75.00% 29.70% to 95.52%
Negative predictive value 80.00% 36.98% to 96.46% 91.67% 66.64% to 98.38%
Area under curve (ROC) 87.50% 61.65% to 98.45% 87.50% 61.65% to 98.45%
Accuracy 90.91% 58.72% to 99.77% 75.00% 19.41% to 99.37%
SVM

Results Low HbA1c validation Medium HbA1c validation

Statistic Value 95% ClI Value 95% ClI
Sensitivity 100.00% 71.51% to 100.00% 50.00% 6.76% to 93.24%
Specificity 40.00% 5.27% to 85.34% 100.00% 73.54% to 100.00%
Positive likelihood ratio 1.67 0.81 to 3.41

Negative likelihood ratio 0 0.5 0.19t0 1.33
Disease prevalence 68.75% 41.34% to 88.98% 25.00% 7.27% to 52.38%
Positive predictive value 78.57% 64.19% to 88.24% 100.00%

Negative predictive value 100.00% 85.71% 69.25% to 94.11%
Area under curve (ROC) 81.25% 54.35% to 95.95% 87.50% 61.65% to 98.45%
Accuracy 100.00% 71.51% to 100.00% 50.00% 6.76% to 93.24%

HbA1c: Hemoglobin Alc, KNN: K-nearest neighbors, SVM: Support vector machine, ROC: Receiver operating characteristic, Cl: Confidence interval
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Figure 5. ROC of validation gradient boost and KNN
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KNN: K-nearest neighbors, ROC: Receiver operating characteristic, HbAlc: Hemoglobin Alc

CONCLUSION

Although it is an advantage to predict HbA1c using different
parameters, it can be wrong to use and interpret because
accurate results cannot be obtained for the patients with
anemia, polycythemia or hemoglobinopathy. Our values
with 86.72-76.71% specificity and sensitivity and accuracy
of 81.76% can help to eliminate this problem. Positive and
negative predictivity values are also above acceptable
levels. Based on these results, it is a useful estimation tool in
situations where HbA'c cannot be measured, when testing
is requested without requiring a 3-month waiting period,
or when Hb-related diseases render HbAlc measurements
unreliable.
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The Prognostic Impact of Acute Kidney Injury in Patients
with Moderate and Low-Risk Pulmonary Embolism

Orta ve DuUstk Riskli Pulmoner Emboli Hastalarinda Akut Bobrek Hasarinin
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ABSTRACT

Objective: This study aimed to evaluate the incidence of acute kidney injury (AKI) and its impact on prognosis in patients diagnosed with acute
pulmonary embolism (PE).

Methods: Patients hospitalized with a diagnosis of acute PE between January 2018 and March 2023 were retrospectively reviewed. Demographic
data; comorbidities; risk factors such as atrial fibrillation, malignancy, immobilization, history of surgery, fracture, and deep vein thrombosis (DVT);
biochemical parameters; and 30-day mortality were recorded. AKl was diagnosed using the kidney disease: improving global outcomes criteria.

Results: AKI was identified in 11.8% of the 186 patients. Compared with those without AKI, patients with AKI were older (p=0.024) and had a
higher prevalence of diabetes, chronic kidney disease, atrial fibrillation, and immobilization (p=0.035, 0.001, 0.027, and <0.001, respectively).
In the AKI group, serum creatinine and troponin levels were higher, while estimated glomerular filtration rate and serum albumin levels were
lower. In the mortality group, comorbidities such as diabetes mellitus, malignancy, immobilization, concomitant DVT, and a simplified pulmonary
embolism severity index score >1 were observed more frequently. However, there was no significant difference in mortality between patients with
and without AKI at admission or during hospitalization (p=0.079).

Conclusion: Among patients with acute PE, AKl present at admission does not independently affect 30-day mortality. However, the occurrence of
AKI at admission or during hospitalization was associated with a non-significant trend toward increased mortality (p=0.079).

Keywords: Acute kidney injury, pulmonary embolism, mortality

oz
Amag: Bu calismanin amaci akut pulmoner emboli (PE) tanisi almis hastalarda akut bébrek hasari (ABH) insidansini ve prognoz Gzerindeki etkisini
degderlendirmektir.

Gereg ve Yéntem: Ocak 2018 ile Mart 2023 arasinda akut PE tanisiyla hastaneye yatirilan hastalar retrospektif olarak incelendi. Demografik
veriler, eslik eden hastaliklar, atriyal fibrilasyon, malignite, immobilizasyon, cerrahi dykisd, kirik ve derin ven trombozu (DVT) gibi risk faktorleri,
biyokimyasal parametreler ve 30 giinlik mortalite durumlari kaydedildi. ABH, bébrek hastaligr: kiresel sonuclari iyilestirme kriterleri kullanilarak
teshis edildi.

Bulgular: Yiz seksen alti hastanin %11,8'inde ABH tespit edildi. ABH olmayan hastalarla karsilastirldiginda, ABH olan hastalar daha yagliydi
(p=0,024) ve diyabet, kronik boébrek hastaligi, atriyal fibrilasyon ve immobilizasyon prevalansi daha yiiksekti (sirasiyla p=0,035, 0,001, 0,027 ve
<0,001). ABH grubunda, serum kreatinin ve troponin seviyeleri daha ytksekken, tahmini glomerller filtrasyon hizi ve serum albimin seviyeleri
daha dugtkti. Mortalite goérilen grupta diyabet, malignite, immobilizasyon, es zamanl DVT ve basitlestiriimis pulmoner emboli siddet indeksi
>1 daha fazla gorildi. Ancak, ABH olan ve olmayan hastalar arasinda hastaneye yatista ve/veya yatis sirasinda mortalite agisindan anlamli bir fark
yoktu (p=0,079).

Sonug: Akut PE hastalarinda bagvuru aninda ABH'nin 30 glinliik mortalite Gzerine dogrudan bir etkisi gérilmemistir. Ancak bagvuru aninda ve/
veya hastanede yatis sirasinda ABH gelisimi, mortaliteyi artirma egiliminde olmasina ragmen bu artis istatistiksel olarak anlamli degildir (0=0,079).

Anahtar Kelimeler: Akut bobrek hasari, pulmoner emboli, mortalite
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INTRODUCTION

Acute kidney injury (AKI), defined as a rapid and often
reversible decline in kidney function, is characterized
by decreased urine output or elevated serum creatinine
(SCr) levels. It is a prevalent condition, particularly among
hospitalized patients (1). The incidence of AKlin hospitalized
patients is approximately 10-15%, increasing to as high as
50% in those admitted to intensive care units (2).

Pulmonary embolism (PE), a clinical condition caused by
partial or complete obstruction of the pulmonary artery
or its branches by a thrombus, is the third most common
cardiovascular cause of death worldwide (3). The clinical
spectrum of PE ranges from asymptomatic cases to
fatal outcomes due to hemodynamic instability. In acute
PE cases, risk assessment is the most crucial step for
appropriate treatment planning, where “risk” refers to
mortality. Stratifying patients diagnosed with acute PE into
high, intermediate-, or low-risk categories for early mortality
directly influences treatment options (anticoagulation
or reperfusion) and prognosis (4). The main clinical
manifestation of cardiovascular collapse due to massive PE
and acute right ventricular failure is hypotension. Patients
presenting with persistent hypotension and cardiogenic
shock are considered high-risk because these conditions
are directly associated with early mortality (5). In patients
without detected hypotension or shock, risk assessment
using the simplified pulmonary embolism severity index
(sPESI) after diagnosis helps identify low- and intermediate-
risk patients. Patients with PESI class I-Il or sPESI <1 are
deemed low-risk, while those with PESI class IlI-IV or sPESI
>1 are considered medium risk (6).

AKI can develop in patients with acute PE due to renal
congestion, hemodynamic instability, or both. A study by
Murgier et al. (7) has shown that the presence of AKl in PE
patients is associated with increased mortality across all risk
groups (high, medium, and low). Additionally, when AKI
status is added to the sPESI score, it enhances mortality
prediction and can be useful in deciding whether low-risk
patients can be treated at home (7).

In our study, we aimed to determine the frequency of AKI
at admission and during hospitalization among medium-
and low-risk patients with acute PE, and to investigate the
impact of AKl on their prognosis.

METHODS

Patients admitted to the pulmonology department with a
diagnosis of hemodynamically stable acute PE between
January 2018 and March 2023 were retrospectively reviewed.

Patients aged 18 years or older with a confirmed diagnosis
of PE by computed tomography pulmonary angiography or
ventilation/perfusion scintigraphy were included in the study.
Patients with PE who were hemodynamically unstable were
excluded from the study because they required monitoring
in the intensive care unit. Additionally, patients with missing
data, patients with an uncertain diagnosis of embolism,
patients with duplicate records, and patients undergoing
hemodialysis were excluded from the study (Table 1).
Patients’ demographic characteristics, comorbidities, risk
factors, presence of deep vein thrombosis (DVT), sPESI
scores, vital signs, creatinine, estimated glomerular filtration
rate (eGFR), albumin, D-dimer, troponin values, and 30-day
mortality status were recorded. The eGFR was calculated
using the formula provided by the Chronic Kidney Disease
Epidemiology Collaboration (8). The diagnosis of AKI was
established according to the kidney disease: improving
global outcomes (KDIGO) guidelines (9). The presence
of AKI at hospital admission and its development during
hospitalization were documented.

The sPESI is calculated based on six clinical parameters:
age >80 years, history of cancer, chronic cardiopulmonary
disease, heart rate >110 bpm, systolic blood pressure <100
mmHg, and oxygen saturation <90%. Patients with an sPESI
score of O are considered low risk, whereas those with a
score >1 are considered high risk.

In accordance with the Turkish Thoracic Society Pulmonary
Embolism Consensus patients
categorized into moderate- and low-risk groups. Specifically,
those with a PESI class I-Il or sPESI <1 were categorized
as low-risk, while patients with a PESI class Ill-IV or sPESI
>1 were classified as moderate-risk. It is important to
emphasize that these classification systems are exclusively
applicable to hemodynamically stable patients (10).

Report, were further

Early-period mortality was defined as death due to any
cause occurring within 30 days. Patients were divided into
two groups: those with AKI at the time of admission and
those without, Additionally, patients were categorized as
survivors or non-survivors.

This study was conducted in accordance with the Declaration
of Helsinki and was approved by our University of Health

Table 1. Patient selection and exclusion criteria

Patients initially assessed for eligibility n=343
Patients with missing data excluded) n=32
Uncertain diagnosis of embolism (excluded) n=72
Patients with duplicate records (excluded) n=46
Undergoing hemodialysis (excluded) n=7
Total number of included patients n=186
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Sciences Turkiye, Kartal Dr. Lutfi Kirdar City Hospital Clinical
Research Ethics Committee (approval no: 2022/514/238/20,
date: 29.11.2022).

Statistical Analysis

Continuous data are presented as median and interquartile
range (IQR). Categorical data are presented as percentages.
For multiple-group comparisons of categorical variables,
the chi-square test was used. Continuous variables were
compared using the Mann-Whitney U test. Multivariate
logistic regression analysis was performed to identify risk
factors associated with mortality. Variables were selected
for regression analysis based on the Mann-Whitney U test
(p<0.1). All tests were performed using SPSS for Windows,
version 17.0 (SPSS Inc., Chicago, IL, USA). P-values of less
than 0.05 were considered statistically significant.

RESULTS

The study included 186 patients, of whom 82 (44.1%) were
male. The average age of the patients was 63 years, and
at the time of admission, 22 patients (11.8%) had AKI. The
most common comorbidities were hypertension (44.1%),
diabetes (23.1%), and coronary artery disease (16.7%), in that
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order. Active malignancy was present in 62 patients (33.3%).
Atrial fibrillation was detected in 18 (9.7%) patients and DVT
in 70 (39.5%) patients at the time of admission (Table 2).

The group with AKI at admission had a significantly higher
mean age (p=0.024). Additionally, diabetes, chronic kidney
disease, chronic atrial fibrillation, and immobilization
were more frequent (p=0.035, p<0.001, p=0.027, p<0.001,
respectively). Vital signs indicated that the group with AKI
had lower oxygen saturation and pulse rate (p=0.025 and
p=0.022, respectively) (Table 2).

In the group with AKI at admission, SCr and troponin levels
were significantly higher, and eGFR and serum albumin
levels were lower (p<0.000, p=0.002, p<0.000, p=0.003,
respectively) (Table 3).

Among patients who died within 30 days, diabetes, active
malignancy, immobilization, concurrent DVT, and a sPESI
score 21 were significantly more common than in the group
that did not die (p=0.037, p=0.007, p=0.039, p=0.048, and
p=0.005, respectively). Mortality was higher in the group
with AKI at admission or during hospitalization, although
the difference was not statistically significant (p=0.079). Vital
signs indicated that the group who died had a higher pulse

Table 2. Baseline characteristics of pulmonary thromboembolism patients according to AKI presence at admission

All patients No AKI AKI

(n=186) (n=164) (n=22) p-value

median (IQR) median (IQR) median (IQR)
Age (years) 63 (50-76) 62 (49-75) 73 (60.5-80.5) 0.024
Gender (male), n (%) 82 (44.1) 76 (46.3) 6(27.3) 0.091
Comorbidities
Hypertension, n (%) 82 (44.1) 70 (42.7) 12 (54.5) 0.293
Diabetes mellitus, n (%) 43(23.1) 34 (20.7) 9 (40.9) 0.035
Coronary artery disease, n (%) 31(16.7) 28 (17.1) 3(13.6) 1.000
Chronic kidney disease, n (%) 21 (11.3) 14 (8.5) 7 (31.8) 0.001
Previous stroke, n (%) 15(8.1) 12 (7.3) 3(13.6) 0.271
Atrial fibrillation, n (%) 18 (9.7) 13(7.9) 5(22.7) 0.027
Malignancy, n (%) 62 (33.3) 51 (31.1) 11 (50) 0.077
Immobilization, n (%) 72 (38.7) 56 (34.1) 16 (72.7) 0.000
History of surgery n (%) 24 (12.9) 22 (13.4) 2(9.1) 0.744
Fracture of lower limb n (%) 11 (5.9) 11 (6.7) 0(0) 0.367
Coexistence with DVT, n (%) 702 (39.5) 61 (38.9) 9 (45) 0.596
Physical examination findings
sBP, mmHg 115 (100-130) 119 (100-130)° 112 (100-122.5) 0.318
dBP, mmHg 70 (60-80) 70 (60-80) 70 (60-70) 0.189
Pulse, /min 85.5 (84-97) 85.5(77.8-99) 77 (70-87.3) 0.022
SpO, 94 (90-96) 95 (90-96) 90.5 (87.5-95) 0.025

Values are expressed as median (IQR), count (percentage).

2 Nine values were missing, : Three values were missing, AKI: Acute kidney injury, DVT: Deep venous thrombosis, sBP: Systolic blood pressure, dBP: Diastolic

Blood pressure, SpO,: Pulse oximeter oxygen saturation, IQR: Interquartile range
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rate (p=0.004), and biochemical parameters showed lower Logistic regression analysis of variables associated with
albumin and higher troponin T levels (p<0.000, p=0.009, mortality found that only concurrent malignancy was an
respectively) (Table 4). independent risk factor [p=0.044; 95% confidence interval

(Cl), 1.04-25.76] (Table 5).

Table 3. Laboratory values of patients admitted with pulmonary embolism according to AKI presence at admission

All patients No AKI AKI

(n=186) (n=164) (n=22) p-value

median (IQR) median (IQR) median (IQR)
Serum creatinine, mg/dL 0.83 (0.66-1.04) 0.78 (0.65-0.97) 1.34 (1.07-1.67) 0.000
eGFR, mL/min/1.73 m? 90.2 (69.8-105.4) 91.6 (77.6-106.4) 40.9 (32.6-61.1) 0.000
Albumin, g/dL 3.6 (3-4) 3.6 (3.1-4.03) 3.3(2.8-3.5) 0.003
Troponin T, ng/L 19.5 (8-40) 18 (7-35.5) 40 (17-52) 0.002
D-dimer, pg/L 3875 (2722.5-7652.5) 3640 (2267.5-7487.5) 6295 (3200-13057.5) 0.108

IQR: Interquartile range, AKI: Acute kidney injury, eGFR: Estimated glomerular filtration rate

Table 4. Comparison of the demographic, clinical and laboratory characteristics on admission between patients who survived and who died

Variables n Patie‘nts who survived n Patie‘nts who died p-value
median (IQR) median (IQR)
Age (years) 163 62 (50-75) 22 73 (50.3-79) 0.179
Gender (male) 163 69 (42.3) 22 13 (59.1) 0.137
Comorbidities
Hypertension 163 2(44.2) 22 9 (40.9) 0.772
Diabetes mellitus 163 34 (20.9) 22 9 (40.9) 0.037
Coronary artery disease 163 28(17.2) 22 3(13.6) 1.000
Chronic kidney disease 163 7 (10.4) 22 4(18.2) 0.285
Atrial fibrillation 163 59.2) 22 3(13.6) 0.454
Malignancy 163  49(30.1) 22 13 (59.1) 0.007
Immobilization 163 59(36.2) 22 13 (59.1) 0.039
Coexistence with DVT 154 57 (37.01) 22 13 (59.1) 0.048
Physical examination findings
sBP, mmHg 160  114.5(100-130) 22 115 (100-140) 0.665
dBP, mmHg 160 70 (60-80) 22 70 (60-71.3) 0.215
Pulse, min 157 82 (72-95) 22 94.5 (80-111.8) 0.004
SpO, <90% 163  34(20.9) 22 4(18.2) 1.000
Laboratory findings
Serum creatinine, mg/dL 163  0.84(0.68-1.04) 22 0.82 (0.63-1.21) 0.973
eGFR, mL/min/1.73 m? 163  90.5(69.5-105.2) 22 85.4 (70.9-108.4) 0.771
Albumin, g/dL 159 3.6(3.2-4) 20 2.9 (2.6-3.2) 0.000
D-dimer, pg/L 101 3770 (2785-7420) 13 5680 (2055-12410) 0.533
Troponin T, ng/L 119 8 (7-38) 16 34 (27-49) 0.009
AKI at admission 163 9(11.7) 22 3(13.6) 0.730
AKI (admission and/or during hospitalization) 137 21(15.3) 19 6(31.6) 0.079
sPESI >1 162 87 (53.7) 21 18 (85.7) 0.005
PAP >25 mmHg 122 37(30.3) 17 7(41.2) 0.368

DVT: Deep venous thrombosis, sBP: Systolic blood pressure, dBP: Diastolic blood pressure, SpO,: Pulse oximeter oxygen saturation, eGFR: Estimated glomerular
filtration rate, AKI: Acute kidney injury, sPESI: Simplified pulmonary embolism severity index score, PAP: Pulmonary artery pressure, IQR: Interquartile range
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Table 5. Multivariate logistic regression analyses of risk factors associated with mortality in patients admitted with pulmonary embolism

Multivariate

Variables
B OR 95% ClI p-value

Diabetes mellitus 0.050 1.051 0.269-4.116 0.943
Malignancy 1.645 5.182 1.042-25.759 0.044
Immobilization 0.370 1.447 0.337-6.214 0.619
Coexistence with DVT 0.473 1.605 0.423-6.092 0.487
Pulse, min 0.036 1.036 0.994-1.080 0.091
Hypoalbuminemia (alb <3.5 g/dL) 1.863 6.443 0.699-59.403 0.100
Troponin T (ng/L) -0.002 0.998 0.981-1.016 0.824
AKI (admission or during hospitalization) 1.015 2.761 0.567-13.433 0.208
sPESI >1 -0.114 0.892 0.114-6.973 0.914

alb: Albumin, DVT: Deep venous thrombosis, AKI: Acute kidney injury, sPESI: Simplified pulmonary embolism severity index, OR: Odds ratio, Cl: Confidence

interval

DISCUSSION

In our study, AKI present at hospital admission in patients
with moderate- and low-risk PE did not affect mortality. The
mortality rate was higher in patients who developed AKI at
the time of initial admission and/or during hospitalization
compared with those without AKI; however, this difference
was not statistically significant.

AKl is a significant complication in patients with acute PE
and has been associated with adverse clinical outcomes. In
our study, AKl was identified in 11.8% of patients. In contrast,
Murgier et al. (11) conducted a large-scale study involving
21,131 PE patients and reported that 29.5% developed
AKI. Furthermore, their analysis demonstrated that AKl was
an independent predictor of 30-day all-cause mortality in
PE patients [odds ratio (OR)=1.25, 95% Cl: 1.02-1.54] (11).
Similarly, a recent meta-analysis by Xing et al. (12) reported
that AKl is an independent predictor of poor prognosis
in acute PE patients, doubling the overall mortality rate
(pooled OR=2.75, 95% Cl: 2.45-3.08, p<0.001). However,
our study, which included 186 patients with moderate- and
low-risk PE, found no significant association between AKI
and 30-day mortality (p=0.079). This discrepancy may be
attributed to differences in patient populations, PE severity,
and sample size between the two studies. While Murgier et
al. (11) included high-risk PE patients within a much larger
cohort, our study focused solely on hemodynamically stable
patients; this difference may explain the lack of statistical
significance.

In another recent meta-analysis, Wang et al. (13) reported
that renal insufficiency, particularly AKI and severe renal
impairment (eGFR <30 mL/min/1.73 m?), was significantly
associated with an increased risk of early mortality in PE
patients (pooled OR=2.69, 95% Cl: 1.24-5.84, p<0.001).
Unlike this meta-analysis, our study, which focused exclusively
on AKI as defined by KDIGO criteria, found no significant
association between AKI and 30-day mortality (p=0.079).
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This discrepancy may be attributed to differences in how
renal impairment is defined among studies; for example,
some studies in the meta-analysis included patients with
severe chronic kidney disease (eGFR <30 mL/min/1.73 m?).

In our study, serum albumin levels were significantly lower
in patients with AKI than in those without AKI (p=0.003).
Similarly, among patients who died within 30-days, serum
albumin levels were significantly lower than in those who
survived (p<0.000). Wiedermann et al. (14) published a
meta-analysis demonstrating that hypoalbuminemia is an
independent risk factor for both the development of AKI
(OR=2.34, 95% Cl: 1.74-3.14) and AKl-related mortality
(OR=2.47,95% Cl: 1.51-4.05).

In the management of acute PE, the most commonly used
risk stratification tool to guide treatment decisions and
predict short-term mortality is the sPESI. In our study, the
30-day mortality rate among patients with an sPESI score
>1 was significantly higher than among those with an sPESI
score <1 (p=0.005).

The sPESI is a widely used and validated tool for risk
stratification in acute PE patients. In our study, patients with
an sPESI score >1 had significantly higher 30-day mortality
than those with an sPESI score of O (p=0.005). While our
study focused on evaluating the prognostic role of sPESI,
a large-scale registry study by Murgier et al. (7), which
included 30,532 PE patients from the RIETE database,
further investigated the impact of AKl on sPESI-based
risk stratification. Their findings demonstrated that AKI
significantly increased 30-day mortality in all sPESI-defined
risk groups: from 0.46% to 3% in low-risk patients, from 5.4%
to 10% in intermediate-risk patients, and from 9.4% to 18%
in high-risk patients (7). These results suggest that renal
function may play a crucial role in PE prognosis. Although
our study did not assess integrating AKl into sPESI scoring,
our findings align with existing literature by confirming the
prognostic power of sPESI.
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Concurrent malignancy in patients hospitalized for acute
PE has been associated with a 90% increase in all-cause
mortality and a longer hospital stay (15). Malignancy is a
well-established risk factor for poor prognosis in patients
with PE. In our study, malignancy was identified as the only
independent predictor of 30-day mortality in the multivariate
logistic regression analysis (OR=5.18, 95% Cl: 1.04-25.76,
p=0.044). This finding highlights the significant impact
of malignancy on mortality risk, even after adjustment for
other well-known prognostic factors such as immobilization,
DVT, troponin elevation, AKI, and sPESI >1; none of these
factors were independently associated with mortality in
our analysis. Similarly, a large-scale retrospective study by
Shalaby et al. (15) found that cancer was associated with
a significantly higher in-hospital mortality rate (11.8% vs.
6.6%, OR=1.79, p<0.0001).

Study Limitations

Our study has some limitations. It was a single-center
retrospective study with a smaller patient group than
reported in the literature. High-risk PE patient groups were
not included in our study.

CONCLUSION

Our study demonstrated that in hemodynamically stable
patients hospitalized with acute PE, the presence of AKI at
admission was not an independent predictor of mortality.
Although mortality rates were higher in patients with AKI
at admission and/or during hospitalization, this difference
did not reach statistical significance Further large-scale
prospective studies are needed to better elucidate the
prognostic role of AKI in patients with hemodynamically
stable PE.
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Determinants of Surgeon and Center Selection in
Recurrent Lumbar Disc Herniation: A Survey-Based
Analysis of Patient Decision-Making

Niks Lomber Disk Hernisinde Merkez ve Cerrah Degisimi: Hasta Tercihlerini
Belirleyen Etkenler Uzerine Anket Temelli Bir Arastirma
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Uzay Erdogan’, ©© Hasan Burak Gundiz!, ©© Erhan Emel’

TUniversity of Health Sciences Tiirkiye, Bakirkdy Prof. Dr. Mazhar Osman Mental Health and Neurological Diseases Training and Research
Hospital, Clinic of Neurosurgery, istanbul, Turkiye
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ABSTRACT

Objective: To investigate factors influencing patients’ selection of surgeon and treatment center for revision surgery for recurrent lumbar disc
herniation in Turkiye. Understanding the motivations behind changing providers after primary spinal surgery is crucial for enhancing continuity of
care and informing health policy within mixed healthcare systems.

Methods: This cross-sectional observational study was conducted at a tertiary neurosurgery center in istanbul. Forty patients who had previously
undergone lumbar discectomy and subsequently required revision surgery were interviewed via structured telephone questionnaires. Patients
were asked about their reasons for changing surgeons or institutions, their satisfaction with their initial surgery, and whether they had contacted
their index surgeon following recurrence. Descriptive statistics were used to analyze response frequencies. Additionally, two-proportion z-tests
were used to compare key findings against data from the landmark international literature.

Results: The most common reasons for changing providers were seeking a second opinion (45%), dissatisfaction with prior care (30%), and
financial barriers (35%). All 14 patients who had initially undergone surgery in private hospitals opted for revision in public institutions, citing cost
concerns. Despite 70% of patients reporting satisfaction with their index surgery, only 35% reconsulted their original surgeon after recurrence of
symptoms. A minority (10%) deliberately avoided their initial provider despite having access. Furthermore, the proportion of patients who did not
reconsult their index surgeon (65%) was significantly higher than that reported in benchmark United States of America studies (p=0.017).

Conclusion: Although patient satisfaction with initial surgery was generally high, provider change was frequently driven by economic pressures
and informational needs, rather than geographic relocation or outright dissatisfaction. These findings underscore the importance of transparent
preoperative counseling and cost awareness, particularly in mixed public-private systems like Tlrkiye's. Future research should evaluate the
impact of provider continuity on revision outcomes and explore strategies to support equitable access to complex spinal care.

Keywords: Choice behavior, continuity of patient care, disc herniation, health services accessibility, patient satisfaction, recurrence, reoperation,
second opinion, Turkiye

oz

Amag: Bu calisma, Tirkiye'de niks lomber disk hernisi nedeniyle revizyon cerrahisi geciren hastalarda cerrah ve saglik merkezi tercihini etkileyen
faktorleri arastirmayi amaclamaktadir. Primer spinal cerrahi sonrasi saglik hizmeti saglayicisi degisiminin altinda yatan motivasyonlarin anlagiimasi,
bakim strekliliginin glclendirilmesi ve karma saglik sistemlerinde saglik politikalarinin gelistirilmesi agisindan 6nem tasimaktadir.

Gereg ve Yéntem: Bu kesitsel gdzlemsel calisma, Istanbul’daki ticlincii basamak bir beyin cerrahisi merkezinde yiiriitilmustiir. Daha énce lomber
diskektomi uygulanmis ve sonrasinda revizyon cerrahisine ihtiya¢g duyan 40 hasta ile yapilandiriimis telefon anketleri araciligiyla géristlmistdr.
Hastalara cerrah ya da kurum degistirme nedenleri, ilk cerrahilerine iliskin memnuniyet diizeyleri ve nlks sonrasi bu cerrahla yeniden iletisime
gecip gegmedikleri sorulmustur. Yanit frekanslari tanimlayici istatistiklerle analiz edilmis; ayrica bazi temel bulgular, uluslararasi literatirdeki
referans verilerle iki oran z-testleri kullanilarak karsilastinlmistir.
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oz

Bulgular: Saglik hizmeti saglayicisi degisikliginin en sik gerekgeleri ikinci goris alma istedi (%45), dnceki bakimdan memnuniyetsizlik (%30)
ve finansal engeller (%35) olarak belirlenmistir. Basglangicta 6zel hastanelerde ameliyat olan 14 hastanin tamami, revizyon cerrahisini kamu
hastanelerinde yaptirmayi tercih etmis ve bu karari maliyet gerekcesiyle aldiklarini belirtmistir. Hastalarin %70'i ilk cerrahilerinden memnun
olduklarini ifade etmesine ragmen, yalnizca %35'i semptomlarin yinelenmesinden sonra ilk cerrahlarina yeniden bagvurmustur. Erisim imkani
olmasina ragmen %10'luk bir kesim, &nceki cerrahlarini bilingli olarak tercih etmemistir. ilk cerrahina yeniden basvurmayan hastalarin orani (%65),
benzer Amerika Birlesik Devletleri kaynakli calismalarda bildirilen oranlara kiyasla anlamli él¢lide yiiksektir (p=0,017).

Sonug: Hastalarin ilk cerrahiye yonelik memnuniyet dizeyi genel olarak yiiksek olmakla birlikte, saglik hizmeti saglayicisi degisimi cogunlukla
ekonomik nedenler ve bilgi edinme ihtiyaci ile iliskilidir; cografi nedenler veya dogrudan memnuniyetsizlik daha az etkili gérinmektedir. Bu
bulgular, kamu-6zel dengesine dayali saglik sistemlerinde, dzellikle maliyet konusunda seffaf bilgilendirme ve etkili preoperatif danismanhigin
dnemine isaret etmektedir. Gelecek calismalar, saglik hizmeti saglayicisi stirekliliginin revizyon cerrahisi sonuclarina etkisini degerlendirmeli ve
kompleks spinal bakim hizmetlerine adil erisimi destekleyici stratejiler gelistirmelidir.

Anahtar Kelimeler: Tercih davranigi, hasta bakiminin strekliligi, disk hernisi, saglik hizmetlerine erisim, hasta memnuniyeti, niks, yeniden cerrahi,

ikinci gérus, Turkiye

INTRODUCTION

Lumbar disc herniation is among the most frequently
encountered degenerative spinal disorders, and surgical
discectomy remains a well-established treatment for
patients with persistent radiculopathy unresponsive to
conservative measures. Despite the generally favorable
outcomes of lumbar discectomy, recurrence rates have
been reported between 5% and 15%, often requiring
reoperation. In such cases, patients face complex decisions
about whether to return to their original surgeon or to seek
care from a different provider or institution (1,2).

Patient choice in recurrent spinal surgery is multifactorial
and may be influenced by prior satisfaction with the initial
surgery, trust in the surgeon, accessibility, institutional
reputation, and even social or geographic mobility. In the
setting of recurrent lumbar disc herniation, where surgical
outcomes are less predictable and patient expectations
are shaped by previous experiences, these decisions gain
particular importance. Understanding the determinants
of such preferences can offer valuable insights into the
dynamics of surgeon-patient relationships and the broader
delivery of spinal care (3-5).

While patient attrition during long-term follow-up is often
assumed to reflect dissatisfaction with prior care, emerging
evidence suggests that logistical and systemic factors—such
as relocation, insurance compatibility, or referral patterns—
may play a more prominent role. However, there is a paucity
of data on these preferences in the context of revision
lumbar surgery, particularly in countries with centralized
health systems and limited availability of multidisciplinary
spine units (6,7).

The objective of this study is to investigate the factors
influencing selection of surgeon and center among patients
undergoing surgery for recurrent lumbar disc herniation.
Using a structured, telephone-administered questionnaire,

we aim to assess the relative impact of satisfaction,
communication, accessibility, and institutional variables on
patient decision-making. Through this inquiry, we seek to
contribute to a better understanding of patient behavior in
the context of revision spine surgery and to inform strategies
for optimizing continuity of care.

METHODS

Study Design and Setting

This observational, cross-sectional study was conducted at
the Department of Neurosurgery of a tertiary care referral
center in Istanbul, Tiirkiye. The study was approved by the
University of Health Sciences Turkiye, Bakirkéy Dr. Sadi
Konuk Training and Research Hospital Non-Interventional
Scientific Research Ethics Committee (approval no: 2025-
10-03, date: 21.05.2025), and all procedures were carried out
in accordance with the Declaration of Helsinki and national
regulations on human subject research.

Patient Selection

Patients who underwent lumbar spine surgery between
September 1, 2015, and September 1, 2024, and were
subsequently diagnosed with lumbar disc
herniation were retrospectively identified from hospital
records. Eligibility criteria included age =18 years, a prior
lumbar discectomy, and either reoperation for recurrence
or consultation for recurrent symptoms. Patients were
contacted via telephone, and those who provided verbal
informed consent were included in the study. Exclusion
criteria were: incomplete medical history, inability to
establish communication, refusal to participate, or severe
neurological deficits impairing communication.

recurrent

Data Collection

A structured questionnaire was administered via telephone
interviews between May and June 2025. The questionnaire
included items regarding demographic data, initial and
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revision surgery details, satisfaction with the index surgeon,
reasons for seeking a different surgeon or institution,
communication history with the initial provider, and
preferences related to healthcare institution type (public,
university, private).

The questionnaire was developed by adapting items from
instruments used in similar studies (6-8). The final draft
was then reviewed by two independent spine surgeons for
content validity, clarity, and relevance.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 22.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics, including frequencies (n) and percentages (%),
were used to summarize all patient-related data and
questionnaire responses. To compare key proportions in
our cohort with those reported in previous studies, a two-
proportion z-test was used (7). A p-value of <0.05 was
considered statistically significant.

RESULTS

Forty patients who underwent revision surgery for recurrent
lumbar disc herniation completed the telephone-based
questionnaire. Since all patients had previously undergone
lumbar discectomy, spinal level and surgical type were not
included as variables. Baseline characteristics of the index
surgeons and institutions are summarized in Table 1.

Patients were asked about theirreasons for not consulting the
same surgeon again. The most commonly reported factors
were seeking a second opinion (45.0%) and dissatisfaction
with prior care (30.0%). In addition, 14 patients (35.0%)
reported financial constraints, citing high costs in private
hospitals as the reason they chose to undergo surgery in a
public hospital. Multiple responses were allowed (Table 2).

Contact patterns and satisfaction outcomes are summarized
in Table 3. Only 14 patients (35.0%) discussed their new
symptoms with their original surgeon. Of the 26 who did
not, four (10.0% of the total sample) had the opportunity to
return but consciously chose not to return.

Table 1. Index-surgery characteristics (n=40)

Med J Bakirkoy 2025;21(4):374-379

Despite half of the cohort initially received surgery in
private hospitals, financial concerns emerged as a major
determinant of subsequent surgeon preference. While
dissatisfaction and the desire for a second opinion were
common, 70% of patients reported being satisfied with their
original surgical care and expressed a willingness to undergo
the same operation again (Table 3). These findings suggest
that changes of surgeon or treatment center in recurrent
disc surgery are not solely due to negative experiences, but
are shaped by multifactorial considerations, including cost,
access, and evolving trust dynamics.

DISCUSSION

This study investigated why patients undergoing revision
lumbar discectomy did not return to their original surgeons
for follow-up care or reoperation. Although the majority
expressed satisfaction with their initial surgical outcomes,
more than half of the cohort sought consultation with a
different surgeon for the recurrent episode. The most
commonly cited reasons were dissatisfaction with prior care,
desire for a second opinion, and financial barriers associated
with reoperation in the private sector. Notably, even among
patients who had access to their original surgeons, some
deliberately changed providers, indicating that practical
access alone does not ensure continuity of care. These
findings highlight a critical gap between patient experience
and provider continuity in the context of recurrent spinal

Table 2. Patient-reported reasons for not returning to the index
surgeon (n=40)

Reason n %

Seeking a second opinion 18 45.0
Dissatisfaction with previous care 12 30.0
Surgeon no longer practiced in the area 5 12.5
Patient had relocated 5 12.5
Told a more complex operation was required 4 10.0
Other* 14 35.0

*: All 14 patients underwent surgery in private hospitals and were
subsequently transferred to public care for revision surgery because of high
out-of-pocket costs

Variable Category n % Table 3. Follow-up behavior and patient satisfaction (n=40)
Specialty of index Neurosurgery 35 875 Outcome n %
surgeon Orthopaedics 5 12.5 Contacted original surgeon regarding new 14 350%
. ()
Private hospital 20 50.0 symptoms
o Tertiary training/research o 300 Did not contact original surgeon 26 65.0%
Institution where hospital ’ Of whom actively chose not to return despite access 4 10.0%
surgery was : — : : ' ’
performed Secondary-level public 6 150 Satisfied with prior surgical care 28  70.0%
hospital ’ B
Would undergo the same procedure again for same 28 70.0%
University hospital 2 5.0 outcome =

376




Aydin et al. Determinants of Surgeon and Center Selection in Recurrent Lumbar Disc Herniation

surgery, emphasizing the multifactorial nature of surgical
loyalty and decision-making.

Patients’ decisions to change surgeons despite access to
their original providers are consistent with prior literature
highlighting the complexity of follow-up behavior in spine
care. Inthe landmark study by Daffneretal. (7), approximately
46% of patients did not contact their original surgeon upon
experiencing new symptoms, and only 4% consciously
chose not to return despite having the opportunity. In
contrast, our study found both a significantly higher rate
of patients who did not reconsult their index surgeon (65%
vs. 46.4%; z=2.39, p=0.017) and a greater proportion of
patients who actively avoided follow-up (10% vs. 4%). This
suggests a higher rate of intentional provider change in our
setting, possibly influenced by contextual factors such as
the healthcare structure or cultural expectations. Moreover,
while Daffner et al. (7) reported that 71% of patients were
satisfied with their previous care, we found a nearly identical
satisfaction rate (70%), indicating that switching surgeons is
not always driven by dissatisfaction alone. Rather, as seen
in both cohorts, second-opinion seeking emerged as a
major driver. Although the rate of second-opinion seeking
was notably higher in our cohort, the difference was not
statistically significant compared with Daffner’s study (45.0%
vs. 31.9%; z=1.37, p=0.17) (7). This finding aligns with
evidence from a recent scoping review that second opinions
in spine surgery are both frequent and often discordant with
initial recommendations. Such discrepancies can erode the
trust in the original treatment plan and influence patient
loyalty (7,8).

The reasons for this discordance are multifactorial. For
example, in one study, 61.3% of patients who were initially
recommended surgery for lumbar disc herniation received a
different treatment plan upon seeking a second opinion, and
75% of these were advised to pursue non-surgical options
(8). This highlights not only the variability in treatment
approaches among spine surgeons but also the potential for
subjective interpretation of patient expectations and clinical
presentations. In particular, when a patient initially advised
to undergo surgery is later recommended for conservative
management, it can lead to confusion and diminished trustin
the healthcare system. These conflicting recommendations
significantly shape patient preferences: some patients opt
for a more invasive approach, while others choose a more
cautious path to avoid potential complications. Therefore,
second opinions in spine surgery should be understood as
influencing not only treatment decisions but also patient
satisfaction, outcome expectations, and adherence to long-
term follow-up.

Beyond individual satisfaction, patients’ decisions were
strongly influenced by structural factors related to the
healthcare system. In our cohort, 35% of patients reported
switching providers, primarily due to the high cost of
reoperation in the private sector, despite having undergone
their initial surgery in the private sector. There was a strong
association between undergoing the index surgery in a
private hospital and citing “financial constraints” as the
primary reason for changing the surgeon (p<0.001). This
behavior reflects a broader tendency in Turkiye's hybrid
health system, where publicly insured patients can access
both public and contracted private hospitals, yet may
face substantial out-of-pocket expenses for complex or
repeat procedures. The Health Transformation Program
implemented in Tirkiye over the past two decades has
increased patient mobility and choice, allowing individuals to
change providers with fewer bureaucratic barriers. However,
this flexibility also leads to fragmentation of follow-up care,
especially when provider continuity is deprioritized in favor
of logistical convenience or financial necessity. Previous
research suggests that although patient choice is formally
guaranteed, true informed decision-making is limited
by disparities in information availability and the uneven
distribution of specialized services . In our setting, patients
who initially received care in the private sector often sought
revision in public hospitals due to affordability and perceived
comprehensiveness of state-funded care. This aligns with
studies showing that Turkish patients often rely on informal
sources such as social networks and physician reputation
when navigating between sectors. Thus, accessibility in
Turkiye is not merely a matter of geographic proximity,
but also of systemic financial pathways and perceptions of
institutional trustworthiness (9).

Notably, although 70% of patients in our study reported
satisfaction with their initial surgery and indicated they
would undergo the same procedure again under similar
substantial proportion nevertheless
chose not to return to their original surgeon. This apparent
paradox highlights the nuanced interplay between technical
satisfaction and relational trust. As previous reviews have
emphasized, fulfillment of patient expectations is a more
reliable predictor of satisfaction than objective surgical
outcomes alone. Even when clinical results are acceptable,
dissatisfaction may expectations,
perceived lack of empathy, or poor communication. In
fact, one systematic review concluded that patients who
experienced a mismatch between their expectations and
outcomes were more likely to report dissatisfaction even
if their symptoms improved. Changing surgeons may not
necessarily reflect a negative surgical result but rather a

circumstances, a

arise from unmet
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rupture in the therapeutic alliance. Our findings support this
view, as some patients expressed overall satisfaction with
the surgical outcome yet described feeling “ignored” or
“unimportant” during postoperative follow-up. This aligns
with studies showing that interpersonal aspects of care—
such as perceived respect, attentiveness, and clarity—
strongly influence long-term trust and provider loyalty. In
surgical disciplines like spine surgery, where treatment
decisions are preference-sensitive and recovery is often
prolonged, the strength of the patient-surgeon relationship
may be as critical as technical proficiency. Failure to maintain
open, trust-based communication may lead even clinically
successful patients to seek future care elsewhere (5,10-15).

This study has several strengths. It addresses an
understudied area in spinal surgery—patient preferences
and behavior in the setting of revision lumbar discectomy—
through real-world data obtained from direct patient
contact. Unlike registry-based or chart-review studies, our
structured telephone interviews enabled us to capture
patient perspectives, motivations, and values that may not
be documented in routine clinical records. Furthermore, the
homogeneity of the surgical indication (recurrent lumbar
disc herniation) lends specificity to the findings, reducing
confounding by diagnosis type. The inclusion of patients
from both private and public healthcare settings enhances
the generalizability of our findings across the Turkish health
system.

Study Limitations

Nonetheless, several limitations must be acknowledged.
First, the relatively small sample size (n=40) reduces statistical
powerand may limit detection of subtle associations between
demographic variables and decision patterns. Second, the
study design was retrospective and survey-based, making
it susceptible to recall bias, especially regarding patients’
perceptions of prior care and interactions with surgeons.
Third, because all data were self-reported, social desirability
bias may have influenced responses some participants may
have understated dissatisfaction or overemphasized rational
decision-making. Additionally, we did not formally assess
patient literacy, psychological status, or cultural background,
all of which are known to affect healthcare preferences and
trust. Lastly, the results are drawn from a single tertiary
center, which may limit external validity, particularly for rural
or lower-resource settings.

Despite these limitations, our findings offer valuable insights
into patient behavior following recurrent disc herniation
surgery and suggest actionable strategies to improve
continuity of care and patient-centered decision-making.
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In summary, our findings underscore that surgeon and center
preferences following recurrent lumbar disc herniation are
shaped not solely by clinical outcomes but by a complex
interplay of patient expectations, communication quality,
system-level accessibility, and cultural norms. Even in the
presence of postoperative satisfaction, lapses in relational
trust or logistical barriers can lead patients to seek care
elsewhere. Addressing these multifactorial influences
through improved expectation management, strengthened
follow-up protocols, and a more transparent, integrated
healthcare system may enhance continuity of care and
reinforce long-term patient-surgeon relationships in spinal
practice.

CONCLUSION

This study highlights the multifactorial nature of surgeon
and center preferences among patients undergoing revision
surgery for recurrent lumbar disc herniation in Turkiye.
Despite a high satisfaction rate with their initial operation,
a substantial proportion of patients opted to change
providers due to seeking second opinions, a perceived
need for specialized expertise, and financial constraints,
particularly among those initially treated in private hospitals.

These findings suggest that patient satisfaction alone is not
a reliable predictor of continuity with the index surgeon,
especially in the context of recurrent disease and system-
level cost barriers. Financial accessibility and transparent
should  be
emphasized during preoperative counseling. Additionally,

communication about recurrence risks
the limitations of the private sector in providing long-
term continuity of care for complex cases warrant further

investigation within Turkiye's healthcare system.

Future research should incorporate clinical outcomes and
economic evaluations to better understand how changes in
provider affect revision surgery outcomes and to support
more equitable spine care planning across public and
private sectors.
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Nutritional and Inflammatory Markers as Predictors
of Major Amputation in Patients with Diabetic Foot
Infections

Diyabetik Ayak Enfeksiyonu Olan Hastalarda Majér Amputasyon Ongériiciisii
Nutrisyonel ve Enflamatuvar Belirtecler
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ABSTRACT

Objective: Diabetic foot infections (DFIs) are serious complications of diabetes mellitus and a major cause of lower extremity amputations.
Identifying predictive factors for major amputation can guide treatment and improve patient outcomes.

Methods: In this retrospective cross-sectional study, 77 patients with DFIs who were treated between December 2022 and July 2024 were
evaluated. Clinical and laboratory data were collected, including inflammatory markers [C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), leukocyte count], hematologic parameters, and nutritional indices [albumin, hemoglobin, prognostic nutritional index (PNI)]. Amputations
were classified as major or minor based on anatomical level. Statistical analyses were conducted to identify predictors of major amputation.

Results: Major amputations were performed in 25.9% of patients. Compared with patients without major amputation, those who underwent
major amputation had significantly higher leukocyte, neutrophil, and platelet counts, CRP, and ESR levels and lower hemoglobin, albumin, and
PNI scores (all p<0.05). No significant differences were observed in neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, or systemic
immune-inflammation index values between the groups. PNI was strongly associated with the need for major amputation.

Conclusion: Nutritional status, especially PNI and serum albumin, and inflammatory markers are valuable predictors of major amputation in
patients with DFls. Early assessments of nutritional and inflammatory status may reduce the risk of amputation and improve prognosis.

Keywords: Diabetic foot infection, major amputation, prognostic nutritional index, inflammation, albumin

oz

Amag: Diyabetik ayak enfeksiyonu (DAE), diabetes mellitusun ciddi komplikasyonlarindan biridir ve alt ekstremite amputasyonlarinin baslica
nedenleri arasinda yer alir. Majér amputasyon gerekliligini dngdrecek belirteglerin tanimlanmasi, tedavi planlamasini kolaylastirabilir ve hasta
sonuglarini iyilestirebilir.

Gereg ve Ydntem: Bu retrospektif, kesitsel calismada, Aralik 2022 ile Temmuz 2024 tarihleri arasinda DAE nedeniyle takip edilen 77 hasta
degerlendirildi. Hastalara ait klinik ve laboratuvar verileri [C-reaktif protein (CRP), eritrosit sedimentasyon hizi, &kosit sayisi, hemoglobin, albimin,
prognostik beslenme indeksi (PBI) gibi] toplandi. Amputasyonlar anatomik diizeye gére major ve majér olmayan olarak siniflandirildi. istatistiksel
analizlerle majér amputasyonu éngéren parametreler incelendi.

Bulgular: Hastalarin %25,9'unda majér amputasyon yapildi. Majér amputasyon uygulanan grupta [okosit, notrofil, trombosit, CRP ve sedimentasyon
dlzeyleri anlamli sekilde ylksek; hemoglobin, alblimin ve PBI degerleri ise anlamli sekilde disuktl (p'<0,05)4 Notrofil/lenfosit orani, trombosit/
lenfosit orani ve sistemik immin-enflamatuvar indeks degerlerinde anlamli fark goézlenmedi. Digtk PBI skoru major amputasyonla giicli sekilde
iliskiliydi.
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Sonug: DAE olan hastalarda beslenme durumu (6zellikle PBIi ve serum albiimin) ve enflamatuvar belirtecler majér amputasyon riskini dngérmede
degerli olabilir. Bu parametrelerin erken degerlendirilmesi, amputasyon riskini azaltabilir ve prognozu iyilestirebilir.

Anahtar Kelimeler: Diyabetik ayak enfeksiyonu, majér amputasyon, prognostik beslenme indeksi, enflamasyon, albimin

INTRODUCTION

Diabetes mellitus is a chronic illness that affects several
organ systems and is increasing in prevalence worldwide.
Diabetes-related complications can cause serious harm,
especially to the neurological, and
microvascular systems, and increase morbidity and mortality
among patients. Diabetic foot infections (DFls) represent

cardiovascular,

one of the most severe complications of diabetes and are
among the leading causes of hospitalizations and lower
extremity amputations (1).

Reports indicate that 40-60% of non-traumatic lower-
extremity amputations are due to DFls (2). In diabetic
patients, the development of peripheral neuropathy,
peripheral arterial disease, and a weakened immune
system impairs wound healing and predisposes patients to
infection. Amputation becomes inevitable in cases where
infection cannot be controlled, tissue necrosis occurs, or
systemic complications develop (3).

It is well established that the extent of amputation directly
affects patients’ clinical prognosis. When there is extensive
tissue loss or systemic spread, major amputation is the
preferred option. Minor amputations, on the other hand, aim
to preserve the limb's function. It is essential to understand
the factors that influence the level of amputation in order
to plan surgery for each patient and to prevent potential
complications. The goal of this study was to identify the
clinical and laboratory factors that led to the need for major
amputation in patients with DFI.

METHODS

This single-center, retrospective, cross-sectional study
included patients aged 18 years or older who were
hospitalized for DFls and followed-up at our hospital’s
wound care clinic between December 2022 and July 2024.
Only patients with complete medical records were included
in the study.

Demographic data (age, sex), comorbidities (hypertension,
coronary artery disease, chronic kidney disease, peripheral
artery disease, etc.), and laboratory parameters [leukocyte
count, hemoglobin (Hb), neutrophil count, lymphocyte
count, platelet count, creatinine, HbAlc, etc] were

retrospectively collected from the electronic medical
records system.

Amputations performed proximal to the ankle joint
were classified as “major amputations,” while those
performed distal to the ankle joint were classified as “minor
amputations.”

Inflammatory markers [C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), procalcitonin], blood-cell ratio
indices [platelet-to-lymphocyte ratio (PLR), neutrophil-to-
lymphocyte ratio (NLR), systemicimmune-inflammation index
(Sl)=(platelet countxneutrophil count)/lymphocyte count],
and nutritional indices such as the prognostic nutritional
index (PNIl)=serum albumin (g/L)+[0.005xtotal lymphocyte
count (mm3)] and controlling nutritional status scores were
examined to determine whether significant differences
between the two groups. Causative pathogens were
identified through deep tissue culture samples obtained
during the debridement process.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
software (version 29, SPSS Inc., Chicago, IL, USA). Normality
of the distribution of continuous variables was assessed using
the Shapiro-Wilk test. For non-parametric variables, the Mann-
Whitney U test was used; for parametric variables, the Student'’s
t-test was applied. The chi-square test or Fisher's exact test,
as applicable, was used to analyze categorical variables.
A statistically significant difference was defined as p<0.05.

Ethical Approval

This study was approved by the University of Health Sciences
Turkiye, Bakirkdy Dr. Sadi Konuk Training and Research
Hospital Non-Interventional Scientific Research Ethics
Committee (approval no: 2025-08-12; date: 24.04.2025).
As the study was retrospective and personal data were
anonymized, informed consent was not required.

RESULTS

Of the 77 patients included in the study, 87% (n=67) were
male, with a mean age of 62.6+11.9 years. The most common
comorbidities were hypertension (n=46, 59.7%), coronary
artery disease (n=36, 46.7%), chronic kidney disease (n=25,
32.4%), and peripheral arterial disease (n=25, 32.4%).
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Major amputations were performed in 20 patients (25.9%),
and minor amputations were performed in 15 patients
(19.4%). Patients who underwent major amputation had
significantly higher leukocyte counts (13006+5193 vs.
10160+4763; p=0.032), neutrophil counts (10638+5443 vs.
7975+4669; p=0.034), platelet counts (368750+107035 vs.
309166+105900; p=0.041), CRP levels (109+69 vs. 76+73;
p=0.027), and ESR levels (82+30 vs. 60+30; p=0.004).
In contrast, Hb (9.8+1.1 vs. 10.8+1.9; p=0.010), albumin
(28+4 vs. 34+5; p<0.001), and PNI scores (36.79+6.11 vs.

Med J Bakirkoy 2025;21(4):380-385

42.17+6.26; p=0.003) were significantly lower in the major
amputation group (Table 1).

Although patients with severe diabetes (HbA1c>10%) had
a higher rate of major amputations, this difference was not
statistically significant (38.4% vs. 23.4%; p=0.266).

A pathogenic microorganism was identified in 51 patients
(66.2%). Among these, 9 (17.6%) had Gram-positive
organisms, 26 (50.9%) had Gram-negative organisms, and
16 (31.5%) had polymicrobial infections. A total of 67 isolates
were obtained. The most common pathogens identified

Table 1. Comparison of diabetic foot infection patients with and without major amputation

Major

Major

Variables IO(E’ZI)/(:;Z:LSD amputation + (n=20) amputation - (n=57) p-value OR
n (%)/mean=SD n (%)/mean=SD

Age 62.6+11.9 64.9£10.7 61.8+12.2 0.323

Gender

Female 09 200) B (1t) oss o8

Hypertension 46 (59.7) 12 (60) 34 (59.6) 0.970 1.01

Coronary artery disease 36 (46.7) 10 (50) 26 (45.6) 0.735 1.19

Chronic kidney disease 25 (32.4) 7 (35) 18 (31.6) 0.784 1.16

Peripheral artery disease 25 (32.4) 7 (35) 27 (47 .4) 0.338 0.91

Laboratory results

HbAlc 8.1+1.7 8.4+1.7 8.0+1.7 0.368

White blood cell count (cell/pL) 11899+5003 130065193 10160+4763 0.032

Hemoglobin (g/dL) 10.6+1.8 9.8+1.1 10.8+1.93 0.010

Neutrophil count (cell/uL) 8667+4985 10638+5443 7975+4669 0.034

Lymphocyte count (cell/pL) 1551+636 1550+719 1551+612 0.70

Platelet count (cell/pL) 324642+108716 368750107035 309166+105900 0.041

C-reactive protein (mg/dL) 85+73 109+69 76+73 0.027

Procalcitonin (ng/mL) 0.34+1.17 0.30+0.35 0.35+1.30 0.076

Glucose (mg/dL) 171486 179+92 169+84 0.86

Blood urea nitrogen (mg/dL) 55+30 60+33 53+29 0.291

Creatinine (mg/dL) 1.24+1.06 1.18+0.82 1.44+1.58 0.306

Alanine aminotransferase (U/L) 19+25 19+14 20+27 0.214

Aspartate aminotransferase (U/L) 22+25 2314 21+28 0.176

Albumin (g/L) 33+5 28+4 34+5 <0.001

Total cholesterol (mg/dL) 148+44 156+48 146+43 0.479

Triglycerides (mg/dL) 16694 173£70 163102 0.06

Erythrocyte sedimentation rate 65+31 82+30 60+30 0.004

PLR 231+95 262+99 221+91 0.76

NLR 6.8+6.0 9.0+7.3 6.0£5.4 0.119

Sl 79.4+59.0 79.1+67.4 79.5+£56.9 0.76

PNI 40.8+6.6 36.79+6.11 42.17+6.26 0.003

CONUT score 4.1£2.6 3.5+2.7 4.3+2.6 0.235

PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio, Sll: Systemic immune-inflammation index=(platelet countxneutrophil count)/lymphocyte
count, PNI: Prognostic nutritional index=serum albumin (g/L)+[0.005xtotal lymphocyte count (mm?)], CONUT: Controlling nutritional status score, OR: Odds

ratio, SD: Standard deviation, HbA1c: Hemoglobin Alc
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were Proteus mirabilis (n=18, 26.8%), Enterococcus spp.
(n=10, 14.9%), Klebsiella pneumoniae (n=7, 10.4%),
Pseudomonas aeruginosa (n=7, 10.4%), and Escherichia coli
(n=6, 8.9%).

DISCUSSION

In our study, the demographic and clinical characteristics
were comparable between the two groups. While
inflammation is known to be a poor prognostic indicator
in DFls, previous studies have reported associations of
inflammatory markers such as NLR, PLR, and SIlI with
amputation and osteomyelitis in DFI patients (4-6). However,
we did not observe significant differences in NLR, PLR, or
Sll values in patients who underwent major amputation. In
contrast, a lower PNI was associated with an increased risk
of major amputation in DFls in our study.

PNI has been utilized as a diagnostic and prognostic
tool in various conditions in which inflammation plays a
central role, including malignancies, infectious diseases,
and cardiovascular disorders (7-9). The PNI reflects the
relationship between immune function and nutritional
status, as its components are serum albumin level and total
lymphocyte count. In line with our results, previous studies
have demonstrated that reduced albumin levels are strongly
associated with major amputations and mortality (10).
Our findings revealed that the mean serum albumin level
was 28+4 g/L in the major amputation group, compared
with 34£5 g/L in the minor/non-amputation group; this
difference was statistically significant (p<0.001).

Albumin is widely recognized as an indicator of nutritional
status; however, in patients with diabetic foot, it also
reflects disease severity, prognosis, and malnutrition
(11,12). PNI includes both nutritional and inflammatory
indicators, such as albumin level and lymphocyte count.
Lower serum albumin levels indicate both poor nutritional
status and increased disease severity (13). Additionally,
nutritional status significantly influences immune function,
and protein-energy malnutrition has been associated with
immunodeficiency (14). Lower lymphocyte counts may
suggest immune suppression or dysfunction (15). As in other
studies (16,17), our study found that lymphocyte counts did
not differ significantly between groups with and without
major amputations. The use of the PNI formula, compared
with lymphocyte counts alone, allowed us to observe a
significant prognostic effect in the major amputation group.
This situation also highlights the importance of malnutrition
in these patients.

Malnutrition is also a significant nutritional concern
among patients with diabetes mellitus (18,19). Given

the frequent coexistence of diabetes and hypertension,
vascular impairments are almost inevitable in patients with
diabetic foot (20). This contributes to the development of
ischemia, poor wound healing, and increased susceptibility
to infection (21). Vascular impairment is a known risk
factor for amputation in individuals with diabetic DFls (21).
Malnutrition, in combination with vascular pathologies,
contributes to an increased risk of major amputation (21).
Inflammation is a major contributor to the development of
diabetes-related complications (22).

Hb levels were significantly lower in the major amputation
group (9.8+1.1 g/dL vs. 10.8+1.9 g/dL; p=0.010). Low Hb
levels typically indicate reduced oxygen-carrying capacity
and, therefore, an increased risk of tissue hypoxia. In DFls,
inadequate oxygenation can delay wound healing, leading
to infection progression and necrosis. This condition can
be considered a significant risk factor that increases the
likelihood of amputation. Furthermore, anemia can often be
an indicator of underlying systemic problems such as chronic
inflammation, malnutrition, and renal dysfunction. The
literature demonstrates a clear relationship between anemia
severity and DFI severity (23). Studies have also reported that
low Hb levels are associated with poor prognosis, increased
amputation rates, and even mortality (23).

In our study, leukocyte, neutrophil, and platelet counts, as
well as CRP and ESR, were significantly higher in the group
undergoing major amputation. Elevated levels of these
parameters indicate that the infection has progressed to a
systemic level and a widespread inflammatory response has
developed. In diabetic patients, immune system activation
in response to infection typically manifests as increased total
leukocyte and neutrophil counts. High CRP and ESR levels
are indicators of an acute-phase response and ongoing
tissue inflammation. An increase in platelet count may
indicate reactive thrombocytosis, a condition that develops
in response to the release of cytokines during infection and
inflammation. These findings suggest that inflammation is
more severe and its systemic effects are more pronounced
in cases requiring major amputation. Similarly, previous
studies have reported mean CRP, white blood cell, ESR, and
PLT values were significantly higher in patients with major
amputations than in other patient groups (24).

Our study adds a new perspective to clinical practice
by highlighting not only inflammatory markers but also
parameters such as the PNI, which reflects nutritional status,
as predictors of the risk of major amputation in patients
with DFls. One novel aspects of this study is that although
PNI has previously been used primarily in oncology and
cardiovascular disease, this study clearly demonstrates,
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for the first time, its significant association with major
amputation in this patient group.

Furthermore, the combined evaluation of inflammatory
markers (CRP, ESR, leukocyte count) with hematological and
nutritional indicators offers a multidimensional approach
to assessing amputation risk. Data obtained from Turkiye
are crucial for filling a gap in the literature on this topic
and for demonstrating that low-cost, accessible laboratory
parameters (PNI, Hb, albumin) can be used effectively in risk
assessment, particularly in developing countries.

Study Limitations

There are certain limitations to this study. First, the
retrospective and single-center design may limit the
generalizability of the findings. Second, the nutritional
assessment might have been affected by the lack of
information on the patients’ body mass indices and dietary
intake on admission. Third, the unequal distribution
between major and minor amputations limited subgroup
comparisons because major amputations were relatively
few. In future studies with larger and more balanced
cohorts, it may be possible to better evaluate whether
PNI differs significantly between groups undergoing major
versus minor amputations. Despite these limitations, one
significant advantage of our research is that every patient
was treated by the same clinical team, ensuring standardized
treatment approaches and minimizing variation that might
affect amputation outcomes.

CONCLUSION

Among patients with DFls, both increased inflammatory
markers and decreased albumin and PNI, reflecting poor
nutritional status, may serve as significant predictors of
major amputation. Therefore, in addition to monitoring
inflammatory markers, support—particularly
albumin supplementation—should not be neglected during
patient follow-up.

nutritional
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Vertebroplasty vs. Balloon Kyphoplasty for Vertebral
Compression Fractures: A 331-Patient Experience

Vertebral Kompresyon Kiriklarinda Vertebroplasti ve Balon Kifoplasti: 331
Hastadan Olusan Tek Merkezli Bir Kohort

Aykut Gokbel?, ©© Atakan Emengen?, (© Eren Yilmaz', (2 Ayse Uzuner3, (© Savas Ceylan?

Tistinye University Faculty of Medicine, Department of Neurosurgery, istanbul, Tiirkiye
2Bahgesehir Universty Faculty of Medicine, Department of Neurosurgery, istanbul, Tiirkiye
3Afsin State Hospital, Clinic of Neurosurgery, Kahramanmaras, Tiirkiye

ABSTRACT

Objective: Vertebral augmentation with percutaneous vertebroplasty (PVP) or balloon kyphoplasty (BKP) is widely used for painful vertebral
compression fractures (VCFs), yet examining that examining single-center outcomes across mixed etiologies remains informative.

Methods: We retrospectively analyzed 331 consecutive patients treated with PVP (n=155) or BKP (n=176). Mean age was 57.2 years, and
202 participants (61.0%) were women. Overall, etiologies were traumatic: 166 (50.2%) and osteoporotic: 165 (49.8%); men predominantly had
traumatic fractures (101/129), whereas women predominantly had osteoporotic fractures (137/202). The primary endpoint was early pain change
[Visual Analog Scale (VAS)]. Safety endpoints included radiographic/symptomatic cement leakage, new/adjacent symptomatic fractures,
cardiopulmonary events, infection, and reoperation for progressive kyphosis.

Results: Mean VAS improved from 8.23+0.82 to 3.03+1.60 at early follow-up (A-5.19, p<0.001). Radiographic cement leakage occurred in 13/331
(3.9%); with 1/331 (0.3%) of these cases being symptomatic. New/adjacent symptomatic VCFs occurred in 24/331 (7.2%). Other complications
were infrequent: pulmonary embolism occurred in 3 out of 331 cases (0.9%), myocardial infarction in 1 out of 331 cases (0.3%), and infection in
1 out of 331 cases (0.3%). Reoperation for progressive kyphosis (posterior instrumentation and fusion) was required in 17/331 (5.1%) (4 men, 13
women). Outcomes were favorable across both techniques, with choice individualized by fracture morphology and alignment goals.

Conclusion: In this large, single-center experience, vertebral augmentation provided rapid, clinically meaningful pain relief with low symptomatic
complication rates and modest new fracture incidence. The observed 5.1% reoperation rate underscores the need for longitudinal alignment
surveillance and aggressive osteoporosis management. Findings support selection-driven use of PVP or BKP with meticulous cement management
and structured follow-up.

Keywords: Vertebroplasty, kyphoplasty, vertebral compression fractures, osteoporosis, traumatic spine fractures

(o7
Amag: Agrili vertebra kompresyon kiriklarinda vertebral augmentasyon [perkitan vertebroplasti (PVP) ve balon kifoplasti (BKP)] sik uygulanmaktadir.
Bu calisma, tek merkezde ardisik olgular Gzerinden PVP/BKP'nin kisa dénem klinik ve glvenlik sonuglarini ortaya koymayi amaclamistir.

Gereg ve Ydntem: Retrospektif olarak 331 ardisik hasta incelendi (PVP, n=155; BKP, n=176). Ortalama yas 57,2 yil; 202 (%61,0) kadin idi. Etiyoloji
dagilimi genel kohortta travmatik 166 (%50,2) ve osteoporotik 165 (%49,8) olup erkeklerde travma (101/129), kadinlarda osteoporoz (137/202)
baskindi. Birincil sonlanim erken dénemde agri degisimiydi [Gorsel Analog Skala (GAS)]. Glvenlik sonlanimlari; radyografik/semptomatik ¢cimento
kagcisi, yeni/komsu semptomatik kirik, kardiyopulmoner olaylar, enfeksiyon ve kifoz progresyonu nedeniyle reoperasyonu icerdi.

Bulgular: Ortalama GAS 8,23+0,82'den 3,03+1,60'a geriledi (A-5,19; p<0,001). Radyografik ¢cimento kagisi 13/331 (%3,9) olup 1/331 (%0,3) olguda
semptomatikti. Yeni/komsu semptomatik kirik 24/331 (%7,2) saptandi. Diger komplikasyonlar seyrek izlendi: pulmoner emboli 3/331 (%0,9),
miyokard enfarktlst 1/331 (%0,3), enfeksiyon 1/331 (%0,3). Kifoz progresyonu nedeniyle posterior enstrimantasyon-fizyon 17/331 (%5,1) hastada
(4 erkek, 13 kadin) uygulandi. Sonuglar her iki teknikte de olumluydu; yéntem secimi kirk morfolojisi ve deformite hedeflerine gore bireysellestirildi.
Sonug: Genis tek merkez serimizde vertebral augmentasyon hizli ve anlamli analjezi saglarken semptomatik komplikasyon oranlar dustk,
yeni kirk insidansi ilimli diizeyde kaldi. 9%5,1'lik reoperasyon orani, uzunlamasina deformite izlemi ve agresif osteoporoz tedavisinin dnemini
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vurgulamaktadir. Bulgular, 6zenli hasta segimi ve titiz cimento ydnetimi esliginde PVP/BKP'nin uygun endikasyonlarda etkin ve glivenli oldugunu

desteklemektedir.

Anahtar Kelimeler: Vertebroplasti, kifoplasti, vertebral kompresyon kiriklari, osteoporoz, travmatik omurga kiriklari

INTRODUCTION

Osteoporotic vertebral compression fractures (VCFs) are a
leading cause of pain, disability, and excess mortality in older
adults. When analgesics, bracing, and activity modification
fail, image-guided vertebral augmentation—percutaneous
vertebroplasty (PVP) and balloon kyphoplasty (BKP)—is
considered to achieve rapid analgesia and stabilization
(1,2). Randomized and systematic evidence indicates that
both procedures can improve pain and function, whereas
BKP offers greater vertebral height restoration and kyphotic
angle correction in selected patients (3-6). Although two
sham-controlled trials questioned routine use of PVP in
chronic or subacute fractures (7,8), subsequent randomized
trials and meta-analyses, particularly in acute fractures
and oncology settings, support BKP over non-surgical
management for early quality of life gains, without excess
peri-procedural risk (5,6). Safety profiles are favorable
overall; the most frequent event is cement leakage—
typically asymptomatic—with symptomatic neurological
or cardiopulmonary complications, being uncommon
and mitigable through technique optimization (2,3,9).
Importantly, large registry and meta-analytic data associates
vertebral augmentation with reduced long-term mortality
compared with non-surgical care (=22% relative reduction)
(10).

Our team'’s series of 331 consecutive PVP/BKP procedures
reports clinical outcomes, radiographic changes, and
complications, and explores technical nuances that may
influence safety (e.g., approach selection, cement viscosity
control, unipedicular vs. bipedicular cannulation).

METHODS

Study Design

We conducted a retrospective, single-center cohort study
of consecutive patients undergoing PVP or BKP for painful
thoracic and/or lumbar VCFs between 2020 and 2025 at
the department of neurosurgery. Ethical approval was
obtained from Bahcegehir University Non-Interventional
Studies Ethics Committee (approval no: 2025-14/08, date:
19.09.2025). All patients provided written informed consent
consistent with local regulations.

Patient Selection

Inclusion criteria

() Focal back pain attributable to one or more VCFs;
(I magnetic resonance imaging (MRI) or computed
tomography (CT) confirmation, with active edema on short-
tau inversion-recovery/T2 when available; (lll) refractoriness
to 22-4 weeks of conservative therapy; (IV) osteoporotic,
traumatic, or neoplastic etiology.

Exclusion criteria

Uncontrolled coagulopathy; active infection; unstable
burst fracture with significant posterior wall retropulsion
compressing neural elements; allergy to polymethyl
(PMMA); prone
positioning. Selection aligns with contemporary policy/
guideline statements (6,11).

methacrylate inability to tolerate

Preoperative Assessment

Baseline pain [Visual Analog Scale (VAS)] and function
[oswestry disability index (ODI)] were recorded. Standing
lateral radiographs, and when indicated, CT/MRI, were
used to characterize fracture level(s), vertebral height loss,
kyphotic angle, intravertebral cleft, and posterior wall
integrity. Bone mineral density (BMD) was documented
via dual-energy X-ray absorptiometry in osteoporotic
cases. Anticoagulants/antiplatelets were managed per
institutional protocol.

Anesthesia, Positioning, and Imaging

Procedures were performed in a dedicated operating
room with biplanar or high-resolution C-arm fluoroscopy.
Local anesthesia with conscious sedation was preferred.
General anesthesia was used for non-cooperative patients
or extensive multilevel augmentation.
positioned prone on a radiolucent table with chest/pelvic

Patients were

bolsters to reduce epidural venous pressure.

Surgical Procedure

Level-specific approaches were selected to optimize safety:
transpedicular access for lumbar levels, parapedicular/
costotransverse for mid-thoracic levels with narrow pedicles.
Unipedicular cannulation was attempted when central
vertebral body cross-fill could be achieved; bipedicular
access was used when cement spread was predicted to
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be insufficient, or in biconcave deformities. These choices
are consistent with comparative and review data on access
safety and cement distribution (2-4) (Figure 1).

Balloon kyphoplasty: After guidewire and working
cannula placement, a balloon tamp was advanced into the

Table 1. Demographic and procedural characteristics

Variable p-value
Number of patients 331

Mean age (years) 57.2

Sex (female/male) 202/129
Etiology-traumatic 166 (50.2%)
Etiology-osteoporotic 165 (49.8%)
PVP cases 182 (55%)

BKP cases 149 (45%)
Access type (PVP)-unipedicular 125/182 (68.6%)

Access type (PVP)-bipedicular

57/182 (31.4%)

Complications

Radiographic cement leakage 13 (3.9%)
Symptomatic cement leakage 1(0.3%)
New/adjacent symptomatic fractures 24.(7.2%)
Reoperation for progressive kyphosis 17 (5.1%)
Pulmonary embolism 3(0.9%)
Myocardial infarction 1(0.3%)
Infection 1(0.3%)

PVP: Percutaneous vertebroplasty, BKP: Balloon kyphoplasty

Med J Bakirkoy 2025;21(4):386-391

vertebral body and gradually inflated under continuous
anteroposterior and lateral fluoroscopy until (I) cortical
resistance was felt, (Il) desired height restoration/kyphosis
correction was achieved, or (Ill) manufacturer-recommended
pressure limits were reached. The balloon was deflated
and removed, creating a cavity. Medium-to-high viscosity
PMMA was prepared and injected in 0.5-1.0 mL aliquots to
fill the cavity while avoiding posterior third encroachment.
BKP has shown superior restoration of vertebral height and
local alignment vs. PVP and non-surgical care in trials/meta-
analyses (3-6).

During vertebroplasty (PVP), following cannula placement
into the anterior third of the vertebral body, PMMA at
optimal (toothpaste-like) viscosity was injected slowly
under continuous biplanar fluoroscopy. Injection was
paused whenever cement approached the posterior
third, or extravasation was suspected. The endpoint
was homogeneous trabecular filling with mechanical
stabilization. Although early sham-controlled trials in mixed-
chronicity fractures did not show superiority of PVP over
simulated procedures (7,8), subsequent evidence supports
careful patient selection (acute, edematous fractures;
concordant pain), and meticulous technique to optimize
outcomes (1,3,5).

Cement powder-to-monomer ratios followed manufacturer
guidance. To mitigate leakage, we used high-viscosity
materials, low-pressure incremental injection, and avoided

Figure 1. A-C) Preoperative, intraoperative, and postoperative imaging in patients treated with percutaneous vertebroplasty and balloon
kyphoplasty
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cortical defects when feasible. In clefted fractures or
posterior wall compromise, BKP was favored to create
a low-pressure cavity, where PVP was performed in such
contexts, reduced volumes and earlier cessation thresholds
were applied. Recognized leakage risk factors include
intravertebral cleft, cortical disruption, low viscosity, and
larger injected Symptomatic  neurological/
cardiopulmonary events are rare but recognized, vigilance

volumes.

during injection is critical (2,9). Cannulas were withdrawn,
skin sites were dressed without sutures. Patients underwent
serial neurological checks for 2-4 hours and were able to
ambulate the same day when feasible. Bracing for 4-6 weeks
was individualized for each patient.

Outcome Measures

Primary outcomes: Change in VAS and ODI from baseline
to 24 hours, 1-month, and 6 months.

Secondary outcomes: Vertebral body height restoration
and local kyphotic angle correction; procedure time; length

of stay.

Safety outcomes: Cement leakage (radiographic/
symptomatic), adjacent vertebral fractures, pulmonary
embolism, new neurological deficits, infection, and

reinterventions.  Outcome  selection  reflects  prior

randomized and observational literature (2,5,6,10).

Statistical Analysis

Continuous data are reported as mean+SD or median
(interquartile range) and compared with paired t-tests or
Wilcoxon signed-rank tests, as appropriate. Categorical
variables (e.g., leakage, adjacent-level fracture) were
compared using chi-square or Fisher's exact tests.
Multivariable logistic regression explored predictors
of leakage and adjacent fractures (candidate variables:
age, sex, BMD T-score, fracture age, approach, cement
volume/viscosity, intravertebral cleft, posterior wall defect).
Significance was set at p<0.05 (two-sided). Analyses were
conducted in SPSS (IBM Corp., Armonk, NY, USA).

RESULTS

Cohort, Procedures, and Perioperative Metrics

The cohort comprised 331 patients (mean age 57.2 years),
including 202 women (61.0%) and 129 men (39.0%). Overall
distribution of etiologies was balanced: traumatic fractures
in 166/331 (50.2%) and osteoporotic fractures in 165/331,
(49.8%). By sex, men had predominantly traumatic fractures
(101/129; 78.3%), whereas women had predominantly
osteoporotic fractures (137/202; 67.8%).

A total of 331 consecutive patients were analyzed; 182
PVP (55%) and 149 BKP (45%), including 202 women (61%)
and 129 men (39%). Procedures were performed under
monitored anesthesia care with local infiltration in most
cases; general anesthesia was reserved for a minority.
Unipedicular access predominated at lower lumbar levels
and bipedicular access at mid-thoracic levels (distribution
to be specified). Among PVP cases, access was unipedicular
in 125/182 (68.6%) and bipedicular in 57/182 (31.4%) (Table
1). Median cement volume per level was 4.2 mL overall [PVP
(3.2 mL); BKP (5.4 mL)], with median fluoroscopy time of 15.9
minutes, and length of stay of 1 day.

Clinical Outcomes

Mean baseline pain for the overall cohort was 8.23+0.82,
early post-procedure pain was 3.03+£1.6, for an average
AVAS~-5.19 (p<0.001). Technique-weighted benchmarks
suggest a slightly larger absolute VAS reduction with PVP
(~=5.68) than BKP (~-4.60), yet post-procedure pain levels
were clinically similar (PVP=2.68 vs. BKP=3.46). Functional
scores (ODI) are expected to mirror pain trajectories; center
specific values will be entered at 24-h, 1-month, and 6
months.

Radiographic Outcomes

Consistent with comparative literature, BKP is expected to
yield greater mean vertebral height restoration and larger
kyphotic angle correction than PVP. Height gain typically
concentrates in acute, edematous fractures, and at levels
with preserved endplate compliance. Final values for
anterior/middle height (mm) and local Cobb angle (°) will
be entered once radiographic measurements are finalized,
between group differences are expected to favor BKP for
alignment metrics, with similar clinical analgesia at short-
term follow-up.

Complications

Overall radiographic cement leakage occurred in 13/331
procedures (3.9%), driven by higher per-procedure leakage
in PVP (8/182) versus BKP (5/149). Most leaks were anterior/
lateral and clinically silent. A symptomatic cement leak
occurred in one patient during PVP. New or adjacent
symptomatic VCFs occurred in 24/331 (7.2%) (PVP 16/182
vs. BKP 8/149). Posterior instrumentation and fusion for
progressive kyphosis during follow-up was required in
17/331 patients (5.1%): 4/129 men (3.1%) and 13/202 women
(6.4%). Other events were uncommon: pulmonary embolism
2/331 (PVP, 1; BKP, 1), myocardial infarction 1/331 (0.3%,
BKP), hematoma 2/331 (0.6%), transient hemodynamic
change 1/331 (0.3%), pneumonia/hypoxia 1/331 (0.3%), and
infection 1/331 (0.3%).
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DISCUSSION

Principal findings and clinical meaning. In this single-center,
mixed PVP/BKP series of 331 patients, pain improved
substantially (=5-point early VAS decrease), radiographic
cement leakage was low (3.9%) with only one symptomatic
event, and VCFs were
infrequent (7.2%). A 5.1% reoperation rate for progressive
kyphosis (posterior instrumentation/fusion) provides a
meaningful, patient-centered endpoint. These results align
with contemporary evidence that vertebral augmentation
delivers rapid analgesia with a generally favorable safety
profile. The balance between PVP and BKP often reflects
anatomy, fracture chronicity, and the need for height
restoration (2,8,12-17).

new/adjacent symptomatic

Context within randomized and comparative data. Our early
pain trajectory is consistent with randomized controlled trials
and meta-analyses showing large, early analgesic effects
after augmentation, most notably the BKP FREE program
versus non-surgical care, and positive PVP results when
acute, edematous fractures are selected (e.g., VERTOS Il
VAPOUR). By contrast, the 2009 New England Journal of
Medicine sham-controlled trials suggested limited benefit
for PVP in mixed-chronicity cohorts; taken together, these
data emphasize patient selection and timing rather than
a blanket endorsement or rejection of PVP. Head-to-head
data suggest broadly similar pain/functional improvements
for PVP vs BKP, while BKP tends to yield greater height/
kyphosis correction (2,13,14,17).

Radiographic alignment and technique choice. Although
our manuscript focuses on clinical outcomes, the access
strategy and device selection imply a pragmatic approach:
BKP for cases where creating a cavity aids in cement control
or height restoration, and PVP when controlled trabecular
fill is feasible without cavity preparation. Prior trials and
reviews show greater vertebral height restoration and
local kyphosis correction with BKP (FREE and subsequent
analyses), whereas post-procedure pain tends to be
comparable across techniques at short-term follow-up.
This supports individualized modality selection, guided by
fracture morphology (endplate compliance, intravertebral
cleft, posterior wall integrity) (2,8,12,18).

Cement leakage: A technique-sensitive endpoint. Our
overall 3.9% radiographic leakage rate (PVP, 8/182; BKP,
5/149), with only one symptomatic case, appears lower
than pooled estimates (e.g., ~20% PVP vs. =7% BKP, many
asymptomatic) from older meta-analyses (likely reflecting
viscosity-timed injection, incremental low-pressure delivery,
and cavity creation when cortical defects or clefts were
present). Evidence consistently links intradiscal spread,
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posterior cortical disruption, low viscosity, and larger
injected volumes to higher leakage (and to earlier adjacent
fractures), highlighting the importance of stopping rules
near the posterior third and avoiding intradiscal migration
(13,19,20).

New/adjacent  vertebral fractures and  biological
background. The 7.2% rate of symptomatic new/adjacent
fractures in our cohort, is at the lower end of the historical
range. Observational data and biomechanical studies
suggest that both disease biology (severe osteoporosis,
thoracolumbar junction mechanics) and technical factors
(intradiscal cement, abrupt

gradients) may influence these events. Notably, intradiscal

overcorrection, stiffness
leakage has been associated with earlier adjacent fractures;
rigorous osteoporosis management (antiresorptive or
anabolic therapy), attention to cement distribution, and
gradual alignment correction remain key mitigations (2,15-
17,20).

Reoperationfor progressive kyphosis: whois atrisk? Our5.1%
reoperation rate (more frequent in women, consistent with
the higher osteoporotic burden) underlines that deformity
progression can still occur despite initial stabilization
particularly in multilevel disease, severe baseline collapse,
or when fracture chronicity blunts height recovery. Although
high-quality comparative data on post-augmentation fusion
are limited, this finding supports longitudinal radiographic
monitoring, targeted bracing/rehabilitation, and aggressive
bone health optimization. Future work might integrate
morphological predictors (cleft, posterior wall breach),
cement metrics (viscosity/volume/centroid), and BMD into a
practical risk model to anticipate which patients may benefit
from earlier deformity control strategies (16,17).

Study Limitations

This study has several limitations. It was a single-team,
retrospective analysis, which may limit the generalizability
of the findings. The follow-up period was relatively short,
possibly underestimating late complications such as
adjacent fractures or progressive kyphosis. In addition,
the choice between PVP and BKP was based on surgeon
preference rather than randomization, introducing potential
selection bias. Future multicenter prospective studies with
longer follow-up are needed to validate these results.

CONCLUSION

In a 331-patient, mixed PVP/BKP experience, augmentation
provided rapid and durable pain relief with low symptomatic
complication rates and a modest incidence of new
fractures; reoperation for progressive kyphosis occurred in
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approximately 5%. Together with randomized and meta-
analytic data, these findings support selection-driven
use of PVP or BKP, prioritizing cement control, avoidance
of intradiscal spread, and alignment goals while pairing
the procedure with aggressive osteoporosis therapy and
structured follow-up to minimize downstream fractures and
deformity.
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Our Institutional Experience in Laparoscopic Inguinal
Hernia Surgery: Is There a Difference Between Right and
Left-Sided Procedures? A Retrospective Analysis of 192
Cases

Laparoskopik inguinal Herni Cerrahisinde Kurum Deneyimimiz: Sag ve Sol
Taraf Cerrahisi Arasinda Fark Var mi? 192 Hastalik Retrospektif Degerlendirme

Stleyman Buyukasik, © Yusuf Emre Altundal, ©© Burak Kankaya, © Ergiin Eskioglu, © Cansu Esen
istanbul Aydin University Faculty of Medicine, Department of General Surgery, Istanbul, Tirkiye

ABSTRACT

Objective: This study aimed to compare surgical duration, mesh placement time, complication and recurrence rates among adult patients
undergoing right-sided, left-sided, or bilateral laparoscopic inguinal hernia repair.

Methods: Data from 192 patients who underwent laparoscopic transabdominal preperitoneal hernia repair at a single institution were
retrospectively reviewed. Patients were grouped by the side of hernia repair (right, left, or bilateral), and surgical parameters were compared
statistically. We used a standard large 3D mesh (10.3x15.7 c¢cm) for hernia repair in all patients.

Results: Surgical duration in patients undergoing bilateral procedures was significantly longer than in patients undergoing single-sided surgeries
(p<0.05). Although left-sided surgeries lasted an average of three minutes longer than right-sided ones, the difference was not statistically
significant (p=0.512). Similarly, the mesh placement time was longer for left-sided hernias, but the difference was not statistically significant
(p=0.239). However, in bilateral procedures, the duration of left-sided mesh placement was significantly longer than that of the right side (p<0.05).
Complication rates were low (6.7%), and recurrence was detected in six patients.

Conclusion: Laparoscopic inguinal hernia repair is a safe and effective procedure; bilateral repairs requiring a significantly longer operative time.
Although left-sided surgeries tend to take slightly longer than right-sided ones, this difference is not statistically significant. These parameters
should be considered in surgical planning and patient counseling.

Keywords: Inguinal hernia, laparoscopy, mesh, repair, complication
oz

Amag: Bu calismada, eriskin hastalarda laparoskopik inguinal herni onarimi uygulanan sag, sol ve bilateral cerrahilerin ameliyat siresi, mesh
yerlestirme stresi, komplikasyon orani ve niks agisindan karsilastirilmasi amaclanmistir.

Gereg ve Yéntem: Tek bir merkezde laparoskopik transabdominal preperitoneal fitik onarimi uygulanan 192 hastanin verileri retrospektif olarak
incelendi. Hastalar fitik onariminin yapildigi tarafa (sag, sol, bilateral) gére gruplandirildi ve cerrahi parametreler istatistiksel olarak karsilagtirildi.
Tum hastalarda fitik onarimi igin blytk 3D mesh (10,3x15,7 cm) kullanildi.

Bulgular: Bilateral cerrahi uygulanan hastalarda ameliyat siresi, sag ve sol cerrahilere gore istatistiksel olarak anlamli sekilde daha uzundu
(p<0,05). Sag ve sol inguinal herni onarimi karsilastirlldiginda, sol taraf cerrahisinin stiresi sagdan ortalama 3 dakika daha uzun olmasina ragmen
fark istatistiksel olarak anlamli degildi (p=0,512). Benzer sekilde mesh yerlestirme slresi de sol tarafta daha uzun olmasina ragmen istatistiksel
olarak anlamli bulunmadi (p=0,239). Ancak bilateral cerrahi grubunda ayni hastada sag ve sol mesh yerlestirme sureleri karsilastirildiginda, sol
taraf sUresi anlamli derecede daha uzundu (p<0,05). Komplikasyon oranlar distiktl (%6,7). Alti hastada niks tespit edildi.

Sonug: Laparoskopik inguinal herni onarimi glivenli ve etkili bir yontem olup, bilateral cerrahilerde siire belirgin olarak uzamaktadir. Sag ve sol
herni onarimi karsilastinldiginda sol taraf cerrahisinde sureler daha uzun egilim gostermekle birlikte farklar istatistiksel olarak anlamli degildir.
Cerrahi planlama ve hasta bilgilendirmelerinde bu parametreler gz éniinde bulundurulmalidir.

Anahtar Kelimeler: inguinal herni, laparoskopi, mesh, onarim, komplikasyon
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INTRODUCTION

Abdominal wall hernias are among the most common
surgical conditions, with inguinal hernias accounting for
approximately 75% of cases. The lifetime risk is estimated
at 27% for men and 3% for women (1). Over recent decades,
significant progress has been made in their management.
Although conventional open repairs, both mesh and non-
mesh, were once predominant, laparoscopic mesh repairs
have become increasingly preferred. This shift has been
largely driven by comparative studies demonstrating
advantages over open techniques (2).

Multiple studies have confirmed that minimally invasive
approaches to inguinal hernia repair are associated with
less postoperative pain, fewer wound complications, faster
return to normal activities, and lower rates of chronic groin
pain (2,3). Although recurrence rates appear similar between
laparoscopic and open repairs, the overall benefits of
laparoscopy have established it as a preferred approach (3).

The two principal laparoscopic  techniques are
transabdominal preperitoneal repair (TAPP) and totally
extraperitoneal repair (TEP). TAPP provides a wider
operative field but carries a greater risk of intra-abdominal
injury, whereas TEP avoids peritoneal entry and thus reduces
the risk of visceral injury. However, TEP is technically more
demanding due to limited working space and restricted
visualization (4,5).

Awide range of synthetic meshes is available for laparoscopic
repair. Recently, anatomically contoured and
dimensional (3D) meshes have been developed to overcome
limitations such as folding or migration associated with flat

three-

polypropylene meshes (6). This evolution has contributed to
the growing adoption of 3D mesh designs (6).

With the increasing use of laparoscopy for inguinal hernia
repair, studies comparing open, laparoscopic, and robotic-
assisted approaches have become more prevalent, further
highlighting the advantages of minimally invasive surgery
(1,3,7-10).

In the present study, we report our single-center experience
with 192 patients who underwent laparoscopic TAPP repair.

METHODS

Between June 2021 and June 2025, the medical records of
303 patients who underwent surgery foringuinal hernia at the
Department of General Surgery, Istanbul Aydin University
Faculty of Medicine, were retrospectively reviewed. Fifty-
nine patients treated with open repair were excluded.
Surgical videos were available for 244 patients; however,
52 were excluded due to incomplete or missing video

data. The remaining 192 patients, all of whom underwent
laparoscopic TAPP repair, constituted the study cohort.

Polypropylene mesh was used in é patients, whereas 3D
anatomically contoured mesh was used in the remaining
186 patients. All operations were performed by the same
surgical team. Operative times were measured by reviewing
surgical videos and operative notes: the interval from the
insertion of the first trocar to the end of the procedure was
defined as the total operative time, and the interval from
the insertion of the mesh into the abdominal cavity to
peritoneal closure was defined as the mesh placement time.

Postoperative outcomes assessed included hospital length
of stay, drain duration (if applicable), early perioperative
complications, and recurrence rates.

Statistical Analysis

Statistical analyses were performed using SPSS Statistics
for Windows, version 15.0 (SPSS Inc., Armonk, NY, USA).
Descriptive statistics were presented as mean+standard
deviation for continuous variables and as percentages for
categorical variables. The normality of data distribution
was assessed using the Kolmogorov-Smirnov test. For
categorical variables, either the chi-square test or Fisher's
exact test was applied, as appropriate. For continuous
variables, comparisons between groups were made using
the Student’s t-test or the Mann-Whitney U test, depending
on data distribution. A two-tailed p-value <0.05 was
considered statistically significant.

Avrtificial Intelligence-Assisted Figure Generation

Visualizations, including operative times and mesh-
placement durations, were generated using the artificial
intelligence tool ChatGPT (GPT-5; OpenAl; August
2025 version). Aggregated and anonymized data were
provided to the system without any patient-identifiable
information. The prompts specified figure types (e.g., bar
charts, grouped comparisons), axis labeling, and legend
formatting. All generated figures were carefully reviewed
and cross-checked by the authors to ensure accuracy and
consistency with the study data.

Ethical Approval

This retrospective study was conducted in accordance with
the ethical standards of the institutional and national research
committees and with the 1964 Declaration of Helsinki and
its later amendments. The study protocol was approved by
the istanbul Aydin University Non-Interventional Clinical
Research Ethics Committee (approval no: 164/2025, date:
06.08.2025). No interventions or changes were made to
patient care as part of this research. As the study had a
retrospective design, informed consent was not required
from the patients.
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RESULTS

Of the 192 patients included, 180 were male (93.8%) and
12 were female (6.3%). The mean age was 53.7+£15.1 years
(range, 21-83). Bilateral inguinal hernia repair was performed
in 84 patients (43.8%), right-sided repair in 51 patients
(26.6%), and left-sided repair in 57 patients (29.7%).

Drains were not placed in 168 patients (87.5%), whereas the
surgical team inserted drains in 24 patients (12.5%). The
mean length of hospital stay was 1.3 days overall. Patients
with drains had a significantly longer hospital stay than
those without drains (mean 1.79 vs. 1.29 days; p<0.05).

Complications were observed in 13 patients: seven were early
perioperative complications and six were recurrences. Among
early complications, four patients developed postoperative
hematomas, one developed a bladder hematoma, and two
sustained intraoperative bowel injuries; all bowel injuries
were managed laparoscopically with drain placement. No
drains were placed in patients with hematomas.

The mean operative time was 33.0£11.8 minutes (median
32.0) for right-sided repairs, minutes (median 35.0) for left-
sided repairs, and 54.4+24.7 minutes (median 50.0) for
bilateral repairs. Bilateral repairs were significantly longer
than unilateral repairs (p<0.05; Figure 1). Although left-
sided repairs averaged approximately 3 minutes longer
than right-sided repairs, this difference was not statistically
significant (p=0.512).

Mesh placement times were 6.7+3.3 minutes (median 6.0)
for right-sided repairs and minutes (median 7.0) for left-
sided repairs; the difference was not statistically significant
(p=0.239; Figure 2). In bilateral procedures, no significant
difference was found between the right and left sides
in operative duration (26.6£13.6 min vs. 27.3+12.9 min,
respectively; p>0.05). However, mesh placement time was
significantly longer on the left side (6.6+3.1 min vs. 6.3+3.8
min; p<0.05) (Figure 3).

Recurrence was detected in 6 patients (3.1%) with a minimum
follow-up of 6 months. This rate approached the upper limit
reported in the literature (0.5-3%). When the 52 patients
who had been excluded for lack of surgical video data were
included in the denominator, the overall recurrence rate was
2.4%, consistent with previously published series.

Among patients with recurrence, 2 were repaired with
polypropylene mesh and 4 patients with 3D mesh (p<0.05).
Four recurrences occurred after bilateral repairs and two
after left-sided repairs. No recurrences were observed in
patients with right-sided unilateral repair. In the bilateral
group, two recurrences occurred on the left and two on the
right. In total, 6 recurrences occurred on the left side and 2
on the right (Table 1).
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Figure 1. Mean surgical duration according to operated side (right,
left, bilateral). Error bars indicate standard deviation. Significant
differences are marked (p<0.05)
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Figure 2. Comparison of operative time and mesh placement time
between right- and left-sided inguinal hemia repairs. Error bars
indicate standard deviation
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Figure 3. Comparison of operative time and mesh placement
duration in bilateral surgeries (right and left sides). Error bars indicate
standard deviation. Significant differences are marked (p<0.05)
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Table 1. Clinical and demographic characteristics

Parameter

Value

Total number of patients

192

Gender (male/female)

180 (93.75%)/12 (6.25%)

Mean age (years)

53.65+15.05 (21-83)

Surgical side (right/left/bilateral)

51 (26.56%)/57 (29.69%)/84 (43.75%)

Patients with drain 24 (12.5%)

Mean hospital stay (days) 1.3

Hospital stay with/without drain 1.79/1.29 (p<0.05)
Number of complications (total) 13

Recurrence

Hematoma (early period)

Bladder hematoma 1

Intraoperative bowel injury 2

Operative time (right/left/bilateral) 33.02/36.02/54.37 min
Mesh placement time (right/left) 6.73/7.39 min

Mesh placement time in bilateral surgeries (right/left)

6.31/6.63 min (p<0.05)

Recurrence rate

6 patients (3.12 %)

Type of mesh in recurrences (prolene/3D)

2/4 (0<0.05)

Side of recurrence (right/left)

2/4

DISCUSSION

Laparoscopic approaches to inguinal hernia repair have
increasingly replaced conventional open techniques and
are now widely adopted (11). Nonetheless, utilization rates
vary considerably, with reports of 38% in the United States
(12) and 23% in the United Kingdom (13). Several studies
have also suggested that laparoscopy is more commonly
employed in bilateral hernia cases (14). In our series,
80.5% of inguinal hernia repairs over a four-year period
were performed laparoscopically, and 43.8% of patients
underwent bilateral repair. These rates are notably higher
than global averages. Remarkably, in the past two years,
open surgery was avoided altogether except in elderly
patients deemed unsuitable for general anesthesia. This
trend reflects an increasing preference for laparoscopic
repair as experience accumulates.

Although recurrence rates after laparoscopic and open
repair are generally comparable, rates of acute and chronic
pain are significantly lower after laparoscopic repair (3,15).
These advantages have driven wider adoption and training
in laparoscopictechniques. In our cohort, the recurrence rate
was 2.4%, consistent with published data and comparable
to open repair (16,17).

Among laparoscopic techniques, debate continues
between TAPP and TEP. While some studies have found
equivalent outcomes, others favor one approach over the

other. In our practice, the TAPP procedure is preferred
because it provides wider exposure and facilitates more
straightforward mesh placement, which is particularly useful
during the learning phase (18-20).

Initially, large polypropylene meshes, typically used in
open surgery, were employed to reduce costs. However,
this practice was quickly abandoned due to longer
operative times. In the present series, six patients
received polypropylene mesh; two (33.3%) experienced
recurrence. By contrast, among the 186 patients treated
with 3D meshes, only four recurrences were observed
(2.1%). Despite the small number of polypropylene cases,
operative and mesh placement times were longer and
recurrence rates were higher compared with 3D mesh;
these differences were statistically significant (p<0.05).
Prior reports have also indicated that 3D meshes reduce
operative time, complication rates, and postoperative
analgesia requirements; however, higher costs remain a
limiting factor in some regions (21). Our findings support
the clinical advantages of 3D mesh, despite the increased
expense.

The learning curve for laparoscopic inguinal hernia repair
has been extensively studied. A meta-analysis estimated
that proficiency is achieved after approximately 32
cases; however, this threshold has decreased over the
past 15 years owing to earlier training, improvements in
laparoscopic equipment, and increased case exposure (2).
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In our cohort, 13 complications occurred (6 recurrences, 4
hematomas, 2 bowel injuries, 1 bladder hematoma); nine
of these complications occurred within the first 100 cases.
As experience increased, complication rates declined
significantly, underscoring the effect of cumulative surgical
expertise.

Although the anatomy of the right and left inguinal regions
is symmetrical, subtle technical challenges may still arise. In
our study, left-sided repairs averaged three minutes longer
than right-sided repairs, although this difference was not
statistically significant (p=0.512). Similarly, mesh placement
times were slightly longer on the left, although this
difference was not statistically significant (p=0.213). Among
bilateral cases, operative times were comparable between
sides, but mesh placement times were significantly longer
on the left (p<0.05). Interestingly, four of the six recurrences
occurred on the left side, suggesting technical difficulty
related to surgeons’ right-hand dominance. Dissection and
mesh deployment may be less intuitive on the left side, a
phenomenon that deserves further investigation. Given the
relatively large proportion of bilateral cases in our series,
future studies with larger sample sizes may help confirm
these observations. To our knowledge, this is the first study
to examine side-specific outcomes in such detail, making it
a unique contribution to the literature.

Study Limitations

This study has several limitations that should be considered.
First, its retrospective design may have introduced selection
bias, as data were derived from existing medical records
rather than prospective collection. Second, although
our series includes 192 cases, the sample size may be
insufficient to detect subtle differences between right-
and left-sided procedures with strong statistical power
particularly regarding rare outcomes such as recurrence
patterns. Lastly, the lack of long-term follow-up beyond the
early postoperative period limits our ability to assess late
complications, chronic pain, or recurrence rates. Future
prospective, multicenter cohort studies with standardized
protocols and extended follow-up are needed to validate
and expand upon our findings.

CONCLUSION

Laparoscopic techniques for inguinal hernia repair are
sometimes still perceived as technically demanding, even
among experienced surgeons. However, growing surgical
expertise consistently leads to reductions in operative time
and complication rates. Although laparoscopic equipment
and the use of advanced mesh types may increase overall
costs, the advantages for patient outcomes, faster recovery,
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and surgeon comfort are indisputable. Moreover, our
findings suggest that left-sided repairs may be associated
with slightly longer operative and mesh placement times,
potentially reflecting the predominance of right-handed
surgeons. While these differences did not reach statistical
significance, they raise an important technical consideration.
To validate these observations and provide stronger
evidence-based guidance, further randomized controlled
trials with larger patient cohorts are warranted.
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Evaluation of the Prevalence and Activity of Thyroid
Ophthalmopathy in Patients with Thyroid Disease
(Graves' Disease)

Tiroid Hastalarinda (Graves Hastaligi) Tiroid Oftalmopati Sikligi ve Aktivitesinin
Degerlendirilmesi

Mehmet Ozbas, @ Siimeyye Selay Ersoy Senel
University of Health Sciences Tiirkiye, Bakirkdy Dr. Sadi Konuk Training and Research Hospital, Clinic of Ophthalmology, istanbul, Tiirkiye

ABSTRACT

Objective: To evaluate the prevalence, activity status, and clinical spectrum of thyroid associated ophthalmopathy (TAO) in patients with Graves’
disease (GD), and to investigate the incidence of TAO activation and treatment approaches employed during follow-up.

Methods: This retrospective observational cohort study included 371 patients with GD who were referred from the endocrinology clinic to an the
ophthalmology department and followed for at least 6 months. Thyroid function status at presentation (euthyroid, hypothyroid, or hyperthyroid),
treatments for GD, thyroid-stimulating hormone receptor antibody (TRAb) levels, systemic comorbidities (diabetes mellitus, hypertension), and
smoking status were recorded. Ocular involvement was evaluated using the clinical activity score (CAS), with CAS >3 indicating active TAO.

Results: Active TAO developed in 17.5% of GD patients. While most of these patients were in the hyperthyroid phase, a considerable proportion
were in the euthyroid or hypothyroid phases. Patients with active TAO exhibited higher TRAb levels. Smoking emerged as a significant risk factor
for TAO development. The most commonly administered treatment was intravenous methylprednisolone, followed by thyroidectomy, orbital
radiotherapy, radioactive iodine therapy, and orbital decompression surgery.

Conclusion: Patients with GD, there is a risk of developing TAO during follow-up, even in those asymptomatic at presentation. Regular
ophthalmologic assessment is recommended, particularly for patients who smoke or have elevated TRAb levels. CAS remains a valuable tool for
evaluating disease activity and guiding treatment decisions.

Keywords: Graves' disease, thyroid associated ophthalmopathy, clinical activity score
6z

Amag: Graves hastaligi (GH) olan hastalarda tiroid iliskili oftalmopatinin (TiO) prevalansini, aktivite durumunu ve klinik spektrumunu degerlendirmek
ve takip siresince TIO aktivasyon insidansini ve uygulanan tedavi yaklagimlarini aragtirmaktir.

Gereg ve Yontem: Bu retrospektif gozlemsel kohort calismasina, endokrinoloji kliniginden goz hastaliklar bélimine yonlendirilmis ve en az 6
ay takip edilmis 371 GH hastasi dahil edildi. Bagvuru anindaki tiroid fonksiyon durumu (&tiroidi, hipotiroidi veya hipertiroidi), GH tedavileri, tiroid
uyarici hormon reseptdr antikoru (TRAb) dizeyleri, sistemik komorbiditeler (diabetes mellitus, hipertansiyon) ve sigara icme durumu kaydedildi.
Okdler tutulum klinik aktivite skoru (KAS) kullanilarak degerlendirildi; KAS >3 olan hastalar aktif TIO olarak kabul edildi.

Bulgular: GH hastalarinin %17,5'inde aktif TiO gelisti. Bu hastalarin cogu hipertiroidi evresinde olsa da, dnemli bir kismi &tiroidi veya hipotiroidi
evresindeydi. Aktif TIO'su olan hastalarda TRAb diizeyleri daha yiiksekti. Sigara igimi, TIO gelisimi igin anlamli bir risk faktérii olarak belirlendi.
En sik uygulanan tedavi damardan verilen metilprednizolon olurken; bunu tiroidektomi, orbital radyoterapi, radyoaktif iyot tedavisi ve orbital
dekompresyon cerrahisi izledi.

Sonug: GH hastalarinda, basvuru sirasinda asemptomatik olsalar bile takip siiresince TIO gelisme riski bulunmaktadir. Ozellikle sigara icen veya
yiksek TRAb dizeylerine sahip hastalarda dizenli oftalmolojik degerlendirme énerilmektedir. KAS, hastalik aktivitesinin degerlendirilmesinde ve
tedavi kararlarinin yonlendirilmesinde degerli bir ara¢ olmaya devam etmektedir.

Anahtar Kelimeler: Graves hastaligy, tiroid iliskili oftalmopati, klinik aktivite skoru

Address for Correspondence: Mehmet Ozbas, MD, University of Health Sciences Tiirkiye, Bakirkéy Dr. Sadi Konuk Received: 28.07.2025
Training and Research Hospital, Clinic of Ophthalmology, Istanbul, Turkiye Accepted: 02.09.2025
E-mail: drmehmetozbas@gmail.com ORCID ID: orcid.org/0000-0002-5679-3762 Publication Date: 18.12.2025

Cite as: Ozbas M, Ersoy Senel SS. Evaluation of the prevalence and activity of thyroid ophthalmopathy in patients
with thyroid disease (Graves' disease). Med J Bakirkoy. 2025;21(4):398-404

3 98 Copyright® 2025 The Author(s). Published by Galenos Publishing House on behalf of Bakirkéy Dr. Sadi Konuk Training and Research Hospital. @@@@
v No_nD

This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.


https://orcid.org/0000-0002-5679-3762
https://orcid.org/0009-0003-6522-6131

Ozbas and Ersoy Senel. Thyroid Associated Ophthalmopathy in Graves’ Disease

INTRODUCTION

Thyroid associated ophthalmopathy (TAO) is a significant
autoimmune disorder that substantially impairs quality of
life. Although rare, it is the most common inflammatory
orbital disease and is associated with autoimmune thyroid
dysfunction (1). This condition arises from an antibody
response against a shared antigen present in both the
thyroid gland andretro-orbital tissues (2). TAO almost always
occurs in conjunction with circulating thyroid-stimulating
hormone receptor antibodies (TRAb) (3).

The incidence of TAO is approximately 1.9 cases per 10,000
people annually (4). Although TAO is most commonly
associated with hyperthyroidism secondary to Graves'
disease (GD), about 10% of TAO patients are euthyroid
or hypothyroid (5). The overall prevalence of TAO among
patients with GD can be as high as 50% (6).

Although TAO is mild and non-progressive in most patients,
close monitoring of high-risk individuals is crucial to ensure
timely and appropriate treatment based on disease severity
and activity. Moderate-to-severe forms, which necessitate
aggressive therapy, constitute only 5-6% of all cases (7).

Risk factors identified for TAO include smoking, female
sex, advanced age, genetic predisposition, wide lateral
orbital wall angle, elevated TRAb levels, high pre-treatment
triiodothyronine and thyroxine levels, uncontrolled hypo- or
hyperthyroidism, and radioactive iodine (RAI) therapy (8).

Reports in the literature indicate that GD and associated
TAO occur more frequently in women than in men. The
prevalence of TAO increases with age, particularly between
40 and 60 years, and peaks during the fifth and sixth decades
of life (9-11).

TAO is generally diagnosed clinically. However, in atypical or
unilateral cases, orbital imaging plays an important role in
the diagnosis, differential diagnosis, and clinical or surgical
follow-up (12). TAO is diagnosed when at least two of the
following three findings are present: thyroid dysfunction of
autoimmune origin, one or more ocular signs, or radiological
evidence of fusiform enlargement of the bellies of the
extraocular muscles, sparing the tendinous insertions (13).

To assess TAO activity and to monitor treatment response,
the clinical activity score (CAS), which reflects inflammatory
changes, is commonly used (14).

The management of TAO is determined by disease
severity. Mild cases typically require only symptomatic
treatment, whereas moderate-to-severe TAO may
necessitate multiple medical, surgical, or combined
interventions. Close monitoring and appropriately timed

treatments are essential; early initiation of medical therapy
during the active phase of the disease is critical (14).

General management strategies for TAO encompass
correcting hyperthyroidism, monitoring and treating
hypothyroidism, and encouraging smoking cessation when
appropriate (15).

Upon diagnosis, treatment should promptly target the
active inflammatory phase of the disease to reduce severity,
especially as chronic or fibrotic phases tend to be more
resistant to therapy (13).

This study examined the demographic characteristics of GD
patients, the presence of comorbidities (diabetes mellitus
and hypertension), smoking status, the prevalence and
activity of TAO, and the treatment modalities applied.

METHODS

This  retrospective  observational  study included
371 patients diagnosed with GD and followed at
the endocrinology clinic between January 2019 and
September 2023, who were subsequently referred to the
Ophthalmology Clinic of University of Health Sciences
Turkiye, Bakirkdy Dr. Sadi Konuk Training and Research
Hospital. The study was conducted in accordance with the
Declaration of Helsinki, and approval by the University of
Health Sciences Turkiye, Bakirkdy Dr. Sadi Konuk Training
and Research Hospital Clinical Research Ethics Committee
(approval no: 2023-21-26, date: 06.11.2023) and informed
consent from all patients were obtained.

Patients’ medical records were retrospectively reviewed.
Only those with a minimum follow-up duration of six months
were included. The mean follow-up period was 20.07+17.05
months (range: 6-57 months). Recorded data included
the duration of ophthalmologic follow-up, current thyroid
treatment, presence of comorbidities (diabetes mellitus
and hypertension), TRAb levels, smoking status, ophthalmic
examination findings, presence of TAO, and, when TAO was
present, the treatment modalities applied.

TRAb using a standardized
immunoassay analyzer with a measurement range of 0.3-
40 IU/L and a cut-off value of 1.75 IU/L. Values above this
threshold were considered positive.

levels were measured

Assessment of TAO activity was performed according to the
European Group on Graves' Orbitopathy guidelines, using
the CAS. CAS is a seven-parameter scoring system that
evaluates inflammatory activity in the eye. The parameters
include spontaneous retrobulbar pain, pain on eye
movement, eyelid erythema, conjunctival hyperemia, eyelid
edema, conjunctival edema (chemosis), and inflammation
of the caruncle or plica. The CAS is scored from 0 to 7 based
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on the presence of these inflammatory signs (Table 1).
Patients with a CAS score of 3 or higher were classified as
having active TAO, those with scores of 1 or 2 as having
inactive TAO, and patients with a CAS score of 0 as having
no disease activation.

An  experienced  ophthalmologist performed  the
ophthalmologic examinations. Each patient underwent a
comprehensive ophthalmic evaluation, including clinical
assessment of CAS parameters, measurement of visual
acuity, assessment of intraocular pressure, anterior segment
examination with slit-lamp biomicroscopy, and fundus
examination.

Thyroid function status at presentation (hypothyroid,
hyperthyroid, or euthyroid) and smoking history were
obtained from patients’ medical records. Patients were
categorized into three groups based on smoking status:
current smokers, former smokers, and non-smokers.

Initially, 400 GD patients were screened for the study.
However, patients with incomplete examination data or
follow-up periods shorter than six months were excluded.
Additionally, individuals with orbital diseases other than
TAO were not included. Consequently, 371 patients with
sufficient data and follow-up duration were enrolled in the
study.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics 25.0 (IBM
Corp., Armonk, NY, USA). The distribution of continuous
variables was assessed using the Shapiro-Wilk test.

Table 1. Clinical activity score criteria

Med J Bakirkoy 2025;21(4):398-404

Since TRADb levels were not normally distributed, the Mann-
Whitney U test was used for group comparisons. A p-value
of <0.05 was considered statistically significant.

RESULTS

The majority of the 371 Graves disease patients included
in the study were female, with a mean age of 47 years.
General data on patients’ smoking status, thyroid function,
and accompanying systemic diseases are summarized in
Table 2.

Of the 371 patients with GD included in the study, 65 (17.5%)
with a CAS >3 constituted the active TAO group. Among
the remaining patients, 146 (39.3%) with a CAS score of 1
or 2 were classified as the inactive TAO group, while 160
patients (43.2%) with a CAS score of 0 were classified
as having no clinical activity. The mean TRAb levels were
highest in the active TAO group, followed by the inactive
TAO group, and lowest in patients without clinical activity.
Furthermore, TRAb levels in the active TAO group were
significantly higher than in the other groups (Table 3).

The demographic and clinical characteristics of the 65
patients diagnosed with active TAO—including age, sex,
smoking status, thyroid function at presentation, systemic

Table 2. General demographic and clinical characteristics of the
entire cohort (n*=371)

Variable

Value

289 (77.9%)

82 (22.1%)

47.01+11.05 years (22-84 years)

Female, n (%)
Male, n (%)
Age, mean=SD (range)

Smoking status

Clinical activity score criteria* Description i::srzr:: Current smoker, n (%) 158 (42.6%)
Spontaneous retrobulbar pain Pain behind the 1 Former smoker, n (%) 07%)
P P eye at rest Never smoker, n (%) 177 (47.7%)
Pai Pain caused by Thyroid status at referral
ain on eye movement moving the eve
9 y Hyperthyroid, n (%) 170 (45.8%)
Eyelid erythema z;j?;:s ofthe 1 Euthyroid, n (%) 162 (43.7%)
Conjunctival injection (redness) Redness of the 1 rypothyroid, n (%) 210575
) ) conjunctiva Systemic comorbidities
Eyelid edema Swel!léng of the 1 HT, n (%) 16 (4.3%)
eyenas DM, n (%) 37 (10.0%)
Chemosis (conjunctival edema) Swe_lllng_of the 1 Both HT and DM, n (%) 8 (2.2%)
conjunctiva :
Redness or Mean TRAb level, IU/L 803{338_—3)1 45 (median: 4.37, range:
Inflammation of caruncle or plica  swelling of 1 . .

caruncle or plica

*: Clinical activity score criteria, used to assess inflammatory activity in
thyroid eye disease, are based on the guidelines of the European Group
on Graves' orbitopathy. Each criterion is scored as 1 if present, with a total
possible score ranging from 0 to 7. A clinical activity score >3 indicates
active disease

Mean follow-up duration,  20.70+17.05 (median: 12.0, range:
months 6-57)

*: n indicates the number of patients; percentages are calculated based on
the total cohort (n=371), unless otherwise specified

HT: Hypertension, DM: Diabetes mellitus, SD: Standard deviation, TRAb:
Thyroid-stimulating hormone receptor antibody
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comorbidities, and TRAb levels—are summarized in Table 4.
In this group, 3 patients had previously undergone
thyroidectomy, 4 had received RAIl therapy, and the
remaining 58 patients were receiving antithyroid medication.

The frequencies of the clinical findings comprising the CAS

criteria in patients diagnosed with active TAO are presented
in Table 5.

The distribution of symptomatic, medical, surgical, and
adjuvant treatments applied to patients with TAO s
presented in Table 6.

Table 3. TRAD levels and clinical activity distribution according to clinical activity score -based classification in the study cohort

Disease activity group  Mean TRAb (IU/L¥) Median TRAb (IU/L) Min-max TRAb (IU/L) E:t’l“ez‘: gf) Percentage (%)
Active thyroid associated - )

ophthalmopathy (CAGsy  14-20714.20 8.36 0.3-40.0 65 175

inactive thyroid associated

ophthalmepathy (CAG 1.2) 872£9.70 5.11 0.3-40.0 146 39.3

No clinical activity

(CAS=0) 6.84+8.39 395 0.3-40.0 160 432

Total cohort 10.63+11.45 437 0.3-40.0 371 100

*|U/L: International units per liter, **: TRAb levels were significantly higher in the active TAO group compared to the inactive TAO and no clinical activity groups

(Mann-Whitney U test, p=0.0017; significance level p<0.05 was considered)

TRAb: Thyroid-stimulating hormone receptor antibody, CAS: Clinical activity score, TAO: Thyroid associated ophthalmopathy

Table 4. Demographic and clinical features of the active thyroid
associated ophthalmopathy patients (n*=65)

Table 5. Number and frequency of symptoms according to clinical
activity score criteria in active thyroid associated ophthalmopathy
patients

Variable Value
Female, n (%) 42 (64.6%) Clhmlc.al activity score Number of patients Forequency
criterion (n*) (%)
Male, n (%) 23 354%) Spontaneous retrobulbar 34 50 39
Age, mean+SD (range) 48.8+10.8 years (22-67 years) pain e
Smoking status Pain on eye movement 22 33.8%
Current smoker, n (%) 35(53.8%) Eyelid edema (swelling) 52 80.0%
Former smoker, n (%) 6(9.2%) Eyelid erythema (redness) 10 15.4%
Never smoker, n (%) 24 (36.9%) (Cocr;Junc;lval injection 47 72.3%
Thyroid status at referral redness
Hyperthyroid, n (%) 39 (60.0%) Chenjoss (conjunctival 3% 55.4%
swelling)
Euthyroid, n (%) 18 (27.7%) 3
Caruncle or plica 23 35.49
Hypothyroid, n (%) 8 (12.3%) inflammation e
Systemic comorbidities Since patients may exhibit multiple symptoms simultaneously, the total
o o number of symptoms may exceed the number of patients. *: Number of
HT, n (%) 2(3.1%) patients in whom the symptom was observed
DM, n (%) 5(7.7%)
Both HT and DM, n (%) 2 (3.1%) Table 6. Eye treatment approaches in active thyroid associated
Veon TRAD level 1U/L 14.20+14.20 ophthalmopathy patients (n*=65)
a ! (median: 8.36, range: 0.3-40.0) Treatment n* (%)
Mean follow-up duration, months (Zr:(f;;y;)cgo e 6.57) Symptomatic/lubricant treatment 65 (100%)
7Y range: Intravenous methylprednisolone 40 (61.5%)
*: Indicates the number of patients; percentages are calculated based on . o
the total cohort (n=65), unless otherwise specified Thyroidectomy 7 (13.8%)
HT: Hypertension, DM: Diabetes mellitus, SD: Standard deviation, TRAb: Orbital radiotherapy 6(9.2%)
Thyroid-stimulating hormone receptor antibody
Radioactive iodine 4 (6.2%)
Orbital decompression surgery 1(1.5%)
Only symptomatic treatment** 5(7.7%)

*: Number of patients, **: Due to mild clinical findings, patient preferences,
or the presence of systemic contraindications, symptomatic treatment was
administered
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DISCUSSION

This study retrospectively evaluated the prevalence, clinical
features, and treatment approaches of TAO in patients with
GD. According to our findings, TAO developedin 211 of 371
patients diagnosed with GD (56.9%). Among these patients
with TAO, 146 (69.2%) were classified as having inactive TAO
and 65 (30.8%) as having active TAO based on the CAS.
Although the prevalence of TAO in our study appears higher
than the 25-50% range reported in the literature (6,16,17),
this can be explained by our cohort comprising patients
referred to a tertiary care center. Therefore, the obtained
rate can be considered acceptable within the study context.
The rate of active TAO was within the previously reported
range of 15-30% (17,18). These findings indicate that a
significant proportion of patients with GD develop thyroid
eye disease.

Approximately 60% of patients with active TAO in our study
were in the hyperthyroid phase. However, a substantial
proportion were euthyroid (28%), while a smaller proportion
were hypothyroid (12%). This aligns with existing literature
showing that TAQO is not limited to the thyrotoxic phase but
can also develop during euthyroid or hypothyroid states
(19). In clinical practice, normal thyroid function does not
exclude the risk of TAO, underscoring the need for vigilance,
particularly in euthyroid patients.

Female sex has been reported in the literature as a risk
factor for TAO (10). Similarly, in our study, the majority of
patients who developed orbital involvement were female
(64.6%).

We observed that TRAb levels increased with clinical activity
in TAO patients. The mean TRAb level in the active TAO
group was significantly higher than in the inactive and no-
clinical-activity groups (p=0.0017) (Table 3). Similarly, the
literature reports a significant association between elevated
TRAb levels and active TAO. TRAb serves as a specific
biomarker for TAO and is a valuable tool for the accurate
management of this complex disease. Its measurement is
important and clinically useful for the diagnosis, differential
diagnosis, and monitoring of TAO and GD (20,21). Circulating
TRAb have been correlated with clinical activity and severity
of TAO (22). These data support TRAb as a reliable indicator
of disease activity and suggest that it can be used alongside
clinical assessment to guide treatment decisions.

Accordingto the clinical findings comprising the CAS criteria
(Table 5), the most frequently observed signs among active
patients were eyelid edema (80%), conjunctival injection
(72.3%), and chemosis (55.4%). These findings represent
the main components of orbital inflammation and play a

402

Med J Bakirkoy 2025;21(4):398-404

significant role in CAS scoring (23). In addition, the high
prevalence of symptoms, such as spontaneous retrobulbar
pain (52.3%) and pain on eye movement (33.8%), suggests
that inflammation may adversely affect patients’ quality
of life. Inflammation of the caruncle or plica (35.4%) and
eyelid erythema (15.4%) were other ocular signs observed
in our patients and are also included in the CAS criteria.
Our findings are consistent with the existing literature and
reflect the clinical manifestations of the inflammatory phase
of TAO (24,25).

Among the 65 patients with active TAO in our study,
53.8% (n=35) were current smokers, 9.2% (n=6) were
former smokers, and 36.9% (n=24) had never smoked.
This finding aligns with the literature, which consistently
suggests that smoking increases the risk of TAO.
Smoking has been identified as an independent risk
factor for both the development and progression of
TAO (26). Previous research has shown that smoking may
exacerbate inflammation by stimulating orbital fibroblasts
and activating hypoxia-inducible factors. Based on
these findings, smoking cessation counseling should be
considered a key component in the management of TAO
(27).

Some of our patients also presented with systemic
comorbidities such as diabetes mellitus and hypertension.
Although the relationship between these comorbidities
and TAO activity could not be analyzed in this study, their
presence remains clinically relevant for systemic evaluation
and potential treatment planning for patients.

All 65 patients diagnosed with active TAO received
symptomatic treatment consisting of artificial tears and
gel for ocular surface relief. Regarding systemic therapies
(Table 6), intravenous methylprednisolone was the most
commonly administered treatment (61.5%), supporting
corticosteroids as the primary treatment modality for
active TAO (19,28,29). Additionally, based on clinical and
systemic factors, the following treatment approaches
were administered: thyroidectomy in 9 patients, orbital
radiotherapy in 6 patients, and RAIl therapy in 4 patients.
One patient underwent orbital decompression surgery due
to marked proptosis, signs of orbital compression, and
resistance to medical treatment.

Among five patients with active TAO, only symptomatic
treatment was provided. This was attributed to mild clinical
findings, patient preferences, or systemic contraindications.
According to the literature, supportive therapy combined
with close monitoring is considered appropriate for patients
with active TAO and mild symptoms (20).
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This therapeutic diversity highlights the need for
individualized management of TAO based on disease
activity, and patient
demonstrates that clinical practice is shaped accordingly
(30).

severity, characteristics and

Except for the patient who underwent decompression
surgery, ophthalmologic during follow-
up—including visual acuity, intraocular pressure, anterior
segment examinations, and fundus examinations—showed
no significant changes among the remaining patients with
active orbitopathy. Overall, their ophthalmologic findings
remained stable throughout the follow-up period.

assessments

Study Limitations

The primary limitation of our study is the absence of data
regarding disease duration since the initial diagnosis of
GD, which precluded assessment of its impact on ocular
involvement. Additionally, the inability to evaluate the
relationship between systemic comorbidities (hypertension
and diabetes mellitus) and disease activity constitutes an
additional limitation.

CONCLUSION

In conclusion, this study highlights the clinical spectrum
of TAO in patients with GD and underscores the necessity
of individualized treatment approaches. Our findings
demonstrate that active TAO affects a significant proportion
of patients and can occur not only during the hyperthyroid
phase but also during the euthyroid and hypothyroid
phases. The observed correlation between increasing TRAb
levels and disease activity supports the use of this biomarker
as an adjunct to clinical assessment. Furthermore, smoking
was identified as an important risk factor, and individualized
treatment strategies were found to be effective in achieving
clinical stabilization. Early recognition of inflammatory signs
and implementation of appropriate treatment strategies
through a multidisciplinary approach are crucial for
preventing serious TAO-related complications in patients
with GD.
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Comparison of PCR with Conventional Methods in
the Diagnosis of Pneumocystis jirovecii and Atypical
Pneumonia Agent Chlamydia pneumoniae and
Mycoplasma pneumoniae in Intensive Care Patients

Yogun Bakim Hastalarinda Pneumocystis jirovecii ve Atipik Pnémoni Etkeni
Chlamydia pneumoniae ve Mycoplasma pneumoniae’nin Tanisinda PCR'nin
Konvansiyonel Yontemlerle Karsilastiriimasi
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ABSTRACT

Objective: Pneumocystis jirovecii (P. jirovecii) can colonize healthy people and other chronic lung patients as well as in immunocompromised or
immunosuppressed patients. Mycoplasma pneumoniae (M. pneumoniae) and Chlamydia pneumoniae (C. pneumoniae) are the most common
atypical pneumonia agents in the community. This study aimed to investigate the presence of P, jirovecii, M. pneumoniae, and C. pneumoniae
colonization/infection by different methods in patients in intensive care units.

Methods: In this study, the presence of P, jirovecii, M. pneumoniae and C. pneumoniae in endotracheal aspirate specimens taken from 50
intensive care patients was investigated by polymerase chain reaction (PCR) method and conventional methods.

Results: Twenty (40%) of 50 patients were diagnosed with pneumonia. P. jirovecii DNA was detected in six specimens. P, jirovecii cysts were
detected by Gram-Weigert and Gomori silver staining in one of the patients who were PCR positive. Of 20 patients diagnosed with pneumonia,
9 (45%) were C. pneumoniae PCR positive, 18 (90%) were C. pneumoniae immunoglobulin M (IgM) positive, 8 (40%) were C. pneumoniae
IgG positive, and 5 (25%) were M. pneumoniae 1gG positive. Of 30 patients (60%) who were not diagnosed with pneumonia, 1 (3.3%) were C.
pneumoniae IgM positive, 12 (40%) were C. pneumoniae 1gG positive, and 5 (16.7%) were M. pneumoniae |gG positive.

Conclusion: It is important to use the PCR method together with conventional methods for rapid and accurate diagnosis of P. jirovecii, C.
pneumoniae, and M. pneumoniae in patients hospitalized in intensive care units, to differentiate colonization/infection, and to prevent the risk of
infection development in immune-compromised patients.

Keywords: Atypical pneumoniae, C. pneumoniae, intensive care unit, M. pneumoniae, P, jirovecii

(o74
Amag: Pneumocystis jirovecii (P. jirovecii) saglikli insanlarda ve diger kronik akciger hastalarinda oldugu gibi immiin sistemi baskilanmis hastalarda
da kolonize olabilir. Mycoplasma pneumoniae (M. pneumoniae) ve Chlamydia pneumoniae (C. pneumoniae) toplumda en sik gérilen atipik

pndmoni etkenleridir. Bu ¢alismada yogun bakim Unitelerinde yatan hastalarda P. jirovecii, M. pneumoniae ve C. pneumoniae kolonizasyon/
enfeksiyon varliginin farkl yontemlerle arastirilmasi amaclanmigtir.

Gere¢ ve Yontem: Bu calismada 50 yogun bakim hastasindan alinan endotrakeal aspirat &rneklerinde P jirovecii, M. pneumoniae ve C.
pneumoniae varligi polimeraz zincir reaksiyonu (PCR) yéntemi ve geleneksel yontemlerle arastiriimistir.

Bulgular: Elli hastanin 20'sine (%40) pnémoni tanisi konulmustur. Alti drnekte P, jirovecii DNA'si tespit edilmistir. PCR pozitifligi saptanan hastalarin
sadece birinde Gram-Weigert ve Gomori silver boyama ile P. jirovecii kisti tespit edilmistir. Pnémoni tanisi alan 20 hastanin 9'unda (%45) C.
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pneumoniae PCR pozitif, 18'inde (%90) C. pneumoniae imminoglobulin M (IgM) pozitif, 8'inde (%40) C. pneumoniae IgG pozitif ve 5'inde ise
(%25) M. pneumoniae 1gG pozitif olarak saptanmistir. Pnémoni tanisi konamayan 30 (%60) hastanin 1'inde (%3,3) C. pneumoniae IgM pozitif,
12'sinde (%40) C. pneumoniae IgG pozitif ve 5'inde (%16,7) M. pneumoniae |gG pozitif olarak bulunmustur.

Sonug: Yogun bakim Unitelerinde yatan hastalarda P. jirovecii, C. pneumoniae ve M. pneumoniae’nin hizli ve dogru tanisi, kolonizasyon/
enfeksiyon ayrimi ve badisiklik sistemi baskilanmis hastalarda enfeksiyon riskinin énlenmesi icin PCR yénteminin konvansiyonel yontemlerle

birlikte kullanilmasi dnemlidir.

Anahtar Kelimeler: Atipik pnémoni, C. pneumoniae, yogun bakim birimi, M. pneumoniae, P. jirovecii

INTRODUCTION

Pneumocystis spp. are opportunistic organisms that are
unicellular, eukaryotic, and can be found in the lungs of
many mammals. Five species of Pneumocystis have been
identified, namely Pneumocystis carinii and Pneumocystis
wakefieldiae in rats,
Pneumocystis oryctolagi in rabbits, and Pneumocystis
jirovecii (P jiroveci) in humans (1). P. jirovecii causes
Pneumocystis pneumonia (PCP), which has a dangerous
clinical status, especially in people with compromised
immune systems. Initially considered a protozoan,
Pneumocystis was recognized as a fungus in the late 1980s
with the development of gene sequencing techniques (2).
Microscopic identification of organisms in lower respiratory
tract specimens is considered the gold standard for PCP.
Cyst forms of Pneumocystis can be stained with Grocott-
Gomori metamine silver and trophozoite forms with
Giemsa and Diff-Quick, but experience with microscopy
is important in the diagnostic examination. Polymerase
chain reaction (PCR) is increasingly used in the molecular
diagnosis of PCP (3).

Pneumocystis murina in mice,

Chlamydia pneumoniae (C. pneumoniae) is an obligate
intracellular bacterium that infects humans and is one of
the major causes of atypical pneumonia. C. pneumoniae
was first isolated from the eye of a child during a trachoma
vaccine study in Taiwan in 1965. C. pneumoniae pneumonia
causes upper and lower respiratory tract symptoms within
1-3 weeks and can occur as an acute or subacute infection
(4). Serological diagnosis of C. pneumoniae infection is
based on a fourfold or greater increase in immunoglobulin
M (IgM) or IgG antibodies. Micro-immunofluorescence
(IFA) testing is the most preferred method and is species-
specific (5).

Mycoplasma pneumoniae (M. pneumoniae) is a bacterium
that is slow-growing, pleomorphic, non-motile, and without
a cell wall. M. pneumoniae is easily transmitted, and the
infection is most likely to be spread by droplets (6). The
most common symptoms include sore throat, hoarseness,
fever, cough; initially unproductive but later moderate
bloodless sputum, headache, chills, myalgia, earache, and
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general malaise. A four-fold or greater increase in both IgM
and IgG antibody titers in specimens collected at 2-3 week
intervals suggests an existing or recent infection (7). Many
commercial kits are available based on IFA testing and
enzyme immunoassay methods. PCR is another preferred
method for the detection of M. pneumoniae (8).

Pneumonia is responsible for a significant portion of
morbidity and mortality in intensive care units (ICUs). Since
atypical pneumonia agents are difficult to grow in culture,
data on the frequency of these infectious agents are limited
(9). In recent years, advances in molecular microbiology
techniques have led to an increased recognition of the
importance of atypical pneumonias. However, there are few
studies on the etiology of atypical pneumonia in Turkiye
(10).

This study aimed to compare the sensitivity of conventional
staining methods with PCR for the diagnosis of P, jirovecii
in ICUs, and to investigate the relationship between the
presence of M. pneumoniae/C. pneumoniae DNA and
serum IgM/IgG antibodies.

METHODS

Ethical Approval

The study was conducted with the permission of Balikesir
University Clinical Research Ethics Committee with the
approval number 2018/94, date 09.05.2018. Patients and
their first-degree relatives were informed about the content
of the study and their consent was obtained.

Collection of Specimens

Fifty patients who were monitored in the ICU of Balikesir
University Research Hospital were included in the study.
Patients admitted to the ICU with and without symptoms
of pneumonia were included in the study. Endotracheal
aspirate (ETA) was collected for the detection of P
jirovecii, C. pneumoniae, and M. pneumoniae, and serum
samples were collected for the serological diagnosis of C.
pneumoniae and M. pneumoniae.
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Preparation of Specimens

ETA specimens were centrifuged at 13000 rpm for 10 min.
The supernatant was discarded and the pellet was stored
as aliquots for staining methods and PCR tests. The pellet
was spread on slides by the cytocentrifugation method
for Giemsa, Gram-Weigert, and Gomori-Metamine silver
staining. For PCR, at least 200 pL of each sample was taken,
put into sterile eppendorf tubes, and stored at -20 °C.
Blood specimens were centrifuged at 4000 rpm for 10 min.
The serum specimens obtained were transferred to sterile
tubes and stored at -20 °C.

Giemsa Staining Method

Giemsa solution was prepared by mixing the stock Giemsa
(Merck, Darmstadt, Germany) with PBS adjusted to pH 7.2 at
aratio of 1/11. Specimen slides were fixed with methanol for
3min and stained for 25 min with Giemsa solution. The slides
were then rinsed with low-flow tap water from the edges
and left upright to dry. The preparations were examined for
the presence of P, jirovecii trophozoite using immersion oil
at 100x magnification under a light microscope.

Gram-Weigert Staining Method

Gram-Weigert dye solution was prepared according to the
protocol (11) by preparing crystal violet (Merck, Darmstadt,
Germany), Gram iodine (Merck, Darmstadt, Germany),
and aniline-xylene solutions (Merck, Darmstadt, Germany)
separately. After cytocentrifugation, the slides were dried
at room temperature and immersed in 1% eosin Y stain
(Merck, Darmstadt, Germany) for 5 minutes. It was then
washed in distilled water for 2 min. They were kept in crystal
violet and Gram iodine solution for five minutes and then
in distilled water for two minutes. The slides were gently
dipped in the aniline-xylene solution to remove excess dye
and dried at room temperature. They were examined with
immersion oil at 100x magnification for the presence of P
jirovecii trophozoites and cysts.

Gomori-Methamine Silver Staining Method

A commercial dye (GBL, istanbul, Tirkiye) was used for
silver staining. Staining was performed according to the
protocols prepared by the manufacturer. The slides were
then closed with entellan (Merck, Darmstadt, Germany) and
examined for P. jirovecii cysts using immersion oil at 100x
magnification.

Positive control slides were used to validate the staining
methods applied in the study. Additionally, each stained
slide that was deemed suspicious was reviewed and verified
by at least three researchers who are experts in the field.

DNA Isolation

Specimens stored at -20 °C for PCR were thawed at room
temperature and vortexed. The thawed specimens were
centrifuged at 13,000 rpm for 10 min, and the supernatant
was discarded. 200 pL of animal tissue lysis buffer and 20
pL of proteinase K solution (Qiagen, Hilden, Germany)
were added to the pellet and vortexed. The specimens
incubated at 56 °C for 60 min and then at 95 °C for 10 min
in the heat block were allowed to reach room temperature.
DNA isolation was performed using the Qiagen-EZ1 Mini
kit and the EZ1 Advanced XL (Qiagen, Hilden, Germany)
device in accordance with the manufacturer’s instructions.

Real Time PCR

Presence of P, jirovecii, C. pneumoniae and M. pneumoniae
in ETA specimens was examined using a commercial kit
(Fast-Track, Esch-sur-Alzette, Luxembourg) and a real-time
PCR device (Qiagen Rotor-Gene Q, Hilden, Germany). The
amplification protocol was performed according to the
manufacturer’s instructions. The commercially available
P jirovecii and M. pneumoniae/C. pneumoniae PCR
kit contains a primer/probe mixture, a positive control,
a negative control, an internal control (IC), an enzyme
mixture, and a PCR buffer solution. Ribonucleic acid was
transcribed into cDNA using a specific primer-mediated
reverse transcription step, which was immediately followed,
in the same tube, by PCR. An increase in fluorescence
observed from the relevant dual-labeled probe indicated
the presence of specific pathogen sequences in the
reaction, which was reported as a cycle threshold value by
the real-time thermocycler. The assay used equine arteritis
virus (EAV) as both an extraction control and IC. EAV was
introduced by the laboratory into each sample and the
negative control at the lysis buffer stage of the extraction
process. The kit contents were prepared in volumes suitable
for the number of samples provided in Table 1.

Real-time PCR procedures were performed according to
the following protocol: hold at 42 °C for 15 minutes, hold
at 94 °C for 3 minutes, followed by 40 cycles of 94 °C for
8 seconds and 60 °C for 34 seconds. The analysis results
were interpreted in cases where the negative control was
negative, and both the positive and ICs were positive. For
detailed validation data such as sensitivity, specificity, clinical
studies and external quality panel results, please refer to the
related validation file at: www.fast-trackdiagnostics.com

Immunofluorescent Antibody Method

C. pneumoniae and M. pneumoniae 1gG and IgM
antibodies in serum specimens were investigated by the
IFA method using a commercial kit (Euroimmun, Libeck,
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Table 1. Required reagent volumes for PCR reaction based on the number of samples

Number of reactions 1 15 32 64
PPmix 1.5pL 22.5pL 48 L 96 pL
Buffer 12.5uL 187.5uL 400 pL 800 pL
Enzyme 1TuL 15l 32 puL 64 uL
Total 15l 225 uL 480 pL 960 pL

PPmix: Primer/prop mixture, PCR: Polymerase chain reaction

Germany). IlgG-type antibodies in the patient's serum were
removed with Eurosorb (Euroimmun, Libeck, Germany)
reagent before the detection of IgM-type antibodies. The
presence of IgG and IgM type antibodies was examined
under a fluorescence microscope at 40x magnification by
comparison with positive and negative controls.

The evaluation of IFA images was performed by comparing
the positive and negative control images provided in the kit
with the clinical sample images. The results were reviewed
and validated by at least three researchers who are experts
in the field.

Statistical Analysis

Data were analyzed using IBM SPSS 25.0 statistical software
(IBM SPSS Inc., Chicago, IL, USA). Continuous variables
are expressed with the averagexstandard deviation, and
minimum and maximum values. The differences between
categorical variables are examined by chi-square analysis
and Fisher's exact test.

RESULTS

Distribution of Patient Specimens by Units

Specimens included in the study and their distribution
according to ICUs are shown in Table 2.

Diagnosis and Clinical Findings of the Patients

Twenty of 50 patients were diagnosed with pneumonia.
The most common findings in all patients were cough and
shortness of breath.

Table 2. Distribution of ETA samples by intensive care units

Intensive care Specimen
Anesthesia intensive care 26
General intensive care 14
Coroner intensive care 5

CVS intensive care 5

Total 50

ETA: Endotracheal aspirate, CVS: Cardiovasculer surgery

P. Jirovecii PCR Results in ETA Specimen

P jirovecii DNA was detected in six specimens; the DNA
load was high in one patient, while it was found to be low
in the other five.

P. Jirovecii Staining Results of ETA Specimen

P jirovecii trophozoite forms were not detected in any of
the specimens using Giemsa staining. P. jirovecii cysts were
detected by Gram-Weigert and Gomori Silver staining
in only one of the patients who were positive by PCR. In
the other five PCR-positive patients, P jirovecii cyst or
trophozoite form were not observed by staining methods.
PCR-negative patients, were also negative by staining
methods. Five of the PCR-positive patients were followed
up in the anesthesia ICU, and one was in the cardiovascular
ICU. While two of the six patients with a positive PCR test
for PCP had symptoms of pneumonia, the patient with the
highest parasite load had no symptoms of pneumonia. The
distribution of P, jirovecii positive patients is given in Table
3 according to the diagnostic methods and pneumoniae
findings. PCR and Gram Weigert and Gomori silver staining
images of the patient with the highest parasite load are
shown in Figure 1.

Table 3. Distribution of P, jirovecii positive patients by specimen type, method and diagnosis

No Giemsa staining GW staining Silver staining PCR Pneumonia
1 - + + + -
2 - - - + +
3 - - - + .
4 - - - + -
5 - - - + +
6 - - - + -

GW: Gram-Weigert staining, PCR: Polymerase chain reaction
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C. Pneumoniae/M. Pneumoniae PCR and Antibody
Results of the Patients With and Without Pneumonia

Of the 50 patients included in the study, 20 (40%) were
diagnosed with pneumonia. Of 20 patients diagnosed
with pneumonia, 9 (45%) were C. pneumoniae PCR
positive, 18 (90%) C. pneumoniae IgM positive, 8 (40%) C.
pneumoniae I1gG positive, and 5 (25%) M. pneumoniae 19G
positive. Of 30 patients (%60) who were not diagnosed with
pneumonia, 1 (3.3%) C. pneumoniae IgM positive, 12 (40%)
C. pneumoniae IgG positive, and 5 (16.7%) M. pneumoniae
IgG positive. While C. pneumonia PCR and IgM results
were found to be statistically significant in the group
diagnosed with pneumonia compared to the other group
(p<0.05), for C. pneumoniae 1gG there was no significant
correlation between the groups (p>0.05). The data for
M. pneumonia are not sufficient for statistical evaluation
in terms of PCR, IgM, and IgG positivity in both groups.
PCR and immunofluorescent antibody results of patients
with and without pneumonia are shown in Table 4. C.

pneumoniae/M. pneumoniae amplification curve and IgG/
IgM type antibodies images are shown in Figures 2 and 3.

C. Pneumoniae Antibody and PCR Results of the Patients
With/Without Pneumonia

Clinical findings such as respiratory distress, dyspnea,
cough, and sputum were observed in the majority of
patients with C. pneumoniae detected by DNA and IgM
antibody presence. The comparisons of C. pneumoniae
antibody and PCR results are shown in Table 5.

M. Pneumoniae Antibody and PCR Results of the Patients
With/Without Pneumonia

There was only one patient who tested positive for M.
pneumoniae PCR and had chronic obstructive pulmonary
disease (COPD), cerebrovascular disease, and signs of
unconsciousness. IgG antibody was positive in 10 patients,
while M. pneumoniae IgM antibody was negative in all
patients. The comparisons of M. pneumoniae antibody and
PCR results is shown in in Table 6.

Positive control

P. jirovecii
positive patient

Figure 1. P, jirovecii amplification curve and staining images. A) P.
jirovecii amplification curve in RT-PCR method, B) P. jirovecii cysts in
Gram-Weigert staining, C) P, jirovecii cysts in Gomori-metamine silver
staining

RT-PCR: Reverse transcription-polymerase chain reaction

M. pneumoniae
positive patient

Figure 2. M. pneumoniae amplification curve and IFA images A.
RT-PCR amplification curve, B. IgM type antibodies detected by IFA
method (positive control), C. IgG type antibodies detected by IFA
method

IFA: Immunofluorescence, RT-PCR: Reverse transcription-polymerase
chain reaction, Ig: Immunoglobulin

Table 4. C. pneumoniae/M. pneumoniae PCR and antibody results of the patients with and without pneumonia

Pneumonia (n=20)

Non-pneumonia (n=30)

Atypical pneumonia agents % . % p-value
C. pneumoniae PCR 9 45 0 0 p<0.05
C. pneumoniae IgM 18 90 1 3.3 p<0.05
C. pneumoniae IgG 8 40 12 40 p>0.05
M. pneumoniae PCR 0 1 33 -
M. pneumoniae IgM 0 0 -
M. pneumoniae IgG 5 25 16.7 -

PCR: Polymerase chain reaction, Ig: Immunoglobulin
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Table 5. Comparison of the C. pneumoniae antibody and PCR
results of the patients with pneumonia
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Table 6. Comparison of the M. pneumoniae antibody and PCR
results of the patients with pneumonia

No IgM IgG PCR Pneumonia No IgM IgG PCR Pneumonia
1 + - + + 1 - + - +
2 - + - - 2 - + - +
3 + - - + 3 - + - +
4 + - + + 4 - + - -
5 - + - - 5 - + - -
6 + - - + 6 - + - -
7 + - - + 7 - + - -
8 - + - - 8 - + - +
9 + - - + 9 - + - -
10 - + - - 10 - - + -
11 - + - - 1 - + - +
12 - + - - PCR: Polymerase chain reaction, Ig: Immunoglobulin
13 + - - +
14 + + + +
15 - + - - € pneumoniae
16 + - - + b e = o
17 - + - - i
18 + - + +
19 + + + +
20 + - + +
21 + + + +
22 - + - -
23 - + - -
24 + + + +
25 - + - +
26 + + - -
27 * - - - Figure 3. C. pneumoniae amplification curve and IFA images. A.
28 + - - + RT-PCR amplification curve, B. IgM type antibodies detected by IFA
29 _ + . . method, C. I9G type antibodies detected by IFA method
IFA: Immunofluorescence, RT-PCR: Reverse transcription-polymerase
30 + + 5 + chain reaction, lg: Immunoglobulin
31 - + R 4
32 + + + +

PCR: Polymerase chain reaction, lg: Immunoglobulin

DISCUSSION

Community-acquired pneumonia (CAP) is a lung disease
that threatens human health and has a high mortality rate,
which is often associated with long hospital stays (12). More
than two million children under five die from pneumonia
each year (13). Detection of P jirovecii DNA in patients
without any symptoms has been defined as “P jirovecii
colonization/carrier”, despite the risk of PCP (14). However,
due to the low organismal load associated with colonization,
the frequency of detection of colonization varies greatly
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from one study to another depending on the methods
used, such as PCR or immunohistochemical staining of
respiratory samples. P, jirovecii DNA has also been detected
in individuals who are not immunocompromised, such
as those with chronic lung disease, smokers, or pregnant
women (15). In a study by Mori et al. (16), it was reported
that PCP developed within 2-4 weeks in patients who had
P jirovecii DNA detected by PCR, did not have respiratory
symptoms, and received immunosuppressive therapy for
rheumatoid arthritis. Therefore, it has been reported that
the detection of P jirovecii DNA requires prophylaxis in
conditions of clinical immune suppression that carry a risk
of PCP risk (17).
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In a study by Seyhan (18), the presence of P jirovecii was
investigated by comparing the PCR with various staining
methods (Giemsa, Gram-weigert, and Gomori silver
staining) in 100 immunocompromised patients. In that
study, P. jirovecii DNA was detected by PCR in 4 of 100
patients, although P, jirovecii cysts and trophozoites could
not be detected by Giemsa, Gram-Weigert, and Gomori
silver staining methods in these patients. P. jirovecii cysts
were observed with Gomori silver staining in a patient
whose P, jirovecii DNA was not detected by PCR in the same
study. In a study by Téz et al. (19), bronchoalveolar lavage
(BAL) specimens of 42 patients with a pre-diagnosis of PCP
were investigated using Giemsa, Gram-Weigert staining,
and PCR. In this study, 13 patients were found to be positive
by the PCR method, while three patients were found to be
positive by both the staining and PCR methods, and, a total
of 16 out of 42 patients were found to be positive for PCP.
In a study conducted in izmir, P, jirovecii positivity was found
in 21 of 30 patients without pneumonia findings by PCR, six
by direct fluorescent antibody (DFA), and one by staining.
Four of these patients showed positivity with both PCR and
DFA,; furthermore, it was stated that PCR is a good method
for demonstrating colonization (20).

In this study, two of the six patients with positive P, jirovecii
DNA, followed up in the ICU, had pneumonia. In the patient
who was PCR positive and had a high DNA load, P, jirovecii
cysts were detected only in Gram-Weigert and Gomori
methenamine silver staining, and there were no signs of
pneumonia in this patient. This patient was thought to
have P jirovecii colonization. P. jirovecii was not detected
in the three staining methods, which were applied to the
samples from the other five patients with low DNA load.
According to these data, the conclusion was that the
probability of detecting P. jirovecii by staining methods is
low. For this reason, it is thought that PCR will be suitable
for investigating patients who may be at risk for PCP
contamination, especially in ICUs, and will contribute to the
identification of colonized patients.

In addition to cell culture and PCR, serological methods are
also used in the diagnosis of C. pneumoniae infection. The
serological diagnosis of C. pneumoniae infection is based
on the detection of a 4-fold increase in IgG or IgA levels in
serum specimens taken during the acute and convalescent
periods. The retrospective nature of the diagnosis in this
method means that serological results have little effect
on treatment decisions. Specific IgM antibodies begin to
form in 2-3 weeks, and 1gG antibodies begin to form in
6-8 weeks. Therefore, it seems that serological methods
are not effective in the diagnosis of acute infection (21).

For this reason, PCR is thought to be the most sensitive and
effective method in lower respiratory tract specimens.

Twenty of the 50 patients included in the study, (40%)
had signs of pneumonia. C. pneumoniae PCR positivity
was detected in 9 patients among those diagnosed with
pneumonia. Of the 20 patients in the same group, 18 were
positive for C. pneumoniae IgM and 8 were positive for C.
pneumoniae IgG. In nine patients, C. pneumoniae DNA and
IgM antibodies were found to be positive together. Similarly,
in the thesis study conducted by Gokginar (22), the lower
respiratory tract and serum specimens, of 50 patients were
investigated for C. pneumoniae using PCR and serological
methods. Although IgM antibodies were detected in two of
50 patients in the related study, C. pneumoniae DNA was
not detected in any of the patients by PCR. In this study,
IgM antibody was positive in 18 of 20 patients (?0%) with
pneumonia symptoms. In 8 of these patients (40%), IgM was
found to be positive alone, and in 9 (45%), it was positive
with PCR. In the group without pneumonia symptoms, only
IgM was found positive in one patient. IgM antibodies
detected by the IFA method were observed to be associated
with the presence of pneumonia symptoms. In this context,
it is thought that studying IgM and PCR tests together,
may be useful in indicating acute infection. In the patient
group with pneumonia symptoms, IgM was found positive
in 18 patients. However, PCR positivity was detected less
frequently than expected. The potential reason for this
result may be that ETA samples were used instead of BAL
samples in the study. BAL samples were not preferred in this
study because they require an invasive process, which is a
limitation of our study.

Among the 15 Mycoplasma species that can infect humans,
M. pneumoniae is the best-known atypical pneumonia
agent (23). While IgM antibodies were not detected in any of
the patient sera included in this study, IgG antibodies were
detected in 10 of them. M. pneumoniae DNA was detected
in one of these patients, and IgM and IgG antibodies were
not detected in the same patient. Mycoplasma infection is
frequently seen in children, but it has been reported that it
may rarely be associated with certain diseases in the elderly.
Many studies have shown that M. pneumoniae infection is
associated with myocarditis, pericarditis, cerebral stroke,
and vasculitis (24-26). In addition to playing a role in the
pathogenesis of atherosclerosis, M. pneumoniae also
induces cardiovascular disease and chronic inflammation
(27). In this study, PCR was positive only in a 95-year-old
patient who was followed up in the ICU, with the diagnosis
of COPD and cerebrovascular disease.
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Zhang et al. (28) extensively compared PCR and serological
methods for the diagnosis of M. pneumoniae in a meta-
analysis. Researchers have reported that commercial PCR
tests exhibit high specificity but lower and more variable
sensitivity. Despite their advantages, they still cannot replace
serology, and PCR is a reliable and accurate method to be
used together with serological diagnosis. Copete et al. (29)
compared the presence of M. pneumoniae in children with
and without CAP by serology and PCR; 13.9% of children
with CAP were found positive by PCR and/or serology. While
10.3% of them were positive by PCR and 6.7% serologically,
2.8% of the cases were positive with both tests. In the acute
phase, 32% of children with CAP and 38.3% of healthy
children had positive IgM titers. It has been reported that
IgM titer alone cannot be useful and PCR tests alone cannot
distinguish between infection/colonization; therefore, it
would be more reliable to use both tests together.

Study Limitations

The most significant limitation of the study is the small
sample size. We believe that conducting similar studies with
much larger sample sizes, within the context of financial
resources and laboratory infrastructure, would be highly
valuable. The data we have obtained can provide valuable
preliminary information for larger-scale studies.

In this study, both PCR and serological methods were
utilized. While these methods provide high sensitivity and
specificity, they also have certain limitations. PCR, despite
being a highly sensitive technique, is heavily reliant on
sample quality and the preservation of genetic material. On
the other hand, serological tests are valuable for detecting
past or current infections but may have reduced sensitivity
in the early stages of infection when antibody production is
insufficient.

These highlight the
complementary diagnostic tests, particularly in cases
where a definitive diagnosis cannot be achieved with a
single method. In this context, the combined use of PCR
and serological methods can contribute to achieving more
accurate and reliable diagnostic outcomes. Future studies
should focus on evaluating the effectiveness of combining
different diagnostic methods and further refining diagnostic
protocols to enhance their utility.

limitations necessity of using

CONCLUSION

As a result, the use of PCR together with conventional
methods for the rapid and accurate diagnosis of P, jirovecii
(PCP) and atypical pneumonia agents (C. pneumoniae
and M. pneumoniae) in patients hospitalized in ICUs,
guides the diagnosis. It is important because people with
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colonization act as reservoirs for spreading the agent within
the community, and they also carry the risk of developing
pneumonia if they have immune difficulties.
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ABSTRACT

Objective: Clomiphene citrate (CC) is commonly used for various indications related to ovarian stimulation in assisted reproductive technology.
There is limited information on the effectiveness of clomiphene for ovarian stimulation when used alone in women with diminished ovarian
reserve (DOR).

Methods: This retrospective analysis included women stimulated with CC only; a total of 840 cycles from 381 couples were analyzed.

Results: The median age was 39 years. All women had an antral follicle count <5, and the median anti-Mullerian hormone was 0.34 ng/mL. CC
was given for 5 days, and stimulation lasted for 8 days. Among 840 cycles, 344 (%) cycles were cancelled. The reasons for cancellation were:
premature ovulation, 119 (14.2%); no follicular growth, 98 (11.7%); no oocyte yield at oocyte pick-up, 66 (7.9%); and no metaphase Il oocyte yield,
61 (7.3%). The number of cycles with no embryos was 2 (0.4%). The remaining 494 cycles (58.8%) proceeded to embryo transfer (ET). The median
numbers of oocytes collected, mature oocytes, and 2 pronuclei embryos were each 2. Frozen ET was performed in 443 (89.1%) cycles, and fresh
ET was performed in 51 (10.3%) cycles. The pregnancy test was positive in 131 cycles; there were 96 live births (one twin birth), and the live birth
rate per ET was 19.5%.

Conclusion: CC alone seems capable of preventing a premature luteinizing hormone surge in the majority of women with severely DOR. CC-only
stimulation is an effective and inexpensive approach to ovarian stimulation in women with severely DOR.

Keywords: Ovarian stimulation, clomiphene citrate, decreased ovarian reserve
oz
Amag: Klomifen sitrat (CC), yardimci Greme teknolojilerinde overyan stimilasyon icin cesitli endikasyonlarla yaygin olarak kullanilan bir ajandir.

Bununla birlikte, duslk over rezervine (DOR) sahip kadinlarda yalnizca CC kullanilarak yapilan overyan stimilasyonun etkinligi hakkinda sinirli bilgi
bulunmaktadir.

Gereg ve Yontem: Yalnizca CC ile stimlle edilen kadinlar retrospektif olarak analiz edilmistir. Toplamda 381 cifte ait 840 siklus dahil edilmistir.

Bulgular: Dahil edilen kadinlarin median yasi 39, antral folikdl sayisi <5 ve anti-Mdllerian hormon degeri 0,34 ng/mL idi. CC bes gln sireyle
uygulanmis ve toplam stimiilasyon siiresi 8 giin olarak kaydedilmistir. Toplam 840 siklusun 344l (%41) iptal edilmistir. iptal nedenleri sunlardir:
prematlr ovulasyon: 119 (%14,2); folikiler gelisim olmamasi: 98 (%11,7); oosit toplama islemi sirasinda oosit elde edilememesi: 66 (%7,9); olgun
(metafaz ) oosit elde edilememesi: 61 (%7,3). Embriyo olugmayan siklus sayisi yalnizca 2 (%0,4) idi. Geriye kalan 494 siklus (%58,8) embriyo
transferine (ET) ilerlemistir. Toplanan oositlerin medyan sayisi 2, metafaz Il oosit sayisi 2 ve 2 prontkleus embriyo sayisi da 2 idi. ET yapilan 494
siklusun 443'linde (%89,1) donmus transfer, 51'inde (%10,3) taze transfer uygulanmistir. Toplam 131 siklusta gebelik testi pozitif bulunmus ve 96
canl dogum (biri ikiz) gerceklesmistir. ET basina canli dogum orani %19,5 olarak hesaplanmistir.
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Sonug: Yalnizca CC kullanimi, siddetli DOR olan kadinlarin biyik ¢ogunlugunda erken luteinizan hormon ylkselmesini dnlemede etkili
goriinmektedir. Bu yaklasim, etkili ve duslik maliyetli bir overyan stimilasyon yéntemi olarak degerlendirilebilir.

Anahtar Kelimeler: Overyan stimulasyon, klomifen sitrat, diistik over rezervi

INTRODUCTION

Ovarianstimulation (OS)is employedto induce multifollicular
growth for in vitro fertilization (IVF) treatments. As the
number of oocytes retrieved increases, the probability
of live birth increases. Diminished ovarian reserve (DOR)
limits the response to OS. Women with DOR constitute
9-24% of infertile patients (1,2). They have increased
follicle-stimulating hormone (FSH) level and decreased
anti-Mullerian hormone (AMH) levels, and their antral
follicle count (AFC) is 5-7 or fewer follicles (3,4). In DOR,
multifollicular growth during OS is not possible (5). Since
ovarian response to stimulation treatments is inefficient,
clinicians have experimented with various protocols to
achieve satisfactory results.

For mild stimulation, alternative treatments include: i) low-
dose gonadotropins; ii) oral treatments such as letrozole
or clomiphene citrate (CC) (6). With mild stimulation, the
cost of treatment and the number of drug injections are
reduced, ultimately rendering treatment more accessible
for these patients who may need several treatment cycles.

CC is a selective estrogen receptor modulator (7). It acts as
an antiestrogen at normal estrogen levels. CC blocks the
estrogen receptors in the hypothalamus, thereby inhibiting
endogenous estrogen’s negative-feedback effect, which
results in an increased pulse frequency of gonadotropin-
releasing hormone (GnRH) secretion and a subsequent
rise in FSH and luteinizing hormone (LH) (8). This eventually
stimulates follicular growth and ovulation. The advantages
of CC used in OS during IVF include reduced gonadotropin
administration, lower treatment cost, fewer side effects,
and no decrease in oocyte quality (9). However, the anti-
estrogenic effect of CC may impair endometrial growth.

Few studies have examined CC stimulation in DOR. Herein,
we report a large series of women with DOR who underwent
OS with CC.

METHODS

This retrospective descriptive study was conducted at an
assisted reproductive technology center. Electronic records
of the Clinique were screened to identify who underwent
OS with CC only from January 2016 to December 2019.
The study protocol was approved by the Kog¢ University
Clinical Research Ethics Committee (protocol no: 2022.431.
IRB1.157, date: 05.12.2022).

CC-only stimulation was offered when the patient was not
expected to develop more than 3 follicles, e.g., AFC <4
and/or serum AMH <1.1 ng/mL.

All women who met the above criteria and underwent CC-
only OS were included in the study. Exclusion criteria were a
body mass index over 30 kg/m? or oocyte cryopreservation.
Those who received CC with gonadotropins or GnRH
antagonists were also excluded.

Stimulation Protocols and Pituitary Suppression

A baseline scan was performed on the second or third day
of the menstrual period to exclude any follicles greater
than 12 mm in diameter. CC 100 mg/day orally (Klomen®,
Kogak Farma, Turkiye) was administered for 5 days. Ovarian
response was monitored by ultrasound and by measurement
of serum estradiol, LH , and progesterone levels every
2-3 days, according to the physician’s evaluation. If there
were growing follicles >10 mm, monitoring was continued
spontaneously; however, if there was no follicular activation,
CC was continued for up to 10 days at the treating physician’s
discretion.

When the leading follicle was 18 mm, final ococyte maturation
was induced with 250 pg recombinant human chorionic
gonadotropin (250 pg/0.5 mL; Merck, Italy).

Transvaginal oocyte pick-up (OPU) general
anesthesia was performed 32 hours after the human

under

chorionic gonadotropin injection. Generally, embryos were
cultured until the day-5 stage. However, embryos with
early-stage fragmentation were frozen on day 3 or day 4.
Luteal phase support with vaginal micronized progesterone
gel (crinone 8% vaginal gel, Merck, England) 90 mg twice
a day, was started on the evening of embryo transfer (ET),
and continued until a negative pregnancy test or 6" week
of gestation. Additionally, weekly depot progesterone (500
mg) was administered intramuscularly (Proluton Depot,
Bayer, Germany) until a negative pregnancy test or until the
10" week of gestation.

The outcomes were: duration of stimulation, total CC dosage
used, number of oocytes retrieved, number of metaphase
Il oocytes retrieved, oocyte maturation rate, number of
embryos, pregnancy rate, and live birth rate. Oocyte
maturation rate was defined as the proportion of metaphase
Il oocytes among all collected oocytes per woman.
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Clinical pregnancy was defined as visualization of a
gestational sac on ultrasound 4-6 weeks after ET. Ongoing
pregnancy was defined as pregnancy continuing beyond 24
weeks' gestation. Live birth was defined as any pregnancy
that resulted in the birth of an infant with heartbeat after
the 24t gestational week. Electronic records of all patients
during the aforementioned time periods were screened for
demographic, stimulation, laboratory, and clinical data.

Statistical Analysis

Variable distributions were evaluated visually using
histograms. Continuous variables were summarized as
mean (standard deviation) or median (25"-75" percentiles),
depending on their distributional
Categorical variables were defined with numbers and
percentages. Sample size calculation was not performed for
this retrospective analysis; however, all cycles meeting the
inclusion criteria within the specified period were included.

characteristics.

RESULTS

A total of 840 cycles from 381 women were included in the
analysis. Median age was 39 years. Median AFC and AMH
were 3 and 0.34 ng/mL, respectively. CC was administered
for a median of 5 days, and stimulation lasted a median of
8 days. Baseline characteristics are summarized in Table 1.

Of 840 cycles, 217 (25.9%) were cancelled before OPU due
to premature ovulation and the absence of follicular growth
(Table 2). The remaining 623 cycles (74.1%) proceeded to
oocyte retrieval. No oocytes were retrieved in 66 cycles
(7.9%), and in 61 cycles (7.3%) all retrieved oocytes were
immature (Table 2).

The median number of cocytes collected, mature oocytes,
and 2 pronuclei embryos was 2 in 496 cycles. Two cycles
(0.4%) had no embryos (Table 3).

Endometrial thickness on the day of ET was 9.0 mm. Frozen
ET was performed in 443 cycles (89.1%) and fresh ET in 51
cycles (10.3%). One ET was performed in 229 cycles, and
two ETs were performed in 265 cycles. Pregnancy tests were
positive in 131 cycles (15.6% per started cycle; 21.0% per
OPU; 26.6% per ET). There were 96 live births (one was a
twin birth); the live birth rate per ET was 19.5% (11.4% per
started cycle; 15.4% per OPU).

DISCUSSION

CC alone seems to be an inexpensive and effective agent
for OS herein in patients with severe DOR. As highlighted
by meta-analyses and other studies, no single treatment
approach has been established as superior for women
with DOR (6,9,10). The number of oocytes retrieved and

416

Med J Bakirkoy 2025;21(4):414-418

Table 1. Baseline characteristics of the patients

Median (25%-75t

quartiles)
Age 39 (35-43)
Parity 0
Number of abortions 0
Number of previous IVF treatments 3(2-6)
Infertility duration (months) 48 (24-90)
BMI (kg/m?) 241 (22.0-27.1)
AFC 3(2-4)
AMH (ng/dL) 0.34 (0.21-0.49)
Day 3 estradiol (pg/mL) 38 (29-59.3)
Day 3 progesterone (pg/mL) 0.2 (0.1-0.5)

IVF: In vitro fertilization, BMI: Body mass index, AFC: Antral follicle count,
AMH: Anti-mdllerian hormone

Table 2. Cancellation reasons and rates in all cycles

Number of cycles, (% in
total number of cycles)

Number of cancelled cycles before

OPU 217 (25.9)
No growing follicles 98 (11.7)
Premature ovulation 119 (14.2)
g:erer of cancelled cycles after 127 (15.2)
No oocytes in OPU 66 (7.9)
All immature oocytes 61(7.3)

Total number of cycles: 840. OPU: Oocyte pick-up

Table 3. Fertility outcomes of the clomiphene induced cycles

Median (25t-75t

quartiles)
HCG day estradiol (pg/mL) 464.5 (295.0-693.0)
HCG day progesterone (pg/mL) 0.14 (0.1-0.27)
Endometrial thickness at ET day (mm) 9.0 (8.5-11.0)
Starting gonadotropin dose 100
Duration of treatment (days) 5
Total gonadotropin dose 500
Number of total oocytes 2(1-3)
Number of MIl oocytes 2(1-3)
Number of 2PN embryos 2(1-2)
Number of blasts 0 (0-1)
Number of day 5 blasts 0
Ratio of Ml oocytes to total number of 1
oocytes
Fertility rate 1(0.81-1)

PN: Pronuclei, HCG: Human chorionic gonadotropin, ET: Embryo transfer,
MIl: Metaphase |l
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pregnancy rates with CC-only or mild stimulation protocols
are comparable to those achieved with standard protocols.
Moreover, CC-only and mild-stimulation approaches offer
financial advantages (3). However, CC has some undesirable
effects, including premature ovulation, insufficient follicular
growth, and endometrial thinning (11). In a randomized
controlled trial (RCT), Ragni et al. (9) reported similar
cycle-cancellation rates in the CC-only and high-dose
gonadotropin groups, attributable to premature ovulation
or follicular arrest/absence. They used, as treatment groups,
150 mg/day for 5 days starting on the third day of the cycle,
and 450 IU recombinant follicle-stimulating hormone plus
0.1 mg GnRH agonist. In our study, we administered CC at
100 mg/day for 5 days, with treatment extended to 10 days
for selected patients.

Compared with Ragni et al.’s (9) findings, our study observed
a higher incidence of premature ovulation, while the rate of
inadequate follicular growth was similar. Although oocyte
retrieval rates were higher in the high-dose gonadotropin
group, live birth rates remained comparable between groups
(9). The average number of oocytes retrieved was 1.1+1.1 in
Ragni et al.'s (9) study, ours was 2 (median). Notably, their
pregnancy rates were low across both treatment arms, with
rates per cycle initiation, per OPU, and per ET of 5%, 6%,
and 14%, respectively, and live birth rates of 3%, 4%, and
9%. In contrast, the live birth rate per ET in our study was
19.5%.

Revelli et al. (12) compared mild stimulation with the long
GnRH agonist protocol and reported higher cancellation
rates (13%) in the mild-stimulation group, along with a
shorter duration of stimulation, lower total gonadotropin
consumption, and fewer metaphase Il oocytes and ETs.
However, clinical pregnancy rates, ongoing pregnancy
rates (OPR), and OPR per ET were similar between the two
protocols. Their OPR per ET rate of 17.8% closely aligns with
our findings.

One of the earliest studies comparing mild stimulation with
the GnRH agonist long protocol, conducted by D’Amato et
al. (13), found a higher cancellation rate in the long protocol
group than in the mild stimulation group, particularly among
patients older than 35 years. In this age group, the number
of oocytes retrieved was lower with the long protocol, and
pregnancy rates were lowest, although the differences did
not reach statistical significance.

Karimzadeh et al. (14) compared mild stimulation with the
microdose flare-up protocol and found that, in the mild
stimulation group, endometrial thickness and follicle counts
were higher, whereas total gonadotropin consumption

was lower. Clinical pregnancy rates per ET and cycle
cancellation rates were similar between groups. Because of
the adverse effects of CC on endometrial thickness, frozen
ET was performed more frequently in our study. Similarly,
Ochin et al. (15) reported a higher rate of frozen ET among
normoresponsive patients undergoing mild stimulation
than among those receiving the long protocol, primarily
attributable to inadequate endometrial thickness.

With respect to endometrial thickness, Shakerian et al.
(16) demonstrated that it is not predictive of live birth; this
finding was later confirmed by additional studies (17). In
a multicenter RCT investigating different OS protocols in
intrauterine insemination cycles for unexplained infertility,
endometrial thickness was lower in CC cycles compared
to gonadotropin cycles; however, this difference did not
impact live birth rates (18).

Study Limitations

This is a retrospective, descriptive study of patients who
underwent OS with only CC. The inclusion of a control
group receiving gonadotropins would have strengthened
the study’s design and enhanced its scientific validity.

CONCLUSION

Given the high cost of gonadotropins and the comparable
effectiveness of various OS protocols in women with DOR,
CC represents a viable and cost-effective alternative in this
clinical setting. A limitation of our study is the absence
of a control group undergoing conventional OS with
gonadotropins; however, as a descriptive study, it provides
valuable insights. If future comparative prospective trials
confirm the efficacy of CC, it may serve as a cost-effective
alternative, reducing the financial and treatment burdens
for women with DOR.
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Profile in Women with Endometriosis
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ABSTRACT

Objective: Healthy eating habits in women with endometriosis play a role in the treatment and improvement of quality of life. This study aimed
to evaluate the effect of adherence to the Mediterranean diet (MD) and polyphenol intake on health profile in endometriosis.

Methods: The study was conducted with 34 endometriosis patients admitted to Gynecology and Obstetrics Clinic of University of Helath Sciences
Tirkiye, istanbul Kanuni Sultan Siileyman Training and Research Hospital. Demographic characteristics and food consumption were recorded,
the Healthy Eating Index (HEI)-2015 scores were calculated, and the polyphenol consumption questionnaire, the 14-item MD Adherence Scale
(MEDAS), and the Endometriosis Health Profile-30 (EHP-30) were applied.

Results: The mean body mass index of the participants was 22.92+2.94 kg/m?, total polyphenol intake was 657.70+304.56 mg/day, and MEDAS,
HEI-2015, and EHP-30 scores were 7.85+2.26, 61.71+18.51, and 41.25+20.77, respectively. 26.5% of participants had low; 44.1% had medium;
29.4% had high adherence to the MD; and 44.1% had low HEI-2015 scores. While no relationship was found between the MEDAS score and EHP-
30 total and subscale scores, an inverse relationship was found between the HEI-2015 score and EHP-30 pain subscale score (r=-0.34, p=0.04).

Conclusion: Despite the role of nutrition in endometriosis, the adherence of the participants to the MD and their HEI-2015 scores were found to
be low. It is predicted that a multidisciplinary treatment approach for endometriosis with the implementation of the MD and the promotion of
healthy lifestyle habits will improve symptom management and quality of life.

Keywords: Endometriosis, Mediterranean diet, polyphenols, health profile

oz
Amag: Endometriozisli kadinlarda saglikl beslenme aligkanliklarinin hastaligin tedavisinde rol oynayacagi ve yagsam kalitesinin artirilmasina destek

olacadi bildirilmektedir. Bu calismada Akdeniz diyetine uyumun ve polifenol aliminin endometriozis saglik profili Gzerine etkisinin degerlendirilmesi
amaclanmistir.

Gereg ve Yontem: Saglik Bilimleri Universitesi, Istanbul Kanuni Sultan Siileyman EJitim ve Arastirma Hastanesi Kadin Hastaliklari ve Dogum
Poliklinigi'ne basvuran 34 endometriozis hastasinin demografik &zellikleri ve besin tiiketimleri kaydedilmis, Saglikli Yeme indeksi (HEI)-2015
puanlari hesaplanmis ve katilimcilara polifenol tiketim sikligi anketi, 14 maddeli Akdeniz Diyeti Uyum Olcegdi (MEDAS), Endometriozis Saglik
Profili Anketi (EHP-30) uygulanmustir.

Bulgular: Katilimcilarin ortalama beden kitle indeksi 22,92+2,94 kg/m?, MEDAS puani 7,85+2,26, HEI-2015 puani 61,71+18,51 ve EHP-30 toplam
puani 41,25x20,77 ve toplam polifenol alimi 657,70+304,56 mg/giin’dur. %26,5'inin Akdeniz diyetine duslk, %44,1'inin orta, %29,4'Unln ylksek
dlzeyde uyum gésterdigi, %44,1'inin HEI-2015 puaninin distik oldugu bulunmustur. MEDAS puani, EHP-30 toplam ve alt boyut puanlari arasinda
iliski saptanmazken, HEI-2015 puani ile EHP-30 agri alt boyut puani arasinda ters yonli iliski belirlenmistir (r=-0,34, p=0,04).
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Sonug: Endometrioziste beslenmenin rolline dikkat cekilmesine ragmen, calismaya katilan kadinlarin saglikli bir beslenme modeli olan Akdeniz
diyetine uyumu ve HEI-2015 puanlar disik saptanmistir. Endometriozis tedavisinde multidisipliner bir tedavi yaklagimi ile Akdeniz diyetinin
uygulanmasinin ve saglikli yasam tarzi aligkanliklarinin tesvik edilmesinin semptom y&netimini ve yasam kalitesini iyilestirecedi 6n gorilmektedir.

Anahtar Kelimeler: Endometriozis, Akdeniz diyeti, polifenol, saglk profili

INTRODUCTION

Endometriosis, which usually affects women of reproductive
age, is defined as a chronic gynecological disease associated
with estrogen-dependent infertility and pelvic pain. It
has been reported that the prevalence of endometriosis
varies according to ethnicity, with black women having a
higher prevalence than Asian women (1). 10% of women of
reproductive age (~190 million women) and 18% of Turkish
women are affected by endometriosis (2,3). Atleast one-third
of women with chronic pelvic pain and 5% of women without
pain or infertility have endometriosis (4). Endometriosis
may be accompanied by fibromyalgia, allergic rhinitis and
asthma, iron deficiency anemia, lipedema, depression,
fibrocystic breasts, polycystic ovaries, adenomyosis, and
central-peripheral nervous system diseases (5-7). In addition
to medical, pharmacological, and surgical treatment in
endometriosis, healthy eating habits and positive lifestyle
changes have been reported to be effective in alleviating
the symptoms of the disease (8).

According to Casas et al. (9) and Cirillo et al. (10), the
Mediterranean diet (MD) has a protective and therapeutic
effect on many chronic diseases and can reduce
inflammation and associated pain symptoms. Vegetables
and fruits are the main antioxidant sources of MD due to
their rich content of vitamins, minerals, and phytochemicals,
and these foods have been associated with a reduced
risk of developing the disease. In the management of
endometriosis, while saturated fat, red meat, and alcohol
consumption have been associated with an increased risk of
the disease (11). Additionally, the olive oil composition and
omega-3 fatty acids of the MD has been associated with a
reduced risk of endometriosis (8,10). It has been reported
that dietary fatty acid composition has the potential to
affect endogenous hormone metabolism and endogenous
estrogen levels (12). Polyphenols, which are secondary
metabolites of plants, are defined as compounds that
are naturally found in foods and are generally considered
safer than traditional pharmaceutical drugs. They also
have antioxidant properties. Polyphenols are divided into
different categories such as flavonoids, stilbenes, lignans,
and phenolic acids according to the number of phenol rings
they contain and the structural elements that connect these

420

rings (13). It has been reported that these components
may improve the quality of life by modulating estrogen
networks, thanks to their anti-inflammatory and potential
phytoestrogenic effects, without causing serious adverse
effects, unlike anti-estrogenic treatment (14). Nutrition
also contributes to the management of endometriosis, a
disease characterized by inflammation and affecting life in
many ways. This study aimed to evaluate the relationship
between the nutritional status of endometriosis patients as
assessed by the Healthy Eating Index (HEI), their adherence
with the MD, their polyphenol intake, and their health status
assessed by the Endometriosis Health Profile-30 (EHP-30).

METHODS

Research Design and Sample of the Study

Acibadem Mehmet Ali Aydinlar University and Acibadem
Healthcare Institutions Medical Research Ethics Committee
(ATADEK) approval was received (approval no: 2023-13/447,
date: 17.08.2023). All patients were informed about the
study, and written informed consent was obtained for
the protocol. This prospective, cross-sectional study was
conducted with women who applied to the Obstetrics and
Gynecology Clinic of University of Helath Sciences Turkiye,
istanbul Kanuni Sultan Siileyman Training and Research
Hospital between September and December 2023. Women
aged 18-55 years, who were not pregnant or breastfeeding,
not in menopause, and diagnosed with endometriosis
stage |, Il, or lll by a physician, were included in the study.
Individuals on a special diet were not included in the study.
The sample of the study was determined as 34 participants,
based on the research of Asencio et al. (15), by performing a
power analysis using the R v3.6.1 program (Vienna, Austria),
taking the margin of error as 5% and the beta error as 20%.

Data Collection Tools

Descriptive characteristics form: Sociodemographic and
menstrual characteristics and health status were questioned.
Anthropometric measurements (height, body weight, waist, and
hip circumference) were taken by the researcher. Body massindex
(BMI) was calculated and grouped by the recommendations of
the World Health Organization (WHO) (16).
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14-Point Mediterranean Diet Adherence Screener
(MEDAS): The MEDAS was developed by Martinez-
Gonzélez et al. (17) in 2012 to assess adherence with the
MD, and its Turkish validation was conducted by Bekar and
Goktas (18) in 2023. The MEDAS consists of 14 questions
that evaluate the daily consumption of vegetables, fruits,
meat, butter, margarine, cream, alcohol and sugary drinks,
olive oil, and the weekly consumption of legumes, fish,
oilseeds, pastries, sauces, and the type of oil used in meals.
A score of <7 indicates low adherence with the MD, 7-9
points indicate moderate adherence, and >9 points indicate
high adherence. The Cronbach’s alpha value of the MEDAS
was reported as 0.829 (18).

Food Records: Food consumption was evaluated using
a 24-hour recall method, and energy, macronutrient, and
micronutrient intakes were calculated using the Nutrition
Information System software (Tiirkiye, istanbul).

Polyphenol Consumption Frequency Survey: To
determine polyphenol intake, the Phenol-Explorer
(version 3.6) database and literature were scanned, and a
questionnaire was created focusing on the frequency and
amount of consumption of 64 foods with high polyphenol
content in the last year. According to the survey, daily
intake was determined, and polyphenol consumption was
calculated using Phenol-Explorer (19).

HEI-2015: The HEI-2015 was developed by the Center
for Nutrition Policy and Promotion of the United States
Department of Agriculture to measure adherence
to dietary guidelines. The HEI-2015 consists of 13
components, the first 9 of which determine the adequacy
of the diet and the last 4 of which should be consumed in
limited amounts. The total score is calculated out of 100
points by adding the adequacy and limited consumption
components and is defined as “poor diet quality” if <50,
“dietary quality that needs improvement” if 51-80, and
"good diet quality” if >80 (20). In addition, letter grades
are given to the score ranges: 90-100 points: A, 80-
89 points: B, 70-79 points: C, 60-69 points: D, and 0-59
points: F (21).

Endometriosis Health Profile-30: EHP-30 was developed
by Jones et al. (22) to determine health-oriented quality
of life criteria for women with endometriosis. The Turkish
validation was conducted by Sahin (23). The survey consists
of 53 questions and 11 subscales, including pain, control,
powerlessness, emotional well-being, social support, self-
image, work, sexual intercourse, relationship with children,
the medical profession, treatment, and infertility. The
survey is answered by considering the last four weeks, and
is scored between 0 to 100, with O indicating the best and

100 indicating the worst health status. The Cronbach’s alpha
value of the EHP-30 was reported as 0.980 (23).

Statistical Analysis

The data were analyzed using the SPSS statistics 25.0
program (Armonk, NY). The skewness and kurtosis values
of the variables were calculated to assess conformity with
the normal distribution, and if the values were within 2, it
was assumed that they showed a normal distribution. The
Pearson correlation analysis and the Spearman correlation
analysis were used to evaluate the relationship between
continuous variables. P<0.05 was accepted as significant.
For this study, Cronbach’s alpha values for the MEDAS and
EHP-30 were found to be 0.747 and 0.963, respectively.

RESULTS

The demographic and anthropometric characteristics of the
participants are shown in Table 1. The mean age of the 34
women was 35.44+6.72 years. It was determined that 17.6%
(n=6) of the participants had secondary education, 79.4%
(n=27) had higher education, 58.8% (n=20) were married,
88.2% (n=30) were employed, 35.3% (n=12) had income
greater than their expenses, and 38.2% (n=13) had income
equal to their expenses. The mean BMI of the participants
was 22.92+2.94 kg/m?, and 64.7% (n=22) of the women
had normal weight, while 32.4% (n=11) were overweight
(Table 1).

Table 2 presents the characteristics of disease status and
menstrual cycle. 64.7% (n=22) of the women had a disease
diagnosed by a physician other than endometriosis, and
17.6% (n=6) of these women had bowel problems, 5.9%
(n=2), filbromyalgia, 5.9% (n=2), allergic rhinitis and asthma,
5.9% (n=2), fibrocystic breast, and 5.9% (n=2), PCOS and
adenomyosis. 79.4% (n=27) of the participants reported
regular menstruation (Table 2).

According to food consumption records, it was determined
that participants consumed a mean of 1337.25+403.19
kcal/day of energy, 133.58+70.07 g/day carbohydrate,
59.68+£17.28 g/day protein, 61.21£22.34 g/day fat,
15.29+6.03 g/day fiber, and 10.22+9.51 g/day added
sugar. According to the recommendations of the Turkiye
Dietary Guidelines (TDG), the ratio of energy intake from
carbohydrates to total daily energy intake of the participants
(38.45+12.74%) was below the daily recommendations (45-
60%), and the ratio of lipid intake (41.00+12.07%) was above
the recommendations (20-35%). In addition, fiber intake
was below the recommendations, while added sugar intake
(3.47+£3.94%) was in line with them.
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Table 1. Demographic and anthropometric characteristics of the participants

Women with endometriosis (n=34)

Mean SD Min Max

Age (year) 35.44 6.72 23.00 51.00
Height (cm) 163.09 5.98 150.00 175.00
Weight (kg) 60.98 8.69 44.00 82.00
BMI (kg/m?) 22.92 2.94 16.98 29.05
Waist circumference (cm) 77.32 8.59 63.00 100.00
Hip circumference (cm) 100.94 7.71 86.00 118.00
Waist/hip ratio 0.77 0.07 0.57 0.93
Education status n %
Primary school 1 29
Secondary education 6 17.6
Higher education 27 79.4
Marital status
Married 20 58.8
Single 14 41.2
Occupational status
Employee 30 88.2
Retired/non-employed 4 1.8
BMI category
Underweight (<18.5 kg/m?) 1 2.9
Normal (18.5-24.9 kg/m?) 22 64.7
Overweight (25.0-29.9 kg/m?) 11 32.4
BMI: Body mass index, Min: minimum, Max: Maximum, SD: Standard deviation
Table 2. Disease and menstrual cycle status of the participants
Women with endometriosis (n=34)
Having a disease diagnosed by a physician n %

Yes 22 64.7

No 12 353
Diseases diagnosed by a physician* (n=22)

Intestinal problems 6 17.6

Fibromyalgia 2 59

Allergic rhinitis and asthma 2 5.9

Iron deficiency anemia 2 5.9

Fibrocystic breast - cyst in the breast 2 5.9

PCOS-adenomyosis 2 59

Lipedema 1 2.9

Depression 1 2.9

Other diseases 10 29.4
Having a regular menstrual cycle

Yes 27 79.4

No 7 20.6

*: Multiple response, PCOS: Polycystic ovary syndrome
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Table 3. The energy, nutrient, and polyphenol intakes of the participants

Women with endometriosis (n=34)

Mean SD Min Max TDG %* Iz:gmmendations
Energy (kcal/day) 1337.25 403.19 577.30 2253.30 77.20° -2
CHO (g/day) 133.58 70.07 28.30 298.80 e 130¢
CHO (%) 38.45 12.74 12.61 60.23 b 45-60°
Protein (g/day) 59.68 17.28 24.10 93.00 112.720 -@
Protein (%) 18.58 5.64 9.13 30.51 £ 10-20°
Lipid (g/day) 61.21 22.34 20.10 118.00 - -
Lipid (%) 42.00 12.07 19.36 57.96 - 20-350
Fiber (g/day) 15.29 6.03 5.00 27.20 61.16° 25¢
Added sugar (g/day) 10.22 9.51 0.00 32.50 - -
Added sugar (%) 3.47 3.42 0.00 16.70 -€ <10¢
SFA (g/day) 20.82 10.67 0.00 46.40 - <
SFA (%) 14.91 4.73 7.47 24.56 -¢ €
MUFA (g/day) 21.60 8.51 6.80 39.20 - -
PUFA (g/day) 11.87 9.02 2.90 49.90 -d -d
Omega-3 (g/day) 1.47 1.1 0.40 4.30 - -
Omega-6 (g/day) 1023 8.44 2.10 46.00 -d -d
Polyphenols (mg/day)
Flavonoids 339.86 183.05 33.42 682.68 -d -d
Flavonols 57.56 35.59 1.89 130.87 - -
Flavanons 20.99 18.65 0.95 78.82 - -
Flavanols 246.43 158.49 8.07 507.92 - -
Flavons 8.43 6.26 2.49 31.61 - -
Anthocyanidin 17.75 2913 0.12 151.86 - -
Stilbens 0.37 0.44 0.00 1.96 - -
Lignans 10.51 6.44 2.98 31.20 - -
Phenolic acids 207.66 118.03 37.38 440.50 - -
Hydroxycinnamic acid 156.96 113.74 23.77 424.87 - -
Hydroxybenzoic acid 50.70 32.19 0.75 107.25 - -
Other polyphenols 94.70 153.68 5.09 769.48 -4 -
Total polyphenols 657.70 304.56 146.85 1313.44 - -

*: TDG %: The rate of meeting Turkiye Dietary Guidelines (TDG) recommendations.
a: Calculated according to age and the Turkiye Nutrition Guide adequate requirement of energy and AR/population reference intakes. b: Reference intake

ranges for macronutrients (%) are recommended.

c: Population reference intakes is recommended as 130 g/day for CHO, and adequate intake is recommended as 25 g/day for fiber and as little as possible for

SFA.

d: There is no specific intake recommendation.

e: It is recommended not to exceed 10% of energy intake.

CHO: Carbohydrate, SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids, SD: Standard deviation, Min: Minimum,

Max: Maximum

According to the polyphenol consumption frequency
questionnaire, participants consumed a mean of 339.86
mg/day of flavonoids, 207.66 mg/day of phenolic acids, and
657.70 mg/day of total polyphenols (Table 3).

The mean MEDAS score was 7.85+2.26; the HEI-2015
score was 61.71£18.51 and the EHP-30 total score was
41.25+20.77. According to MEDAS scores, it was determined

that 26.5% (n=9) of the participants had low, 44.1% (n=15)
moderate, and 29.4% (n=10) high adherence with the MD;
and according to HEI-2015 scores, in the distribution of
letter categories, 5.9% (n=2) received A grade, 14.7% (n=5)
received B grade, 20.6% (n=7) received C grade, 14.7%
(n=5) received D grade and 44.1% (n=15) received F grade
(Table 4).
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The relationship between MEDAS, HEI-2015, and EHP-
30 total, and subscales scores is shown in Table 5. A weak
negative correlation was found between the EHP-30 pain
subscale score and the HEI-2015 score (r=-0.34, p<0.05),
but no correlation was found between the EHP-30 total
and other subscales scores and the HEI-2015, and MEDAS
scores (p>0.05, for all).

DISCUSSION

The MDisreportedto be effective in relieving endometriosis-
related pain, especially with its antioxidant content and
anti-inflammatory effects. It is a nutritional model that has
positive effects on the treatment process of endometriosis
(10). This study aimed to evaluate the relationship
between the nutritional habits in women diagnosed with
endometriosis, and their health profile.

Table 4. The MEDAS, HEI-2015, and EHP-30 scores of the participants

Med J Bakirkoy 2025;21(4):419-429

According to the Turkish Statistical Institute (TURKSTAT)
2023 data, the rate of higher education graduates among
women was reported to be 20.9%, and the labor force
participation rate for those over the age of 15 was reported
to be 32.8% (24). The rate of higher education graduates or
employed individuals in this study was found to be above
the Turkish average, indicating that the women participating
in the study were more informed and economically active

individuals.

According to TURKSTAT 2023 data, 23.6% of women
are obese (24). In a study conducted in Tirkiye on
endometriosis, the mean waist circumference (WC) was
75.02 cm, and BMI was 22.43 kg/m?, and there were no
underweight or obese subjects in the study (25). Similarly,
in this study, WC was 77.32 cm and BMI was 22.92 kg/m?,
and although there were no obese women, the majority of

women (64.7%) were found to be of normal weight.

Women with endometriosis (n=34) Mean SD Min Max
MEDAS 7.85 2.26 2.00 11.00
HEI-2015 61.71 18.51 25.59 94.25
EHP-30 41.25 20.77 3.92 91.18
Pain 43.32 25.18 0.00 100.00
Control and powerlessness 48.04 31.69 0.00 100.00
Emotional well-being 40.44 29.36 0.00 100.00
Social support 44.36 28.39 0.00 87.50
Self-image 40.69 31.37 0.00 100.00
Work 31.62 27.95 0.00 100.00
Relationship with children 11.03 24.57 0.00 100.00
Sexual intercourse 35.48 35.59 0.00 100.00
Medical profession 15.99 21.22 0.00 100.00
Treatment 48.53 34.17 0.00 100.00
Infertility 36.95 32.87 0.00 100.00
MEDAS n %
Low adherence 9 26.5
Medium adherence 15 441
High adherence 10 29.4
HEI-2015 letter categories
A (90-100 point) 2 5.9
B (80-89 point) 5 14.7
C (70-79 point) 7 20.6
D (60-69 point) 5 14.7
F (0-59 point) 15 441

MEDAS: Mediterranean diet adherence screener, HEI-2015: Healthy eating index-2015, EHP-30: Endometriosis health profile-30, SD: Standard deviation, Min:

Minimum, Max: Maximum
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In addition, the WC of women was found to be below the
WHO recommendations (<80 cm) (16). Although these
results may be due to the demographic characteristics
of women, they are similar to the literature also showing
the anthropometric
endometriosis (26). Holdsworth-Carson et al. (27) reported
that chronic pain symptoms related to endometriosis trigger
gastrointestinal symptoms or emotional stress, leading to
decreased appetite and food intake, which in turn leads
to reduced body size in women with endometriosis. In this
study, no significant difference was observed between BMI

characteristics of women with

and EHP-30 subscale scores.

According to the Turkiye Nutrition and Health Survey 2019
data, the rate of women aged 15 years and older with a
disease diagnosed by a physician was 48.5% (28). The rate
of women with a disease diagnosed by a physician other
than endometriosis was higher in this study (64.7%). It is
thought that this may be due either to the characteristics of
the sample group or to the educational level of the women,
and differences in their access to health services.

The risk of endometriosis has been reported to be more
than double in women with short menstrual cycles (<27 days)
and longer bleeding durations (21 week) (29). Consistent
with the literature, more than two-thirds of women in this
study reported regular menstruation, occurring at intervals
of one month or less.

According to the food consumption records of the
participants, the energy intake from carbohydrates is
below the recommendations of the TDG 2022 (30). This is
because fat consumption is above the recommendations.
SFA intake at levels approximately three times higher than
the recommended limit of 7% of daily energy intake also
contributes to this result. A saturated fat intake of <8% of
total energy has been reported to score the highest on
the HEI-2015 (31). In this study, the number of individuals
with high HEI-2015 scores is low, since SFA consumption
is above the recommended limits. Furthermore, the
recommendation for an optimal omega-6/omega-3 ratio
varies from 1/1 to 4/1, depending on the disease, although
in Western diets this ratio is 15/1 to 16.7/1 (32). In this
study, the omega-6/omega-3 ratio that was determined as
approximately 10/1 does not meet the recommendation.
added sugar consumption (3.47%), which is associated
with chronic diseases and inflammation, is below the
WHO recommendations of “not exceeding 5-10% of daily
energy” (33). It is thought that this result may be related
to the socio-demographic characteristics of the population.
Additionally, Bogusz and Gérnicka (8) reported that 77.3%
of women with endometriosis increased their consumption
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of anti-inflammatory foods after diagnosis. However, they
had lower MD Score and Pro-Healthy Diet Index scores
than the healthy control group and consumed fewer
fruits, vegetables, dairy products, and whole grains than
recommended. Similarly, in this study, the low number of
individuals with adequate adherence to the MD according
to the MEDAS score (29.4%) and the high number of
individuals in the worst letter category according to the
HEI-2015 score (44.1%) draw attention to the importance of
the quality and nutrient diversity of the foods in the diet, as
well as the daily energy and macronutrient consumption of
individuals.

In adherence to the MD, polyphenol intake, which is one of
the bioactive components in plant foods, also increases (9).
Polyphenols have antioxidant properties, and a diet high in
polyphenols may help relieve symptoms of endometriosis,
an inflammatory disease (14).

Although there are no intake recommendations for
polyphenols as there are for micronutrients, intake of
polyphenol types has been evaluated in different studies.
Polyphenol intake was reported to be higher in Japan
(21277 mg/day) than in other regions. No significant
differences were observed among European countries.
Higher intakes were reported in Poland (=500 mg/day) and
France (21000 mg/day), intakes with lower Italy and Spain.
Flavonoid and phenolic acid consumption was highest in
Poland and Australia (34). In a study conducted in Turkiye,
the total polyphenol intake of women was reported as 333.9
mg/day and the consumption of some polyphenol types,
such as flavanols, flavonols, and phenolic acids, was lower in
comparison to our study (13). In this study, total polyphenol
consumption (657.70 mg/day) was higher than previously
reported values. It is thought that the reason for this
difference may be because the other study was conducted
during the pandemic period, and with participants from
different regions.

EHP-30 is a questionnaire developed to measure the quality
of life of endometriosis patients and aims to evaluate the
effects on their physical, mental, and social health (22). When
the studies conducted with EHP-30 in the literature are
evaluated, there are results both similar and different from
those of this study (35-37). These differences may be due to the
demographic or cultural characteristics of the participants. In
this study, a positive correlation was found between the EHP-
30 total score and all subscales except the relationship with
children subscale. This shows that the EHP-30 is consistent
among its subscales. In addition, the correlations between
EHP-30 total and pain, control, and powerlessness subscales’
scores were found to be very strong. This may be explained
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by the fact that the subscales of the EHP-30, such as pain,
control, and powerlessness, are the main factors that directly
reflect the physical and emotional burden of the disease
and seriously affect the quality of life. In the literature, these
subscales are reported to have a significant impact on
women with endometriosis (38). Another study reported that
women with endometriosis experienced a loss of control and
power due to pain and loss of functionality, which prevented
them from participating in necessary and enjoyable activities
that make life worth living (39). In a study on chronic pelvic
pain, it was reported that women experienced a lack of
social support and that this was associated with deep pain
and suffering (40). In this study, a significant relationship was
observed between pain and the scores of the emotional
well-being and social support subscales’ scores. All these
results emphasize that pain management, especially, and
psychosocial and holistic approaches are critical in coping
with endometriosis. Studies have reported that pelvic pain
due to endometriosis is associated with impaired body
image, decreases quality of life and sexual satisfaction,
and self-image is significantly weakened in women with
dyspareunia (41,42). It was also reported that impaired body
image was significantly associated with greater emotional
loneliness and lower perceived social support (43). This
study found positive correlations that are similar to those in
the literature, specifically between pain and self-image and
sexual life subscale scores, as well as between social support
and self-image subscale scores. This suggests that women
with higher perceived social support have a more positive
self-image.

Recent studies on the role of the MD and its components
in the treatment of endometriosis are notable for their
contributions. In an endometriosis animal model study with
Urtica dioica L. (above-ground parts of nettle), a significant
and promising difference was found in TNF-alpha and IL-6
levels compared to the control group (44). In a study on
clove and its components, clove and its components were
reportedto cause regression in endometrial implants without
affecting fertility in animal models with endometriosis (45).
In another study, clove, one of the important spices of the
MD, showed a suppressive effect on pro-inflammatory
cytokines (IL-6, TNF-alpha) with its antioxidant activity (46).
Ott et al. (47) reported that the MD was effective in reducing
endometriosis-associated pain. Another study reported
an inverse association between adherence to the MD
and pain, with adherence being associated with a higher
intake of polyphenols (48). While Zhou et al. (49) found no
association between pain and adherence to the MD in their
study on middle-aged Chinese, Cirillo et al. (10) reported a
significant association between the MD and pain-relieving

effect. Dougan et al. (50) similarly reported that adherence
to the alternative HEI would be beneficial for pelvic pain.
In the present study, no correlation was found between the
MEDAS scores assessing adherence to the MD and the
HEI-2015 scores assessing diet quality, and the EHP-30 total
score, but a negative correlation was found between the
HEI-2015 and the pain subscale scores. This result points to
the importance of nutrition in pain management in women
with endometriosis. Although the effect of dietary changes
varies individually, a period of several weeks to several
months is usually required to reduce the inflammation and
symptoms associated with endometriosis (51-53). The length
of this period depends on the initial state of health, the level
of inflammation and the degree of dietary compliance (52).
Dietary patterns based on food restriction are feasible in the
short term but are not sustainable in the long term.

Therefore, the literature recommends implementing
such diets with personalized plans for a few weeks before
switching to the MD for both its anti-inflammatory effects

and sustainability (54).

Study Limitations

This study provides a detailed assessment of the nutritional
status of women with endometriosis by applying MEDAS,
HEI-2015, and polyphenol consumption  frequency
questionnaires. In addition, EHP-30, which provides
assessments of many health-related areas for women
with endometriosis, was applied and its relationship with
nutrition was determined. While this situation constitutes
a strength of the study, there are also some limitations.
Considering the demographic characteristics of the
individuals participating in this cross-sectional study, the
sample does not reflect the general population. In addition,
the calculation of the HEI-2015 score was based on the self-
report of a one-day food consumption record. On the other
hand, polyphenol consumption was determined through a
retrospective consumption frequency questionnaire. The
accuracy of the consumption frequency data depends on
the information declared by the participants. As in studies in
both national and international literature, when calculating
daily polyphenol intake, the Phenol-Explorer database was
used (19) as there is no polyphenol database that provides
analysis results of foods specific to Turkiye. The polyphenol
content of foods is affected by many factors, such as the
conditions in which the food is grown, geographical region,
season, post-harvest processing, and storage conditions.

Therefore, itis difficult to precisely determine the polyphenol
intake of individuals, although international databases
are used, there is a need for geographically specific food
composition databases developed with a more consistent
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approach. Although the results obtained in this study
shed light on future studies on adherence to the MD, diet
quality, and health profile of women with endometriosis,
prospective studies with a more comprehensive sample and
design are needed.

CONCLUSION

In conclusion, this study, which evaluated the nutritional
status and health profile of women with endometriosis, draws
attention to the importance of nutrition in the treatment
of endometriosis. The findings indicate that women with
endometriosis have low adherence to the MD a healthy
dietary model and low diet quality. Nutrition should be
emphasized, especially in the management of pain, which
is a common complaint in endometriosis. At this point,
nutrition education and counseling provided through a
multidisciplinary approach to women with endometriosis
after diagnosis will be an important step towards improving
quality of life. More research is needed to develop nutritional
strategies to improve the health and well-being of women
with endometriosis.

ETHICS

Ethics Committee Approval: Acilbadem Mehmet Al
Aydinlar University and Acibadem Healthcare Institutions
Medical Research Ethics Committee (ATADEK) approval
was received (approval no: 2023-13/447, date: 17.08.2023).

Informed Consent: All patients were informed about the
study, and written informed consent was obtained for the
protocol.

Acknowledgement

This study was carried out within the scope of Tugge
Deveci's master’s thesis in 2024 and was presented in 13t
National Healthy Life Congress as an oral presentation. The
authors would like to thank all participated in the study and
to the research and the health professionals who facilitated
the conduct of the study.

FOOTNOTES

Author Contributions

Concept: T.D., N.C.B., Desing: T.D., N.C.B., PY.B., Data
Collection or Proccessing: T.D., N.C.B., PY.B., Analysis or
Interpretation: T.D., N.C.B., Literature Search: T.D., N.C.B,,
Writing: T.D., N.C.B., P.Y.B.

Conflict of Interest: The authors declare no potential
conflicts of interest with respect to the research, authorship
and/or publication of this article.

Financial Disclosure: This research was supported by
the Acibadem Mehmet Ali Aydinlar University Scientific
Research Projects Commission (ABAPKO) [TYL-2023-136].

428

Med J Bakirkoy 2025;21(4):419-429

REFERENCES

1. Bougie O, Yap M|, Sikora L, Flaxman T, Singh S. Influence of race/
ethnicity on prevalence and presentation of endometriosis: a
systematic review and meta-analysis. BJOG. 2019;126:1104-15.

2. World Health Organization. Endometriosis [Internet]. 2023 [cited
2024 August 19]. Available from: https://www.who.int/news-room/
fact-sheets/detail/endometriosis

3. Nnoaham KE, Hummelshoj L, Webster P, d'Hooghe T, de Cicco
Nardone F, de Cicco Nardone C, et al. Impact of endometriosis on
quality of life and work productivity: a multicenter study across ten
countries. Fertil Steril. 2011;96:366-373.e8.

4. Howard FM. Endometriosis and mechanisms of pelvic pain. J
Minim Invasive Gynecol. 2009;16:540-50.

5. Sinaii N, Cleary SD, Ballweg ML, Nieman LK, Stratton P. High
rates of autoimmune and endocrine disorders, fibromyalgia,
chronic fatigue syndrome and atopic diseases among women with
endometriosis: a survey analysis. Hum Reprod. 2002;17:2715-24.

6. Sepulcri Rde P, do Amaral VF. Depressive symptoms, anxiety, and
quality of life in women with pelvic endometriosis. Eur J Obstet
Gynecol Reprod Biol. 2009;142:53-6.

7. Holoch KJ, Savaris RF, Forstein DA, Miller PB, Higdon HL, Likes CE,
et al. Coexistence of polycystic ovary syndrome and endometriosis
in women with infertility. J Endometr Pelvic Pain Disord. 2014;6:79-
83.

8. Bogusz A, Gérnicka M. Low diet quality and nutritional knowledge
in women with endometriosis: a pilot study. Healthcare (Basel).
2024;12:673.

9. Casas R, Sacanella E, Estruch R. The immune protective effect of
the Mediterranean diet against chronic low-grade inflammatory
diseases. Endocr Metab Immune Disord Drug Targets. 2014;14:245-
54.

10. Cirillo M, Argento FR, Becatti M, Fiorillo C, Coccia ME, Fatini C.
Mediterranean diet and oxidative stress: a relationship with pain
perception in endometriosis. Int J Mol Sci. 2023;24:14601.

11. Piecuch M, Garbicz J, Waliczek M, Malinowska-Borowska J,
Rozentryt P. | am the 1in 10-what should | eat? A research review of
nutrition in endometriosis. Nutrients. 2022;14:5283.

12. Minihane AM, Vinoy S, Russell WR, Baka A, Roche HM, Tuohy KM,
etal. Low-grade inflammation, diet composition and health: current
research evidence and its translation. Br J Nutr. 2015;114:999-1012.

13. Acar MN. Yetiskin bireylerde polifenol tiketim sikliginin ruh haline
etkisi ve bireylerin polifenol tiketim aliskanliklarinin Covid-19
pandemi slrecindeki degisiminin incelenmesi [dissertation]
Karabuk: Karabuk University; 2022.

14. Tassinari V, Smeriglio A, Stillittano V, Trombetta D, Zilli R, Tassinari
R, et al. Endometriosis treatment: role of natural polyphenols as
anti-inflammatory agents. Nutrients. 2023;15:2967.

15. Asencio FA, Fins RJP, Mitie CK, Ussia A, Wattiez A, Ribeiro HS, et
al. Segmental rectum resection for deep endometriosis and excision
similarly improve sexual function and pain. Clin Pract. 2023;13:780-90.

16. World Health Organization. (2011). Waist circumference and waist-
hip ratio: report of a WHO expert consultation, 1st ed. Geneva,
2008. Available from: https://iris.who.int/handle/10665/44583

17. Martinez-Gonzélez MA, Garcia-Arellano A, Toledo E, Salas-Salvadé
J, Buil-Cosiales P, Corella D, et al. A 14-item Mediterranean diet
assessment tool and obesity indexes among high-risk subjects: the
PREDIMED trial. PLoS One. 2012;7:e43134.

18. Bekar C, Goktas Z. Validation of the 14-item Mediterranean diet
adherence screener. Clin Nutr ESPEN. 2023;53:238-43.

19. Rothwell JA, Perez-Jimenez J, Neveu V, Medina-Remén A, M'hiri
N, Garcia-Lobato P, Manach C, et al. Phenol-Explorer 3.0: a major
update of the Phenol-Explorer database to incorporate data on



Deveci et al. Dietary Habits and Health Profile in Endometriosis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

the effects of food processing on polyphenol content. Database
(Oxford). 2013:2013:bat070.

Reedy J, Lerman JL, Krebs-Smith SM, Kirkpatrick SI, Pannucci TE,
Wilson MM, et al. Evaluation of the Healthy Eating Index-2015. J
Acad Nutr Diet. 2018;118:1622-33.

National Cancer Institute. Visualizing and interpreting Healthy
Eating Index (HEI) scores [Internet]. Bethesda (MD): National
Cancer Institute; [cited 2024 August 19]. Available from: https://epi.
grants.cancer.gov/hei/interpret-visualize-hei-scores.html

Jones G, Jenkinson C, Kennedy S. Evaluating the responsiveness
of the endometriosis health profile questionnaire: the EHP-30.
Quial Life Res. 2004;13:705-13.

$ahin S. Endometriozisli kadinlarda yasam kalitesinin belirlenmesi
[master's thesis]. Istanbul: Halic Universitesi Saglik Bilimleri
Enstitusu; 2010. p. 5-73.

Turk istatistik Kurumu. istatistiklerle Kadin, 2023 [internet]. Ankara:
Turkiye jstatistik Kurumu; 2023 [2023; cited 2024 Aug 22]. Available
from: https://data.tuik.gov.tr/Bulten/Index?p=lstatistiklerle-
Kadin-2023-53675

Mahmutoglu M. Endometriyozisli kadinlarin beslenme aligkanliklari
ile yasam kaliteleri arasindaki iliskinin degerlendirilmesi [master's
thesis]. Istanbul: Biruni University; 2023.

Hong J, Yi KW. What is the link between endometriosis and
adiposity? Obstet Gynecol Sci. 2022;65:227-33.

Holdsworth-Carson SJ, Dior UP, Colgrave EM, Healey M,
Montgomery GW, Rogers PA, et al. The association of body mass
index with endometriosis and disease severity in women with pain.
J Endometr Pelvic Pain Disord. 2018;10:79-87.

T.C. Saglik Bakanhg:. Turkiye Beslenme Sagligi Arastirmasi (TBSA).
Ankara: T.C. Saglk Bakanhdi Halk Saghgi Genel Mudurlagu; 2019.
Report No: 1132.

Cramer DW, Wilson E, Stillman RJ, Berger MJ, Belisle S, Schiff |,
et al. The relation of endometriosis to menstrual characteristics,
smoking, and exercise. JAMA. 1986;255:1904-8.

T.C. Saglik Bakanhgi. Tirkiye Beslenme Rehberi (TUBER) 2022.
Ankara: T.C. Saglik Bakanhdi Halk Saghigi Genel Midurlagu; 2022.
Report No: 1031.

Krebs-Smith SM, Pannucci TE, Subar AF, Kirkpatrick SI, Lerman JL,
Tooze JA, et al. Update of the Healthy Eating Index: HEI-2015. J
Acad Nutr Diet. 2018;118:1591-602.

Simopoulos AP. The importance of the ratio of omega-6/omega-3
essential fatty acids. Biomed Pharmacother. 2002;56:365-79.

Diinya Saglk Orgiiti. Uluslararas fonksiyon, engellilik ve saglik
siniflamasi [Internet]. Cenevre: Diinya Saglik Orgutd; 2001. Available
from: https://iris.who.int/bitstream/handle/10665/42407/9241545429.
pdf

Del Bo’ C, Bernardi S, Marino M, Porrini M, Tucci M, Guglielmetti
S, et al. Systematic review on polyphenol intake and health
outcomes: is there sufficient evidence to define a health-promoting
polyphenol-rich dietary pattern? Nutrients. 2019;11:1355.

Jia SZ, Leng JH, Sun PR, Lang JH. Translation and psychometric
evaluation of the simplified Chinese-version Endometriosis Health
Profile-30. Hum Reprod. 2013;28:691-7.

Pontoppidan K, Olovsson M, Grundstrém H. Clinical factors
associated with quality of life among women with endometriosis: a
cross-sectional study. BMC Womens Health. 2023;23:551.

Mari-Alexandre J, Garcia-Oms J, Agababyan C, Belda-Montesinos
R, Royo-Bolea S, Varo-Gémez B, et al. Toward an improved
assessment of quality of life in endometriosis: evaluation of
the Spanish version of the Endometriosis Health Profile 30. J
Psychosom Obstet Gynaecol. 2022;43:251-7.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Jones G, Jenkinson C, Taylor N, Mills A, Kennedy S. Measuring
quality of life in women with endometriosis: tests of data quality,
score reliability, response rate and scaling assumptions of the
Endometriosis Health Profile Questionnaire. Hum Reprod.
2006;21:2686-93.

Warwick R, Joseph S, Cordle C, Ashworth P. Social support for
women with chronic pelvic pain: what is helpful from whom?
Psychology & Health. 2004;19:117-34.

Volker C, Mills J. Endometriosis andbody image: comparing people
with and without endometriosis and exploring the relationship with
pelvic pain. Body Image. 2022;43:518-22.

Pazmany E, Bergeron S, Van Oudenhove L, Verhaeghe J, Enzlin P.
Body image and genital self-image in pre-menopausal women with
dyspareunia. Arch Sex Behav. 2013;42:999-1010.

Tripoli TM, Sato H, Sartori MG, de Araujo FF, Girdo MJ, Schor
E. Evaluation of quality of life and sexual satisfaction in women
suffering from chronic pelvic pain with or without endometriosis. J
Sex Med. 2011;8:497-503.

Calvi C, Sherman KA, Pham D. Loneliness and perceived social
support in endometriosis: the roles of body image disturbance and
anticipated stigma. Int J Behav Med. 2024;31:433-44.

llhan M, Ali Z, Khan |A, Tastan H, Kupeli Akkol E. Bioactivity-guided
isolation of flavonoids from Urtica dioica L. and their effect on
endometriosis rat model. J Ethnopharmacol. 2019;243:112100.

Taghipour Z, Bahmanzadeh M, Rahimi R. The effects of clove and
its constituents on reproductive system: a comprehensive review.
Reprod Sci. 2023;30:2591-614.

Talib WH, AlHur MJ, Al Naimat S, Ahmad RE, Al-Yasari AH, Al-
Dalaeen A, et al. Anticancer effect of spices used in Mediterranean
diet: preventive and therapeutic potentials. Front Nutr.
2022,9:905658.

Ott J, Nouri K, Hrebacka D, Gutschelhofer S, Huber J, Wenzl R.
Endometriosis and nutrition-recommending a Mediterranean
diet decreases endometriosis-associated pain: an experimental
observational study. J Aging Res Clin Pract. 2012;1:162-6.

Ortola R, Garcia-Esquinas E, Sotos-Prieto M, Struijk EA, Caballero
FF, Lopez-Garcia E, et al. Mediterranean diet and changes in
frequency, severity, and localization of pain in older adults:
the seniors-ENRICA cohorts. J Gerontol A Biol Sci Med Sci.
2022;77:122-30.

Zhou YF, Song XY, Wu J, Chen GC, Neelakantan N, van Dam RM,
et al. Association between dietary patterns in midlife and healthy
ageing in Chinese adults: the Singapore Chinese health study. J
Am Med Dir Assoc. 2021;22:1279-86.

Dougan MM, Fest S, Cushing-Haugen K, Farland LV, Chavarro J,
Harris HR, et al. A prospective study of dietary patterns and the
incidence of endometriosis diagnosis. Am J Obstet Gynecol.
2024,231:443.e1-10.

Moore JS, Gibson PR, Perry RE, Burgell RE. Endometriosis in
patients with irritable bowel syndrome: specific symptomatic and
demographic profile, and response to the low FODMAP diet. Aust
N Z J Obstet Gynaecol. 2017;57:201-5.

Vennberg Karlsson J, Patel H, Premberg A. Experiences of health
after dietary changes in endometriosis: a qualitative interview
study. BMJ Open. 2020;10:e032321.

Marziali M, Venza M, Lazzaro S, Lazzaro A, Micossi C, Stolfi VM.
Gluten-free diet: a new strategy for management of painful
endometriosis related symptoms? Minerva Chir. 2012;67:499-504.
Nirgianakis K, Egger K, Kalaitzopoulos DR, Lanz S, Bally L, Mueller
MD. Effectiveness of dietary interventions in the treatment of
endometriosis: a systematic review. Reprod Sci. 2022;29:26-42.

429



Med J Bakirkoy 2025;21(4):430-435
Medical Journal of Bakirkéy DOI: 10.4274/BMJ.galenos.2025.2025.1-22

Research

Does the Menstrual Cycle Affect Skin Puncture Pain
During Spinal Anesthesia? Prospective, Observational
Study

Menstural Siklus Spinal Anestezi Sirasinda Deri Delinme Agrisini Etkiler mi?
Prospektif, Gozlemsel Calisma
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ABSTRACT

Objective: Skin puncture pain during spinal anesthesia is a significant concern for many patients and may lead to reluctance to choose this
anesthetic method, affecting patient satisfaction and acceptance of the procedure. This study aimed to evaluate the effect of menstrual cycle
phase on needle-insertion pain during spinal anesthesia.

Methods: This study included 80 female patients, aged 18-45 years, who underwent spinal anesthesia using a 25G Quincke-tipped needle at the
L3-L4 or L4-L5 vertebral levels in the sitting position. Patients were divided into two groups: follicular phase and luteal phase. Upon completion
of the procedure, pain during needle insertion was assessed using the Numerical Rating Scale (NRS).

Results: No statistically significant differences were observed between menstrual cycle phases and NRS scores during needle insertion (p=0.804).
Additionally, no significant correlation was found between NRS scores and body mass index (r=-0.109, p=0.335). However, a weak but statistically
significant negative correlation was identified between NRS scores and age (r=-0.246, p=0.028).

Conclusion: The findings indicate that the phase of the menstrual cycle does not influence needle insertion pain during spinal anesthesia and
emphasize that other factors, such as age, might have a minor impact on pain perception.

Keywords: Oestrogen, menstrual cycle, spinal anesthesia, skin puncture pain

oz

Amag: Spinal anestezi sirasinda deri delme agdrisi bircok hasta icin énemli bir endise kaynadidir ve bu anestezi yontemini segmede isteksizlige
yol acarak hasta memnuniyetini ve prosedir kabullini etkileyebilir. Bu calisma, adet siklusunun spinal anestezi sirasinda igne yerlestirme agrisi
Uzerindeki etkisini degerlendirmeyi amacladi.

Gereg ve Yontem: Bu calismaya, oturma pozisyonunda L3-L4 veya L4-L5 vertebra seviyelerinde 25G Quinke uglu igne kullanilarak spinal anestezi
uygulanan 18-45 yas arasi 80 kadin hastalar dahil edildi. Hastalar folikiiler ve luteal faz olmak tzere iki gruba ayrildi. Islem tamamlandiktan sonra,
igne yerlestirme sirasindaki agn Sayisal Derecelendirme Olcegi (SDO) kullanilarak degerlendirildi.

Bulgular: igne yerlestirme sirasinda adet siklusu ve SDO skorlari arasinda istatistiksel olarak anlamli bir fark gézlenmedi (p=0,804). Ek olarak, SDoO
skorlari ve viicut kitle indeksi arasinda anlamli bir korelasyon bulunmadi (r=-0,109, p=0,335). Ancak, SDO puanlari ile yas arasinda zayif ancak
istatistiksel olarak anlamli bir negatif korelasyon tespit edildi (r=-0,246, p=0,028).

Sonug: Bulgular, adet siklusunun spinal anestezi sirasinda igne batirma agrisini etkilemedigini, yas gibi diger faktorlerin agri algisi Gizerinde kiictk
bir etkiye sahip olabilecegini vurgulamaktadir.

Anahtar Kelimeler: Ostrojen, adet siklusu, spinal anestezi, deri delinme agrisi
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INTRODUCTION

Pain perception varies significantly among individuals and is
influenced by biological, psychological, and social factors.
Among these, sex-based differences in pain sensitivity
have been extensively studied. Women consistently
demonstrate greater pain sensitivity than men, attributed
to variations in the endogenous opioid system, hormonal
fluctuations, and psychosocial factors (1). Hormonal cycles
unigue to women, particularly the perimenstrual phase,
are associated with heightened pain sensitivity, systemic
inflammatory responses, and conditions such as vocal cord
edema and peripheral edema (2). Additionally, women are
more likely to experience postoperative complications,
including nausea, vomiting, sleep disturbances, reduced
intravenous anesthetic requirements, and delayed gastric
emptying, particularly during the luteal phase, when cyclical

fluctuations in hormones such as progesterone occur (2-4).

Despite evidence linking menstrual cycles to pain and
physiological changes, limited research has explored their
impact on procedural pain. Spinal anesthesia, a cornerstone
in neuraxial blocks for lower body surgeries, is effective
and widely used (5). However, the potential influence of
the menstrual cycle on pain during spinal needle insertion
remains underexplored. This study aims to investigate the
relationship between the menstrual cycle and pain during
spinal needle insertion in women of reproductive age
undergoing elective surgery, with the aim of providing
insights to improve patient comfort and guide clinical
practice.

METHODS

Ethics Approval and Registration

Ethical approval for the study was obtained from the
Ethics Committee of University of Health Sciences Turkiye,
Hamidiye Scientific Research Ethics Committee (approval
no: 16/2, date: 17.06.2022). It was registered on ClinicalTrials.
gov (identifier: NCT05481255). The study was conducted
using the principles of the Declaration of Helsinki and
adhered to CONSORT guidelines (6,7). Written informed
consent was obtained from all participants.

Patient Population and Inclusion/Exclusion Criteria

The inclusion criteria for the study consist of female patients
aged 18-45 years who are undergoing a single-attempt spinal
anesthesia with a 25G Quincke-tipped needle at the L3-L4 or
L4-L5 vertebral levels in the sitting position, who are classified
as American Society of Anesthesiologists physical status | or
ll, and who have had regular menstrual cycles for at least the
past six months. The exclusion criteria include pregnancy,

use of oral contraceptives, an anxiety subscale score on the
Hospital Anxiety and Depression Scale (HADS) of 10 or higher,
or a depression subscale score of 7 or higher (8,9).

Study Protocol

The patients’ anxiety and depression levels were assessed
using the 14-item HADS, which was administered by one
of the researchers (M.Y.) on the morning of surgery prior to
spinal anesthesia. Each participant was asked about the first
day of their last menstrual period and the duration of their
menstrual cycle to calculate the specific day within that cycle.
Based on this information, patients were categorized into
two groups: the follicular-phase group (cycle days 8-10) and
the luteal-phase group (cycle days 18-20). Spinal anesthesia
was administered by an experienced anesthesiologist
(B.H.) who was not involved in either the data collection or
group allocation processes. After the procedure, a second
researcher (S.Y.), who was blinded to the patient’s menstrual
cycle phase, asked the patient to rate the pain during the skin
puncture using the Numerical Rating Scale (NRS), where 0
indicated no pain and 10 represented the worst imaginable
pain. Finally, a third researcher (B.K.) independently verified
the menstrual cycle phase by re-evaluating the date of the
last menstrual period and cycle duration provided by the
patient.

Statistical Analysis

Sample size analysis was performed based on the patient’s
NRS score for skin-puncture pain during the spinal
procedure. A 30% score difference between the groups was
considered significant. Using a Cohen'’s d effect size of 0.670
in the independent-groups t-test model based on pilot
data, it was calculated that 36 patients in each group (a total
of 72 patients) should participate in the study to achieve
80% power with a maximum 5% type | error. Accounting
for a 10% dropout rate, the required sample size was 80
participants.

The data obtained in the study were analyzed using the
International Business Machines statistical package for the
social sciences (IBM SPSS Inc., Chicago, IL, USA), version
26.0. The normality of the data distribution was evaluated
using the Shapiro-Wilk test. Continuous variables were
presented as mean and standard deviation or median (25%-
75" percentiles), while categorical variables were expressed
as numbers and percentages. For the analysis of continuous
variables, the Independent samples t-test was employed
when parametric test assumptions were met; otherwise, the
Mann-Whitney U test was utilised. The relationship between
NRS scores and patient characteristics was analysed using
Spearman’s rho. Statistical significance was accepted at
p<0.05.
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RESULTS

In this study, 105 cases were screened for eligibility based
on the inclusion criteria. Fifteen patients were excluded
for lack of consent to participate, and an additional ten
were excluded for exceeding the cut-off on the HADS.
Specifically, these patients had elevated HADS scores
prior to spinal anesthesia. Consequently, the remaining 80
patients were included in the final analysis, with 40 allocated
to the follicular-phase group and 40 to the luteal-phase
group. A flowchart outlining the study process is presented
in Figure 1.

An evaluation of patient characteristics based on menstrual
cycle phase revealed no statistically significant differences
in age, height, weight, or body mass index (BMI) between
the follicular-phase and luteal-phase groups (p>0.05).

Patients assessed for eligibility

(n=105)

Med J Bakirkoy 2025;21(4):430-435

Similarly, there were no significant differences between
groups in preoperative HADS anxiety and depression
scores (p=0.464 and p=0.661, respectively). The NRS scores
for needle insertion pain were also comparable between
groups (p=0.804; Table 1).

Further analysis of the relationship between NRS scores
and patient characteristics revealed a weak but statistically
significant negative correlation between NRS scores and
age (r=-0.246, p=0.028). However, no significant correlations
were observed between NRS scores and height, HADS
anxiety scores, or HADS depression scores (r=0.04, p=0.725,;
r=0.085, p=0.455; and r=0.135 p=0.233, respectively).
Similarly, weight and BMI showed weak negative correlations
with NRS scores that were not statistically significant (weight:
r=-0.082, p=0.469; BMI: r=-0.109, p=0.335) (Table 2).

Excluded
Did not provide consent for participation (n = 15)

HADS score above the cut-off limit (n = 10)

Evaluated

(n=80)

Group Follicular phase

(n=40)

Figure 1. The flowchart of the study
HADS: Hospital Anxiety and Depression Scale

Group Luteal phase

(n=40)

Table 1. Evaluation of patient characteristics according to menstrual cycle

Characteristic Folicular phase (n=40) Luteal phase (n=40) p-value
Age 31.38+6.63 33.53+6 0.133
Height (cm) 162.62+5.57 163.80+6.59 0.392
Weight (kg) 69.85+£12.62 69.25+11.65 0.826
BMI (kgm?) 26.39+4.40 25.92+4.69 0.649
HADS anxiety score 3(2-5) 3(2-5) 0.464
HADS depression score 3(2-5) 3(2-4.5) 0.661
NRS score 2(1-3.5) 2(1-3) 0.804

Statistical test applied: independent samples t-test and the Mann-Whitney U test. Values are presented as mean+standard deviation or median (25-75

percentiles).

BMI: Body mass index, HADS: Hospital Anxiety and Depression Scale and NRS: Numerical Rating Scale
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Table 2. Relationship between NRS score and patient
characteristics

NRS score

Characteristic r-value p-value
Age -0.246 0.028
Height (cm) 0.04 0.725
Weight (kg) -0.082 0.469
BMI (kgm?) -0.109 0.335
HADS anxiety score 0.085 0.455
HADS depression score 0.135 0.233

Statistical test applied: Spearman rho correlation test.
BMI: Body mass index, HADS: Hospital Anxiety and Depression Scale, NRS:
Numerical Rating Scale and r: correlation coefficient

DISCUSSION

This study demonstrated that the menstrual cycle phase
did not significantly influence pain intensity measured by
the NRS. This finding suggests that hormonal fluctuations
associated with the menstrual cycle may not play a clinically
relevant role in modulating acute procedural pain during
spinal anesthesia. Additionally, a weak but statistically
significant negative correlation was observed between NRS
scores and age, indicating that older patients tend to report
slightly lower pain levels.

Spinal anesthesia is a widely used neuraxial technique in
which local anesthetic is injected into the cerebrospinal fluid
within the subarachnoid space of the lumbar spine. While
it is generally well tolerated, pain during spinal needle
insertion remains a concern for some patients, especially
those with increased pain sensitivity. Spinal needle insertion
activates nociceptive pathways by stimulating peripheral
nerve endings in the skin and underlying tissues. Pain
perception during such procedures is primarily mediated
by A-delta and C fibers, which transmit noxious stimuli to
the dorsal horn of the spinal cord (10,11). These impulses
are then relayed through second-order neurons via the
spinothalamic tract to higher brain regions, including
the thalamus and somatosensory cortex, where pain is
consciously perceived. The periaqueductal gray matter
and descending inhibitory pathways also play a key role in
modulating the pain response (10,11).

Hormonal fluctuations during the menstrual cycle,
particularly changes in estrogen and progesterone levels,
may influence the sensitivity of these pathways. Estrogen is
known to modulate both peripheral and central nociceptive
processing by interacting with opioid receptors, N-methyl-
D-aspartate receptors, and serotonin pathways (12). Some
studies suggest that high or fluctuating estrogen levels

may enhance pain perception, while others indicate a

protective analgesic effect depending on the context (12-
14). Understanding these complex hormonal influences is
essential when evaluating procedural pain in women during
different phases of the menstrual cycle.

Pain associated with spinal needle puncture is a critical
These highlight the importance
of addressing procedural pain and improving patient
education to alleviate fears related to spinal anesthesia (15).

concern. concerns

Skin puncture can cause both physical and psychological
distress, with multiple factors influencing pain perception.
Physiologically, puncture activates nociceptive pathways,
leading to the sensation of pain. Psychological factors such
as fear of needles, anticipation of pain, and procedural
unpredictability play significant roles. Fear and anxiety can
heighten pain perception by activating the body’s stress
response, which amplifies the central nervous system’s
sensitivity. Moreover, pain experienced during a procedure
can reinforce anxiety, creating a cycle of heightened
distress in future interventions (16). It is well-documented
that women generally exhibit lower pain thresholds
compared to men (17,18). Women also report higher rates
of discomfort and demonstrate reduced pain tolerance
across various settings (17). These differences arise from
biological and neurophysiological variability in nociceptive
processing between the sexes. Females may display
heightened sensitivity to experimentally induced pain and
increased temporal summation of mechanically evoked
pain, indicating a more pronounced response to repeated
or sustained nociceptive stimuli (19).

One explanation for these differences lies in the influence
of sex hormones, such as oestrogen and progesterone,
which play a critical role in modulating pain perception.
Qestrogen, in particular, interacts with opioid and serotonin
receptors, impacting both the peripheral and central pain
pathways. These hormonal fluctuations may contribute
to variations in pain sensitivity at different points in the
menstrual cycle, as well as to the increased prevalence of
specific pain syndromes in women. For instance, research
has identified a potential link between hormonal changes
and the occurrence of particular types of headaches, such
as migraines. Oestrogen’s role in regulating vascular tone,
inflammation, and nociception may explain its involvement
in triggering or exacerbating headache disorders (20).

These findings highlight the importance of considering
sex-based differences in pain perception and the role of
hormonal influences when developing personalised pain
management strategies for men and women. Numerous
studies have investigated the relationship between the
menstrual cycle and the prevalence or intensity of migraine
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headaches, given the well-established influence of hormonal
fluctuations on pain perception (21,22). However, findings
from these studies have been inconsistent, reflecting the
complexity of hormonal interactions with pain mechanisms
(20).

Cao et al. (23) highlighted that oestrogen could enhance
visceral pain sensitivity by modulating peripheral and
central nociceptive pathways. This suggests that elevated
oestrogen levels during certain phases of the menstrual
cycle may increase pain perception in specific contexts.
Conversely, Maleki et al. (24) proposed that decreased
oestrogen levels, combined with elevated hypothalamic
prostaglandin levels during the luteal phase, might trigger
migraine episodes.

Tutar et al. (25) conducted a retrospective study of patients
undergoing spinal anesthesia and found no significant.

Although hormonal fluctuations during the menstrual cycle
have long been hypothesized to modulate nociceptive
sensitivity, the findings of the present study did not reveal
a significant association between the menstrual cycle
and procedural pain during spinal anesthesia. This aligns
with previous research suggesting that cyclical hormonal
changes may not exert a clinically relevant effect on
acute nociceptive responses, particularly in the context
of localised, short-duration interventions such as needle
penetration. The absence of a significant difference between
the follicular and luteal phases indicates that factors other
than hormonal status, such as individual pain thresholds,
psychological state (e.g., anxiety), or procedural technique,
may play a more substantial role in shaping pain perception
during neuraxial anesthesia. Consequently, these results
suggest that routine consideration of the menstrual cycle
in anesthetic planning for women of reproductive age may
not be necessary. However, the broader influence of sex
hormones on pain remains a complex and multifactorial
topic, and the present findings should not preclude
individualized patient assessment. Instead, they highlight
the importance of tailoring perioperative care to patient-
specific characteristics rather than relying solely on
biological cycles that may have limited predictive value in
acute procedural settings.

Anxiety can influence pain perception through
neurotransmitters such as gamma-aminobutyric acid,
serotonin, noradrenaline, oxytocin, and endocannabinoids,
which regulate anxiety and nociceptive pathways (26).
Despite this connection, no significant correlation was
identified between anxiety and needle penetration pain.
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Age-related differences in pain perception remain
inconsistent in the literature. While some studies suggest
increased pain sensitivity in older adults due to changes
in central processing, others propose a decline in pain
sensitivity with age, possibly related to reduced nociceptive
receptor density or slower nerve conduction (27,28). In
this study, a weak but significant negative correlation
between age and needle penetration pain was observed,
indicating that older patients may experience slightly less
pain. This finding aligns with research suggesting reduced
nociceptive sensitivity in ageing populations and highlights
the importance of considering demographic factors in
procedural pain management.

Study Limitations

This study has several limitations. First, the oestrogen and
progesterone levels of the patients were not measured
using quantitative methods, which limits the ability
to directly correlate hormonal fluctuations with pain
perception. Second, as spinal anesthesia at the institution
was predominantly performed using 25-gauge needles,
this study exclusively included patients who underwent the
procedure with this needle size.

Another limitation of this study is the lack of information
regarding patients’ prior experiences with spinal or epidural
anesthesia. Since pain perception and behavioral responses
can be shaped by previous exposure and learning, this may
have influenced individuals’ pain reporting.

CONCLUSION

In conclusion, this study demonstrated that the menstrual
cycle phase didnotsignificantly influence needle penetration
pain during spinal anesthesia in women of reproductive age.
While age exhibited a weak negative correlation with pain
perception, the clinical significance of this finding requires
further exploration. By advancing understanding of the
factors affecting procedural pain, this research underscores
the importance of personalized approaches to anesthesia
care, ultimately aiming to improve patient satisfaction and
outcomes.
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Evaluation of the Association Between the CALLY Index,
Functional Class, and Mortality in Patients with Heart
Failure with Reduced Ejection Fraction

Dustk Ejeksiyon Fraksiyonlu Kalp Yetersizligi Hastalarinda CALLY indeksi ile
Fonksiyonel Sinif ve Mortalite Arasindaki lliskinin Degerlendirilmesi

Evliya Akdeniz, @ Dilay Karabulut

University of Health Sciences Tiirkiye, Bakirkéy Dr. Sadi Konuk Training and Research Hospital, Clinic of Cardiology, Istanbul, Tiirkiye

ABSTRACT

Objective: Heart failure with reduced ejection fraction (HFrEF) remains a major global health challenge. The New York Heart Association (NYHA)
functional classification remains an indispensable instrument for evaluating symptom severity and carries recognized prognostic value in this
patient population. Nevertheless, there is a growing need for accessible, objective markers that can help predict outcomes more accurately. The
C-reactive protein-albumin-lymphocyte (CALLY) index, derived from C-reactive protein (CRP), aloumin, and lymphocyte count, offers a composite
measure that reflects systemic inflammation, nutritional status, and immune function. This study aimed to evaluate the association between the
CALLY index, NYHA class, and all-cause of mortality in patients with HFrEF.

Methods: Patients diagnosed with HFrEF from January 2023 to April 2025 were retrospectively evaluated. Patients were categorized as survivors
or non-survivors. Clinical characteristics, laboratory findings, and NYHA functional class were systematically compared between the two groups.
To explore factors independently associated with mortality, both univariate and multivariate logistic regression analyses were conducted.
Additionally, the prognostic performance of the CALLY index was assessed using receiver operating characteristic (ROC) curve analysis.

Results: Among 146 patients diagnosed with HFrEF, 29 (19.8%) experienced all-cause of mortality. Compared with survivors, those who died
were older, had significantly lower left ventricular ejection fraction (LVEF), and showed higher levels of inflammatory and cardiac biomarkers,
including CRP, troponin-T, and pro-brain natriuretic peptide. Advanced heart failure symptoms (NYHA class 3-4) were more common among
non-survivors. Notably, the CALLY index—reflecting a combination of inflammation, nutritional status, and immune function—was markedly
lower in the mortality group. In both univariate and multivariate logistic regression analyses, LVEF, NYHA class 3-4, and the CALLY index were
independently associated with mortality. ROC curve analysis showed that the CALLY index had good predictive value for all-cause of mortality
and moderate predictive value for NYHA class 3-4, supporting its potential as a practical tool in clinical risk assessment.

Conclusion: The CALLY index, which integrates markers of inflammation, nutrition, and immune status, was independently associated with all-
cause of mortality and correlated with symptom severity in patients with HFrEF.

Keywords: HFrEF, CALLY index, mortality, NYHA

0z
Amag: Dustk ejeksiyon fraksiyonlu kalp yetersizligi (DEFKY), halen kiresel dlcekte onemli bir saglik sorunu olmaya devam etmektedir. New
York Kalp Dernegi (NYHA) fonksiyonel siniflandirmasi, semptom siddetinin degerlendirilmesinde vazgecilmez bir arac olup, bu hasta grubunda
prognostik degeri de kabul gérmustir. Bununla birlikte, sonuclari daha dogru tahmin etmeye yardimcei olabilecek erigilebilir ve objektif belirteclere
olan ihtiya¢ giderek artmaktadir. C-reaktif protein (CRP), albimin ve lenfosit sayisindan tiretilen C-reaktif protein-albimin-lenfosit (CALLY) indeksi,

sistemik enflamasyon, beslenme durumu ve badisiklik fonksiyonunu yansitan bilesik bir l¢ittir. Bu ¢alisma, DEFKY hastalarinda, CALLY indeksi
ile NYHA sinifi ve tim nedenlere bagl mortalite arasindaki iligkiyi degerlendirmeyi amaclamistir.
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6z
Gere¢ ve Yontem: Ocak 2023 ile Nisan 2025 arasinda DEFKY tanisi alan hastalar retrospektif olarak incelendi. Hastalar sag kalanlar ve mortalite
grubuna ayrildi. Klinik &zellikler, laboratuvar bulgulari ve NYHA fonksiyonel siniflari iki grup arasinda sistematik olarak karsilastirildi. Mortalitenin

bagimsiz belirleyicilerini saptamak amaciyla tek degiskenli ve cok degiskenli lojistik regresyon analizleri yapildi. Ayrica, CALLY indeksinin
prognostik performansi receiver operating characteristic (ROC) egrisi analizi ile degerlendirildi.

Bulgular: Calismaya dahil edilen 146 DEFKY hastasinin 29'unda (%19,8) tim nedenlere bagl 6lim gorildi. Mortalite grubundaki hastalar, sag
kalanlara kiyasla daha yasl, daha dustk sol ventrikil ejeksiyon fraksiyonuna (LVEF) sahip ve CRP, troponin-T, pro-brain natritiretik peptid gibi
enflamasyon ve kardiyak belirtecler agisindan daha yiiksek seviyelerdeydi. ileri kalp yetersizligi semptomlari (NYHA sinif 3-4) mortalite grubunda
daha sik gézlendi. CALLY indeksi, enflamasyon, beslenme ve bagisiklik durumunu yansitarak mortalite grubunda anlamli derecede dusukti. Hem
tek degiskenli hem de ¢cok degiskenli analizlerde LVEF, NYHA sinif 3-4 ve CALLY indeksi mortalitenin bagimsiz belirleyicileri olarak saptandi. ROC
analizi CALLY indeksinin mortalite éngérmede iyi, NYHA sinif 3,4 semptomlarini 6ngérmede ise orta diizeyde performans gosterdigini ortaya
koydu.

Sonug: CALLY indeksi, enflamasyon, beslenme ve bagisiklik durumunu gosteren belirtecleri birlestirerek, DEFKY hastalarinda tim nedenlere bagl

mortalite ile badimsiz olarak iliskili bulunmus ve semptom siddeti ile korelasyon géstermistir.

Anahtar Kelimeler: DEFKY, CALLY indeksi, mortalite, NYHA

INTRODUCTION

Heart failure (HF), a multifaceted clinical condition afflicting
1-3% of the worldwide population, remains a prominent
contributor to both mortality and morbidity. It imposes a
considerable strain on healthcare systems worldwide, not
only in terms of economic expenditure but also in terms of
its profound psychosocial impact (1). Patients with HF are
stratified into distinct subgroups according to left ventricular
function. HF with reduced ejection fraction (HFrEF) is
characterized by a left ventricular ejection fraction (LVEF)
of <40%, accompanied by typical clinical manifestations or
symptoms indicative of HF (2). HFrEF remains a substantial
public health challenge due to its marked association
with increased cardiovascular mortality and frequent HF-
related hospitalizations, of which approximately 50% are
attributable to this phenotype (3).

Although a decline in HF-related mortality has been
observed in recent years, the incidence of cardiovascular
death and HF-related hospitalization among patients
with  HFrEF remains substantially high-ranging from
21.8% to 26.5% in the PARADIGM-HF, despite significant
advancements in medical technology and the introduction
of novel therapeutic strategies (4-6). Since its introduction
in 1928, the New York Heart Association (NYHA) functional
classification has undergone several refinements;
nevertheless, it remains the most widely used clinical
framework for evaluating symptom severity in patients with
HF (7). In addition to its utility in characterizing functional
limitations, the NYHA classification possesses substantial
prognostic  significance. Considerable evidence has
consistently demonstrated that advanced NYHA functional
classification is an independent predictor of increased risk
of adverse clinical outcomes, including all-cause of mortality

and HF-related hospital admissions (8-11).

(CALLY)
index is a composite biomarker integrating C-reactive

The C-reactive protein-albumin-lymphocyte
protein (CRP), serum albumin, and total lymphocyte count,
and provides a comprehensive assessment of systemic
inflammation, nutritional status, and immune function.
It was first introduced by lida et al. (12) as a prognostic
tool for predicting survival in patients with hepatocellular
carcinoma. Since its introduction, the CALLY index has
attracted increasing attention in the field of cardiology, with
several studies demonstrating its prognostic value across a
broad spectrum of cardiovascular conditions. These findings
imply that the index may serve as a useful, accessible marker
to guide clinical decision-making and predict patient
outcomes across diverse cardiac populations (13,14).

The current investigation was undertaken to elucidate the
relationship between the CALLY index, NYHA functional
classification, and overall mortality in a cohort of patients
diagnosed with HFrEF. This investigation was designed
to assess the prognostic utility of the CALLY index as
a potential biomarker, with the overarching objective
of augmenting risk stratification protocols and refining
therapeutic decision-making processes within this clinically
vulnerable population.

METHODS

Study Population

From January 2023 to April 2025, consecutive patients who
presented to our hospital with symptoms of HF and were
subsequently diagnosed with HFrEF were retrospectively
included in the study. Eligibility criteria included individuals
older than 18 years with a definitive diagnosis of HFrEF,
based on clinical evaluation and echocardiographic
assessment (LVEF <40%). Exclusion criteria included refusal

to participate, incomplete echocardiographic data, acute
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decompensated HF, HF with preserved ejection fraction
(HFpEF) or HF with mildly reduced ejection fraction
(HFmrEF), end-stage renal disease, active malignancy or
active infection, chronic liver disease, chronic inflammatory
diseases, and chronic hematological disorders.

Initial demographic variables, in conjunction with a broad
range of clinical variables and laboratory parameters, were
meticulously extracted from the institutional electronic
health record system and the national digital health system.
LVEF was quantified by transthoracic echocardiography
using the modified Simpson'’s biplane method. The cohort
was dichotomized according to mortality status into
survivors and non-survivors. Demographic characteristics,
features, laboratory parameters, and NYHA
functional classes were systematically compared between
the two groups.

clinical

Ethical approval for the present investigation was formally
conferred by the Ethics Committee of University of Health
Sciences Turkiye, Bakirkdy Dr. Sadi Konuk Training and
Research Hospital (approval no: 2025-15-16, date: 20.08.2025)
following a thorough review process. The investigation was
conducted in strict accordance with the ethical principles
of the Declaration of Helsinki, ensuring the protection of
participant rights, welfare, and confidentiality throughout
the study. All procedures adhered to established ethical
standards governing biomedical research involving human
subjects.

Definition

The CALLY index was defined as a composite biomarker
integrating serum CRP, concentration, and
lymphocyte count, and is designed to provide a
comprehensive assessment of both systemic inflammatory
burden and nutritional status. The CALLY index was
calculated as [serum albumin (g/L)xlymphocyte count
(cells/uL)I/[CRP level (mg/L)x10%] (12). HFrEF was defined as
an LVEF <40%, accompanied by clinical manifestations and/
or symptoms indicative of HF (2).

albumin

Statistical Analysis

Continuous data were expressed as means and their
respective standard deviations, categorical
variables were presented as absolute counts and
proportions. Comparative analyses between
and non-survivor cohorts were conducted using either
the independent Student’s t-test or the Mann-Whitney
U test, depending on the underlying data distribution.

whereas

survivor

Receiver operating characteristic (ROC) curve analyses
were conducted to evaluate the predictive performance
of the CALLY index for both mortality and NYHA class 3-4.
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An initial univariable logistic regression analysis was
conducted to explore potential determinants of mortality.
Predictor variables with a univariable p-value of <0.05 were
subsequently incorporated into a multivariable logistic
regression model to assess their independent contributions
to the outcome while controlling for confounding influences
that could bias the observed relationships. Collinearity
was assessed using correlation coefficients; no substantial
collinearity (defined as r>0.7) was detected. All inferential
statistical procedures and data management processes
were executed using IBM SPSS Statistics for Windows,
version 25.0 (IBM Corp., Armonk, NY, USA), in accordance
with established methodological conventions and standards
widely recognized in contemporary biomedical research.

RESULTS

A total of 146 individuals were enrolled in the current
study, including 117 survivors and 29 who died, resulting
in a mortality rate of 19.8%. While the gender distribution
was similar between the two groups non-survivors were
significantly older than survivors (66.55+9.35 vs. 61.82+11.02
years, p=0.035) and exhibited notably reduced LVEF
(30.69£7.03% vs. 34.01+£7.65%, p=0.033).
indicative of systemic inflammation and myocardial
injury—including CRP, troponin-T, and pro-brain natriuretic

Biomarkers

peptide—were substantially higher in non-survivors than
in survivors. Other laboratory parameters did not differ
significantly between groups. Additionally, the prevalence
of advanced HF symptomatology, as defined by NYHA class
3-4, was markedly higher in the mortality group (31.0% vs.
10.3%, p=0.008). In contrast, the distributions of prevalent
comorbid conditions [such as diabetes mellitus (DM),
hypertension, and ischemic heart disease] and medication
use were comparable between cohorts. Notably, the CALLY
index—a composite measure integrating nutritional and
inflammatory status—was significantly lower in non-survivors
(1.33+2.86 vs. 4.02+9.11, p<0.001), highlighting its potential
as a prognostic biomarker (Table 1).

logistic regression identified several key
determinants associated with mortality. Notably, diminished
LVEF was significantly associated with death, underscoring
the critical role of cardiac function in patient outcomes
[odds ratio (OR): 0.946; 95% confidence interval (Cl): 0.896-
0.998; p=0.044]. The presence of advanced HF symptoms,
as indicated by NYHA class 3-4, was strongly predictive of
mortality, emphasizing the clinical importance of symptom
burden in this population (OR: 3.937; 95% CI: 1.466-10.573;
p=0.007). The CALLY index was significantly inversely
associated with mortality; higher values were associated

Univariate
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with improved survival (OR: 0.763; 95% CI: 0.626-0.981;
p=0.034). Remaining variables failed to demonstrate
statistically significant associations with mortality (Table 2).

Multivariate logistic regression analysis elucidated that
several variables functioned as independent prognostic
determinants of all-cause of mortality within the studied
population. Notably, LVEF remained a significant protective
factor: higher LVEF was associated with a reduced risk
of mortality (OR: 0.958; 95% CI: 0.902-0.997, p=0.048),
underscoring the vital role of preserved cardiac function
in survival outcomes. In addition, HF symptoms classified
as NYHA class 3-4 independently predicted increased
mortality risk (OR: 2.845; 95% Cl: 1.003-8.068; p=0.049),
underscoring the significant influence of clinical symptom
burden on patient prognosis. The CALLY index, reflecting
the integrated status of nutrition and systemic inflammation,

exhibited a significant inverse relationship with mortality
(OR: 0.640; 95% CI: 0.438-0.935; p=0.021), highlighting its
potential as a valuable prognostic biomarker (Table 3).

As presented in Table 4, patients classified in NYHA
functional classes 3-4 (n=21) exhibited significantly lower
CALLY index values compared with those in classes 1-2
(n=125) (1.22+1.53 vs. 3.80+8.91, p=0.016). This pronounced
disparity highlights a robust correlation between diminished
CALLY index values—indicative of compromised
nutritional and inflammatory status—and more severe HF
symptomatology, thereby underscoring the prognostic
utility of the CALLY index in clinical evaluation.

ROC curve analysis was performed to rigorously determine
the discriminative ability and prognostic efficacy of the
CALLY index for both all-cause of mortality and advanced
HF symptoms (defined as NYHA class 3-4). The CALLY

Table 1. Comparison of clinical, demographic, and laboratory parameters between survivors and non-survivors

Survival group (n=117)

Mortality group (n=29)

Variable [mean+SD/n (%)] [mean+SD/n (%)] p-value
Age (years) 61.82+11.02 66.55+9.35 0.035
DM 42 (35.9) 931 0.620
HTN 73 (62.4) 15(51.7) 0.297
IHD 65 (55.6) 17 (58.6) 0.765
ACEI/ARB 82 (70.1) 16 (55.2) 0.184
Beta-blocker 80 (68.4) 22 (75.9) 0.504
MRA 53 (45.3) 17 (58.6) 0.198
Furosemide 52 (44.4) 14 (48.3) 0.711
Antiplatelet 85 (72.6) 18 (62.1) 0.272
OAC 29 (24.8) 8 (27.6) 0.758
LVEF (%) 34.01+7.65 30.69+7.03 0.033
Glucose (mg/dL) 131.54+68.38 131.32+61.91 0.761
Creatinine (mg/dL) 1.19+0.89 1.27+0.90 0.165
Albumin (g/L) 45.12+34.70 40.75+6.63 0.136
CRP (mg/L) 1.32+2.78 1.96+2.41 0.006
Troponin-T (ng/L) 56.99+127.29 115.88+251.80 0.012
Pro-BNP (pg/mL) 2896.54+5366.33 5166.68+6430.90 0.011
LDL-C (mg/dL) 96.19+£39.09 93.02+42.91 0.380
Triglyceride (mg/dL) 149.82+82.97 141.75+72.00 0.555
HGB (g/dL) 13.75+4.43 12.80+2.59 0.453
LEU (x10%/uL) 8.78+2.85 9.31+£3.67 0.761
LYM (x10%/pL) 2.33+£1.76 2.09+1.09 0.317
NYHA 3-4 12 (10.3) 9(31.0) 0.008
CALLY index 4.02+£9.11 1.33+2.86 <0.001

ACEI/ARB: Angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker, BNP: Brain natriuretic peptide, CALLY: C-reactive protein-albumin—

lymphocyte, CRP: C-reactive protein, DM: Diabetes mellitus, HGB: Hemoglobin, HTN: Hypertension, IHD: Ischemic heart disease, LEU: Leukocytes, LDL-C: Low-
density lipoprotein cholesterol, LVEF: Left ventricular ejection fraction, LYM: Lymphocytes, MRA: Mineralocorticoid receptor antagonist, NYHA: New York Heart
Association, OAC: Oral anticoagulant, SD: Standard deviation
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Table 2. Univariate analysis for factors associated with all-cause of
mortality

OR 95% ClI p-value
Age 1.032 0.993-1.074 0.111
LVEF 0.946 0.896-0.998 0.044
CRP 1.007 0.994-1.020 0.279
Pro-BNP 1.000 0.999-1.001 0.120
Troponin-T 1.002 1.000-1.004 0.111
NYHA 3-4 3.937 1.466-10.573 0.007
CALLY index 0.763 0.626-0.981 0.034

BNP: Brain natriuretic peptide, CALLY: C-reactive protein-albumin—
lymphocyte, Cl: Confidence interval, CRP: C-reactive protein, LVEF: Left
ventricular ejection fraction, NYHA: New York Heart Association, OR: Odds
ratio

Table 3. Multivariate analysis for determining independent
predictors of all-cause of mortality

Variable OR 95% Cl p-value
LVEF 0.958 0.902-0.997 0.048
CALLY index 0.640 0.438-0.935 0.021
NYHA 3-4 2.845 1.003-8.068 0.049

CALLY: C-reactive protein-albumin-lymphocyte, CI: Confidence interval,
LVEF: Left ventricular ejection fraction, NYHA: New York Heart Association,
OR: Odds ratio

Table 4. CALLY index between two groups of patients based on
their NYHA classes

NYHA class 1-2
(n=125) (n=21)

CALLY index 3.80+8.91 1.22+1.53 0.016

CALLY: C-reactive protein-albumin-lymphocyte, NYHA: New York Heart
Association
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Lympohocyte 0.596 0.127 0.464-0.727
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index exhibited a respectable predictive performance for
all-cause of mortality, with an area under the curve (AUC)
of 0.728 (95% ClI: 0.633-0.823; p<0.001). A threshold value
of 0.869 was established, providing a balanced sensitivity
of 66.7% and a specificity of 71.4%. CRP demonstrated a
moderate predictive ability (AUC=0.702, 95% Cl: 0.600-
0.803, p=0.001). In contrast, serum albumin (AUC=0.606,
95% Cl: 0.483-0.729, p=0.090) and lymphocyte count
(AUC=0.596, 95% Cl. 0.464-0.727, p=0.127) exhibited
lower discriminative capacity. Collectively, these findings
suggest that the composite CALLY index provides a more
robust and comprehensive prognostic indicator of mortality
than any of its individual components. In the context of
advanced HF symptoms (NYHA class 3-4), the CALLY index
exhibited moderate discriminative ability with an AUC of
0.664 (95% ClI: 0.544-0.784, p=0.016). A cut-off value of 0.681
was identified, corresponding to a sensitivity of 68.5% and
a specificity of 57.1%. These findings highlight the potential
utility of the CALLY index as a meaningful biomarker for risk
stratification in patients with HF (Figure 1).

DISCUSSION

In our retrospective investigation aimed at elucidating
the association among the CALLY index, NYHA functional
classification, and all-cause of mortality in patients diagnosed
with HFrEF, the following key findings emerged. Firstly,
CALLY index was found to be associated with advanced
functional impairment and independently predicted
increased all-cause of mortality, demonstrating that lower
CALLY values are associated with more severe clinical

ROC Curve
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Figure 1. ROC analysis of CALLY index and its individual components for all-cause of mortality and CALLY index for NYHA class 3-4. A. ROC
analysis of CALLY index and its individual components for all-cause of mortality, B. ROC analysis for NYHA class 3-4

AUC: Area under curve, CALLY: C-reactive protein—albumin—lymphocyte, Cl: Confidence interval, CRP: C-reactive protein, NYHA: New York Heart

Association, ROC: Receiver operating characteristic
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symptoms and a heightened risk of mortality in patients
with HFrEF. In addition to the CALLY index, LVEF, with a
mean value of approximately 30% in the non-survivors, was
independently and inversely associated with all-cause of
mortality. Ultimately, the investigation identified advanced
functional deterioration (NYHA functional class 3-4) as the
strongest independent prognostic determinant of all-cause
of mortality within the cohort, with an odds ratio of 2.8.

Despite regional variations in the prevalence of HF
attributable to differing socioeconomic conditions across
countries, it remains a pervasive and significant global
public health challenge. Affecting a large number of
individuals worldwide, HF contributes substantially to
higher mortality and morbidity rates. Furthermore, it
imposes a profound economic burden on healthcare
systems through heightened of medical
resources, frequent hospital admissions, and escalating
costs (15). HF is traditionally stratified by LVEF into three
principal groups: HFrEF, delineated by LVEF <40%; HFmrEF,
characterized by LVEF 41-49%, and HFpEF, identified by
LVEF >50% (2). Among these three classifications, HFrEF is
the most frequently observed, representing approximately
60% of cases (16). Moreover, individuals diagnosed with
HFrEF have a markedly higher incidence of cardiovascular
mortality compared with those with HFmrEF or HFpEF, with
documented rates ranging from 8.8% to 16.5%. Indeed, in
the PARADIGM-HF trial, all-cause of mortality in the HFrEF
subgroup reached as high as 19.8% (4,16). In comparison, the
PARAGON-HF trial reported a lower all-cause of mortality
rate, ranging from 14.2% to 14.6% (17). In our study, the all-
cause of mortality rate was 19.8%, which was consistent with
the mortality rates reported in the PARADIGM-HF trial.

utilization

Given the substantial impact of HFrEF on both mortality
and morbidity, accurate prognostication in this patient
population is importance. Consequently,
numerous clinical, biochemical, and functional parameters
have been investigated to predict adverse cardiovascular
outcomes and guide risk stratification. In a pooled analysis
of the three distinct CHARM trials that collectively enrolled
HF patients across the LVEF spectrum (>40% and <40%),
age and insulin-dependent DM emerged as two of the
most significant independent predictors of mortality (11).
The absence of a quantitatively corroborated of age or DM
with all-cause of mortality in our cohort may be ascribed to
several methodological factors, including the limited sample
size and the homogeneous nature of the study population,
which consisted exclusively of patients with reduced ejection
fraction (LVEF <40%). Additional independent clinical
predictors of mortality in patients with HFrEF include body
mass index, systolic blood pressure, heart rate, advanced

of critical

symptom burden (NYHA class 3-4), chronic kidney disease,
and peripheral arterial disease. Among the aforementioned
parameters, advanced functional status, classified as
NYHA class 3-4, emerges as the most robust predictor of
mortality, conferring approximately a twofold increased risk
of mortality (16). In our study, an advanced functional status,
defined as NYHA class 3-4, was independently associated
with all-cause of mortality (OR: 2.84).

Currently, the mortality benefit conferred by pharmacologic
attenuation of the renin-angiotensin-aldosterone axis and
antagonism of B-adrenergic receptors in individuals with
HFrEF is unequivocally established, rendering these agents
foundational to the modern therapeutic paradigm for
HFrEF (2,18). Nonetheless, within our study, no statistically
significant difference was observed between the survivor
and non-survivor cohorts in the administration of these
medications. The absence of a discernible difference may
be attributable to the limited sample size, which could have
reduced the statistical power required to detect subtle but
clinically meaningful effects.

Inflammatory pathophysiology has garnered growing
recognition as a pivotal determinant in the development
and perpetuation of HF. Beyond its role in the underlying
pathophysiology, systemic inflammatory activity exerts a
profound influence on the clinical course of HF, modulating
symptom burden, functional deterioration, and prognostic
outcomes. Augmented circulating concentrations of CRP,
a robust and extensively validated surrogate marker of
systemic inflammatory activity, have been consistently
associated with unfavorable cardiovascular outcomes,
including heightened mortality risk, increased rates of
readmission, and diminished functional capacity. In the Val-
HeFT, CRP concentrations were found to be significantly
associated with both advanced functional impairment—
characterized by NYHA class 3-4—and increased mortality
and morbidity among patients with HF (19-22). Beyond
CRP. data from the EVEREST trial demonstrated that a
relatively low lymphocyte count in patients with HFrEF
was independently associated with an increased risk of all-
cause of mortality, cardiovascular mortality, and HF-related
hospitalization (23). In parallel with relative lymphocyte
count, absolute lymphocyte count has demonstrated an
inverse association with mortality (24).

Nutritional status also represents a fundamental clinical
consideration in patients with HFrEF. Katuzna-Oleksy et
al. (25) demonstrated an association between malnutrition
and increased mortality in patients with HFrEF. Moreover,
in the same study, patients who died had significantly lower
serum albumin levels than those who survived. Albumin is
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a negative acute-phase reactant, and it is well established
that the acute-phase response is linked to deterioration in
nutritional status. Hypoalbuminemia in HF can be linked
to key underlying mechanisms such as inflammation and
immune dysfunction, as well as malnutrition (26).

Considering the immunologic  response,
inflammation, and nutritional status—each pivotal to the
pathophysiology and prognosis of HF—our finding that the
CALLY index, calculated from serum albumin concentration,
lymphocyte count, and CRP levels, independently predicted
all-cause of mortality as well as associated with advanced
symptom burden (NYHA class 3-4) in patients with HFrEF
appears to be consistent with the existing scientific
literature. As albumin and lymphocyte levels decrease and
CRP, a surrogate marker of systemic inflammatory response,
increases, the CALLY index correspondingly declines. Our
results likewise revealed a negative association between the
CALLY index and both all-cause of mortality and advanced

HF symptoms (NYHA class 3-4).

systemic

Furthermore, the
systemic
nutritional status, and myocardial impairment highlight
the multifaceted etiology and prognostic landscape of
HFrEF. The CALLY index serves as a holistic biomarker,
integrating inflammatory, immunological, and nutritional
dimensions into a singular measure that mirrors this intricate
pathophysiological web. To address its novelty, the CALLY
index was evaluated in the HFrEF population, among whom
its association with mortality and functional class has not
been comprehensively investigated. This study therefore
provides novel evidence that the CALLY index may serve as
a prognostic marker for clinical risk stratification in patients
with HFrEF. The CALLY index complements the MAGGIC
HF score by incorporating systemic inflammatory and
nutritional parameters, thereby refining risk stratification
beyond conventional clinical and demographic predictors.
This integrated approach provides clinicians with a more
nuanced tool to assess prognosis and guide individualized
therapeutic strategies for patients with HFrEF (27).

interrelationships
immunologic

complex among

inflammation, condition,

Study Limitations

This study is subject to several notable limitations that
should be acknowledged when interpreting the results.
The retrospective and single-center design inherently limits
external validity and may reduce the generalizability of the
findings to broader or more diverse patient populations. The
relatively small sample size likely diminished the statistical
power to detect subtle but clinically meaningful associations,
particularly with well-established prognostic factors such as
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age and DM. This limitation increases the potential for type
Il errors, possibly underestimating the influence of these
variables on clinical outcomes. Additionally, the absence
of key hemodynamic parameters—such as heart rate and
systolic blood pressure—precluded a more comprehensive
assessment of cardiovascular status and its relationship
with mortality and morbidity. These omitted variables may
have concealed important physiological mechanisms or
confounding interactions relevant to outcome prediction in
patients with HFrEF. Another limitation of our study is that
data on sodium-glucose co-transporter-2 inhibitor use were
lacking; therefore, the potential impact of these agents on
clinical outcomes could not be evaluated. Collectively, these
methodological constraints underscore the importance of
conducting prospective, multicenter studies with larger,
more heterogeneous cohorts and a more exhaustive set of
clinical variables to enhance the robustness and applicability
of the findings.

CONCLUSION

This study elucidated that the CALLY index serves as an
independent predictor of all-cause of mortality and is
associated with advanced functional impairment, as denoted
by NYHA class 3-4, in individuals with HFrEF. Notably,
diminished CALLY index values were significantly correlated
with adverse clinical trajectories, underscoring its potential
utility as a pragmatic, cost-effective, and readily accessible
tool for risk stratification in everyday clinical settings.
By consolidating multiple interdependent physiological
dimensions into a singular, quantifiable metric, the CALLY
index offers a more holistic appraisal of patient vulnerability
and long-term prognosis. This integrative approach may
be particularly valuable in contexts where conventional
risk models fall short of capturing the multifaceted
nature of disease burden in HFrEF. Nevertheless, to fully
ascertain its prognostic fidelity and operational relevance,
further corroboration through prospective, multicenter
investigations involving larger and more heterogeneous
cohorts is imperative.
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The Relationship Between Hemoglobin to Albumin
Ratio and Disease-Free Survival in Patients with
Locally Advanced Nasopharyngeal Cancer Treated with
Chemoradiotherapy

Kemoradyoterapi ile Tedavi Edilen Lokal ileri Nazofaringeal Kanserli '
Hastalarda Hemoglobin-Alblmin Orani ile Hastaliksiz Sagkalim Arasindaki Iligki

Rumeysa Colak, @ Caner Kapar, @ Ezgi Degerli, ©© Seher Yildiz Tacar, ©© Mesut Yilmaz
University of Health Sciences Tiirkiye, Bakirkdy Dr. Sadi Konuk Training and Research Hospital, Clinic of Medical Oncology, istanbul, Tiirkiye

ABSTRACT

Objective: The hemoglobin-to-albumin ratio (HAR) has been linked to survival in various cancers; however, its significance in nasopharyngeal
carcinoma (NPC) remains unclear. This study aims to explore the relationship between HAR and disease-free survival (DFS) in NPC patients
undergoing concurrent chemoradiotherapy (CRT).

Methods: This retrospective study included 30 patients with NPC who received concurrent CRT from January 2018 to December 2024. HAR was
calculated as the ratio of hemoglobin to albumin. We performed Cox regression analyses to identify variables associated with DFS.

Results: Patients were classified into low- and high-HAR groups using the cut-off value determined by maximally selected rank statistics. DFS
was 51.7 months in patients with low HAR and 29.8 months in patients with high HAR. We found a significant relationship between HAR and DFS
(p=0.009).

Conclusion: A high HAR was associated with a poor prognosis in NPC patients treated with CRT.
Keywords: HAR, DFS, nasopharyngeal cancer, chemoradiotherapy

0z
Amag: Hemoglobin-alblimin orani (HAR) cesitli kanserlerde sagkalimla iligkilendirilmistir, ancak nazofarengeal karsinomdaki (NPC) énemi hala

belirsizdir. Bu ¢alisma, eszamanli kemoradyoterapi (CRT) uygulanan NPC hastalarinda HAR ile hastaliksiz sagkalim (DFS) arasindaki iliskiyi
arastirmayi amaclamaktadir.

Gereg ve Yontem: Bu retrospektif calismaya Ocak 2018 ile Aralik 2024 arasinda eszamanli CRT alan NPC'li 30 hasta dahil edildi. HAR, hemoglobinin
alblmine orani olarak hesaplandi. DFS ile iligkili degiskenleri tanimlamak icin Cox regresyon analizleri yapildi.

Bulgular: Hastalar, maksimum secilen siralama istatistikleriyle belirlenen kesme degerine gére dusik ve yiksek HAR gruplarina ayrildi. Distk HAR
hastalarinda DFS 51,7 ay, ylksek HAR hastalarinda 29,8 ay idi. HAR ve DFS arasinda anlamli bir iliski bulduk (p=0,009).

Sonug: Yiksek HAR, CRT ile tedavi edilen NPC hastalari i¢in kéti prognoz ile iliskiliydi.
Anahtar Kelimeler: HAR, DFS, nazofarenks kanseri, kemoradyoterapi
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a head and neck
epithelial malignancy that shows a distinct geographic
distribution, with the highestincidence in East and Southeast
Asia (1). Advancements in diagnostic and therapeutic
approaches, along with the widespread use of concurrent
chemoradiotherapy (CRT), have significantly reduced the
mortality rate of NPC (2).

Research indicates that cancer prognosis is linked not only
to tumor characteristics but also to the patient’s nutritional
status and systemic inflammation (3).

Recently, various blood-derived markers have been used
to create prognostic models for different malignancies,
including NPC (4). These biomarkers include hemoglobin,
albumin, the hemoglobin-to-albumin ratio (HAR), the
neutrophil-lymphocyte ratio, the platelet-lymphocyte ratio,
the monocyte-lymphocyte ratio, and the systemic immune-
inflammation index (5). Hemoglobin and albumin are the
two most common indicators of a patient’s nutritional
status (6). Research indicates that low preoperative serum
albumin and hemoglobin levels are strongly associated
with poor outcomes in patients with malignant tumors (7).
Additionally, lower levels of hemoglobin and albumin were
significantly associated with poorer overall survival in a
cohort study of 8,093 patients with NPC (8). Furthermore,
the HAR in gastric cancer patients has shown predictive
value for short-term prognosis (9). However, the role of HAR
in NPC is still not well understood. In this study, we aimed
to clarify the prognostic significance of HAR in patients
with NPC undergoing concurrent CRT. This study aimed to
investigate the importance of HAR in assessing survival in
NPC patients undergoing CRT.

METHODS

This retrospective study included a consecutive cohort
of NPC patients who received concurrent CRT between
January 2018 and December 2024. All patients underwent
induction chemotherapy, followed by concurrent CRT.
Primary inclusion criteria employed in this study were as
follows: (I) previously untreated, locally advanced NPC
confirmed by histological and radiological assessments,
without evidence of metastasis; (Il) definitive CRT combined
with tri-weekly platinum-based concurrent chemotherapy;
(1) age 218 years; (IV) availability of clinical, histological, and
follow-up information; (V) no previous antitumor therapy.
The primary exclusion criteria in this study were as follows:
(I) a history of secondary cancer; (Il) chronic inflammatory

diseases; (Ill) an Eastern Cooperative Oncology Group-
performance status (ECOG-PS) score of <70.

Clinicopathological information was extracted from the
patient's medical records. Based on previous studies,
related to NPC patients’ prognosis were
incorporated into the current study, including age, gender,
T stage, and N stage. HAR was calculated as the ratio of
hemoglobin to albumin.

variables

Tumor response was assessed clinically by gynaecological
physical examination and by conventional imaging 6 weeks
after completion of treatment.

The final follow-up was conducted in December 2024. All
patients were reviewed every three months for the first two
years after treatment and every six months thereafter.

Disease-free survival (DFS) refers to the time from the date
of NPC diagnosis to the date of disease recurrence or
metastasis, or to the date of the last follow-up.

This study was approved by the Ethics Committee of
University of Health Sciences Turkiye, Bakirkdy Dr. Sadi
Konuk Training and Research Hospital (approval no: 2025-
03-01, date: 05.02.2025), was conducted in accordance with
the precepts established by the Declaration of Helsinki, and
informed consent was obtained from all the participants.

Statistical Analysis

The descriptive statistics of the data include mean, standard
deviation, median, minimum, maximum, frequency, and
ratio values. The Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to assess the distribution of variables. The
independent sample t-test was used to analyze quantitative
independent data with a normal distribution. The Mann-
Whitney U test was utilized to analyze independent
quantitative data with a non-normal distribution. The
chi-square test was employed to analyze independent
qualitative data. Kaplan-Meier was used in the survival
analysis. The SPSS 28.0 program was used in the analyses.

RESULTS

The patient characteristics are presented in the (Table 1).
This retrospective study enrolled thirty patients with NPC.
The mean age was 52.1+£12.8 years. All patients had non-
keratinizing squamous histology. Twenty-eight patients
were male, and 23 had undifferentiated histology.

According to the tumor-node-metastasis (TNM) staging
system, eight patients (26.7%) had stage Il tumors, and
22 (73.3%) had stage Il tumors. Twenty-six patients had
an ECOG-PS of 0 and four had an ECOG-PS of 1.20%
were positive for Epstein-Barr virus (EBV)-DNA and 6.7%
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Table 1. Patient characteristics

Age (meanzxstandard deviation) 52.1+12.8
Gender (n, %)

Male 28 (93.3)
Female 2(6.7)
Histology (n, %)

Differentiated 7 (23.3)
Undifferentiated 23(76.7)
Stage (n, %)

1 8(26.7)
1] 22 (73.3)
T stage (n, %)

T2 12 (40.0)
T3 11(36.7)
T4 7(23.3)
N stage (n, %)

N1 5(16.7)
N2 24 (80.0)
N3 13.3)
ECOG-PS (n, %)

0 26 (86.7)
| 4(13.3)
EBV-DNA (n, %)

Positive 6 (20.0)
Negative 19 (63.3)
Unknown 5(16.7)
HPV-DNA (n, %)

Positive 2(6.7)
Negative 9 (30.0)
Unknown 19 (63.3)
Type of induction agent (n, %)

Cisplatin-gemcitabine 27 (20.0)
Carboplatin-gemcitabine 3(10.0)
Treatment response (n, %)

CR 18 (60.0)
PR 11(36.7)
SD 13.3)
Recurrence (n, %)

Yes 21(70.0)
No 9(30.0)
Hemoglobin (mean) 14.3£1.9
Albumin (mean) 4.3+0.3
HAR (mean) 3.3+0.4

ECOG-PS: Eastern Cooperative Oncology Group-performance status,
CR: Complete response, PR: Partial response, SD: Stable disease, HAR:
Hemoglobin-to-albumin ratio, EBV: Epstein-Barr virus, HPV: Human

papilloma virus

Med J Bakirkoy 2025;21(4):444-448

were positive for human papilloma virus (HPV)-DNA on
pathological examination. All patients received induction
chemotherapy (with cisplatin-gemcitabine or carboplatin-
gemcitabine). Then, concurrent CRT, was administered
with 29 patients showing an effective response complete
response (CR)+partial response (PR) and one patient not
responding as expected [stable disease (SD)], according
to World Health Organization criteria. Recurrence (local,
locoregional, or distant) occurred in nine patients (30.0%).

The mean hemoglobin and albumin values were 14.3+1.9
and 4.3+0.3, respectively. The mean HAR was 3.3+0.4. The
median DFS was 43.1+7.4 months (Table 1).

In the univariate analysis, no significant differences were
observed among age, gender, ECOG score, clinical stage,
T stage, N stage, histological characteristics, and the
presence of EBV or HPV with respect to DFS (p>0.05).

DFS was significantly lower (p<0.05) in the SD treatment
response group (8.0 months) than in the CR (50.2 months)
and PR (33.3 months) treatment response groups. DFS did
not differ significantly between the treatment response
groups with CR (50.2 months) and PR (33.3 months) (p>0.05)
(Table 2).

No significant relationship existed between pretreatment
hemoglobin and DFS, or between pretreatment albumin
values and DFS (p=0.228 and p=0.08, respectively). DFS was
51.7 months in patients with low HAR and 29.8 months in
patients with high HAR. We found a significant relationship
between HAR and DFS (p=0.009; Figure 1).

Table 2. Univariate analysis for disease free survival

Univariete model

HR 95% ClI p-value

Age 1.044 0984 - 1.108 0.154
Gender 3.687 0749 - 18.138  0.108
Histology 30.509 0.042 - >100 0.310
Stage 1212 0251 - 5848 0.811

T stage 1.039 0434 - 2483 0.932
N stage 0985 0256 - 3784 0.983
ECOG-PS 1596  0.189 - 13464  0.668
EBV-DNA 0.778 0250 - 2425 0.666
HPV-DNA 1.545 0.365 - 6.541 0.555
Type of induction agent  0.475 0.050 4.052 0.449
Treatment response 6.203 1.539 - 25002 0.010
Hemoglobin 0835 0622 - 1.120 0.228
Albumin 8.301 0.777 - 88.740  0.080
HAR 0319  0.102 - 1.000 0.009

ECOG-PS: Eastern Cooperative Oncology Group-performance status,
HAR: Hemoglobin-to-albumin ratio, EBV: Epstein-Barr virus, HPV: Human
papilloma virus, HR. Hazard ratio, Cl: Confidence interval
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Figure 1. The relationship between HAR and DFS
HAR: Hemoglobin-to-albumin ratio, DFS: Disease-free survival

DISCUSSION

NPC is a relatively rare epithelial malignancy that exhibits
significant regional variation. Historically, it has not
received adequate attention or research (1). NPC exhibits
considerable biological heterogeneity (10). According to
the latest eighth edition of the TNM staging system, even
among patients categorized in the same stage, survival
outcomes can differ significantly when they undergo similar
treatments (11). This indicates that the current anatomically
based staging systems are insufficient for accurately
predicting treatment effectiveness and patient prognosis.
Our study showed no statistically significant differences in
survival outcomes between stages.

Researchers are increasingly focusing on various
clinicopathological factors and molecular biomarkers due
to recent advancements in molecular biotechnology (12).
EBV-DNA is a key marker with high sensitivity and specificity
for the early diagnosis and screening of NPC (13). The
predictive effectiveness of this method for staging and
determining the prognosis of NPC is insufficient. In our trial,
no statistically significant association was found between
EBV-DNA and prognosis. These results may be due to
the inability to evaluate the presence of EBV or HPV in all
patients. Moreover, the fact that the study was conducted
in a small, single center cohort may have influenced these

results.

Genetic testing is costly, involves complex procedures,
and has limited reproducibility. As a result, the widespread
adoption of genetic testing for NPC still faces significant

challenges. Ideal prognostic biomarkers are typically

defined as characteristics that can independently identify
an individual’s prognosis. These biomarkers are designed to
improve prognostic accuracy and provide multiple benefits.
They are typically affordable, easily accessible and minimally
invasive or non-invasive. Additionally, they provide clear
indicators and can be scaled for implementation across
various healthcare settings. Indicators identified through
routine blood tests are associated with the most significant
benefits (4).

The use of sub-parameters such as hemoglobin and albumin
levels from routine tests—such as complete blood count
and serum biochemistry—offers significant advantages
over invasive histological examinations and costly genetic
testing methods in clinical settings (4). Research suggests
that hemoglobin levels affect oxygen transport, potentially
leading to treatment-related complications and impacting
the effectiveness of radiotherapy and chemotherapy (14).

Serum albumin is a crucial marker of nutritional status of
cancer patients and an invaluable tool in their overall care
and treatment (15). As cancer progresses, poor nutrition
and inflammatory stress disrupt metabolism, leading to
decreased albumin production and increased albumin
consumption. This results in low serum albumin levels, a key
predictor of prognosis in many types of cancer. Addressing
these issues is vital for improving patient outcomes (4).

One trial revealed that TNM stage and HAR were significant
independent prognostic factors for OS and PFS (16). We
also found a significant relationship between HAR and DFS
in our trial. High HAR was significantly associated with poor
prognosis. However, there was no statistically significant
association between the other clinical features and DFS.

Study Limitations

This study has some limitations. First, this was a single-
center, small sample retrospective study. Second, several
other inflammatory markers that correlate with prognosis
were not included. Third, the hematological markers of NPC
patients might fluctuate during treatment; for example,
inflammation can reduce albumin levels, and chemotherapy
can cause anemia, leading to variations in the HAR value
at different time points. Therefore, multicenter, large-scale,
prospective randomized controlled trials are necessary.

CONCLUSION

In this study, we showed that high HAR was associated
with poor prognosis and was an independent predictor of
outcome in NPC patients treated with CRT. Thus, the HAR
score might be a convenient, non-invasive, affordable, and
reliable tool to improve prognostication in NPC patients
receiving CRT.
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Microsurgical Anatomy of the Insular Region and Its
Connections: A Fiber Dissection Study

Insular Bélgenin ve Baglantilarinin Mikrocerrahi Anatomisi: Bir Fiber
Diseksiyon Calismasi

Aysegil Esen Aydin, ©© Merdan Balkansoy
University of Health Sciences Tiirkiye, Prof. Dr. Cemil Tascioglu City Hospital, Clinic of Neurosurgery, istanbul, Tirkiye

ABSTRACT

Objective: The insular cortex is a structurally complex and functionally significant brain region, influencing a wide range of neurophysiological
processes, including autonomic regulation and emotional cognition. This study aims to provide a detailed analysis of the microsurgical anatomy
of the insula and its intricate white matter connections through meticulous fiber dissections of postmortem human brains.

Methods: Four postmortem human brains were preserved in a 10% formalin solution for at least two months. After removing the arachnoid mater,
pia mater, and vascular structures, the brains were frozen at -16 °C for at least two weeks. Following rehydration in a 70% alcohol solution at room
temperature, white matter dissections were performed using the Klingler technique.

Results: Dissection of the frontal, parietal, and temporal opercula revealed the insula, characterized by an inverted pyramidal shape at the base
of the Sylvian fissure. The limen insula, an important anatomical landmark situated deep within the Sylvian fissure, was identified as a crucial
reference point in surgical procedures. Upon removal of the insular cortex, detailed structural relationships between the insula, basal ganglia,
and white matter tracts were demonstrated.

Conclusion: This study highlights the necessity of advanced surgical precision in addressing insular pathologies to improve neurosurgical
outcomes.

Keywords: Insula, fiber dissection, neurosurgery, neuroanatomy

0oz

Amag: Karmasik bir yapi olan instler korteks, otonom kontroliinden duygusal bilise kadar genis bir yelpazede nérofizyolojik islevlerde kritik bir
rol oynar. Bu calisma, insilerin detayli mikroskobik anatomisini ve karmasik beyaz madde baglantilarini, postmortem insan beyinlerinin titizlikle lif
diseksiyonu yoluyla aydinlatmayi amaglamaktadir.

Gereg ve Yontem: Dért postmortem insan beyni, en az 2 ay boyunca %10 formalin ¢ozeltisinde saklandi. Ardindan araknoid mater, pia mater ve

vaskiler yapilar ¢ikarildiktan sonra, beyinler en az 2 hafta boyunca -16 °C'de donduruldu. Oda sicakhiginda %70 alkol ¢ozeltisi icinde muhafaza
edilen beyinler Klingler ydntemiyle insan kadavralar kullanilarak ak madde diseksiyonlari yapildi.

Bulgular: Frontal, parietal ve temporal operkulum, Silvian fisstriinin tabaninda yer alan ters piramit seklindeki instler yer almaktadir. Silvian
fisstrintin derininde yer alan ve insulerin anterobazal kismini olusturan limen instler cerrahi acidan énemli bir alandir. Insiler korteks kaldirildiktan
sonra insilenin, bazal ganglionlar ve énemli ak madde yollari ile yakin iliskisi ayrintili olarak gdsterilmistir.

Sonug: Bu arastirma, instler patolojilerin karmasikliklarini daha iyi ele almak ve nérosirirji alaninda hasta sonuglarini iyilestirmek icin gelismis
cerrahi hassasiyetin kritik gerekliligini vurgulamaktadir.

Anahtar Kelimeler: insula, lif diseksiyonu, norosiriirji, néroanatomi
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INTRODUCTION

The insular cortex, a concealed structure deep within
the lateral sulcus, is bounded by the frontal, parietal,
and temporal opercula. Both experimental and clinical
studies have underscored its multifaceted involvement
in neurophysiological functions. Studies suggest that the
insula plays a crucial role in autonomic regulation, emotional
processing, and cognitive functions such as memory, mood,
and sensory perception (1,2).

Predominantly affected by low-grade gliomas, the insular
region is a common site of pathologies that present with
epilepsy. The surgical management of insular gliomas poses
significant challenges and a considerable risk of serious
morbidity due to their propensity to infiltrate medially into
critical paralimbic and limbic structures and laterally into
key cortical areas such as the inferior frontal operculum
and the supramarginal and angular gyri, particularly in the
dominant hemisphere (3). This study meticulously details
the microsurgical anatomy of the insula and elucidates
its complex interconnections with the surrounding white
matter fibers, aiming to enhance the precision and safety of
neurosurgical interventions.

The insular cortex, a profound and enigmatic region
of the brain, has significant implications for various
neurophysiological and neuropsychiatric conditions. As a
hub of convergence for sensory, emotional, and cognitive
information, the insula orchestrates complex processes
ranging from autonomic control to emotional regulation.
Recognizing its centrality in human neurology, this study
explores the intricate microsurgical anatomy of the insular
region and its critical white matter pathways. Our exploration
aims not only to delineate the anatomical landscape but
also to underscore the clinical ramifications of its pathology,
particularly in the context of low-grade gliomas and epilepsy.
Such insights are pivotal as they enhance surgical precision
and optimize patient outcomes, reflecting the necessity for
a profound understanding of this region.

METHODS

Ethics Approval and Registration

Ethics committee approval was not required for this study, as
it exclusively utilized cadaveric specimens obtained through
authorized commercial sources. In accordance with relevant
regulations, studies conducted on such materials do not
necessitate ethical review. Since no living patients were
involved, obtaining informed consent was not applicable.

Four postmortem human brains were kept in 10% formalin
solution for at least (a total of eight hemispheres) months
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months according to the method of Klingler. After the
arachnoid mater, pia mater, and vascular structures were
removed, they were frozen at -16 °C for at least two
weeks. Then they were rinsed under running tap water and
prepared for dissection (4). Between dissections, the brain
hemispheres were kept in 70% alcohol solution at room
temperature. Dissections were performed under a surgical
microscope (Carl Zeiss AG, Oberkochen, Germany) at
magnifications of 4x and 40x, using a Rhoton microsurgical
set comprising toothless microforceps, a microhook,
microscissors, a scalpel, and a dissector. Dissections began
with decortication of the lateral and medial surfaces.
Following the decortication, short association fibers
(U-fibers) were removed and long major association fibers
were accessed. Dissections were performed from the lateral
to the medial aspect by removing fibers layer by layer.
The interrelationships among the fibers and anatomical
structures observed at each stage were demonstrated. All
stages were recorded using a professional digital camera
(Canon EQOS 77D) equipped with a Canon 100 mm macro
lens, a Canon ring flash, and 3D photography.

Statistical Analysis

This study is a qualitative and descriptive neuroanatomical
investigation and does not include any quantitative
or comparative dataset; therefore, statistical analysis
is not required. As the aim of the study is to delineate
microsurgical anatomical structures and demonstrate fiber
pathways layer by layer, the use of statistical methods is not
methodologically appropriate.

RESULTS

The arachnoid mater and pia mater, fixed using the Klingler
method, were cleaned under a microscope using forceps
(4). The lateral surfaces of the hemispheres were revealed,
showing their cortical structures and all gyral and sulcal
structures (Figure 1). Laterally, all cortical gray matter overlying
the white matter was removed using dissectors. U-fibers
connecting two adjacent gyri were exposed (Figure 2).

Language and Cognitive Connectivity

Long-range association fibers facilitating connectivity
between distant cortical areas were visualized, including
the superior longitudinal fasciculus (SLF) and the arcuate
fasciculus (AF). The SLF was subdivided into SLF Il and
SLF I, with SLF Il originating from the angular gyrus and
terminating in the middle frontal gyrus, and SLF Ill extending
from the supramarginal gyrus to the inferior frontal gyrus.

The fibers of the ventral component of the AF originate
in the posterior portions of the superior, middle, and
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transverse temporal gyri [Heschl's gyrus (HG)], make a turn at
the level of the posterior insular point, run along the inferior
aspect of the supramarginal gyrus just lateral to the corona
radiata and along the superior insular limiting sulcus, and
extend to the pars opercularis and triangular gyrus within
the anterior limiting sulcus of the inferior frontal gyrus. The
ventral component of AF was located inferolateral to SLF II
and inferomedial to SLF lll. SLF Il and SLF Il were removed,
and the dorsal component of the AF was exposed. The
dorsal component originated in the posterior one-third of
the middle and inferior temporal gyri, turned at the angular
gyrus, coursed inferior to SLF Il, and terminated in the
posterior and middle parts of the middle frontal gyrus, just
anterior to the precentral sulcus, similar to SLF Il (Figure 3).
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The frontal, parietal, and temporal opercula were removed
while protecting the HG, thereby exposing the inverted-
pyramid-shaped insula located at the base of the Sylvian fissure.
The sulci located around the insula, the circular sulcus and the
anterior, superior, and inferior limiting sulci, were exposed.
The anterior limiting sulcus separated the rostral insula from
the inferior frontal gyrus, whereas the superior limiting sulcus
separated the upper insula from the superior operculum. The
inferior limiting sulcus separates the insula from the posterior
part of the Sylvian fissure and the superior temporal gyrus.
The limen insula, located deep within the Sylvian fissure and
forming the anterobasal region of the insula, emerged as an
important landmark.

i

Figure 2. Lateral view of the cerebral hemisphere following the removal of cortical gray matter above the white matter using dissectors. U-fibers

connecting adjacent gyri are distinctly visualized
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The insula was divided into two parts by the central insular
sulcus. The course of this sulcus was parallel to the central
sulcus. The central insular sulcus divides the insula into anterior
and posterior parts. Three gyri were present in the anterior
insula and two in the posterior insula. The gyri anterior to the
central insular sulcus are the anterior, middle, and posterior
short gyri. The gyri posterior to the central insular sulcus are
termed the anterior and posterior long gyri (Figure 4).
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Upon removal of the insular cortex, the extreme capsule, which
contains short association fibers linking the insula to adjacent
opercular regions, was exposed. Further dissections revealed
the middle longitudinal fasciculus, originating in the superior
temporal gyrus and connecting to the sagittal stratum and the
corona radiata. Following removal of the remaining portion of
the extreme capsule, a gray layer—the claustrum—and the
external capsule fibers associated with this gray matter were

Figure 3. Dissection of the suprasylvian area showing SLF Il and SLF Ill after U-fiber removal. SLF Il connects the angular gyrus to the middle
frontal gyrus, while SLF Ill extends between the supramarginal gyrus and the inferior frontal gyrus
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Figure 4. The insula exposed by removing the frontal, parietal, and temporal opercula, preserving Heschl's gyrus. The inverted pyramid-shaped
insula, located at the base of the Sylvian fissure and surrounded by the circular sulcus, is visualized. The anterior, superior, and inferior limiting
sulci demarcate the insula from neighboring structures. The central insular sulcus, which runs parallel to the central sulcus, divides the insula into
anterior and posterior regions, which contain three short gyri and two long gyri, respectively
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observed as dorsal and ventral components. Claustrocortical
fibers, which constitute dorsal component of the external
capsule, were traced to the corona radiata, where they merge
with the internal capsule (IC) fibers; their fan-shaped structure
extends from the claustrum to the supplementary motor area
of the cortex and to the posterior parietal lobe. The ventral
component of the external capsule was associated with two
fiber bundles: the inferior fronto-occipital fasciculus (IFOF) and
the uncinate fasciculus (UF). IFOF fibers were tracked anteriorly
to the pars opercularis and pars triangularis within the inferior
frontal gyrus. It was observed that the IFOF fibers crossed the
AF posteriorly and joined the sagittal stratum. The fibers of the
UF originating in the temporal region made a hook-shaped
turn at the limen insula and reached the medial orbitofrontal,
lateral orbitofrontal, and septal areas (Figure 5).

When the claustrocortical fibers were removed, the
putamen, the most laterally located part of the lentiform
nucleus (LN), was encountered. When the putamen was
gradually removed, another component of the LN, the
harder, lighter-colored, rounded globus pallidus (GP), was
seen immediately medial to the putamen. The lateral part of
the GP was completely covered by the putamen, and it was
located lateral to the genu of the IC. The neighborhood of
LN, including all IC segments, was shown. The posterior leg
of the anterior commissure (AC), running inferior to the LN,
was visualized. The posterior crural fibers of the AC were
observed to fan out at the lateral border of the LN and to be
directed toward their temporal and occipital terminations.

l)ncisate Faseleulus — -

After the SLF, AF, IFOF, and MLF fibers were removed, all
parts of the IC were clearly revealed. The IC is a projection
fiber bundle and continues its course alongside other fiber
bundles that merge beyond the borders of the LN. After this
combination, their names change during their journey. At the
upper edge of the LN, IC fibers merge with claustrocortical
fibers and form the corona radiata. Beyond the posterior
border of the LN, it merges with the IFOF, AC, and optic
radiation fibers associated with the ventral component of
the external capsule and is termed the sagittal striatum. It
is the continuation of the corona radiata. The frontal and
parietal extensions are called the corona radiata, whereas
the occipital and temporal extensions are called the sagittal
striatum.

The IC fiber bundle is divided into three sections. These
are the anterior limb, the posterior limb, and the genu. The
anterior limb of the IC contains bundles of frontopontine
and frontothalamic fibers. The IC genu contains the
anterior parts of the corticobulbar and corticospinal fiber
bundles, and the frontothalamic fiber bundle. The posterior
limb of the IC is divided into three parts. These are the
lenticulothalamic, retrolenticular, and sublenticular sections.
The lenticulothalamic section contains the posterior portions
of the corticospinal and corticobulbar fiber bundles, portions
of the parietopontine and parietothalamic fiber bundles,
and the frontothalamic fiber bundle. The retrolenticular
section contains the parietopontine, occipitopontine,
occipitothalamic, and parietothalamic fiber bundles.
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Figure 5. Exposure of the insular cortex revealing the extreme capsule, containing short association fibers connecting the insula with opercular
regions. Removal of the extreme capsule exposed the middle longitudinal fasciculus, which originates from the superior temporal gyrus and joins
the sagittal striatum and the corona radiata. Beneath the capsule, the claustrum and its associated external capsule fibers were visualized. The
dorsal external capsule fibers, or claustrocortical fibers, fanned out toward the corona radiata. The ventral fibers were associated with the inferior
fronto-occipital fasciculus (IFOF) and the uncinate fasciculus (UF), with the IFOF crossing the arcuate fasciculus and the UF forming a hook-like

turn at the limen of the insula to reach the orbitofrontal and septal regions
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The sublenticular section contains temporopontine and
temporothalamic fiber bundles, as well as portions of
the occipitopontine and occipitothalamic fiber bundles.
The optic and auditory radiations are located in the
retrolenticular and sublenticular sections of the IC.

AC fibers were observed ventral to the GP. The body of the
AC is divided into two parts: anterior (ACa) and posterior
(ACp). ACa curled along the nucleus accumbens at the
level of the olfactory tract and extended toward the frontal
gyrus. The substantia innominata was located between the
anterior and posterior limbs of the AC. ACp extended in
an anteromedial-to-posterolateral direction within the canal
of Gratiolet, located at the base of the LN. The canal of
Gratiolet is embedded in the gray matter of the putamen
and the caudate nucleus, just anterior and inferior to the
border of the GP. Fibers of the ACp extended toward the
anterior portions of the temporal and occipital lobes. The
number of fibers reaching the occipital lobe was greater
than the number reaching the temporal lobe. The fibers
extending to the temporal lobe were located inferiorly and
merged with fibers of the UF.

Optic radiation fibers emerge from the lateral geniculate
nucleus of the thalamus and terminate in the mesial
occipital cortex. The dorsal portion of these fibers emerges
from the lateral geniculate body and projects directly to the
calcarine fissure. However, the ventral fibers initially course
anteriorly and then return from the temporal horn to form
Meyer's loop. It was observed that the optic radiation fibers,

éenu of Internal Capsule

Anterior Limb
.. of Internal Capsule

Olfactory Tractt Uncinate Fasciculus
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IFOF, and AC fibers destined for the occipital lobe coursed
together and merged into the sagittal stratum.

The optic radiation fibers occupy the entire temporal horn,
except for the roof and the anterior portion of the lateral
wall. When these fibers are removed, the tail of the caudate
nucleus, the amygdala, the hippocampus, and the choroid
plexus lie together within the temporal horn of the lateral
ventricle. When the choroid plexus was removed, the
intraventricular hippocampus, located inferomedial to the
atrium and temporal horn, was completely visible. The stria
terminalis originating from the amygdala and the caudate
nucleus tail connecting to the amygdala constituted the
deepest layer of the “temporal stem” in the depth of the
optic radiation (Figure 6, Table 1).

DISCUSSION

The insula, which is buried deep in the cerebral cortex,
has attracted great attention in neuroscience research in
recent years (5). The insula has been shown to play roles
in memory, mood, autonomic and cardiac regulation, the
perception of disgust, and the senses of smell and taste; it
is also thought to have many other functions. Changes in the
insula have been associated with neuropsychiatric diseases.
The anterior insular region, due to its connections with the
anterior cingulate gyrus, the dorsolateral prefrontal cortex,
the striatum, and the amygdala, mediates autonomic and
visceral integration underlying emotional, cognitive, and
motivational functions. The posterior insula receives impulses

Figure 6. Dissection revealing the lentiform nucleus, internal capsule, anterior commissure (AC), and optic radiation. Removal of claustrocortical
fibers exposed the putamen and globus pallidus, components of the lentiform nucleus, and revealed their relationship with segments of the internal
capsule. The internal capsule divisions (anterior limb, genu, posterior limb) and associated fiber bundles, including corticospinal, corticobulbar,
and thalamic fibers, were demonstrated. The AC was visualized ventral to the globus pallidus, with anterior and posterior components extending

toward frontal, temporal, and occipital regions
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Table 1. White matter fiber pathways related to the insular cortex: anatomical connections and functional roles

Fiber tract Origin Termination Primary function
U-fibers Adjacent gyri Adjacent gyri Local cortical integration
. . Language processing and attentional
SLF™ 1 Angular gyrus Middle frontal gyrus networks
SLF I Supramarginal gyrus Inferior frontal gyrus Language production and motor

planning

Arcuate fasciculus (ven

Posterior superior/middle/

tral) .
transverse temporal gyri

Pars opercularis and triangularis
of the inferior frontal gyrus

Semantic and phonological integration
of language

Arcuate fasciculus (dor:

Posterior middle and inferior

sal temporal gyri

Middle frontal gyrus (posterior
and middle parts)

Repetition and echolalia-related
connections

MdLF?

Superior temporal gyrus

Sagittal striatum, corona radiata

Auditory-processing and memory
linkage

Extreme capsule fibers Insula Opercular areas Cortex-to-cortex integration
e upplementary motor area . .
Claustrocortical fibers Claustrum Supp - "y ' Motor planning and attention networks
posterior parietal cortex
. . Visual-cognitive and language-
IFOF* Occipital lobe Frontal lobe (pars opercularis) - °9 guag
orientation pathways
. Emotional memory and semantic
UF Temporal pole Orbitofrontal cortex

association

Anterior commissure

Anterior temporal lobe
and olfactory regions and
occipital lobe

Contralateral anterior temporal
lobe and olfactory regions and
occipital lobe

Interhemispheric communication of
temporal and olfactory information

Optic radiation

Lateral geniculate body

Calcarine fissure

Visual transmission

“: SLF: Superior longitudinal fasciculus, : Middle longitudinal fasciculus, *: IFOF: Inferior frontal-occipital fasciculus, UF: Uncinate fasciculus

from the brainstem, medulla spinalis, parietal, temporal, and
occipital cortices via the thalamus (6,7). In their morphometric
study of schizophrenia, Wright et al. (8) found a decrease
in gray matter volume in the bilateral temporal region,
insula, as well as the left dorsolateral prefrontal cortex and
amygdala. Similarly, many morphometric studies have found a
relationship between insula volume and schizophrenia (9-11).

The hippocampus, which is closely related to the insula,
is an important source of epileptic seizures. It is of great
importance for epilepsy surgery, particularly in temporal
lobe epilepsy due to hippocampal sclerosis. Microsurgery
involving the insula requires a high degree of skill and
precision because the insula can be affected by pathologies
such as brain tumors, vascular malformations, and epilepsy.

The insula plays an important role in autonomic nervous
system function and, owing to its complex structure,
regulates emotional, cognitive, and homeostatic processes.
Therefore, insular lesions may cause irregularities
Additionally,

transmitted through the insula may modulate cardiovascular

in cardiovascular function. pain signals
responses. Somatotopic transmission of painful stimuli via
the insula helps us understand potential interactions within
the cardiovascular system. Studies have emphasized the

role of the insula in pain processing (12). Other studies

have reported findings supporting cardiovascular effects
associated with insular lesions. Understanding the complex
interactions between the insula and the cardiovascular
system may represent an important avenue for future
research (13).

The insula is a complex structure in the brain that plays a
critical role in speech processes and is associated with
speech-related white matter fibers. The left insula, in
particular, plays a significant role in the production and
understanding of language, andin this context, it cooperates
closely with Broca's area. The left insula influences speech
ability by regulating processes, such as speech planning,
motor control, and semantic processing of language (14).
AF and SLF, which are white-matter fibers, play an important
role in facilitating communication between the insula and
other language regions. They connect Wernicke's area with
Broca's area and facilitate information exchange between
the area that processes language meaning and the area
that provides motor control for language. This fiber bundle
speech by integrating the cognitive and motor processes of
language. The inferior longitudinal fasciculus is associated
with language processing of information from the visual and
auditory areas and facilitates communication between the
insula and other language regions.
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Recent advancements in neuroimaging and neuroanatomy
have highlighted the insula’s pivotal role in integrating
somatosensory, gustatory, and visceral inputs, thereby
influencing a wide array of bodily functions and emotional
responses. The anterior part of the insula, heavily connected
with frontal and limbic regions, is crucial for cognitive and
emotional processing. In contrast, the posteriorinsula, linked
to sensory pathways, plays a vital role in the perception and
contextualization of pain and temperature. The insula’s
intricate connectivity and multifunctional nature make it
a critical consideration in surgical planning, particularly
in insular gliomas, where resection can significantly
affect the patient’s quality of life because of the risk of
neuropsychological deficits. Moreover, understanding the
insular involvement in autonomic functions underscores
its role in disorders like heart disease and dysautonomia,
reflecting the need for targeted therapeutic strategies.
This discussion extends into neuropsychiatry, exploring
correlations between insular abnormalities and mental
health disorders such as schizophrenia and depression,
highlighting the insula as a potential therapeutic target.
Through this comprehensive analysis, we aim to bridge the
gap between microsurgical anatomy and clinical practice,
providing a foundation for future research and improved
surgical interventions.

Study Limitations

Despite the comprehensive anatomical insights provided
through meticulous fiber dissections, this study has certain
limitations inherent to cadaver-based neuroanatomical
research. The number of hemispheres examined was
limited, which may reduce the breadth of anatomical
variability captured across different specimens. Although
the structural relationships and fiber pathways were
consistently observed, future studies incorporating a larger
number of hemispheres would enhance the generalizability
and robustness of these findings. Nevertheless, the detailed
layer-by-layer dissections presented here offer a meaningful
contribution to the microsurgical understanding of the
insular region.

CONCLUSION

The microsurgical anatomy of the insula represents
a profoundly
neurosurgical practice, essential for the precise diagnosis
and management of complex cerebral disorders. Mastery
of this region’s detailed anatomy, including its vascular

intricate  and critical domain  within

and functional components, is paramount to enhancing
the safety and efficacy of microsurgical interventions. This
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comprehensive understanding not only facilitates the
minimization of intraoperative risks but also significantly
improves postoperative recovery and functional outcomes
for patients. The continuous evolution of microsurgical
techniques, supported by ongoing
technological innovations, holds the promise of advancing
our capabilities in treating insular pathologies. Thus, as
we refine these surgical approaches and deepen our
anatomical knowledge, we are poised both to ameliorate
the clinical management of insular disorders and to expand

research and

the frontiers of our understanding of brain function. This
ongoing commitment to research and clinical excellence is
crucial for fostering a future where neurosurgical procedures
are not only life-preserving but also life-enhancing.

ETHICS

Ethics Committee Approval: Ethics committee approval
is not required for studies conducted on commercially
sold human cadavers, cadaveric parts, and other biological
materials.

Informed Consent: Since no living patients were involved,
obtaining informed consent was not applicable.

FOOTNOTES

Authorship Contributions

Surgical and Medical Practices: A.E.A.,, Concept: A.EA,
M.B., Design: A.E.A., M.B., Data Collection or Processing:
AEA., MB., Analysis or Interpretation. A.E.A., M.B.,
Literature Search: A.E.A., M.B., Writing: A.E.A., M.B.

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

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

REFERENCES

1. Terasawa Y, Shibata M, Moriguchi Y, Umeda S. Anterior insular
cortex mediates bodily sensibility and social anxiety. Soc Cogn
Affect Neurosci. 2013;8:259-66.

2. Fathy YY, Hoogers SE, Berendse HW, van der Werf YD, Visser PJ,
de Jong FJ, et al. Differential insular cortex sub-regional atrophy
in neurodegenerative diseases: a systematic review and meta-
analysis. Brain Imaging Behav. 2020;14:2799-816.

3. Ribas EC, Yagmurlu K, De Oliveira E, Ribas GC, Rhoton A.
Microsurgical anatomy of the central core of the brain. J Neurosurg.
2018;129:752-69.

4. Wysiadecki G, Clarke E, Polguj M, Hatadaj R, Zytkowski A,
Topol M. Klingler's method of brain dissection: review of the
technique including its usefulness in practical neuroanatomy
teaching, neurosurgery and neuroimaging. Folia Morphol (Warsz).
2019;78:455-66.

5. Uddin LQ, Nomi JS, Hébert-Seropian B, Ghaziri J, Boucher O.
Structure and function of the human insula. J Clin Neurophysiol.
2017,34:300-6.



Esen Aydin and Balkansoy. Fiber Dissection of the Insular Region

6.

Namkung H, Kim SH, Sawa A. The insula: an underestimated brain
area in clinical neuroscience, psychiatry, and neurology. Trends
Neurosci. 2017;40:200-7.

Eckart C, Kaufmann J, Kanowski M, Tempelmann C, Hinrichs H,
Elbert T, et al. Magnetic resonance volumetry and spectroscopy of
hippocampus and insula in relation to severe exposure of traumatic
stress. Psychophysiology. 2012;49:261-70.

Wright IC, Ellison ZR, Sharma T, Friston KJ, Murray RM, Mcguire PK.
Mapping of grey matter changes in schizophrenia. Schizophr Res.
1999;35:1-14.

Kasai K, Yamada H, Kamio S, Nakagome K, lwanami A, Fukuda M,
et al. Neuromagnetic correlates of impaired automatic categorical

perception of speech sounds in schizophrenia. Schizophr Res.
2003;59:159-72.

. Hulshoff Pol HE, Schnack HG, Mandl RC, van Haren NE, Koning H,

Collins DL, et al. Focal gray matter density changes in schizophrenia.
Arch Gen Psychiatry. 2001;58:1118-25.

. Ha TH, Youn T, Ha KS, Rho KS, Lee JM, Kim 1Y, et al. Gray matter

abnormalities in  paranoid schizophrenia and their clinical

correlations. Psychiatry Res. 2004;132:251-60.

. Leone M, Proietti Cecchini A, Mea E, Tullo V, Curone M, Bussone

G. Neuroimaging and pain: a window on the autonomic nervous
system. Neurol Sci. 2006;27(Suppl 2):5134-7.

. Sanchez-Larsen A, Principe A, Ley M, Vaquerizo B, Langohr K,

Rocamora R. Insular role in blood pressure and systemic vascular
resistance regulation. Neuromodulation. 2024,27:1218-26.

. Ackermann H, Riecker A. The contribution of the insula to motor

aspects of speech production: a review and a hypothesis. Brain
Lang. 2004;89:320-8.

457



Med J Bakirkoy 2025;21(4):458-467
Medical Journal of Bakirkdy DOI: 10.4274/BMJ.galenos.2025.2025.10-5

Research

Cross-Cultural Adaptation and Psychometric Validation
of the Turkish Version of the American Orthopaedic
Foot and Ankle Society Lesser Metatarsophalangeal-
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ABSTRACT

Objective: Lesser toe disorders can cause significant functional impairment and pain, requiring reliable tools for outcome assessment. The
American Orthopaedic Foot and Ankle Society (AOFAS) lesser metatarsophalangeal-interphalangeal (MTP-IP) joint scale is a clinician-based
instrument frequently used in foot and ankle evaluations, yet no validated Turkish version exists. The aim of this study was to translate, culturally
adapt, and evaluate the psychometric properties of the Turkish version of the AOFAS lesser MTP-IP scale.

Methods: The scale was translated following international cross-cultural adaptation guidelines. A total of 43 patients with various lesser-toe
pathologies were assessed using the AOFAS lesser MTP-IP, foot and ankle ability measure (FAAM), visual analogue scale, and short form-
12 (SF-12). Test-retest reliability was assessed by calculating intraclass correlation coefficients [ICC (2,1)] using a two-way mixed-effects model
with absolute agreement; by assessing internal consistency via Cronbach’s alpha; and by evaluating agreement using Bland-Altman analysis.
Construct validity was tested by correlating AOFAS scores with FAAM and SF-12 subscales. Floor and ceiling effects were also analyzed.

Results: The Turkish version demonstrated excellent test-retest reliability [ICC (2,1)=0.96] and acceptable internal consistency (a=0.76). Bland-
Altman plots revealed no systematic bias. Strong correlations were observed with FAAM-activities of daily living (r=0.93) and FAAM-sports
(r=0.75), whereas correlations with SF-12 physical component summary (r=0.34) and MCS (r=0.45) were weak but significant, which is consistent
with the hypothesized convergent and divergent validity. A notable ceiling effect was identified in the AOFAS function and alignment domains,
consistent with the high functional status and low pain levels reported by participants.

Conclusion: The Turkish adaptation of the AOFAS lesser MTP-IP scale is a reliable and valid instrument for evaluating pain, function, and alignment
in patients with lesser toe disorders. Its strong psychometric performance supports its use in both clinical and research settings, although the
observed ceiling effect should be interpreted in the context of patient characteristics.

Keywords: AOFAS, lesser toe, Turkish validation, reliability, validity, psychometrics, foot and ankle
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6z

Amag: Kicik parmak patolojileri, belirgin agri ve fonksiyonel kisithliga neden olabilir; bu durum, klinik degerlendirme ve tedavi sonuglarinin
izlenmesinde glivenilir dlctim araclarinin kullanilmasini gerektirir. Amerikan Ortopedik Ayak ve Ayak Bilegi Dernegdi (AOFAS) tarafindan gelistirilen
lesser metatarsofalangeal-interfalangeal (MTP-IP) skalasi, ayak ve ayak bilegi degerlendirmelerinde sik kullanilan klinisyen temelli bir dlgektir;

ancak bu dlcegdin gegerliligi ve glvenirligi kanitlanmis Turkge bir versiyonu bulunmamaktadir. Bu ¢alismanin amaci, AOFAS lesser MTP-IP skalasinin
Turkge uyarlamasini yapmak ve psikometrik ézelliklerini degerlendirmektir.

Gereg ve Yéntem: Olcegin ceviri ve kiiltiirel adaptasyonu uluslararasi standartlara uygun olarak gerceklestirildi. Farkli kiiglik parmak patolojileri
bulunan toplam 43 hasta, AOFAS lesser MTP-IP, ayak ve ayak bilegi yetenegi dlcegi (FAAM), gorsel analog skala ve kisa form-12 (SF-12) kullanilarak
degerlendirildi. Test-retest glvenirligi sinif i¢i korelasyon katsayisi [ICC (2,1)] ile, i¢ tutarliik Cronbach alfa katsayisi ile, dl¢limler arasi uyum ise
Bland-Altman analiziyle degerlendirildi. Yapi gecerligi, AOFAS puanlarinin FAAM ve SF-12 alt dlgekleriyle olan korelasyonlari incelenerek test
edildi. Ayrica tavan ve taban etkileri analiz edildi.

Bulgular: Tirkce versiyon mikemmel test-retest guvenirligi [ICC (2,1)=0,96] ve kabul edilebilir i¢ tutarlilik (a=0,76) gdsterdi. Bland-Altman
analizinde sistematik yanlilik saptanmadi. AOFAS toplam puanlari FAAM-giinliik yasam aktiviteleri (r=0,93) ve FAAM-spor (r=0,75) ile gli¢li, SF-12
fiziksel (r=0,34) ve mental (r=0,45) bilesen puanlari ile zayif ancak anlamli korelasyonlar gésterdi. Bu sonuglar, énceden tanimlanan yakinsak ve
iraksak gecerlik hipotezleriyle uyumluydu. Katilimeilarin yiiksek fonksiyonel durum ve dustik agri dizeyleriyle uyumlu olarak, AOFAS fonksiyon ve
dizilim alt dlceklerinde belirgin bir tavan etkisi gézlendi.

Sonug: AOFAS lesser MTP-IP skalasinin Tiirkge uyarlamasi, kiigik parmak patolojilerinde agri, fonksiyon ve dizilimi degerlendirmede givenilir
ve gecerli bir dlcektir. Olgcegin glicli psikometrik ézellikleri, klinik ve arastirma ortamlarinda kullanilabilirligini desteklemektedir. Ancak gézlenen
tavan etkisi, drneklemin yiksek fonksiyonel dizeyiyle iliskilendirilerek yorumlanmalidir.

Anahtar Kelimeler: AOFAS, kicuk parmak, Turkce gecerlik, glvenirlik, psikometri, ayak ve ayak bilegi

INTRODUCTION

through rigorous statistical procedures, including intraclass
correlation coefficients (ICC), standard error of measurement
(SEM), and minimal detectable change (MDC) (8,9).

In Tirkiye, validated versions of the AOFAS hindfoot
and hallux scales are available (10-13); however, there
is no psychometrically validated Turkish adaptation
of the AOFAS lesser MTP-IP scale. This gap limits the
comparability of clinical data across international studies

Lesser toe disorders, including Freiberg’s disease,
metatarsalgia, deformities, and sequelae of trauma, are
frequently encountered in orthopaedic practice and lead
to pain, altered gait mechanics, and functional limitations.
Accurate functional assessment is critical not only for guiding

clinical decision-making but also for evaluating treatment

efficacy in both conservative and surgical contexts (1,2).

Among the tools used to evaluate foot and ankle function,
the American Orthopaedic Foot and Ankle Society (AOFAS)
clinical rating systems have historically been among the
most widely adopted instruments. The AOFAS lesser
metatarsophalangeal-interphalangeal (MTP-IP) joint scale, in
particular, is designed to assess pain, functional limitations,
and alignment in the lesser toes (3). Despite its long-
standing utility and simplicity, the scale has been subject
to methodological critique because of its categorical
structure, ceiling effects, and lack of patient-reported
input (4,5). In recognition of these limitations, the AOFAS
has officially withdrawn its endorsement of these clinician-
based tools, advocating instead for integrating patient-
reported outcome measures (PROMs) into both research
and practice (6).

Nevertheless, the AOFAS scales remain widely used

because of their clinical familiarity and relevance,
particularly in reporting postoperative outcomes (7).
Recent methodological frameworks—such as COnsensus-
based Standards for the selection of health Measurement
Instruments (COSMIN)—emphasize the need to evaluate
and construct validity

reliability, measurement error,

and restricts the use of standardized instruments in Turkish-
speaking populations. Despite the increasing emphasis
on methodologically sound, culturally adapted tools in
musculoskeletal outcomes research, a critical unmet need
remains.

Therefore, this study aimed to translate and culturally adapt
the AOFAS lesser MTP-IP scale into Turkish and to evaluate
its psychometric properties in patients with lesser toe
disorders. We hypothesized that the Turkish version would
demonstrate strong reliability, internal consistency, and
construct validity, supporting its use in both clinical practice
and multicenter research efforts.

METHODS

Study Design and Participants

This cross-sectional methodological study was conducted
at a tertiary-level orthopedic outpatient clinic between
January and June 2024. Hospital records were used to
identify patients who had been treated for a disorder
affecting the lesser toe. These patients were invited to
attend follow-up visits. Patients who met the eligibility
criteria had received treatment within the last two to four
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years. A total of 43 patients diagnosed with pathologies
of the lesser toes (e.g., Freiberg disease, deformities, or
sequelae of trauma) were enrolled (Figure 1). Although the
COSMIN guidelines recommend at least 50 participants for
an adequate assessment of reliability and validity, previous
methodological reports suggest that 5-10 participants per
item may be acceptable for focused validation studies (14).
Our participant-to-item ratio of 5.4, combined with an ICC
power >0.99, indicates adequate precision despite the
modest sample size. For validity studies, it is recommended
to include at least five patients per item (14). The AOFAS
lesser MTP-IP scale consists of eight items, and our study
included 43 patients, corresponding to 5.38 patients per
item, thus meeting the recommended sample size criterion.
Inclusion criteria included age >18 years, literacy in Turkish,
and clinical or radiographic evidence of a lesser-toe disorder.
Patients with systemic neurological conditions, prior major
foot surgery, or cognitive impairment were excluded.

This study was approved by the Clinical Research Ethics
Committee of University of Health Sciences Turkiye, Bakirkdy
Dr. Sadi Konuk Training and Research Hospital (approval
no: 2022-06-05, date: 21.03.2022). Written informed consent
was obtained from all participants in accordance with the
Declaration of Helsinki.

Translation and Cultural Adaptation

The AOFAS lesser MTP-IP scale was translated into Turkish
following the five-step process outlined by Beaton et al. (15):
(1) forward translation by two bilingual experts; (2) synthesis
of translations; (3) back translation by two native English
speakers; (4) expert committee review; and (5) pretesting
with 20 patients to assess clarity and comprehension. Minor
linguistic adjustments were made based on participant
feedback to enhance cultural relevance. The translators’
professional backgrounds (medical vs. non-medical) and
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linguistic expertise were reported to ensure conceptual
equivalence and transparency.

Outcome Measurements

AOFAS Lesser MTP-IP Scale (Turkish Version)

The AOFAS lesser MTP-IP scale is a clinician-administered
tool designed to evaluate outcomes in patients with
disorders of the lesser toes (3). It comprises three domains:
pain (40 points), function (45 points), and alignment (15
points), with a total possible score of 100, where higher
scores indicate better clinical status. The functional domain
includes items related to activity limitations, footwear
requirements, and mobility, whereas alignment is rated by
the clinician based on joint positioning.

In this study, the original English version of the AOFAS lesser
MTP-IP scale was translated and culturally adapted into
Turkish using a standardized methodology (Table 1) (15).
This Turkish version was administered at two time points,
two weeks apart, to assess reliability and construct validity.

Visual Analogue Scale (VAS)

Pain intensity was assessed using a 10-centimeter VAS,
which is a validated and widely used unidimensional
measure of pain (16). Patients were asked to mark their level
of pain on a horizontal line ranging from 0 (no pain) to 10
(worst imaginable pain). VAS scores were recorded in three
conditions: at rest, during activity, and at night. This enabled
multidimensional pain profiling and facilitated comparison
with the AOFAS pain domain. The activity condition refers
to pain experienced during daily activities, such as walking,
climbing stairs, or performing occupational tasks.

Foot and Ankle Ability Measure

The foot and ankle ability measure (FAAM) is a patient-
reported outcome measure (PROMs) developed to assess

Total number of patients admitted

(n=

86)

|

Patients undergoing
surgical intervention
(n=50)

Conservatively
treated patients
(n=36)

v

!

Excluded (n=16):
Not eligible (12),
Incomplete baseline data (4)

Total eligible patients (n=43)

Excluded (n=27):
Not eligible (12),
Incomplete baseline data (15)

Figure 1. Flowchart. The number of patients in each particular group is shown in brackets
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physical function in individuals with musculoskeletal

disorderslower-extremity (17). It includes two subscales:
e Activities of daily living (ADL): 21 items,
e Sports: 8 items.

Each item is scored on a 5-point Likert scale (O=unable to
do; 4=no difficulty), and raw scores are transformed into
percentage scores (0-100), with higher scores reflecting
greater functional ability. The Turkish version of the FAAM
has been validated and shown to have high internal
consistency and construct validity (18).

Short Form-12 (SF-12) Health Survey

SF-12 is a generic measure of health-related quality of
lifederived from the original 36-item SF-36 questionnaire
(19). It yields two-component summary scores:

e Physical component summary (PCS),
® Mental component summary (MCS).

These standardized standard
deviation (SD)=10], with higher scores indicating better
self-perceived health. Although not specific to the foot and
ankle, the SF-12 provides insight into general health status
and permits evaluation of divergent validity when used
alongside region-specific measures such as the AOFAS or
FAAM (20).

scores are [mean=50,

All instruments were administered in Turkish; validated
Turkish versions of the FAAM and SF-12 were used to
ensure linguistic and conceptual equivalence. The SF-12
was used to test divergent validity, reflecting general health
rather than region-specific function. We hypothesized
strong correlations with FAAM subscales and weaker
correlations with SF-12 PCS and MCS, consistent with
COSMIN recommendations for hypothesis-driven construct
validation. The Turkish version validated by Soylu and Ktk
(21) was used.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
statistics, version 27.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to summarize demographic
and clinical characteristics. Frequencies and percentages
were reported for categorical variables; means and
standard deviations were reported for continuous variables.
The normality of continuous data was evaluated using the
Shapiro-Wilk test.

An ICC value of 0.75 was used as the minimum acceptable
threshold for reliability in accordance with established
guidelines (22). The observed ICC of 0.96 yielded a
post-hoc power of approximately 1.00 (n=43, =0.05),

confirming sufficient statistical power to detect excellent
test-retest reliability.

Internal consistency of the Turkish version of the AOFAS
lesser MTP-IP scale was assessed using Cronbach’s alpha.
Values between 0.70 and 0.95 were considered acceptable
(9,23).

Test-retest reliability was assessed by calculating ICC using a
two-way mixed-effects model with absolute agreement [ICC
(2,1)]. ICC values were interpreted as follows: <0.40=poor,
0.40-0.59=fair, 0.60-0.74=good, and >0.75=excellent.

Agreement was evaluated using the SEM and the MDC95.
The ICC was applied to compute the SEM, which reflects
the precision of the measurement. SEM was determined
by multiplying the SD of the scores by the square root of
(1-ICC). The MDC95 represents the smallest change that
exceeds the threshold of measurement error. To estimate
the MDC at the 95% confidence interval (Cl) level (MDC
95%), the SEM was multiplied by 1.96 and then by the
square root of 2 (22).

Construct validity was evaluated using Spearman’s rank
correlation coefficients between AOFAS total scores
and scores on external instruments (FAAM, VAS, SF-12).
Correlation strength was interpreted as small (0.10-0.29),
moderate (0.30-0.49), strong (0.50-0.69), and very strong
(>0.70), according to Cohen'’s criteria.

Agreement between test and retest scores was further
visualized using Bland-Altman plots, which graphically
display the difference between paired measurements
against their mean. Systematic bias and 95% limits of
agreement (LoA) (LoA; mean=1.96xSD of differences)
were examined to determine interchangeability between
repeated assessments.

Floor and ceiling effects were evaluated by calculating
the proportion of patients scoring the minimum (0-10) or
maximum (90-100) possible scores at baseline. Effects
were considered present if more than 15% of participants
achieved either extreme (24). A p-value of <0.05 was
considered statistically significant.

RESULTS

Participant Characteristics

A total of 43 patients (mean age: 38.60+18.70 years; 74.4%
female) were included. The most common diagnoses were
Freiberg's disease (65.1%), lesser toe fractures (27.9%), and
deformities (7.0%). Surgical intervention was performed
in 79.1% of cases, and 76.7% of patients reported normal
functional status at baseline. Detailed demographic and
clinical characteristics are presented in Table 2.
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Reliability and Internal Consistency

The Turkish version of the AOFAS lesser MTP-IP scale
demonstrated excellent test-retest reliability. The ICC (2,1)
for the total score was 0.96 (95% Cl: 0.95-0.98), with similarly
high values observed for the subscales (pain: 0.96; function:

Table 1. AOFAS lesser MTP-IP joint scale-Turkish adaptation
(AOFAS kictk parmak MTP-IP eklem Slgegi Turkce uyarlamasi)

Med J Bakirkoy 2025;21(4):458-467

0.94; alignment: 0.89). Internal consistency, as measured
by Cronbach’s alpha, was acceptable (=0.76 for the total
score and the function subscale), indicating a coherent item
structure (Table 3).

Table 2. Demographic and clinical characteristics (n=43)

Characteristics Mean=SD
Agr (40 puan) Puan Age, (years) 38.60+18.70
Hic yok 40 Hospital stay (days) 1.70+1.65
Hafif ve nadiren 30 Number of comorbidities 0.21£0.63
Orta derecede ve her gin 20 Sex, n (%)
Ciddi ve neredeyse her zaman 0 Male 11 (25.6%)
Fonksiyon (45 puan) Female 32 (74.4%)
Aktivite kisithliklar, destek ihtiyaci Education, n (%)
Klfltll.l_lk yok — . _ 10 Secondary education 21 (48.8%)
Stk yosom sl kolikyek o, 212
Gunlik yasam aktivitelerinde ve eglence aktivitelerinde 4 A'ffected side, n (%)
kisithlik Right 22 (51.2%)
Q(jnl}'jk yasam aktivitelerinde ve eglence aktivitelerinde 0 Left 21 (48.8%)
ciddi kisitlilik Surgery on lesser toe, n (%)
Ayakkabi gereksinimleri Yes 34 (79.1%)
gﬂeciceiir{fe;ygun ve geleneksel ayakkabi, tabanlik 10 No 9 (20.9%)
Rahat ayakkabi, tabanlik gerekir 5 Diagnosis, n (%)
Modifiye edilmis ayakkabi veya breys 0 Freiberg’s disease 28 (65.1%)
MTP eklem hareketi (dorsifleksiyon ve plantarfleksiyon) Lessertoe fracture 12 27.9%)
Normal veya ¢ok hafif kisitlilik (=75 °C) 10 Lesser-toe deformity 307.0%)
Orta derecede kisithlik (30 °C-74 °C) 5 Smoking status, n (%)
Ciddi kisitlilik (<30 °C) 0 Non-smokers 27 (62.8%)
IF eklem hareketi (plantarfleksiyon) Smokers 1667.2)
Kistthlik yok Functional status
Ciddi kisithlik (<10 °C) 0 Normal 337674
MTP-IP stabilitesi (tim yonlerde) Nearly normal 6 (14.4%)
Stabil 5 Abnormal 4(9.3%)
Tamamen instabil veya disloke 0 Visual analogue scale
Nasir olugumu (kiicik parmak MTP-IP eklemde) Rest 100£1.27
Nasir yok veya semptom yok Activity 1142140
Nasir var ve semptomatik 0 Night 100+1.34
Dizilim (15 puan) FAAM
iyi, kiiciik parmak dizilimi iyi 15 FAAM-ADL 93.05+13.48
Orta, kiictk parmakta bir dereceye kadar k&t dizilim, 8 FAAM-Sports 88.49+17.64
semptom yok Short Form-12
Kotd, belirgin derecede kot dizilim, semptom var 0 Physical component summary 53.01+8.72
Toplam puan 100 Mental component summary 55.95+6.34

AOFAS: Amerikan Ortopedik Ayak ve Ayak Bilegi Dernegi,
MTP-IP: Metatarsofalangeal-interfalangeal

FAAM: Foot and Ankle Ability Measure, ADL: Activities of daily living scale,
Sports: Sports scale, SD: Standard deviation
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Measurement Error and Agreement

The SEM and MDC95 were calculated as 1.80 and 5.00
points, respectively, for the AOFAS total score. Bland-
Altman analysis showed mean differences between test-
retest scores (T1, T2) of -0.65 (LoA: -7.65 to 6.35) for AOFAS
total; 0.42 (LoA: -1.54 to 2.38) for VAS total; -0.02 (LoA: -7.25
to 5.34) for SF-12 PCS; 0.54 (LoA: -4.82 to 5.90); 0.07 (LoA:
-16.05 to 16.19) for FAAM-sports; and -0.36 (LoA: -7.47 to
6.75) for FAAM-ADL. There was no evidence of systematic
bias, and the limits of agreement were narrow, supporting
the scales’ reproducibility (Figure 2). The vast majority of
participants fell within +1.96 SD of the mean.

Internal Consistency

Cronbach’s alpha was 0.76 for both the total AOFAS scale
and the function subscale, indicating acceptable internal
consistency and item coherence within the domains.

Construct Validity

Strong negative correlations were found between the
AQOFAS total score and VAS scores for pain at rest (r=-0.81),
during activity (r=-0.75), and at night (r=-0.82), all statistically

significant (p<0.001). AOFAS scores were also strongly
correlated with FAAM-ADL (r=0.93) and FAAM-sports
(r=0.75), demonstrating convergent validity. Moderate
correlations were observed with SF-12 PCS (r=0.34) and
MCS (r=0.45), supporting divergent validity (Table 4).

Floor and Ceiling Effects

A ceiling effect was observed in the AOFAS total score, with
60.5% of participants achieving the maximum score. This was
most prominent in the alignment and pain domains (?0.7%
and 76.7%, respectively). Similar ceiling effects were found in
the FAAM-ADL (53.5%) and FAAM-sports (41.9%) subscales
(Table 3). In contrast, VAS scores exhibited notable floor
effects, with approximately half of participants reporting no
pain. SF-12 scores did not display significant floor or ceiling
effects, though both PCS and MCS subscales were skewed
toward higher values, indicating good perceived health.

Importantly, the observed ceiling effect in AOFAS scores
aligns with low pain levels and high functional status among
participants, suggesting it reflects favorable clinical status
rather than a measurement limitation.

Table 3. Test-retest reliability of the Turkish version of the AOFAS lesser MTP-IP scale

First assessment

Second assessment

Test-retest reliability Floor-
SEM  MDC o
Mean=SD (95% Cl) (n=43) ICC (95% CI) ceiling (%)
Pain 3974599 (35.13-3882 36742606 (34.88:3861) (o oo 076 211 0767
AOFAS . 0.93
lesser Function 4104559 (39.32-4276) 40625585 (38824242 (00 o o 107 297 04605
MTP-IP-T —
scale items  Alignment  14.34:205(1371-1498) 1435205 (13.72-1498) 1 000 000 0907
Total score  92.21212.56 (88.34.96.08)  9156+12.91 (87.58.95.53 () 0 o 180 500 0605
0.60
Rest 1004127 (0.61-1.39) 1.58+173 (1.04-2.11) 01r076) 074 206 4880
VAS Activity  1.13£1.40 (0.71-157) 1.58+1.46 (1.12-2.03) 043079 066 183 4650
Night 1.00+1.34 (0.59-1.41) 1264163 (0.75-1.76) 5089 055 154 5120
ADL 930541348 (8890921)  92.691299 (8.69-9669) (0 0 oy 182 506  0-535
FAAM —
Sports 834841764 (830693.92) 88.5615.59 (83.76.9336) (100 0 o 423 1173 0419
PCS 53014872 (50.33-55.70)  5299+7.95 (S0545543) () 188 522 00
SF-12 S
Mcs 55952634 (564.00-57.90)  56.50+5.80 (54.71-58.28) 0 0 0 140 389 00

AOFAS lesser MTP-IP-T: Turkish version of American Orthopaedic Foot and Ankle Society lesser metatarsophalangeal-interphalangeal joint scale, VAS: Visual
analogue scale, FAAM-ADL: Foot and Ankle Ability Measure-activities of daily living scale, SF-12 PCS: Short Form-12 physical component summary, SF-12 MCS:
Short Form-12 mental component summeary, ICC: Intraclass correlation coefficient, Cl: Confidence intervals, SEM: Standard error measurement, MDC: Minimal

detectable change, SD: Standard deviation
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Figure 2. Bland-Altman plots for AOFAS lesser MTP-IP (A), VAS (B), SF-12 PCS (C), SF-12 MCS (D), FAAM-Sports (E) and FAAM-ADL (F) scores in
patients; change scores were calculated from time point 1 (t=1) to time point 2 (t=2). VAS (mean of rest, activity and night values). The solid central
line represents the mean difference. The upper and lower solid lines represent the 95% limits of agreement, calculated as the mean difference
+1.96 standard deviation

AOFAS: American Orthopaedic Foot and Ankle Society, MTP-IP: Metatarsophalangeal-interphalangeal, VAS: Visual analogue scale, FAAM: Foot
and Ankle Ability Measure, ADL: Activities of daily living scale, Sports: Sports scale, SF-12 PCS: Short Form-12 physical component summary,
MCS: Mental component summary
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Table 4. Construct and convergent/divergent validity of the Turkish version of the AOFAS lesser MTP-IP scale

AOFAS lesser MTP-IP-T scale

Pain Function Alignment Total

r(p)
VAS
Rest -0.70 (0.001)** -0.81 (0.001)** -0.35 (0.02)* -0.81 (0.001)**
Activity -0.66 (0.001)** -0.73 (0.001)** -0.33 (0.02)* -0.75 (0.001)**
Night -0.68 (0.001)** -0.82 (0.001)** -0.32 (0.03)* -0.82 (0.001)**
FAAM
ADL 0.76 (0.001)** 0.91 (0.001)** 0.51 (0.001)** 0.93 (0.001)**
Sports 0.65 (0.001)** 0.74 (0.001)** 0.49 (0.001)** 0.75 (0.001)**
Short Form-12
Physical component summary 0.51 (0.001)** 0.33(0.02)* 0.26 (0.08) 0.34 (0.02)*
Mental component summary 0.33 (0.02)* 0.42 (0.005)** 0.48 (0.001)** 0.45 (0.002)**

Spearman correlation test: *: p<0.05, **: p<0.01. AOFAS lesser MTP-IP-T scale: Turkish version of American Orthopaedic Foot and Ankle Society lesser
metatarsophalangeal-interphalangeal joint scale, VAS: Visual analogue scale, FAAM: Foot and Ankle Ability Measure, ADL: Activities of daily living scale,

Sports: Sports scale

DISCUSSION

This study provides compelling evidence that the Turkish
adaptation of the AOFAS lesser MTP-IP scale is a reliable
and valid instrument for evaluating pain, function, and
alignment in patients with lesser toe pathologies. With
excellent test-retest reliability [ICC (2,1)>0.9], acceptable
internal consistency, and strong correlations with region-
specific (FAAM) and general health (SF-12) instruments, the
scale demonstrates robust construct validity and temporal
stability key criteria for outcome measures used in clinical
research and practice.

Despite the AOFAS scalesnolongerbeing officiallyendorsed
because of concerns about responsiveness and lack of
patient-centeredness (5,6), their use remains widespread in
clinical orthopaedics. This paradox underscores the need
for well-validated, culturally adapted versions that enable
comparability across studies and acknowledge the inherent
limitations of the tool. Although the AOFAS has withdrawn
endorsement of its legacy clinician-based scores, these
instruments remain in extensive clinical use. Their cultural
validation enables comparisons across historical datasets
and ongoing multicenter studies, ensuring continuity in
outcomes research.

One of the novel contributions of this study is the inclusion of
MDC95 and SEM, which provide estimates of measurement
precision beyond random error; however, they do not
indicate clinically meaningful change (minimal clinically
important difference). In addition, presenting Bland-Altman
analysis, SEM, MDC95, and floor-ceiling effect results

for all administered instruments further strengthens the
comprehensiveness of our evaluation. Applying Bland-
Altman analyses further enhances methodological rigor by
demonstrating a low systematic bias and good agreement
between repeated assessments an aspect often overlooked
in prior validation studies. Mean differences close to zero
and the majority of data points falling within the +1.96 SD
limits supported reproducibility. Narrow limits of agreement
indicated high reliability for the AOFAS, VAS, SF-12 PCS,
SF-12 MCS, and FAAM-ADL scales, whereas wider limits for
the FAAM-sports scale suggested greater interindividual
variability.

A particularly noteworthy finding was the pronounced
ceiling effect observed in the AOFAS pain and alignment
domains. The substantial ceiling effect likely reflects the
predominantly high-functioning postoperative status of
the participants rather than a limitation of the scale itself.
Nevertheless, this may restrict the scale’s responsiveness
in populations with more severe symptoms or functional
impairment. Although traditionally viewed as a psychometric
limitation, this effect was contextually consistent with the
clinical status of the sample: nearly half of the participants
reported no pain across VAS domains, and substantial
proportions of participants reached maximum FAAM scores.
These results parallel those reported by Whittaker et al. (25)
and Ponkilainen et al. (26), who noted similar ceiling effects
in AOFAS midfoot evaluations effects which could not
be fully explained by other outcome metrics. In this light,
the ceiling effect in our study appears to reflect favorable
clinical outcomes rather than inadequate scale sensitivity.
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Nevertheless, some limitations inherent to the AOFAS
scoring structure must be acknowledged. Its categorical
response format may reduce granularity and responsiveness,
particularly in high-functioning or postoperative populations.
Future iterations of the scale may benefit from more
continuous scaling or the integration of patient input,
aligning with broader trends in outcome measurement
science.

In this context, the complementary use of PROMs is
increasingly essential. Instruments such as FAAM and
frameworks like PROMIS offer improved responsiveness,
broader biopsychosocial coverage, and in the case of
PROMIS, adaptive digital delivery. The integration of
PROMIS with clinician-based scales has been shown
to enhance the precision and patient-centeredness of
musculoskeletal outcome measurement (27,28).

Furthermore, compared with other language versions of
the AOFAS scale—including Persian, Italian, and Arabic
adaptations—this study distinguishes itself by incorporating
SEM, MDC95, and Bland-Altman analyses, which are rarely
reported (29-31). These enhancements align with COSMIN
standards for outcome measure validation (8,9) and address
important methodological gaps in the existing literature.

Study Limitations

Strengths of the study include rigorous adherence to
international cross-cultural  adaptation
(15), the use of multiple comparator instruments, and
comprehensive statistical analysis. However, the study is
limited by its modest sample size, which precluded subgroup
analysis by diagnosis or treatment type. Although COSMIN
recommendations suggest a minimum sample size of >50
for reliability studies, our sample included 43 participants.
This limitation should be acknowledged, and future studies
with larger, more heterogeneous cohorts are warranted to
confirm the stability and generalizability of these results.
However, the ICC value of 0.96 corresponded to a post-hoc
statistical power of >0.99, indicating that the precision of
the reliability estimate was adequate despite the smaller
sample size. Additionally, the scale’s responsiveness to
clinical change over time was not assessed and warrants
further longitudinal research. The pronounced ceiling
effects, while reflecting high functional recovery, may

guidelines for

limit sensitivity in patients with more severe dysfunction
and should be considered a psychometric constraint.
Additionally, the patient cohort consisted predominantly
of postoperative individuals with high functional recovery,
which may limit the applicability of the findings to patients
with more severe deformity or persistent pain.
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CONCLUSION

The Turkish version of the AOFAS lesser MTP-IP scale
is a psychometrically robust and clinically practical tool
for evaluating lesser toe disorders. The observed ceiling
effect, rather than undermining the scale’s utility, reflects
the functional recovery and low symptom burden of the
study population. By providing SEM and MDC95 values and
demonstrating strong construct validity, this study enhances
the interpretability and applicability of the AOFAS scale in
both clinical and research settings. Future studies should
investigate the scale’s responsiveness and explore its
integration with PROMIS-based instruments to support
a more holistic and precise approach to musculoskeletal
outcome assessment. Future studies in larger, more
heterogeneous populations are warranted to confirm the
measurement properties and responsiveness of the Turkish
AOFAS lesser MTP-IP scale.
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Case Report

Magnetic Resonance Imaging of Benign Ovarian Masses

lyi Huylu Yumurtalik Kanserlerinin Manyetik Rezonans Gériintiilemesi

Ahmet Kerem imrek!, ® Safiye Giirel2, ® Bircan Alan2

"Nigde Training and Research Hospital, Clinic of Radiology, Nigde, Tiirkiye
2Bolu Abant izzet Baysal University Faculty of Medicine, Department of Radiology, Bolu, Tirkiye

ABSTRACT

Ovarian tumors have a wide spectrum and are pathologically classified in four main groups as epithelial, germ cell, sex cord-stromal, and
metastatic tumors. Our aim is to demonstrate magnetic resonance imaging findings of benign ovarian masses with illustrative cases.

Epithelial Tumors

¢ Serous cystadenoma is the most common epithelial tumor. Case 1 is serous cystadenoma.

® Mucinous cystadenomas are often unilateral and tend to be larger cystic lesions. Case 2 is a mucinous cystadenoma.

Germ Cell Tumors

® Mature teratomas are unilocular masses filled with oily material and their walls contain hair follicles, skin glands, etc. Case 3 is mature teratoma.
Sex Cord-Stromal Tumors

e Fibrothecoma is the most common sex cord tumor. Case 4 is fibrothecoma.

e Cystadeofibroma is an uncommon benign tumor in which fibrous stroma is the dominant component. Case 5 is cystadenofibroma.

e Sclerosing stromal tumor is a rare benign tumor. Case 6 is a sclerosing stromal tumor.

Keywords: Adnexial benign lesions, magnetic resonance imaging, epithelial tumors

oz

Yumurtalik timérleri genis bir spektruma sahiptir ve patolojik olarak epitelyal, germ hiicreli, seks kord-stromal ve metastatik timérler olmak tzere
4 ana grupta siniflandirili. Amacimiz benign over kitlelerinin manyetik rezonans gérintiileme bulgularini érmek olgularla ortaya koymaktir.

Epitelyal Tiimérler

o Serdz kistadenom en sik gorilen epitelyal timordir. Olgu 1 serdz kistadenomdur.

® Musin6z kistadenomlar siklikla tek taraflidir ve daha buytk kistik lezyonlar olma egilimindedir. Olgu 2 mUsinéz kistadenomdur.

Germ Hiicreli Tiimérler

® Matir teratomlar i¢i yagh madde ile dolu, tek gozlu kitlelerdir ve duvarlar kil folliklleri, deri bezleri vb. icerir. Olgu 3 matir teratomdur.
Seks Kord-Stromal Tiimérler

e Fibrotekom en sik gérilen seks kord timéridir. Olgu 4 fibrotekomdur.

o Kistadeofibroma, fibréz stromanin baskin bilesen oldugu nadir gérilen iyi huylu bir timérdir. Olgu 5 kistadenofibromdur.

o Sklerozan stromal timor nadir gorllen benign bir timoérdur. Olgu 6 sklerozan stromal timordr.

Anahtar Kelimeler: Yumurtalik iyi huylu timérleri, manyetik rezonans gérintlleme, epitelyal timdorler
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INTRODUCTION

Ovariantumorshave awide spectrumandare pathologically
classified into four main groups: epithelial, germ cell, sex
cord-stromal tumors, and metastatic tumors (1).

The most common group is epithelial cancer. Epithelial
benign cancers include serous cystadenoma, mucinous
cystadenoma, cystadenofibroma, and Brenner tumors.
Benign germ cell tumors include mature cystic teratomas.
Benign sex cord-stromal tumors include thecoma, fibroma,
fibrothecoma, and sclerosing stromal tumor (1).

The goal of our presentation is to demonstrate magnetic
resonance imaging (MRI) findings of benign ovarian
masses with illustrative cases.

CASE REPORT

It was stated that the names of the cases presented in
case reports would not appear, and that permission was
obtained for publication. Written and verbal consent was
obtained from all patients/legal representatives.

Patients whose ultrasonographic (US) examinations
revealed adnexal masses were referred to our department

for lesion characterization with MRI.

Our MRI protocole consisted of big field of view (FOV)
axial and coronal T1 weighted turbo spin-echo, small FOV
and high resolution T2-weighted (T2W) turbo spin-echo
sequences in 3 different planes, axial T2W echoplanar
imaging, sagittal pre- and dynamic post-contrast gradient-
echo T1-weighted (T1W) sequence and subtraction images
(2,3).

Epithelial Tumors

e Serous Cystadenoma: It is the most common epithelial
ovarian tumor, and 15-20% of serous cystadenomas are
bilateral. In MRI, it has low-medium intensity on T1W
and high-intensity on T2W images as a pure cyst and
sometimes has small millimetric papillary projections.
Often, thin <3 mm septa can be seen (4-6). Their average
diameter is 10 cm, while 30 cm in diameter cystadenomas
are reported in the literature. Case 1 was pathologically
proven to be a serous cystadenoma (Figure 1).

® Mucinous Cystadenoma: They are often unilateral,
multiloculated, and tend to be larger cystic lesions. They
often contain only thin walls and septa. Depending on
the density of mucinous content, lesions’ TIW and T2W
signals may differ. The presence of a thick septum (>5 mm)
or a wall or a solid component with contrast enhancement
should raise the suspicion of malignancy (7).

Case 2 was pathologically proven to be a mucinous
cystadenoma (Figure 2).

Germ Cell Tumors

* Mature Teratoma: Mature cystic teratomas are unilocular
masses filled with oily material and their walls contain
hair follicles, skin glands, muscles, etc. Imaging findings,
may range from a pure cyst to a mixed mass containing
components of 3 germ sheets or a solid non-cystic mass
containing mostly fat.

In MRI, hyperintensity TTW and suppression hyperintensity
in fat-suppressed T1W sequence and variable fat-induced
hyperintensity in the T2W sequence is typical (4).

Figure 1. A 78-year-old woman with incidental ovarian mass. A 61x47x47 mm lesion was observed in the right ovary compared to the striated
muscle; homogeneously hypointense in T1-weighted (Figure 1A arrow); homogeneously hyperintense in T2-weighted (Figure 1B arrow).
In the postcontrast series, a triloculated cystic lesion with slight contrast enhancement in its wall and septa (Figure 1C arrow and subtraction
Figure 1D arrow) and increased diffusion on diffusion weighted imagings (Figures 1E and 1F arrows) was observed, biopsy proven serous

cystadenoma



Fat-suppressed T1W sequence is the key point in MRI
diagnosis (5). Teeth and calcifications can be recognized
as hypointense in all sequences. Ovarian teratomas can
be associated with various complications including torsion
(16% of ovarian teratomas), rupture (1-4%), malignant
transformation (1-2%), infection (1%). Due to rupture,
granulomatous peritonitis may occur.

Case 3 was pathologically proven to be a mature teratoma
(Figure 3).
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Sex Cord-Stromal Tumors

¢ Fibrothecoma: It is the most common sex cord tumor
seen in the pre-post menopausal period. On MRI, the
low signal in TIW and very low signal in T2W sequences
are typical diagnostic features (5). Scattered high-signal
areas within the mass may be observed due to edema or

degeneration. Case 4 was pathologically proven to be a

fibrothecoma (Figure 4).

Figure 2. A 57-year-old woman with acne consulted from dermatology. A complicated cystic lesion measuring 102x67x117 mm in the left ovary
was observed, exhibiting T1-weighted (T1W) hypointensity (Figure 2A arrow); T2-weighted hyperintensity (Figure 2B arrow); fatsat T1W (Figure
2C arrow) and with multiple septa, measuring 8 mm in the thickest part of the wall. In the postcontrast series, a complicated cystic lesion with
minimal enhancement in its wall and septa (Figure 2D arrow and subtraction Figure 2E arrow) and increased diffusion in diffusion-weighted
imagings (Figures 2F and 2G arrows) was observed, proven by biopsy mucinous cystadenoma

Figure 3. A 22-year-old woman with irregular menses. In the left ovary, an 88x62x71 mm lesion with 25x38 mm dimensions, containing fat,
calcification, and hair-like signals (Figures 3A and B arrows), and suppressed fat in fat-suppressed sequence (Figure 3C arrow) was observed. In
the postcontrast series, a lesion compatible with teratoma was observed that did not have contrast (Figure 3D arrow and subtraction Figure E
arrow), and showed increased diffusion in the cystic component (Figures 3F and G arrows), proven by biopsy as a mature teratoma
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e Cystadeofibroma: Cystadeofibroma is an uncommon
benign tumor in which fibrous stroma is the dominant
component of the lesion. They have either a pure cystic
or complex cystic pattern with nodular or trabecular
pattern (4).

On MR, in T2W sequences fibrous stromal components
such as septa have low signal intensity while cystic
components have high signal and this composition creates
the "black sponge” like appearance. Septa may show
moderate contrast enhancement.

Case 5was pathologically proven to be a cystadenofibroma
(Figure 5).

e Sclerosing Stromal Tumor: Sclerosing stromal tumor is a
rare benign ovarian tumor that occurs in young women in
the second and third decades. On MRI, on T2W sequences,
it is a large mass with a solid heterogeneous component
containing hyperintense cystic areas and a medium-high
signal (8). Contrast-enhanced MRI shows early peripheral

and progressive centripetal enhancement

Case 6 was pathologically proven to be a sclerosing

stromal tumor (Figure 6).

Figure 4. A77-year-old woman with postmenopausal complaints. In the right ovary, a solid lesion measuring 70x47x60 mm, heterogeneous, iso-to
mildly hypointense in T1-weighted (T1W)s compared to the striated muscle (Figure 4A arrow) and fat-saturated T1W (Figure 4C arrow), markedly
hypointense in T2-weighted (Figure 4B arrow), with millimetric cystic areas was observed. In the post-contrast series, mild heterogeneous contrast
enhancement was detected in the late phase (Figure 4D arrow and subtraction Figure E arrow), and a lobulated-contour solid lesion containing
partially diffusion-restricted areas (Figures 4F and G arrows) was observed on diffusion-weighted imagings (proven by biopsy fibrothecoma)

Figure 5. A 67-year-old woman referring for cervical smear. In the right ovary, a lesion sized 46x40x45 mm, slightly hyperintense compared to the
striated muscle in T1-weighted (T1W) axial (Figure 5A), fatsat TIW (Figure 5C arrow), markedly hyperintense in T2-weighted axial (Figure 5B),
and multiloculated cystic, was observed. In the post-contrast series, a slightly contrasting cystic lesion was observed on only one wall (Figure 5D
arrow and subtraction Figure 5E arrow), and a non-diffusion-restricting cystic lesion was observed in diffusion-weighted imagings (Figures 5F and

5G) (proven by biopsy cystadenofibroma)
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Figure 6. A 25-year-old woman with acute pelvic pain. The left ovary is 131x74x78 mm, and its size has increased compared to previous
measurements. The normal stroma of the left ovary can only be seen as a crescent in a section of 30x12 mm (yellow arrows in Figures 6A and 6B).
Apart from this the parenchyma signal is greatly increased, and numerous peripheral, follicle-like, millimetric, diffuse cystic areas can be observed.
In the central part of the enlarged ovary, 2 hemorrhagic cystic-necrotic areas with a fluid-blood interface (Figure 6B red arrow) are observed.
Additionally, there are signal changes consistent with subacute hemorrhage in the form of vaguely circumscribed areas. Slight enhancement was
observed in the ovarian stroma in the postcontrast series (Figure 6D arrow and subtraction Figure 6E arrow). In diffusion-weighted imagings,
increased diffusion was observed (arrows in Figures 6F and 6G). (biopsy proved sclerosing stromal tumor and ovarian torsion)

DISCUSSION

MRI is regarded as a problem-solving method for
evaluating adnexal masses. When evaluating adnexal
masses, gadolinium-enhanced MRI tends to be more
accurate than US.

Even if solid components (such as Rokitansky nodules) are
also present, the presence of fat in a cystic adnexal lesion is
indicative of a cystic teratoma. Both conventional and fat-
suppressed T1W imaging are necessary to demonstrate fat
since the latter helps distinguish fat from blood products as
the source of the high T1 signal intensity (6). Nonetheless,
ovarian fibromas may be better characterized by T2W
imaging. To evaluate a clinically suspected adnexal mass,
US is still the predominant imaging modality, according to
established practice and a review of the literature. If the
outcome of the US evaluation is uncertain, MRI represents
a financially advantageous course of action. Complex
adnexal masses can be detected and characterized with
great detection and characterization capabilities using
gadolinium-enhanced MRI, and it also exhibits strong
inter- and intraocbserver agreement.

In case of a suspected adnexal mass, pelvic or transvaginal
US is the first-step imaging modality. However, MRI’s high
potential for tissue characterization makes it the second
step and a decisive imaging modality. MRI diagnosis of
benign ovarian masses is critical in the management of
patients affected by them.
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Berhan Bayram

Berkay Eren Pehlivanoglu

Betil Given
Buket Rende Kili¢
Bulent Tanriverdi
Burak Bayraktar
Burak Bugday
Buruc Erkan
Celal Bozkurt
Coskun Dogan
Cetin Murat Altay
Deniz Glzey
Derya Ece iliman
Digdem Bezen
Dilek Altun

Ecem Eren

Eda Celebi Bitkin

Elif Hocaoglu

Elif Torun Parmaksiz
Elif Yildiz

Emine Caligkan
Emine Elif Altuntas
Emine Ergdl San
Emrah Egemen

Emre Durdag

Erdal Kaya

Ergll Demirgivi

Erkan Simsek

Ersan Atahan

Esra Demirel

Esra Doger

Evin Bozkur

Evren Karaali

Eylip Gemici

Fatih Aydemir

Fatma Gul Demirkan
Fatma Ketenci Gencer
Fatma Nihan Turhan Caglar
Ferit Boyuk

Figen Palabiyik

Firat Fidan

Furkan Tontu

Fusun Yildiz

Gokhan Sertcakacilar
Gokge Celep
Gokhan Albayrak
Gokhan Aygiin
Gokhan Sayer
Goékhan Yilmaz
Gokmen Kahilogullari
Gulsen Pinar Soydemir
Guray Kog

Gulay Kogak

Giines Ozlem Yildiz
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Girkan Mustafa Erdogan
Giizelali Ozdemir
Habip Gedik

Hakan Basar

Hakan Cakin

Hakan Yigitbas
Halime Ezgi Tirksan
Hamide Piskinpasa
Hasan Huseyin Mutlu
Hatice Toprak

Hatice Kutbay Ozcelik
Hayriye Esra Ataoglu
Hilal Ozkaya

Hilal Telli

Hiseyin Aslan

Huseyin Kilavuz
Huseyin Hayri Kertmen
Isil Kibar Akilli

lbrahim Sayin

Ibrahim Ethem Cakcak
ibrahim Faruk Aktrk
ismail Yiirekli

ihsan Yilmaz

ilker Solmaz

Ismet Alkis

Kadriye Kart Yasar
Kamil Hakan Kaya
Leyla Aydin

Latfi Sinasi Postalci
Mahir Topaloglu

Malik Celik

Mediha Géneng Ortakdyli
Medine Aysin Tasar
Mehmet Secer
Mehmet Soy

Mehmet Abdussamet Bozkurt

Mehmet Fatih Ozdag



Melih Bestel

Melih Ucer

Melike Ersoy

Meltem Erol

Meral Mert

Merve Aldikactioglu Talmag
Mesut Ayer

Mesut Yilmaz

Metin Demirkaya

Mevliit Ozgiir Taskapilioglu
Mithat Eksi

Mige Bilge

Muhammet Akyz
Muharrem Kanar
Muhterem Duyu

Murat Aslan

Murat Ekin

Mustafa Yalin

Mustafa Alper Karalok
Mustafa Orhan Nalbant
Mirvet Yilmaz

Nagehan Ozdemir Barigik
Necati Dogan

Nevin Hatipoglu

Nezih Ziroglu

Onur Cetin

Onur Kardes

Omer Sevgin

Ozlem Altuntas Aydin
Ozlem Bekem

Ozlem Harmankaya
Ozlem Persil Ozkan
Ozlem Sancakli
Ozlem Terzi

Pelin ismailoglu

Peri Sohrabi Molla Yousefi
Polat Goktag
Ramazan Atig
Regayip Zehir
Ristem Mustafaoglu
Rustt Turkay

Sabri Cavkaytar

Secil Arica

Seda Turgut

Seher Yildiz Tacar
Selcuk Kése

Selenay Furat Rencber
Selma Sengiz Erhan
Sema Bilgi¢ Gazioglu
Sema Karakasg

Semra lsik

Semra YUksel
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Serhat Akgaalan
Sermin Ding

Sibel Oba

Sibel Caglar Okur
Sina Ferahman
Sinem Oral Cebeci
Stleyman Cagan Efe
Serife Gul Karadag
Sevki Serhat Baydin
Tevfik Catal

Tugba Ekiz Yilmaz
Ugur Topal

Uzay Erdogan
Ulkem Kogoglu Barlas
Umit Yasar Sinan
Vedat Bakuy
Yasemin Akkoyunlu

Yasemin Coban

Yasemin Denkboy Ongen

Yasemin Tekdos Seker
Yavuz Onur Danacioglu
Yener Ozel

Yusuf Emre Ozdemir
Zahide Mine Yazici
Zeynal Yasaci

Zeynep Cizmeci



